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This book was written. llrst and l'on:1110st. for the clini­
cian who is required to know. understand. and decide 
ellkiently aboul options l(Jr biological treatment s. It is 
also hoped that it will be useful to students in other llclds. 
e.g. pharmacology. psychology and neuroscience. The 
purpose of this book is lo give I he reader a comprehen­
sive perspective of existing knowledge. \\'ilhout engaging 
in specu lations or theories that arc insufilciently 
grounded. This book has been written in order to enable 
the reader lo reach clear decisions based on the most up­
lo-date literature. 

To this encl. we present a 11un1ber of topics: 

I. Basic aspecls related to nwchanisms of' drug action. 
including the spectru 111 of pot cn t ial pharmacological 
and biological Lrcat111e11ts ;1vailablc in psychiatric 
medicine: the qualitati ve and quantitative differences 
between the optional treatments: their side effects and 
lhe latest known data regarding their operntive 
mechanisms. 

Trcal mcn ts that arc 1101 biological in nature 
(psychotherapies. for c:w111plc) arc ol'lcn referred to 
concisely. when they con st it utc I he primary treat­
ment modality. 

2. Treatment strategics regarding the main psychiatric 
diagnostic entities. based 011 the bank of research 
published rcccnlly. The foc us is 0 11 providing the 
reader with guidelines based on the proven ellk acy of 
the various treatment opt ions. rat her Limn prescrib­
ing a definite trealme111 algorithm. 

3. Interactions. mainly ph;1r111acoki11eti <.:. between 
drugs/other subslances and the aforementioned 
biologicnl treatments. We believe that this issue is of 
utmost importance. in liglll of the fact that a subswn­
tial proportion or psychiatric patients take a wide 
range of drugs concomil<lntly (includin g drugs 
prescribed for non-psychia1ric co11dit io11s). It has bl!en 
our clin ical experience that info rmation of this type is 
insufilciently accessible 10 1he clinid a11 in the field. 
and this book should serve 10 help the clinician make 
belier and more efil cien t decisions. 

Introduction 

The majority oft he information in this book is based on 
evidence-based published literature during the last fi\'e 
years. with emphasis on the latest data. We have tried to 
categorize the wrillen and graphic data gi ven by the 
quantity of the evidence: 

\Veil-established data: is that \\'hich is bnscd on a 
number of research studies. a t least some of which 
were well controlled (double-blind. cross over. 
placebo-controlled): the size of the sample group was 
signiiicantly large. and the central message of the 
research was replicated for substn nlialion. 

Partially-estnblished data: is that based on open­
labcled research produced from small samplings. or 
which has not been replicated. 

Not well cstnblished data : is that based on small 
case series or on anecdotal reports. 

In order to simplify the reader's use of the mater­
ial. we have categorized the main subjects in psychi­
atry to extremely concise sub-topics. Each specific 
issue is presented. al most. on a l wo-pagc spread. so 
that all the materia l is set before the reader in a sell'­
containecl fashion. The majority of the text is aimed 
to explain and expand on the graphic presentations. 

Another consideration during the preparation of' 
this book \\' <ls its potential use in various <Jcadcmic 
spheres. and we bclie\·c thnt the format adopted for 
the book is the most efilcicnt for such use as well. 

This book is not a substitute for textbooks: supple­
mentary and more in-depth reading of psychiatric 
and pharmacological literature is. of course. required. 
The concept and forma t of the book have been 
designed primarily for readers with a basic knowledge 
of psychiatry. Nevertheless. medical students. psychi­
atric and neurological residents. as well ns general 
practitioners. should fi nd this book useful in their 
search fo r dara on specific issues. 

Roni Shiloh 
David Null 

1\braha111 \A/eiznrnn 





SECTION A 

BASIC PRINCIPLES OF 
PSYCHIATRIC 

PHARMACOTHERAPY 



• Basic aspects related to drug action 

1.1 Principles of drug action - presynaptic nerve 
Control and modulation of neurotransmitter release 

Autoreceptor 
Located in the soma or dendrites. 

It is inhibitory by increasing the 
threshold for an action potential. 

Various inhibitory 
hetcroreceptors 

-~ adrenergic 

- Dopamine D2 

- Dopamine D3 

• Histamine H3 

• Serolonin 5-HT3 

.---.L......L-, ·-=~ ..... 1--
• Muscarinic M2 

• Oplale 

autoreceptors 

- Acetylcholine 
nicotinic 

• ll:i adrenergic 

·Serotonin 5-HT3 ~- · 0 
Fl.st ,1· e 

messengers • • - --- --------

(neurotransmitters) i 
Available for postsynaptic interactions 

Legend 
Stimulates 

2 

Inhibits 

Ligands for 
the heteroreceptors 

(different from the neurotransmitter 

produced by this specific nerve) 

' or 

or 

AR Autoreceptor 
ca2• Calcium ion 

GABA0 y-Aminobutyric acid type B 
HR Heteroreceptor 

PLM·TR Plasma membrane transporter (reuptake site 
for the neurotransmitter) 

Pr-TR Transporter for the precursor of 
the neurotransmitter 

VMAT2 Vesicular monoaminc transporter 
type 2 (see Section 1. 11 for details) 



A comprehensive understanding of neuronal func tio11i11g 
and the vnrious mechanisms of drug action is a key factor 
for achieving proper maste ry of psychiatric phurma­
cotherapy. Practically all our ideas about the therapeutic 
efTects of the major psychotropic drugs is based on their 
action at pre- and postsynaptic receptors or on trans­
porters. first messengers: these are substances such a s 

Notes about the numbered items in the sch e m e 

1-3. In the central nervous system. information is lrn11sferred 
via electrical impulses (action potentials) originatin!,( in the 
soma of neurons and progressing along the nerve's axon and 
up to its terminal regions. where it is transformed into chemi­
cal information in the fo rm of neurotransmitters ( 1 ) . . \fost 
nerves release one neurotransmitter. although some nerves can 
release two (generally a non-peptide Hnd a peptide). They can 
be modulated by numerous other neuro1rans111 i11crs. Neuro­
transmitters are stored in intracellular vesicles (2 ). and l'ollow­
ing the arrival of an action potential. 1hey undergo exocytnsis 
(a calcium-dependent process) into the synaptic cleft where 
they are available for postsynapric interactions (3 ). There ;ire 
several hundred known ncurotransmi11ers: those most relevant 
to psychiatric pharmacothcrnpy arc listed in Table I. I 
-J-i. The amoum of neurotransmitters available for c:wcytosis 
depends on several inract mechanisms. 

a. Availabil ity of precursor l'or the neurotransmitter and 
proper functioning or ii$ uptake site into the presynaplic 
nerve (the precursor transporter: Pr-TR) (.J). 
b. Proper reuptake or the neurotransmitters in to the presy­
naptic nerve terminal by 1he plasma membrane trnnsporter 
(PLM-TR) ( 5) and intact transport of the ncLtr'Ot r ;111smi11cr 
from the cell's cyLOplasm into I.he storage vesicle by the 

Table 1.1 

Biogcnic amines 

Acetylcholine 
Dopamine 
l-listaminc 
Norcpincphrine 

(noradrenaline) 
Serotonin 

Table 1.2 

Nerve t'ype 

/\minn acids 

1\ sparw1e 
Glutarrnlll: 
Glycine 
y-t\minohutyric add (Gt\BAI 
Homocystcatc 

Inhibitor)' AH 

l'c(ll ides 

t\ 11 i.tiote11si 11 
llo111bcsi11 
llradykinin 
Cltokcystokinin 
E11dorplti11s 
1\ ldato11i11 

Inhibitor)· l IH 
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neurot ransmilters that interact with postsynapt ic recep­
tors to induce conseque nt intracellular changes. Follow­
ing the ir intcrnctions with receptors. they arc either 
metabolized or taken for re-use. Hescarch in recent years 
has focused on the better understanding of these recep­
tor intenu:tions a nd the intracellular c hanges attribut­
able lo dru g administratio n . 

vesicu lar monoamine transporter type l (V.MAT2) (6 ). 
c. t\n appropriate metabolism of the neurotransmitter by 
en~ymcs such as mitochondrial monoamine oxidases (7 ). 

8- 12. There arc several main modul;ttory systems that 
together govern the rntc of neurotransmiller release into the 
synaptic cleft: 

a. 1\ut oreceptors (/\Rs) which interact with the neurotrans­
mitter produced by 1hc same nerve. and consequently 
suppress ( 8 ) or stimulate (9 ) the release of neurotransmit­
ters into 1hc synaptic cleft. They arc located in the presy­
naptic nen•c terminals (8.9 ) or in the soma. dendrites and 
axons of cenlral nervous system neurons ( I 0 ). 

b. I lcrcroreceptors ( I IH.s) which can either suppress ( 11 J or 
enhance ( 12 ) tlte release of the neurotrnnsmiller. They arc 
tern1cd heternreceptors since they arc activated by neuro­
transmillcrs diffcrcnl fro111 those produced by the nerve they 
arc 0 11. There might be numerous different heteroreceptors 
\\'hich hind \•arious neurotransmitters on n single nerve. 

Table 1.2 summarizes some or the main modulating mecha­
nisms relevant to i11wct ru11ctioni11g or 1he presynaptic nerve. 

l'sychotropic medicatio11s can either enhance or suppress 
many of the 111ajor processes or modulatory events listed in 4-7 
and 8- 12 above. 

Oxcytodn 
l'rolac1i11 
So111a tos1<tt i11 
Tachyk i11 i11s 
Vasoactiw intestinal peptide 

Stimulatory AH 

Miscellan eous 

t\dcnosine 
t\dcnosinc triphosplwtc (ATl'l 
Nitric oxide 
C 1rho11 monoxide 

Stimulato ry l m 

Cholincrgic 1'vh1scari11 ir type l (.\t , J c~radn:iic>n:cept<>r: 

dopamine type D/ t> ,: 
~crotonin type 'i-11'1', 

Niroti11i(· ,\ '-111ethyl-1>-asparla1c (N~lD1\ ) 

Dopamincrgic 

GAl.11\ergic (releases 
'(·aminohutyric acid) 

l-listamincrgic 

Noraclrcncrgic 

Scrotoncrgic 

Dopamine type I) / ll 1 

Gr\llt\ type II (Gi\Bt\11 ) 

I lista111i11e type 3 (11,) 

o.,-aclre110n:c:ept<H' 

Serotonin type 5-l lT 1111 , 

M11sca ri11 ic: type l (1\I, ): 
~croloni11 type 'i -1IT 1 ? 

tJopa1ll i11ergit' type t>,; fl,·adrcnoreceplor 
hist;1111i11c type l (ti , ): 
11 111srari11ic type l t1\t , ): opiate 

ct1-;1dre1l<Jrcn·pt <>r; S<"rote>llin type 5-1 ('(' I 

Niro tin ic: ,\'-111cthyl-
1i-asparlalc ( NMDA) 

Nkoti11k 
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• Basic aspects related to drug action 

1.2 Principles of drug action - postsynaptic nerve 
Postsynaptic interactions and consequent intracellular changes 

10 

Na+ 
(for example) 

First messengers 
(mainly 

neurotransmitters) 
1 

Activate specific protein klnases 

Cellular 
membrane 

intracellular 
space 

Legend 

(specific kinases for tho different substrates: see Sechon 1.6 for details) 

Intracellular response 
Acnvation of third messengers (phosphorylatcd proteins) and subsequent intracellular changes 

(lipid. protein and glucose metabolism; cell drv1s1on and d1fferen11auon: permeability of membranos: 
secretory processes: gene expression). These changes elfect 1n1ercellular transmission \'11th a consequent 

intercellular response 

AC Adenylate cyclase IC Ion channel 

ATP Adenosine triphosphate 

cAMP Cyclic adenosine monophosphate 

cGMP Cyclic guanine monophosphate 
DAG Diacylglycerol 

IP3 fnositol triphosphate 

LTs Leukotriones 

PGs Prostaglandins 

PLC Phospholipase C 

4 

GC Guanylate cyclase 

G-proteins There are several types. characterized by different u 
subunits (seo Sections 1.3-1.5 for further details): 
G1 inhibits the activity of adonylote cyclase and activates 

phosphofipase C, Ai and potassium channels: 
G0 modulates vollago·sonsitive calcium channels 

and phosphofipase C; G0 stimulates phospholipase C; 
Gs Activates adenylate cyclase and calcium channels 

A Receptor 
TXs Thromboxanos 

Sthnulates 

Inhibits 
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Postsynaptic interactions arc one of the major aspects of 
almost all drugs used in psychiatry. These interactions 
may account for the drug's therapeutic effects. or can 
cause its adverse side-clTccl profile. i\ lost drugs in use are 
non-selective. meaning that they hm·e interactions with 
multiple pre- and postsynaplic receptors or transporters. 
Most current knowledge about lhe mechanism of drug 
action is based on direct pre- and postsynaptic drug inter­
act ions and lhe su bs<.:q ucn t rnodu lat ion of intracellular 
compon<.:n ts such as second. third and fourth messen­
gers. Second m<.:ss<.:ngcrs arc specific intracellular compo­
nents that arc inclircc.:l ly stimulated by the 11rst 
messengers to m:tivate certain cmymes called protein 
kinascs. The most studied second messengers arc calcium 
ion. inosit ol triphosphalc (IP3). diacylglycerol (DAG). 

Notes about the numbered it ems in the scheme 

1. :>Jormal neuronal activity requires intact pre- and posiay­
naptic internet ions between first messengers (J ) (e.g. neuro­
transmillers) and their target receptors or transporters located 
on the extracellular membrane. 
1 ,3. 1\eurotransmi11ers bind with high ;1ffinity to postsynap­
tic rccep1ors that arc linked to either protein complexes 1ermed 
G-proteins. or ion channels. {;-proteins are so-termed because 
of their ability w hind the guanine nucleotides guanosine 
triphosphate (G'J'P) and guanosine diphosphate (GDP). G­
proteins sen•e IO couple receptors to specific intracellular cffcc­
IOr systems. Three major types or G-prolcins arc involved in 
signal transduction: G,,. t:, and C,. These protein complexes 
diflcr from one a not her in their a subunits (sec Sections 
I. 3- 1. 5 l'or l'mthcr details). which. in turn . gives rise to differ­
ent and sometimes opposing ellccts 011 consequent intracellu­
lar functionin g. Many of the drugs used in psychiatry cnn 
ei ther antagoni'l.e the receptors linked to specific G-proleins (2 ) 
or stimulate them in ;1 similnr way to that of the endogenous 
first messenger (3). Synaplic responses mediated by rcccptor­
gatcd cha1111cls and c:-protcin-linkctl receptors have consider­
ably different time courses. The direct effects of ligand-gated 
channels arc rapid and transitory. usually ending in less than 
one millisecond. whereas those mediated by G-protein-linked 

Basic aspects related to drug action • 

cyclic aclenosinc monophosphate (cAi\ IP) and cyclic 
guanine monophosphatc (cGi\IP). Protein kinascs 
modulate cellular activities by phosphorylating certain 
inactive proteins. The protein kinascs arc named after the 
second messengers that activate them (cAi\lP-dcpendcnt 
protein kinase for exa mple). There arc a lso other types of 
protein kinases that arc not second-messenger-depen­
dent. They i11cludc protein tyrosine kinascs. which 
phosphorylate substrate proteins specillcally on tyrosine 
residues. casein kinascs and numerous others. 

Following protein kinase ;u.:livit.ies the phosphorylatcd 
proteins (lcnned third messengers) are activated and 
then bring about subsequent modllkations in cellular 
functioni ng. 

receptors arl' !>lower in onset (requiring at least l 00 ms to 
develop) and can he \'Cry long in dura1ion (minutes). Some 
established example:. of brain G-protein-linked receptors are 
presented in Seel ion I. 5. 
4 -6 . Some drug~ or C\'en the s;1me drugs described pre\•iously 
can interact wit h ion channels such ns cnlcium ion channeb 
(4 ) or the !>Odium chn1111cls (5 ). They can aJTect membrnne 
pumps ~uch as - l>odium-pota:.sium /\TPase (6 ). In all of 1hesc 
cases they can eit her suppress or enh;mce the permeability of 
these membra ne struc1urcs. 
7. Some drugs also hind with high allln ity to receptors whose 
transmillcrs have not been identified as yet (orphan receptors). 
8- 10. Phari11;icotherapy that alters first-messenger activities 
and i11term:ts wi th various membrane receptors inevitably alter 
l he functioning or second-messenger components (8 ). These arc 
substances sud1 ;is phospl101ipasc C. adenylate cyclase. guany­
lat e eydasc (')). phospholipids anti anrchidonic acid (10). They 
can also modily cellular f'u11dio11ing by changing the intracel­
lular conn·11tratio11s of major ions. especially calcium (4), 
which is also considered a second messenger. 
l I, 12. The 011tco111e of the altered second-messenger act ivities 
is a modilkation of protein kinase functioning (11 ). which is 
follo\\'cd by e11d11rini.: intra- and intcrccllular responses (11). 

5 



• Basic aspects related to drug action 

1.3 Signal transduction (I) 
Receptor-G5-protein interactions and activation of the second-messenger system 

Cellular 
membrane 

Intracellular 
space 

Second 
messenger 

Legend 

ATP 

Stimulates 

Aspartate residue 

Cysteine residue 

Notes abou t the numbered items in the scheme 

1. lkccpwrs that are coupled ~o the G-pro lein complex have a 
characteristic structure: 

a. Seven transmcmbranc doma ins (numbered from l to 7). 
b . The ~11 ! terminal a t the extracellular site and the COOH 
terminal intraccllularly . 
c. All h;wc an aspartatc residue at the third doma in 
(lettered 1\ ). This suggests that binding in\'olves an ionic 
interact ion bet ween the carboxylat e side-c hain of the a spar­
wtc a11d the neurotransmitter ami110 group. 
d . l{eccptors that inhibit adenylatc cyclase (e.g. G;) have a 
longer third and s horte r fourth cy toplasmatic loop. Sti111u­
lating receptors are coupled lo G,. as in the scheme. have a 
sho rter third loop and a longer fourth loop. 
c. 1\ll receptors have a cysteine residue at si111ilar points in 
the fourth cytoplasmatic loop (lettered Cl. 

6 

Typical receptor 
coupled to the 

G,·protein complex 
Possible site that 
determines the 

specificity for ligands 

,,. 
I 
I 
I 
I 
I 

I 

~-----------

AC Adenylate cyclase 
ATP Adenosine triphosphatc 

Dissociated 

a.-S complex 
which binds to GTP 

cAMP Cyclic adenosine monophosphato 
GDP Guanosine diphosphatc 
GTP Guanosine triphosphatc 

I'. The sixth and seventh do mains arc importan t in deter· 
mining the specillcity for the binding ligand. 

2-5. i\kd11111is111 of rcn:JJlor rcy11/11 tio11. \'\' hen a ligand binds 10 
the receptor. the G,-protein. which is in an inacti\1e form [GDP 
component au ached to a. ~ . y and S sub-units (2 )1. is acti\·atcd. 
This induces an allostcric cha nge in the ex subunit tha t makes it 
hind with muc h greate r an1nily to GTI' than to CDP (3 ). t\l the 
same time. the activated complex dissociates into GTP plus an 
a-S complex (4 ). and a J3- y co111ple x. w hich remains al!achcd LO 

the receptor. The active complex (the GTP plus an c1.- S complex. 
and especia lly the a-subunit) al'ii\'n tes adcnylate cyclase whid1 
converts aclcnosine triphosphatc (1\TP) to cycl ic adcnosinc 
111011oplwsphate (cAM Pl. which is a second mcsseneger ( 5 ) th a l 

increases the activities of several intrnccllular protein kinascs. 
which in turn regulate many metabo lic processes. 
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1.4 Signal transduction (II) 
Receptor-GP protein interactions and activation of the second-messenger system 

Cellular 
membrane 

Intracellular 
space 

Legend Stimulates 

Aspartate residue 

Cysteine residue 

.. .. 
Notes about th e numbered items in the scheme 

I. Typical receptors tha1 arc coupled to the G-protcin complex 
have a characteristic struc1un.: {sec Section 1.3 for clcl<lils). 

2-5 . Mccl11111ism of receptor l't'!Jllh11io11 . \Nhen a ligm1d bi11tls lo 
the receptor at the membrane binding site. !he G"·1xolcin. 
which is in an inactive f'orrn !GDP componclll utlachcd In a. 
~. y and S subunits {2 )]. is acliva1cd. This ac1iva1 ion induces 
an allostcric change in the a subunil that makes ii hind with 
a much greater affinity to GrP lh L11l 10 GD!' 13 ). 1\1 1hc smne 
time. the activated complex dissociates into GTP plus an a.- S 

Typical recep1or 
coupled to the 

Gp·protein complex 
Possible site 1ha1 
determines the 

specificity for ligands 

Dissociated 

tt·S complex 
that binds to GTP 

Note that this tt 
subunit is different 

from the tt subunit 

ot the G. -protein 

(see Section 1.3) 

DAG Diacylglycerol 

GDP Guanosine diphosphate 

GTP Guanosine triphosphate 

IP3 Inositol triphosphate 

PIP2 Phosphatidyl inositol biphosphate 

PLC Phospholipase C 

complex ( -1- ). a 11d a ~--1 complex. \\'hich remains al tachcd to 
the receptor. The active complex (the CTP plus an a - S 
complex. and especially the a suhu11i l) aclivates phospholipasc 
C. which ro11 verls phosphalidyl inositol biphospbate {PIP2) 10 
inositol triphosphate (Jf'3) and tlincylglyrcrol (DAG). bot h of 
which nrc second messengers (5 l. D1\C enhances the activities 
cl intracellular protein kinase C (which further regulates many 
cellular processes). IP 3 stimulates the release of calcium ions 
(stored in \'esicles of the endoplasmaliC reticulum) into the 
cytoplasm. 
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• Basic aspects related to drug action 

1.5 Activation of receptors coupled to G-proteins, ion channels or other intracellular components 
Cellular mediators and consequent changes in second messengers or other intracellular compounds 

The presented intracellular 
changes occur when the 
receptors or ion-gated 

channels are stimulated 
by their corresponding 

first messenger 

8 

~0 cr 

~ 

Calion channel (Na', K' , Ca2 ' ) 

Increases 

Na+ Ca2+ 
' 

and decreases K+ 

Increases Cl" 

Alters ca2
• 

~N!-.tOA lf'ICteasos afld 
a, and ti:' opaato oocreaso) 

Decreases K+ 
(via activating an 

ion-galed channel) 

Inhibits 

cAMP 

Aclivalos 

cAMP 

? 

Aclivales 

IP3 and DAG 

Activates 

cGMP 

o~---• 

Cellular membrane 
and attached 

receptoral complexes 

' ' I 

Extracellular 
space 



Legend 
(for both pages) 

Stimulates 

Inhibits 

~ ACh. Ace1ylcholine 
~ ca2 ' Calcium Ion 

0 <J) 

- "O 
~ ·~ 
- 0 
~ .£ 
o E 

Ci! "' 

~ <J) 

0 "O - c 
<J)"' 
~ Ol 
0 = a. <J) 

Q) " 0 0 

~ !JJ~ £ "O 
0 c 

Q) 
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GABA type A and B receptors I 

DilloraoO rooop<om { 
for glutamate 

Inhibitory postsynaptic 
glycine receptor 

Endogenous adenosfne receptors 
existence not established) 

Endogenous receptor for purines 
(e.g. adenosine and guanine) 

C1 type 1 a.nd 2 receptors 
(endogenous ligand no1 established) 

K' Polassium ion 

Muse. Muscarinic 

fuM.S!i 
NMOA 

KAIN/ITE 

/IMPA 
ACPD,,, 

IPGR 

cAMP Cyclic adenosine monophosphate Na' Sodium ion 

Calcium ion 0 cGMP Cyclic guanine monophosphate NO Nitric oxide 

Chloride ion 0 er Chloride ion 

Nitric oxide • DG Diacylglycerol 

Potassium ion • GABA y-Aminobutyric acid 

Sodium ion • I P3 Inositol triptiosphate 

Notes about the numbered items in the scheme: 

/vlust brain receptors arc cilhcr linked to G-protcins or localed 
directly on ion channels. The scheme on the left a11 emp1s tu 
simplify and integrate the current knowledge aboul the 
seco11dary intracellular changes which follow the stimu la1iu11 of 
lhc various receptors. 

There arc two major ways i11 which to understand 1hc scheme: 
I. If one needs lo know wh ich type of receptors can elici t a 
certain response then one should look al the desired response 
!activated cyclic adcnosine monophosphate (ci\M I') fo r 
example] and then notice which receptors arc associated with 
the stimulation of this second messenger. In this example it can 
be seen that the sero1oncrgir receptors 5-1 IT.t.6.;. the hiswmin­
crgic receptor H2• the 0 1 and D, dopaminergic receptors. the A1 

endogenous receptor for adenosine. the ACPD type I nx:eptor 
for glutamate. the Pu .s adre11ergic receptors and the \12 recep­
tor fo r vasopressin can all activate c1\MP. and they do so via 
the G-prolein mechanism. 
2-5. If one needs to know whal intracellular responses arc 
estimated to occur when an activity of a certain neurotransmit­
ter is altered (either enhanced or su ppressed) then one should 
look at the different colors oft he receptors. All the receptors that 

Found in animals only 

have high alllnily for a certain neurotrnnsmitter are colored the 
same. For example. all the di fferent acctylcholine receptors 
(nicotinic and the fou r types of muscarinic) arc colored green. 
Therefore. when one administers a cholinergic drug such as 
pyridostigmine or t;1crinc. one expects an increase in the concen­
tration or acetylcholine in the synapt ic clell. The acetylcbolinc 
will potentially internet with all the acetykholinc receptors. and 
the secondary ellix:ts of these interactions should be as follows: 

a. Stimulated Mt and l'vl1 receptors activate inositol tr iphos­
phate (IP 3). discylglycerol (lJt\G) (2 ) and cyclic guanine 
monophophatc (cGMP) (3). 
b. Stimulating the M1 receptors inhibits the activi ties of 
c1\ MP and decreases potassium concentra tion in the intra­
cellular space ( .J ). 

c. Stimu lat ing the 1\.14 receptors inhibits the activi1ics of 
c1\MP (5 ). 
d. Stimulating t.hc nicotinic receptors increases cation 
(mostly pot as~ium) concentrat ions via a direct action on ion­
gated channels (6 ). 

These four responses are expected w occur. but there is little 
data concerning which of the fo ur predominates. if al all. 

9 
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1.6 Signal transduction (Ill) 
Second messenger-protein kinase interactions and consequent activation of third messengers 

Intracellular 
space 

-- ---- -- ----- -- --- -- ----- -- -------- ------- ----'- -, 

CAMP-dependent PK& cGMP-dependent PK& Co" ·Colmodulln· 
dopondont PK 

Ca2•·DAG·dopondont 
PKs(PKC) 

Catalyllc domain 
(covered - inactive) 

Catalyllc 
domain 

Prototype of an 
active p rotein kinase 

Legend 
Stim ulates 

Metobotlzes 

Second 
m essenger 

Notes a bout th e numbered items in the scheme 

I. Signal lransduction refers 10 the rnscade or intrnneurnl 
i111erac1ions. beginning \\'ilh e x1rm:ellular lirs1 messengers 
(n1:u ro1rnnsmi1ters. peptides). whid1 affecl the cell membrane 
rccepwrs. !he consequem ac1ivatio11 of 1hc second-messenger 
system. which in lllrn activates more inirnneurnl messengers. 
leading 10 a specilic cellular response. The major second 
nwsscngers involved in signa l tra nsducl ion a rc c1\MP. cG1vlP. 
calciu m as part of a la rger com plex 1ha1 cont a ins four calcium 
t11o l1x ules a nd a calciurn-dcpendenl regulat ory protein called 
calmodu lin. and calcium with !he secoml messenger diacyl­
glycero l. 
2. Euell or these second messengers has a spccillc atnnily for 
a1w1her 1ype of intracellular protein called pro1ein kinase tPK). 

10 

Active 
complex 

(third messenger) 

ADP Adenosine dlphosphate 
ATP Adenosine tr/phosphate 

cAMP Cychc adenos1ne 
monophosphate 

cGMP Cyclic guanine 
monophosphale 

DAG Diacylglycerol 
PK Pro tein k inase 
SM Second messenger 

The l'Ks arc named according to 1lte spccillc second messenger 
1hn1 stimula tes 1hem. 
3-9. 1\ losl PKs have a similar mode of action. The typical PK has 
1 wo major domains. 1\ cataly1 ic domain (3 ). when activated. can 
1ransf'cr a phosplwte group (1'0.1) from 1\TP (4 ) to a specific and 
irrncl ive int racellu la r protein (5). The P04 group converts the 
protein into a n active complex termed th ird messenger (6 ) whid1 
induces a specific cellu lar response (7 ). The second major do111ai n 
of the typical PK is the regulatory domain (8 ). W hen the PK is 
i11acli\'e. Lhe regulatory domain covers the catalytic Sile ;111d 
suppresses its activities. \>Vllen <1 second messenger binds to the 
regu la tory domain (9 ). il induces a conformational change 1 lta1 
uncovers the cataly1ic site and e nables it to react \\'ilh ATP. 
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1. 7 Gene expression 
Transcription, protein synthesis and consequent cellular changes 

Active 
protein kinase 

Double­
stranded DNA 

Regulatory 
element 

Serves as I incorporates itself into I regulates: 
Enzymes. hormones. ion channels, 

neurotransmitters. peptides, receptors. 
signal -t ransduction proteins. 
cytoskeletal components, etc 

Legend Stimulates .. Transcribed region 

Notes aboul lhc numbered items in the scheme 

1- 5. The term ' transcription' ( I ) refers IO the process or trans­
lating genetic in formation from a protein -encoding gene (2 ) 
located 011 a certain rrgion or the single-stranded deoxyribonu­
cleic acid fl):\A) into a messenger ribonucleic acid (mlC'..:r\) t3 ). 
The mHNt\ b a template fo r a transrer R'.'\A (tR'.'\:\ ) (4 ) which 
has the capacity lO translate coded information on the mHNt\ 
into a protein chain (5). Spcci11c tHl'\As transport distinct amino 
acids to the protcin-builcl ing site. where they bind to a comple­
mentary codon on the mRN1\ . thus directing the inc.:o rporntion 
of the appropriate amino acid i1110 a growing protein chain. 
6. Once a new protein is synthesized. ii can modulate ccllular 
functioning \'i:1 numerous ways. It cnn incorporate itself into 
various cellular structmes. wit h consequent alterations in their 

fu nctioning. It can serve ns an enzyme. neuro1ra11smiltcr 
peptide or hormone that governs cellular activi ties. It cun niter 
~igna l t ransducl ion mechanisms. rccepwr conl1gura1 ions and 
acti\'ilies. ion channel permeability. and practically almost all 
of the major processes related to normal cell runc1ioning. 
7- 1 I. Protein synthesis begins when <111 inacth·c protein 
ten ned a transcrip tion fa ctor ( i ) becomes activnted by a certain 
protcin kinasc (8 ). The ac1iva1ed tra11scrip1ion factor (TF) (9 ) is 
then rnpable or iden1ifyi11g a unique scque11ce of the DNt\. 
lenned a regulat ory clement ( l 0 ). which lies adjacent to the 
prolci11-e11codi11g gene. Finally. the enzyme RN1\ polymerase II 
( I I ) binds to a site on the activated TF. where ii begins 
trnnscrihing DN1\ in formation into mRNA coding. 

11 
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1.8 Neurotransmitters (synthesis and degradation) 
Biogenic amines: NE, DA, 5-HT, ACh, epinephrine, histamine 

i s-HIAA I 

12 

Tyrosine 
hychoxyl<1se 
(rate- limiting 

enzyme) 

MHPG 

Tr /JllOpl ... n 
hydroxvlnse 

/\1111no acicl 
clcc,uboxyl.1se 

Tryptophan 
(availability is 
rate-limiting) 

, 

5-0H·tryptophan 

Dop<1 
clcc,irboxyl,1 •' 

@ 

Tyrosine 
hydroxyfcise 
(rate-limiting 

enzyme) 

HVA 

Acctylchol ine esterase 
(on poslsynaplic membrane) 

Tyrosine 

i 

Acetyl-coA 

Chol11 1ce:l)'! 



Tyrosine 

f1ydrr 'xylase 
(rate-limiting 

enzyme) 

DA ii 
11y Jnxy•ase 

MHPG 

Legend 
Stimulates 
Inhibits 

Tyrosine 

L·dopa 

Enzyme N.i1111 • ol 1•111.y1w_• 

Enzymatic 
reaction 

Acetylcholine 

Dopamine 

Epinephrine 
(adrenaline) 

Histamine 

Name cl 
substrate 

r. 

I 
I 

~ 
I E 

I 

I 

I 
I 

Norepinephrine ~ (noradrenaline) 
Serotonin 11111 

., 

Name of 
substrate 

• ~ll 
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Hist~m111c-N ­

nwtf1yltransfcras1• 

S·HIAA 5·Hydroxyindole acetic acid 
5-HT Serotonin (5-hydroxytryptamlne) 

5-HT-AR Serotonergic autoreceptor 
5-HT·TR Transporter for serotonin 

a2-ADR-AR a2-adrenergic autoreceptor 
ACh Acetylcholine 

ACh-AR Cholinergic autoreceptor 
AD Aldehyde dehydrogenase 

Choline-TR Transporter !or choline 
COMT Catechol-0-methyltranslerase 

DA Dopamine 
DA·AR Dopaminergic autoreceptor 
DA· TR Transporter for dopamine 

E·TR Transporter !or epinephrine 
H·AR His!aminergic autoreceptor. Could 

be the H3 receptor 
H-TR Transporter !or histamine 
HVA Homovanillic acid 

M Mitochondrion 
MAO,,. Monoamine oxidase. type A 
MA08 Monoamine oxidase, type B 
MHPG 3-Methoxy-4-hydroxy-phenylglycol 
NE-TR Transporter for norepinephrine 
PNMT Phenylethanolamine-

N-methyltransferase 

13 



• Basic aspects related to drug action 

1.9 Neurotransmitters 
Glutamate; excitatory 

Legend 

14 

Pyruvate 

Mitochondrion 

receptor 
Cellular response 

(excitatory) 

Stimulates .... 

Inhibits .... 

Glutamate 0 

ACPD Trans-1 -aminocyclopentane· 

1-3-dicarboxylic acid 

a-KG a ·Ketoglutarate 

MAPA a ·Amino-3-hydroxy·5-methyl·4-
isoxazole proprionic acid 

Glut-TR Transporter for glutamate 

MK 801 (dizocilpine) Synthetic antagonist 
NMDA N -methyl-D-aspartate 

NM DA-Receptor One of 5 main receptors 

for glutamate; The others are AMPA, 

KAINATE . AP4 and ACPD. The data 

concerning these receptors is limiled. 
The NMDA·receptor is activated by 2 

glutamate and 1 glycine molecules 
SC Succinate 

AP4·AR 1,2-Amino-4-Phosphono-butyrate. 
Believed to be an autoreceptor. 



1.10 Neurotransmitters 
y-Aminobutyric acid (GABA); inhibitory 

Glycolysis 

SSAD 

GABA-T 

Legend Stimulates ... 
GABA • 

Glutamate 0 

Enzyme LJ 
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Glucose 

Mitochondrion 

.. ·~·. 
GABA • 

a -KG a-Ketoglutarate 

GABA y -Aminobutyric acid 

30-50% of brain synapses are 
believed to be GABAergic. 

Glutamic acid 
de ca rboxylase 

(rate limiting) 

+Vitamin 8 6 

(as co-factor) 

The majority or them are short interneurons 

GABA·T GABA ketoglutarate transaminase 

GABA-TR Transporter for GABA. It is a sodium· 

dependent high aflinity process 
SC Succinate 

SSAD Succinic semialdehyde dehydrogenase 
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1.11 Vesicular monoamine transporter 
Vesicular monoamine transporter type 2 (VMAT2) 

Other possible 
inhibitors/regulators of VMAT2 activity: 

cytotoxic compounds; verapamil; 
tacrine; estrogen: progesterone 

Cytoplasmatic 
vesicle 

containing a 
specific biogenic 

amine 

Binding sites for 
reserpine 

and 
tetrabenazine 

H+ H+ 
H+ H+ H+ 

H+ H+ ~+H+ 
H W 

I 

8 

A 
I 
I 
I 
I 
I 
I 

The biogenic amine undergoes 
degradation by specific enzymes 

such as MAOA or MA08 

I 3~% I 
I 
\ 
\ ,_ 

:-4----,,"""-~~~~~~~..,; 

Legend 
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Neurotransmitters in 
the synaptic cleft 

Blogenlc amine 

Serine residue 

Reserpine 

Tetrabenazlne 

-A 

T 
I 

pH gradient 

Cell 
membrane 

------------------------

H" Proton 
His·NMT Histamine N·methyllransferase 

MAO A Monoamine oxidase type A 
MA09 Monoamine oxidase type B 

PLM ·TR Plasma membrane transporter 
VMAT2 Vesicular monoamine transporter 

type2 

I 
/ 

/ ,.,. 

I 
I 

I 
I 

I 



Notes about the numbered items in the scheme 

1.2. A neurotransmiller. once released from the presynaptic 
nerve into the synaptic cleft. can be involved in several 
processes. Some fraction of the released neurotransmitter can 
affect the corresponding post- or presynaptk receptors. with a 
consequent secondary intracellular changes. Following this. it 
disengages from the specific receptor back into the synaptic 
cleft. ready for re uptakc into the presynaptic nerve. or fo r 
fu rther receptor interaction (1 ). Some is then retranspurted 
into the presynaptic nerve terminal by the plasma membrane 
transporter (Pih l-TR) (2 ). 
3. Once entering the presynaptic nerve terminal, about 30% of 
the neurotransmillcrs nre metabolized by spccilk catabolic 
enzymes. Monoamine oxidase type A (M1\0.\) is the main 
enzyme responsible for metabolizing sero tonin. norcpincphrine 
and epinephrine. Monoamine oxidase type B (1\IA0 11) me tabo­
lizes dopamine. and histamine-N-mcthyltransforasc along with 
MJ\OA metabolize histamine. Acetylcholine undergoes an extra­
cellular catabolic process by acetylcholine este rase. 
4,5. About 70% of the neurotransmitters uptaken by the 
l'LM-TR are re-stored in intracellular vesides located in the 
prcsynap!ic nerve te rmina l (4 ). Each of these vesicles contains 
only specific biogcnic amine: norepinephrine is accumulated 
and stored in spccilk vesicles in adrcncrgic nerves. serotonin 
in specific vesicles in serotonergic nerves. e tc . All monoamine 
neurotransmitters arc transported from the cytoplasm int.o 
their corresponding vesicle by a non-specific transporter 
termed the vesicular monoamine transporter (VMAT). There 
are two main isofonns in volved iu such processes: VMATI 
and VtvlAT2. VMi\T I has . to date. been located exclusively in 
adrena l tissue while the VMAT2 is found in brain tissue (5). 
as well as in peripheral and cntcric neurons . V.Mi\T2 is 
located on the membrane of the intracellular s toring vesicle. 
and it transports all biogcnic amines (e.g. serotonin. norcpi­
nepbrine. dopamine. acetylcholine. hbtaminc) with practi­
ca lly equivalent afllni ty. Regional localization of VMAT2 is 
consistc.:nt with the known monoamine ne rve terminal 
density: highest in the striatum. la teral septum. substantia 
nigra pars compac t a . raphe nuclei mid the locus ccruleus. 
Lower density is evident in the ccre brul cortex and in the 
cerebe llum. The VMJ\'1' transporter is a protein with 12 trans-
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membrane segments and both of its extremities arc located in 
the cytoplasmatic s ide. 
6,7. The mechanism of VMt\T2 action is complex and only 
partially understood. Lt is thought that the transport of the 
biugenic amines is dependent on the pl I gradient between the 
cytoplasm and the intravesicular space. The cytoplasm is a 
rclati\·e high-pl I region (6 ) compared with the intravesicular 
space (low-pH region: pH = 4-5) (7 ). This pH gradient provides 
an essential driving force fo r the transport of the biogenic amine 
from the cytoplasm into the vesicle in exchange for a proton. 
which is transported in the opposite direction. Some data 
suggest that a serine residue in the third transmembranc 
domain of VM1\T2 is the most important factor for recognizing 
the transported biogenic amine by the VMAT2. and that 
hydroxyl groups on the diffe ren t biogcnic amines serve as 
substrates that arc recognized by the serine residues. Other 
factors are also likely to be important. 
8. The most studied substances that allcct the VM1\ T2 arc 
reserpine and tetrabenazinc. Both inhibit VMAT2 activity 
with a consequent decrease in biogcnic amine transport into 
storing vesicles. This results in a reduced amount of biogenic 
amine available fo r release into the syna ptic cleft. Reserpine 
and tctrabcuazinc have d ifferent binding sites on the V~IAT2 

and they arc presumed to exert their inhibitory effects on 
biogenic amine transport via different mechanisms. There is 
some evidence for the existence of' two conformations of 
VMAT2 . binding either reserpine or tetrabenazinc. This 
means that when reserpine (or tctrabenazine) binds 
\l.\-1AT2. it inhibits its capacity to uptake monoamines but a t 
the same time prevents the binding of the other antagonist 
(tctrabenazinc or reserpine respectively). Chronic use of 
these drugs leads tO a relative depletion of amine stores which 
is why they can cause depressions. 
9. Other possible inhibitors of \IMJ\'1'2 activity are cytotoxic 
compounds such as cthidium. isomctamidium. tetraphcnyl­
phosphonium and rhodaminc. as well as agents such as 
tacrinc. vcrapamil and the hormones estrogen and proges ­
terone. The way in which estrogen and progesterone a ffect 
the VMAT2 is unclear. and might be via an indirect action (e.g. 
reduced VMAT2 gene expression for example). 
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1.12 Receptor/transporter-mediated reactions 
Assumed side-effects 

Receptor/transporter-mediated actions 

E 
ClJ -CJ) 

>­
CJ) 

CJ) 
::I 
0 
('. 
ClJ 
c: 
ro ... -c: 
ClJ 

(.) 

!:: 
<.!:I 

('.' 
ro 
c: 
'i: 
::I 
I 

0 
::: 
c: 
ClJ 

<.!:I 

El 
18 

Assumed effect 

Agitation 
Akathisia 
Delirium 

EPS (induces) 
EPS (protects from/reduces) 

Headache (induces) 
Headache (reduces) 

Hyperthermia 
Hypothermia 

Insomnia 
Memory impairments 

Prolactin secretion (increased) 
Sedation 

Seizure induction 
Sleep architecture (enhanced stage 3,4) 

Sweating (decreased) 
Sweating (increased} 

Tremor 

Hypertension 
Hypotension (postural) 

Tachycardia 
Tachycardia (reflex) 

Appetite (decreased) 
Appetite (increased) 

Bronchial secretions (decreased) 
Constipation 

Diarrhea 
Gastrointestinal discomfort 

Nausea. vomiting 
Nausea. vomiting (protects from) 

Weight gain 
Weight loss 

a: 
0 
<! 

€ 

m:::m 

Inhibited receptors 
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Stimulated receptors 11 
Reuptake 

inhibition 
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Narrow-angle glaucoma ~~i~~~ii!~~~ 1-f-I 1-f-I -t-11 ---..+---ii II I I I I I I ~ 
Anorgasmia 

Ejaculation (retrograde/difficult) 
Erectile dysfunction 
Libido (decreased) 

Priapism 
Sexual dysfunctions (induces) 

Sexual dysfunctions (protects from) 
Urinary retention 

Anti-allergic activities 
Dry mouth 

Nasal congestion 

-=-
m:::m 

m:::m 

m:::m 
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1.13 Receptor-mediated psychiatric symptoms 
Assumed roles of specific receptors in major psychiatric syndromes 

Psychiatric 
syndrome 

Generalized anxiety 

OCD 

Panic attacks 

Social phobia 

Depression 

Psychosis 

Bulimia 

Sexual dysfunctions 

Stimulation of the following receptors 

induces II Reduces or improves 

... « ... « 
N N 
Q) Q) 
c. c. 
> > - -... « 

Cl> ... Q) « « 
(.) c « « (.) c « 

... N « « N « 
0 <i. E CI: ~ ~ <i E ~ 
,... CN ctl c ,... ...:- CN ctl ~ 

I- I- c. ~ I- I- c. al 
I I 0 I I I 0 ~ 

I I ... I I I 
L() Lt') c ~ L() Lt') L() c (.!} 

I I I I LI _J__.C .. IL_J___J__J 
CCD~I ~~~ 
1 1 1 1 L' _.c ... 1.__.c .. 1-_J__J 
L' ~~c .. 1.___]1 .c ... 1.__J~_J_~~« .. 1.__J 

Legend 
(for both Sections 

1.12and 1.13) 
Data are fairly established l"ll• 5-HT Serotonin (5·hydroxytryptamine) 

ACh Acetylchollne 
Data are not well established 

No data I no effects 

Presynaptic receptor Name· 

Postsynaptic receptor Name .. 

ADR Adrenergic 
CVS Cardiovascular system 

DA Dopamine 
EPS Exlrapyramidal symptoms 

GABAA y-Aminobutync acid type A 
NE Norepinephrine (noradrenaline) 

OCD Obsessive compulsive disorder 
Opht . Ophthalmic 
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1.14 Various receptor subtypes 
Comparative distribution in different brain regions 

Brain region 

Amygdala 

Caudate 

~ 
I-
:::c 

I 
in 

0 

I-
:::c 

I 
in 

<: 0 
N N 

I- I-
:::c :::c 

I I 

in in 

l---+---11--t--

Cerebellum 

Cortex 

Globus pallidus: lateral 

Globus pallidus: medial 

Hippoccampus 

Hypothalamus 

Locus ceruleus 

Nucleus accumbens 

Putamen 

Raphe nuclei 

Red nucleus 

Substantia nigra - pars compacta 

Substantia nigra - pars reticulata 

Subthalamic nucleus 

Thalamus 

Legend 
High concentration 

Low concentration 

No data or not detected D 
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GABA y-Aminobutyric acid 
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5-HT Serotonin (5-hydroxytryptamine) 
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KAINATE Different receptors for glutamate 
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1.15 Specific ligands for various receptor subtypes 

(J 

Cl VI ...... 
QI 0 
c: -0 a. 
- QI 0 (,) 
... QI 
QI ... 
(/) 

(,) 

·ei VI 

~ 0 
c: -- a. E QI co (,) 
a. QI 
0 ... 
c 

VI 

~ 
0 

u ii 
~ 

QI 
(J 

~ 

Receptor 
subtype 

D 

D 

D 

D 
Legend 

5·HT1A 

5·HTrn 

5·HT 1o 

5·HT3 

5·HT1A 

5·HT10 

5·HT2A 

5·HT2c 

5·HT3 

D, 

D2 

Various ligands 

Agonists Antagonists 

5·CT 8-0H-DPAT buspirone ipsapirono gcpirono I Metergoline pindolol 

~~~~~~~~R~U~2~4~9~69~~~~~~~~r ~l~~~~~r1~-a~d~r~e~n~er~g~ic~a~n~t~a~go~n~i~st~s~~~~~ 
~~~~~~~S~u~m~a~tr~ip~t~a~n~m~C~P~P~~~~~~r ~l ~~~~~~~-a~d~r~e~n~er~g~ic~a~n~t~a~go~n~i~st~s~~~~~ 

2·Methyl·5·hydroxytryptamine I ICS 205930 MDL 72222 ondansetron zacopndc 
...__~~~~~~~~~~~ ...... .._~~~~~~~~~~~~~ 

5-CT 8·0H·DPAT buspirone ipsapironc gepirone Metergoline 

RU 24969 fl-adrenergic antagonists 

DOI LSD mCPP MK 212 Ketanserin ritanserin spiperone 

mCPP MK 212 Methyserg1de rrtanserin 

5·Methyl·5·0H ICS 205930 MDL 72222 ondansetron zacopridc 

Clonidine lofexidine methylnoradrenaline ldazoxan mirtazapine pipcroxane yohimbine 

Methoxamine phenylephrine APOs (see Sechon 3.4) prazocrn TCAs (see Section 2.10) 

Clonidrne lofexidine methylnoradrenaline Fluparoxan idazoxan piperoxane yohimbine 

Clenbuterol isoprenaline terbutaline Atenolol practolol propranolol 

Clenbuterol isoprenaline terbutaline ICI 118,551 propranolol 

Roxindole r .._I ________ s_u_lp-ir-id_e _______ __, 

Pergolide SKF 38393 SCH 23390 

Apomorphine LY 141865 MK 458 pergohde RU 24926 APDs domperidone sulpmde raclopride 

o Pergolide ? 
3 ~~~~~~~~~~~~~~~!!!!!.'~~~~~~~~~~~~~~~~ 

o. ? Clozapine Olanzapine 

M2 ? ? 

M, Arecoline pilocarpine RS 86 SKF 38393 Atropine pirenzepine · ONB scopolamine 

M2 Arecoline 

Nicotlnic 

Presynaptic 
receptors 

Postsynaptic 
receptors 

carbachol • pilocarpine 

Arecoline nicotine 

• Does not cross the 
blood-brain barrier 

? Not known as yet 

RS 86 Atropine QNB scopolamine 

Mecamylamine 

5·CT 5-Carboxyamidotryptamine 
8·0H·DPAT 8-Hydroxy-(di-n-propylamino)tetralin 

ACh Acetylcholine 
APDs Antipsychotic drugs 

DOI lododimethyloxyamphetamine 
LSD Lysergic acid diethylamide 

mCPP m ·Chlorophenylpiperidine 
ONB Quinuclidinyl benzilate 

TCAs Tricyclic antidepressants 
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1.16 Drug pharmacokinetics 
Principles and major agents affecting the hepatic microsomal enzymes 

Various drugs 
entering the GIT 

Barbiturates 
BCP 
(in some cases via 

oxidation, phase I ) 

Carbamazepine 
Ethanol 
(during chronic abuse) 

Phenytoin 
Pyridoxine 
Aifampin 
Smoking 

Legend 

Phase II 

metabolism 

Systemic 
circulation 

'-.... o ~(> 
----~ 

membrane 

Phase I 

metabolism 

Excreted in 
the urine 

Absorbed drug 0 

Chelated or other complexed a 
adsorbed drug 

Active transport • .. 

Drug metabolized by GWCE @ 

Albumin-drug complex f .jjjfii ) 
Metabolizes 

Excreted in 
the feces 

Amiodarone 
Antipsychotics 
(Phenothiazines, 
butyrophenones. and 

probably others). 

Aspirin 
BCP 
(in some cases via 

glucoronidation). 

CCB 
(diltiazem, verapamil) 

Chloramphenicol 
Cimetidine 
Co-trimoxazole 
Cytotoxics 
Danazol 
o-Propoxyphene 
Dicoumarol 
Disulfiram 
Erythromycin 
Ethanol 
(during acute abuse) 

lsoniazid 
MAO ls 
Orphenadrine 
Probenecid 
Propranolol 
Aanitidine 
SSA ls 
TC As 
Tetracyclics 
(antidepressants) 

Valproate 

SCP Bir th control pills 
CCB Calcium-channel blockers 

GIT Gastrointestinal tract 
GWCE Gut-wall catabolic enzyme 
MAOls Monoamine oxidase inhibitors 
SSRls Selective serotonin 

reuptake inhibitors 
TCAs Tricyclic antidepressants. 

Gastric pH CJ 
Conjugated drug (P 

Metabolites of drugs ~ ..,.~ 

Agents that decrease ~I I 
the serum levels of some <j> 

absorbed (blue) drugs f 
(via stimulation of liver 
microsomal enzymes) Name 

Agoo" '"" '""'~ 11 I I the serum tevels of some + 
absorbed (blue) drugs 0 

(via inhibition of liver 
microsomal enzymes) Name 
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Notes about th e numbered items in th e sch em e 

l'harmacokinc.:tic in1crac.:lions arc subdivided in10 ahsorpt ion . 
distribution . metabolism and excretion . 

A. Absorption . Ornlly adminislcrcd drugs can undergo a 
number ol"inl ernclions or processing while passing 1hrough the 
gas1roin1eslirrn l 1rne1. iVlost of 1hcse interactions interfere wilh 
absorplion. mainly affcc 1ing lhe rate and total amount of drug 
absorbed. The ra1e of nbsorp1ion is important if a rapid response 
is needed. ll lws lilllc importance if the drug is given chronically 
or in 111u l1 iplt: daily doses. In 1hc case of a drug given in a single 
dose. with a need for an immedialc response. altered absorpl ion 
might prc\•ent the cxpecied 1herapcutic response. mainly due 10 
inability 10 reach appropria1c scrum level. The most rclcvarll 
factors governing its ahsorpl ion arc as follows: 

a. Gastrointest inal pli (1 ). Absorption from the gas1roin­
tes1i rrn l 1rac1 (mostly from the proxima l parts of the ileum) 
depends on the solubility of the agent (the more lipid-soluble. 
1hc bc11a is 1hc diffusion 1hrough 1hc in1 cstin;il mcmbnrnc) 
and on the clcc1rical charge of the agcnl (ihc non-ionized 
form usually diffuses \\'Cll 1hrough the rnw.: us membrane!. 
The gas1roin1cstinal pl! may alter these parameters. with a 
consequent impairmcnl in the rate of absorption or the total 
amount of drug absorbed. 
b. Adsorption - precipitation. ,\tinny agents nrny form a 
larger complex - precipilales (2 ) wilh 01hcr particles such as 
rnclallic ions (n luminuni. bismuth. calcium. iron ) while 
passing via I he gastrointestinal 1ruct. These complexes arc 
sometimes poorly absorbed. 
c. Guf motilitJ. Some agents can alter gut motil ity (3 ). 
which can have opposite effects. Decreased gut mot il ity. or 
dcl<ryed emptying or the slomach. causes the drug to spend 
more time in lhc gastrointestinal tract and can either 
enhance absorp1ion (wi1h drugs for which prolonged time 
enables belier dissolu1ion ) or impair it (with drugs that arc 
mcwbolizcd hy gul wn ll catabolic enzymes). 

B. Dist ributio n . Once absorbed t'rom 1hc gastrointestinal 1ract. 
drugs pass through 1he liver \'ia the portal circulation 1-l) and 
arc mcrabolizcd to various extents (the first-pass effect). Follow­
ing passage through 1he liver. 1he drugs arc distributed to the 
tissues hy lhc systemic circulation . The major parnmctcrs 
rclcvan1 to alterations in distribu1ion arc as fo llows: 

a. The exlent of perfusion to a t<irget organ or t·issue. 
Initially. highly perfused tissues (central nen•ous sys1em. 
heart. kidneys. liver) cxhihil a rapid blood-tissue equilihra­
iion of drugs. Then. lhe drug may be redistributed 10 less 
perfused tissues (muscle. adipose). This redis tribution can 
mcnn lhal n drug with long elimination half-lilc might exert 
a shorter lhernpeu tic effect than a second drug with n 
shorter clir11ina1ior1 half-life due to the former drug's greater 
<"rn111 ity [()I· adipose I bsue (or a larger volume of dist ribulion). 
h. Protci11-hi11ding properties. i'vlos t drugs arc bound to 
plasma protci11s. part icularly 10 albumin t 5 ). The bound 
fru ctio11 depends on lhc concentra tion of albumin and the 

Basic aspects related to drug action • 

11umbcr of binding sites for the drug. The bound fraction is 
pharmacologically inactive. Once some of the free drug has 
bcc11 mclaholizcd. a portion of the bound drug becomes 
un bound and can exert its pharmacological acl ivi1ies and. al 
lhe same ti me. is subjected to metabolic processing and 
cxcrclio11. Signilicant drug- drug interactions arc associate<! 
wilh drugs 1ha1 arc more than 90% bou11d to plasma 
pro1 eir1s. i\llhough potentially important. protein binding 
inleractior1s exert minimal clTects on clinical response. 

C. Metabolism. Metabolism is the biotransformalion of a drug 
to rn101hcr chemical and a less lipid-soluble form lhal is more 
easily excreted by the kidneys. The vast majority of metabolic 
proccssi11g is done by a group of enzymes located in microso1ncs 
of the t:ndoplasmatic reticulum of hepatic cells. There arc four 
main types of metabolic reactions: oxidation. reduclion. hydrol­
ysb I termed phase I (6 ll and conjugaiion l1crrncd phase II (71j. 
Phase I reactions cha nge 1hc parent compound into a morc­
polar fo rm. which may be still pharmacologically actil•c. 
parlially acti\·c or inacti\'c. Phase I oxidation requires the 
presence or :\t\DPI I and the heme-containing pro1cin 
cylochrornc l'-l 50. \ \'hen a drug is metabolized by phase I 
rcac1ions ii rnn fu n her be metabolized by phase II. or ii rnn be 
hydrophilic enough w be eliminated \\·i1 hout furt her metabo­
lism (phase IJ). Phase II reactions involve the conjugation 
(coupling) of a drug \\' ilh a polar substrate such as glucuronic. 
;1cclic. sulfuric or an amino acid. which general ly leads lo lora l 
irwclil«llion or lhe parent compound. J\fany drugs alter lhe 
arlivitics of 1hcse me1abolic processes by either slimula1i11g 
some of lhe calabolic cnzyrnes (8 ) or inhibiting lhern (9 ). ;md 
many drug- dnig in1crac1ions arc due to this. 
D. Excr etion. i\fos1 drngs arc cxcre1cd via the bile to be lhwlly 
cl i111ina1cd in the feces or the urine. Henal excrelion is composed 
of lhrce major slcps. each of \\'hich can be a target for drug 
intcraclions: 

a. Glomcrular liltration. Small compounds (\\'ater. salts. 
a fe\\' drugs. merabolites) diffuse relatively freely through the 
glomcrula r membrane in lo 1hc lumen of the renal tubules 
( IO ). Larger compounds such as prutein-houml drugs ( 51 
arc nol Ilhcred and arc retained in the systemic cirnilation 
until 1111.:y become unbound. Conjugated drugs are cli111i­
na1cd ei ther by renal ( 11 ) or biliary ( 11 ) cxcrc1ion. 
h. Acti\'e tubular secretio n . Some drugs arc ac1i\·cly 
cxtTetcd ( 13 ). \Vhcn 1 \\'O drugs using the same 1 nrnspon 
111ech;u1ism arc co-administered. one compound can impair 
lhe excretion of the other leading to reduced excrc1io11 of om· 
or both or lhc drugs. 
c. Tubular rcabsorl>ption. Follo\\'ing flllralion inlo 1he 
renal tubules. some drugs can be actively reabsorbed in to 
lhc syslemic circula1io11. lcspecially lipid soluble compounds. 
( I -l) 1. l ncrcased urinary pH enhances the excrct ion of \\'eak 
acids and dccrc<rscs excretion of weak bases. while the 
opposite happens if the urinary pl I is reduced. 
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• Basic aspects related to drug action 

1.17 The P450 microsomal enzymes (I) 
Various psychotropic substrates of the P450 enzymes 

The CYPllD6 and CYPlllA4 
isoenzymes metabolize more than 
90% of the psychotropic agents 

Illa! undergo hepatic biotransformation 

Specific P450 isoenzymes 
Various substrates of 
the P450 lsoenzymes CYPIA2 CYPllC CYPllD6 CYPlllA4 
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Amitriptyline 
Clomipramine 
Desipramine 
lmipramine 
Maprotiline 
Nor1riptyline 

Cilalopram 
Fluoxeline 
Fluvoxamine 
Paroxeline 
Sertraline 

Reboxetine 

Venlafaxine 

Mianserin 
Mir1azapine 
Nefazodone 
Trazodone 

Carbamazepine 
Valproate 

Moclobemide 

Fluphenazine 
Haloporidol 
Pcrphenazine 
Thioridazine 
Zuclopenthixol 

Clozapine 
Olanzepine 
Risperidone 
Serhndole 
Sulpiride B 

Alprazolam 
Clonazepam 
Diazepam 
Midazolam 
Triazolam 

Metoprolol 
Propranolol 
Verapamil 
Tacrine 

Legend 
Major capacity for -
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metabolizing the listed drug 

Minor capacity for metabolizing 

the listed drug 

No capacity for metabolizing 
the listed drug or data is lacking 

A CYP206 is not, or is 
only lo a minor extent, 
involved in reboxetine metabolism. 

B Sulpiride is not metabolized, practically. 
by the P450 enzymes. 

Atyp. Atypical 

BDZs Benzodiazepines 
MS Mood stabilizers 

NARI Selective noradrenaline 
(norepinephrine)·reuptake inhibitor 

RIMA Reversible inhibitor of 

monoamine oxidase type A 
SNRI Serotonin·norepinephrine 

reuptake inhibitor 
SSRfs Selective serotonin reuptake inhibitors 
TCAs Tricyclic antidepressants 



Basic aspects related to drug action • 

1.18 The P450 microsomal enzymes (II) 
Psychotropic drugs or compounds known to inhibit or stimulate specific P450 isoenzymes 
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I Others I 

Various inhibitors of 
the P450 lsoenzymes 

0 Amltriptyline 
Clomipramlne 
Desipramlne 

~ 
Fluoxetine 

Fluvoxamine 

Paroxetine 
Sertraline 

0 Nefazodone 
Reboxetine 

Venlafaxine 

Moclobemide 

Fluphenazine 

Haloperidol 
Perphenazine 

Thioridazine 

Diltiazem 
Verapamil 

Various stimulators of 
the P450 lsoenzymes 

0 Carbamazepine 
Cigarette smoking • 

Phenobarbital 

Legend 
Most potent inhibitor/inducer of 

a specific CYP isoenzyme 

Less potent inhibitor of 

a specilic CYP isoenzyme 

Minor inhibitor of 
a specific CYP isoenzyme 

No capacity for inhibiting 

the specific CYP isoenzyme 
or data is lacking 

A 

/ ' 
The CYPlllM i.soenzyme is the most 

abundant metabolizing isoenzyme 
in the intestinal mucosa. It usually 
refered to as ·gut wall metabofism'. 

Affected P450 isoenzymes 

CYPIA2 CYPllC CYPllD6 CYPlllA4 

A A A 

CYPIA2 CYPllC CYPllD6 CYPlllA4 

-
Reboxetine appears to be devoid 
of any inducing I inhibitory effects 

APDs Antipsychotic drugs 
Misc. Miscellaneous 
RIMA Reversible inhibitor of 

monoamine oxidase type A 
SSRls Selective serotonin reuplake 

inhibitors 
TCAs Tricyclic antidepressants 

• Through the action of polyaromatic 

hydrocarbons 

on the major hepatic metabolism enzymes 
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• Antidepressants and mood stabilizers 

2.1 Antidepressant drugs - supposed mechanism of action (I) 
Euthyrnic state; no treatment 

NE..6. 
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NE 
re uptake 

site 

• "'V • 

Activated AC. cAMP 
and cAMP·dependent 

PK (PKA) activities 

Proper 

production of CREB 

Proper production of 
neurotropic factors such 

as the BDNF 

Euthymic state 
Central nervous system that can adapt properly to changing external stimuli along with intact 

activities of intracellular messengers and various neurotropic factors 

Tryptophan 

5-HT 



Legend 
Properly functioning DC 

receptor or uptake site 

Physiological feedback 
inhibition 

Stimulates or enhances t a process 

Inhibits t 

Present knowledge about the biological mechanisms of 
euthymic mood is limited. Recen t advances in under­
stand ing signal tra nsd uction an<l consequent cellu lur 

Notes about the numbered Hems in t.hc scheme 

1. Most current data 0 11 the biological median isms of' mood arc 
based on the well-established ellkacy of agents that manipulate 
the adrc11crg.ic and scrotoncrgic systems to improve or reduce 
mood (antidepressants. stimu lants and reserpine respec tively). 
Further data show receptor and/or transporter modilk ations 
1hat follow administration of antidepressivc drugs and corre­
spond chronologically to the resolution of depression. Prnc!i­
cally all ant idepressant drugs increase the availability of 
norepinephrine (i'\E) and/or serotonin ( 5-llT) in the synaptic 
cleft. In many cases (although not in all) this is e\'itlcnt immedi­
ately foll owing antidepressant administration. but the initial 
resolution of the deprcssi\'e lcatures wkes be111·ccn I 0- 20 days 
10 develop. This phenomenon made it clear that other mecha­
nisms. presumably gradual and intracellular. arc in\'ol \'cd in 
the resolution of depression. 

Recent research has emphasized the role of sccondnry intra­
cellular mechanisms in supporting cuthymic state. It is 
assumed that LO maintain norma l mood the central nervous 
system must be able to adapt itself to changing external stimuli 
through approprinte gene expression and the capacity to modify 
or maintain certain synaptic connections. This capacity relics. 
among other things. on the availability of 1\E and 5-llT for 
synaptic lrnnsmission. on subsequent intac.:l signal transduction 
and on the succeeding production of certain neurotropic 
fac.:tors. There arc many factors under examinmion. and the 
best known arc brain-derived ncurotropic foctor (130NF). 
ncurotrophin 3/4/5 (NT-3/4/5 ). nerve growt h factor (NGF) 
and clinically ncurotropic foclor (CNTFJ. 
2-7. The production or most neurotropic factors. especially of 
BDNf, is under the control of the adcnylale cyclase (1\ C). cyclic 

-- .. 

Antidepressants and mood stabilizers • 

5-HT Serotonin (5-Hydroxytryptamine) 
5-HTm 5-HT moduline 

AC Adenylate cyclase 
ADA Adrenergic 

AR Autoreceptor 
BDNF Brain-derived neurolropic factor 
cAMP Cyclic adenosine monophosphate 
CREB cAMP response element binding protein 

HR Heteroreceptor 
NE Norepinephrine (noradrenaline) 
PK Protein kinase 

A/Rec. Receptor 
• p1 is the brain main p receptor 

processes including gene expression have enriched our 
insight and pointed the way lo new pharmacological 
agents. 

adenosinc monophosphate (cAM I' ) and c.: 1\ M l'-tfcpcndcnt 
protein kinases (PKs) system (2 ). It is well established that the 
postsynaptic Pu.i adrencrgic (AOH) and the 5-llTu.; 
scrotonergic receptors activate the 1\ C- r 1\ MP cascade (3 ). 
One of the products resulting fro m this activation of the 
1\C-cAMP cascade is the cr\ .VIP response elc.:mcnt -blnding 
protein (CHEU) (4 ) which in turn induces the expression of 
BDNF (5 ). CllEB is ulso presumed to be stimu1<1 tcd by cai ·_ 
dependent protein kinases (6 ) which arc under the control of 
postsynaptic a , ADR and 5-H'l'z,ur receptors (7 ). 
8 ,9 . There is accumulated evidence (mostly indirect) ahout thc 
important role of postsynaptic 5-llT L\ receptors in modu lating 
mood (8). It is presumed that most antidepressa nt agents that 
antagonize the postsynaptic 5-llT1 A.l c receptors (lrazodone. 
nefozodonc. mianserin . mirl<lzapincl exert at least some of 
their action by enhancing the acti \•itics of 5-llT,A receptors 
(stimulated 5-HT1.u c receptors arc presumed 10 suppress the 5-
llT,A receptors inclircc.:tly) (9 ). It is a lso reported that postsy-
11aptic 5-llT I.\ agonists (buspironc in high doses) have 
beneficial antidepressivc effects. 
I 0-16. All other components of the prcsynaptic nerl'c must 
properly regulate the release and synaptic conccntrniinns of .:-.JE 
and/or 3-HT ( 1 OJ in order lo maintain the cuthymic sl<lte. /\II 
the inhibitory auto- or hcteroreceptors ( l 1. 12 ). the excitatory 
a , /\DR receptors localed in the prcsynaptic cell soma or 
dendrite (l 3 ). the 5-HT modulinc system ( 14: sec Sert ion 2.2). 
and the reuptake mechanisms (15) must be intact. along with 
the availability of important components such as lryptoplwn 
(1 6: the precursor of serotonin: sec Section 2.2). 
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• Antidepressants and mood stabilizers 

2.2 Antidepressant drugs - supposed mechanism of action (II) 
Depressive state; no treatment 

' I 
I 
I 
I 
I 

Diminished 
neurotransmlsslon 

I 
I 

Postsynaptic 
membrane 

~ . . . 

\ __ - -------~-------- -----------~--------------- !) ------_ _) 
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Activated Ca2
' ·dependent 

PK activities 

Decreased AC, cAMP 
and cAMP·dependent PK 

(PKA) activities 

~I Decreased 

production of CR E 8 

Diminished production of 
neurotropic factors such 

as BDNF 

Depressive state 

l 
Abnormal slgna' 
transduction and 

I 
consequent gene 

expression I 
(presumed to be 
associated with 

the onset/causation 
and maintenance 

of the I 
depressive state) 

--- --·-·· -- . __ J_/' • 
The cenlral nervous sysiem cannol adapt pi operly 10 changing extemal slimuli (in1errup1ed gene 

expression. abnormal S·HT and probably NE synaptic homeostasis. loss of neural plaslicily) 



Legend Downregula ted receptor 
or uptake site 

Antidepressants and mood stabilizers • 

5-HT Serotonin (5-hydroxytryptamine) 
5-HTm 5-HT moduline 

AC Adenylate cyclase 
ADA Adrenergic 

The receptor or uptake 
site's regulations DC -- • 

AR Autoreceptor 
BDNF Brain-derived neurotropic factor 

are unknown 

Upregulated receptor 

Enhanced inhibition 

Mild inhibition 

The primary abnormalities that induce a major depres­
sive episode arc unclear. and most of our present knowl­
edge about depression and the effects of antideprcssivc 
agents is foc used on apparent receptor changes (pre- and 

Notes about the numbered item s in the scheme 

1.2. IJysn.:gula tion of the adrenergic and scrotonergic systems 
is thought to he a key factor in Jhc causation or main tenance 
of an acute depressive state. Some repor ts demonstra te 
downrcgulation of the 5-1 IT reuptnke si te (transporter) in 
untreated depressive episodes (1 ). while the ac tivities of the 1 E 
reuptakc site (2 ) during acute depression is uncertain. 
3 .4. Stimulated ai-ad r en crgic (ADI{) receptors suppress the 
release o f NE and 5-llT from prcsynaptic adrenergic and 
serotonergic neurons (3 ). ai-AUR receptors may be up­
regulatcd during depression . lending to a re lative shortage of 
synaptic NE and 5-HT (4 ). 
5. The postsynaptic receptor configura tions related to an acute 
depressive episode a rc unclear. The Pi.i.• and 5-UT2 uc recep­
tors might be upregulated and the a 1-ADR receptors might be 
downrcgulated. There arc no data about the configura tion of 
the 5-llT4•6,; or 5-llT 1" receptors. Under normal circumstances 
the 5-llT4 .r .. ; and the Pi.u·ADR receptors stimulate adcnyla tc 
cyclase (1\ CJ and the production of cyclic adenosine monopho~­
phnte (c1\1\.1P). The presumed decreased availabil ity of both NE 
and 5-1 IT in the synaptic.: clcrt in depressive episodes leads to 

decreased activities o f t\C and c/\MP. 1\ lso under nornrn l rond i­
tions. the 5 -llT2,u c and the cx1-ADR receptors indirectly st imu­
late the Ca l•-ctependent protein kinascs (PKs). Thus. in 
untreated depression the Ca!• -dcpc11dc11l PKs a rc likewise 
repressed. The important role of intact 1\ C. ct\MP. ct\,\IP and 
(al ·-depcmlcnt PKs along with the postsynaptic 5-HT," activ­
ities in maintaining a cuthymic state is discussed further in 
Section 2. I . 
6 . Our unde rstanding of the secondary intracellular changes 
and global brain abnorma lities related to depression is 

cAMP Cyclic adenosine monophosphate 
CREB cAMP response element binding protein 

HR Heteroreceptor 
NE Norepinephrine (noradrenaline) 
PK Protein kinase 

A Receptor 
• ~ 1 is the brain main ~ receptor 

post-synaptic) and consequent impairments in signal 
transduction associated with the administration of 
antidcprcssivc treatment. 

minimal. Some curren t research elTo rls a rc focused on target 
genes such as brain-derived neurotropic factors (BDNF). These 
factors innuence the dilTerentiation and growth of immature 
neurons and have a major ro le in the main tenance and vital­
ity of mature nerves along with the possible strengthening of 
certain synaptic connect ions in the centra l nervous system (sec 
Section 2. 1 ). t\ possible link between BDNf and depression is 
tlwt BDNF dclkicncy is found in the hippocampus of stressed 
nus . and chronic antidepressan t treatment prevents th is . 
Fu rthermore. the time course fo r the resolution of a trea ted 
depressive episode (about 10- 20 days) conforms we ll with the 
i11d11ctio 11 of CRF.B and BUNF (un like the downregulation of 
13 adrenergic and scrotoncrgic receptors. \\'hich us ually occurs 
more rapidly1. :\lso. chronic administrettion of most anti­
depn:!>sh·c trcaunents ( t ric~·clics. se lect in : se r o tonin 
rcu ptakc inhibitors . m on oamine oxidase inhibitors. 
clcc lroconnlls i\•c th cn :ipy) is a lso associated with increased 
expression of BDNF in the hippocampus. 
7 . Tryptophan is the dietary precursor of serotonin. Depletion 
of this causes relapse in depressed patients recently mmlc well 
hy ant ideprcssant medic a t ion. Tryptophan depict ion may 
induce depressive symptoms in both drug-free and in patients 
or i serotoncrgic trea tment. 
8 . lk ccn t fi ndings in animals have demonstrated the existence 
of an endogenous ligand te rmed 5 -HT modulinc that is 
predominantly selective for the presynaptic inhibitory 5-llT 111 

a11torcceptors. and may be associated with stress-related condi­
tions. /\11 O\'Cr-ac tivc 5-llT moduline system could inhibit 
:;crotonin release from prcsynaptic nen·e terminals. thus 
leading to depression. 
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• Antidepressants and mood stabilizers 

2.3 Antidepressant drugs - supposed mechanism of action (111) 
Resolving depressive state; TCA, TeCA and SSRI treatment 

NE 

' 
0 NE NE 

"'V' • 5-HT •• 

• 

Tryptophan 

5·HT 
re uptake 

site 

. + ·~:! • 
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C4'®illli& 
TCAs • I • 

"'V' • 

Intact AC. cAMP 
and cAMP-dependent PK 

(PKA) activities 

Proper production of 
neurotropic factors 

such as BDNF 

Resolving depressive state 
Resumed gene expression, partial restorat ion of 5-HT and probably 

NE synaptic homeostasis, regain of partial neural plasticity 

• 
Postsynaptic 
membrane 

Partial recovery of 
signal transduction 

and consequent 
restoration of gene 

expression , 

I 



Legend Downregulated receptor --or uptake site 

The receptor or uptake DC 
site's regulations 
are unknown 

Upregulated receptor --
Mild inhibition 
Suppressed inhibition 

_____ .,.. 

Stimulates or enhances + a process 

Unknown process/state ~ 
Antagonized receptor ~ 
or uptake site. ~I Drug A - greaer affin ity . 
Drug B · less affinity 

The resolution of depression is thought Lo be due to one 
or more changes in a complex of secondary intra- and 
intcrccll u lnr interactions. 

Not.cs a bout t.h c numbered items in the scheme 

1,2. 'l'r icyd ic (TC;\s) and tetnicydic antidepressan ts (TcCAs) 
block the rcupl ake of norepinephrinc (N E) into prcsynaplic 
nerve terminals ( I ). increasing the amount or NE in I he synap· 
tic deft (2 ). 
3. Rcboxct inc is a new selective noradrenaline-reuptake 
inhibitor (NAHi ) that shows a bigb afllnily for the norepincph­
rine transporter and very low amnity for other 
transporters/ receptors. 
.J. Selective serotonin reuptake inhibi tors (SSHls) ;u1d some 
TCAs (usu<illy to a much lesser extent) block the reuptake of 
serotonin (5-llT) into presynaplic nerve terminals (.J) and thus 
increase the 5-11'1' concentration in the sy11;1plic d eft (2 ). 
5. Some uf the TCAs and TcCAs can antagonize the post­
synaptic a ,-;ul r cn cr gic receptors (5). The SSIUs arc usually 
the least potent. at this activity and their antagon izing effects arc 
clinically i11sig11ilkanl. Mianscr in. a TcC;\ that many consider 
lo be ;111 atypical agent , antagonizes the poslsy11apt ic 5-11'1'1 .1 

and 5-1 ITic receptors. thus enhancing the postsy11;1pt ic 5-111' 111 

reccpiors. II also blOl:ks the Ct.2-autorcccptors (sec Section 2.4 
for further details). 
6-9. SC\'Cral receptor modilkalions arc e\•ident l'ollmring 
chro11ic treatment with these antidepressivc agents. These corrc· 
late. although not exactly . with the time course for the thera· 
pcutic effects of the antidepressants. The main ones arc the 
downregulation of presynaptic C!.radr·encrgi c receptors (6 ) 

- .. -- .. -

Antidepressants and mood stabilizers • 

5-HT Serotonin (S·hydroxytryptamine) 
5-HTm 5-HT moduline 

AC Adenylate cyclase 
ADR Adrenergic 

AR Autoreceptor 
BDNF Brain-derived neurotropic factor 
cAMP Cyclic adenosine monophosphate 
CLMP Ctomipramine 
CREB cAMP response element binding protein 

HR Heteroreceptor 
MAP Maprotitine 

NE Norepinephrine (noradrenaline) 
NARI Selective noradrenaline (norepinephrine) 

reuptake inhibitor 
PK Protein kinase 

R Receptor 
RBX Reboxetine 

~ 

SSRls Selective serotonin reuptake inhibitors 
TCAs Tricyclic antidepressants 

TeCAs Tetracyclic antidepressants (maprotiline, 
amoxapine) Drug A 

DD • These agents have strong 
antihistarninergic properties (sedative) 

•• 131 is the brain main p receptor 

and postsynaplic 131-adrcncrgic (7 ). and 5-HT2 t1.ic (8) recep­
tors and the uprcgulat ion ofpostsynaplic a.1-adrcn cr gic recep­
tors (9). 
10-13. These receptor effects of 1he an tidepressants lead w 
various secondary react iC)nS that terminate the depressive 
episode. The latest research emphasizes the important a11tide· 
pressive elTects of a cascade of react ions initiated by the stimu­
lation of postsynaptic adrcnergic and serotonergic receptors 
(via the increased arni lability of :\'E and 5-HT in the synaptic 
cleft). Stimu lated 5-llTv ,,; and P1.u·adrcncrgic receptors 
enhance the activities of adenylme cyclase (1\ C) and cycl ic 
adenosine monophosphalc (cAi\·IP). ci\~vlP-dependenl protein 
kinases ( 10) and c1\ M P response clement binding protein 
(CREB) ( J I ). CltEB is also presumed lo be stimulated by Ca2 ' -

dependent. protein kinascs ( 12). which are indirectly activated 
by 5-HTi.uc and <X1 ad rcncr gic receptors. r\11 these stimula­
tory elTects induce the production of l3DNF (13 ). The potent ial 
ro le of neurolropic factors and especially BONF in the pat ho­
genesis or depression is diswssed in detail in Section 2. l. II is 
assumed that the llnal common path\\'ay of antidepressi\•c­
agent action is the enhanced acti\•ilies of factors such as BDNF 
and the subsequent resolution of the depressive state. The possi· 
blc link bet\\'ccn BDN F and depression is discussed in an earlier 
section. 
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• Antidepressants and mood stabilizers 

2.4 Antidepressant drugs - supposed mechanism of action (IV) 
Resolving depressive state; SNRI and atypical antidepressants treatment 

Postsynaptic 
membrane 

5-HT. 

Central nervous system that can adapt properly to changing external stimuli (intact 
gene expression, S·HT and probably NE synaptic homeostasis. neural plasticity) 
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Tho receptor or uptake • • site's regulation is unknown 
Legend 

Downregulaied receptor • • 
Upregulated receptor • • 
Antagonized receptor I DrU<J B I 
or uptake site ~I Drug A • greaer affinity . 
Drug B • less affinity 

. 

Diminished inhibition ------· 
Stimulates 

Inhibits 

All <mtidepressant drugs manipulate the serotonergic 
and/or adrenergic systems in a way that enhances the 
neuronal transmission of serotonin (5-HT) and/or norepi­
nephrine (NE). Tricyclic antidepressants (TCAs). tetracyclic 
antidepressants (TeCAs) and selective serotonin rcuptake 
inhibitors (SSRis) exert their eOects via reuptake inhibition 
of either I\!£ or 5-HT. These arc direct effects. and it is well 
established that there are also cross and indirect effects 
between the !\TE and the 5-1 IT systems. For example. the C.li 

adrenergic receptor serves as an heteroreceptor that 
regulates the release of serotonin from presynaptic vesicles. 
and stimulation of the a 1 adrencrgic receptor (located in the 
soma or dendrites of serolonergic nerves) serves as an 
excitatory modulator tha t enhances the firing rate of the 
serotonergic nerve. Serotonin- norepinephrine reuptakc 
inhibitors (SNRis-venlafaxine) and atypical antidepres-

Notes about the numbered items in the sch eme 

l -7. Both SNIUs and i\typAOs manipulate the 5-HT a11d/or 
1E systems via presynaplic mechanisms. and the init ial result 

of these actions is the increased availability of 5-HT and NE in 
the synaptic cleft (1). Some of the ALypADs also exert postsy­
naptic effects (mainly 5-HT2,1 zr antagonistic actions) which arc 
presumed to inOuence their therapeutic effects and al the same 
time. reduce sexua l adverse effects (2 ). Ncfazodonc and 
lrazodone stimulate. at the same lime and via their metabolite 
mCPP. some serotonergic receptors (3 ). 8upro1>ion has sorne 
dopamine-reuptake inhibition properties but their clinical 
significance is probably much less prominent than ils NE­
reuptake inhibition capacity (via its metabolite 011-bupro­
pion) (4 ). There arc two main presynaptic act ions of SNHls 
and the AtypAD. Mirtazapinc. m ia n scrin and (to a lesser 
extent) t razodone antagoniic the presynaptic a 1-<tdrenergic 
receptors (5). and thus prevent its inhibitory effects on the 
release of 5-HT and NE into the synaptic cleft. Vcnla fa xinc 
inhibits the reuptake ofbolh NE and 5-HT (4,6) as its sole major 
direct e ffect. Ncfazodonc has a somewhat different and wider 
antagonistic proftle and it blocks both the postsynaptic 5-
11'1'1,uc receptors (2 ) and the reuptake of 5-HT and NE into the 
presynaplic nerve terminals (4.6). T1·azoclone also inhibits the 
Ct1-adrenergic receptors (7 ) and this effect probably accounts for 

-- .. 

I Drugs I 
Drug A 

DD 
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S·HT Serotonin (5·hydroxytryptamine) 

5·HTm S·HT moduline 

ADA Adrenergic 

AR Autoreceptor 

HR Heteroreceptor 

mCPP Metabolite ol both nelazodone 

and trazodone 

MATZ Mirtazapine 

NFZ Nefazodone 

PK Protein kinase 

A Receptor 

TAZ Trazodone 

VLFX Venlalaxine 

• Strong antihistaminergic capacity 

•• p, is the brain main ll receptor 

sant drugs (At.ypADs) such as bupro1>ion. mianserin. 
mirtazapinc. nefazodone and trazodone. diller from the 
other subclasses in two major aspects: firstly. their direct 
mode of act.ion is nol aimed solely al inhibiting the reuptake 
of NE or 5-1 IT. The SNRis do exert their eflects via reuptake 
inhibition but Lhey manipulate both the 5-HT and NE 
systems. The AtypADs migbl have NE or 5-HT reuptake 
inWbition properties. but they a lso enhance NE transmis­
sion by effecting the presynaptic a 2 adrcncrgic receptors. 
Secondly. the SNRls and the AtypAD have a unique recep­
tor binding allinity prolile that might account for their 
speciiic bencllcial effects such as mirtazapinc's relative 
lack of gastrointestinal adverse ellects such as nausea or 
vomiting (presumably clue to its 5-H1\ antagonistic proper­
ties) and the relative lack of sexuaJ adverse effects (related 
mostly to their 5-HT~.uc antagonistic actions). 

some of its adverse side-effects (postural hypotension, renex 
tachycardia, sedation. ejaculatory clirllculties and priapism). 
Nefazodonc has also some antagonistic effects on the a.1-

adrenergic receptor (7 ) but its cl inical significance is unclear. 
8 . The therapeutic ro le of antagonizing the postsynaptic 5-
HT1,uc receptors is discussed in detail elsewhere (Section 2.1 ) 
but it seems that blocking these receptors en hances the activity 
of the postsynaptic 5-HT1A receptors, which in turn are 
assumed lo play a major role in the a11lidepressive action. 
9 . Pre- and postsynaptic receptor modifications (up- or down­
regulation) arc observed foUowing the chronic administration 
of both SNHls and AtypADs. Their significance is unclear. 
1 O. The fi na l common pathway of the described antidepressant 
interactions arc just beginning to be revealed. They involve and 
probably necessitate the stimulation of the adenylate cyclase 
and cyclic adenosine monophsphatc (c1\MP) systems (via 
stimulation of postsynaptic 5-HT4.1,,; receptors) with a conse­
quent production of certain neurotropic factors (see Section 
2.1 ). II also requires the activation o f' the serotonergic trans­
mission via postsynaptic 5-HT1,1 receptors. 
11. Mirtazapinc antagonizes the postsynaplic 5-HT 1 receptors 
and it seems that this action reduces its capacity to induce 
gastrointestinal side-effects such as na usea or vomiting. 
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• Antidepressants and mood stabilizers 

2.5 Antidepressant drugs - supposed mechanism of action (V) 
Resolving depressive state; MAOls and RIMAs treatment 

o/ ;e: --== • ... i; • ..... 
-·~ 

Proper production of 
neurotropic factors such as 

BDNF 

Resolving depressive state 
Resumed gene expression, partial restoration of the 

5-HT and probably NE synaptic homeostasis, regain of partial neural plasticity 
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Tho receptor or uptake • • site's regulation is unknown 

Legend 

Downregulated receptor • • 
Upregulated receptor • • 
Antagonized transporter Nnmn ol drug 

(uptake site) II 
Stimulates 

Inhibits 

or ... 

Notes abou t' I he numbered items in the schem e 

.l -3 . The 111onoa111i11c oxidase inhibitors (l\•l i\Ols) and the 
reversible i11hibi10rs of rnonoaminc oxidase type 1\ (Hll\'l t\s) 
effect both the serotonergic and adrenergic systems. although 
in a dilTcrent way than the other antidepressants such as the 
tricydics. sc l ectin~ serotonin rcuptake inhibitors. l'l c. Tht.: 
1\1/\0ls (isocarhoxazid. phenelzine. tra nylcyprnminc ) arc 
non-reversible inhibitors or the rnonoamine oxidasc:; (.\ 11\0s) 
type 1\ and B. which arc the main metabolizing e11zy111es of 
norcpinephrinc (l\E). serotonin (5-HT) and dopamine (l)t\ ) 

rcspcctil'cly. The IUl\l t\s (moclobemidc. brofarominc) arc 
rever!>ible inhibitors. which in clinical doses affect only the 1\l1\ 0 
type 1\. Under normal conditions. the Mt\Os mctnboli;(e about 
30% of the neurotransmitters uptaken by the plasnrn trnns­
porter into the cytoplasm (the other 70% arc stored in vesicles 
to be released again when needed). \1Vhcn these en;(ynws arc 
inhibited. the l'racl.ion of the neurotransmitters that arc stored 
and available ((Jr future release is higher. Therefore. the concen­
tration ol' 5-1 IT ( I ), 1 E (2) and DA (3 ) in the synaptic deft 
increases. 
..J.- 7. 1\ll M/\Ols arc relative non-sclccti\'C and they in hibit the 
activiti<:s of both ivlJ\O type A ().·!A0_1) 1-1-) and ~MO type B 
(M i\ 0 11) ( 5 ). Tranylcypromine has a weak action lO block t hc 
rcuptakc of serownin ( 6) and norepinephrine ( 7) into the prcsy­
naptic nerve terminals. 13rofaromiue also blo<:ks the rcuptakc 
of scrownin (6 ). 
8-1 3 . Pre· and postsynaptic receptor modifi cations (up· or 
downregu lation) arc observed following chronic administration 
of MAOls and IUM /\s. The most consisl<111t are the down-

-- .. 
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S·HT Serotonin (5·hydroxylryptamine) 

AC Adenylate cyclase 

ADA Adrenergic 

BDNF Brain-derived neurotropic factor 

cAMP Cyclic adenosine monophosphate 

CREB cAMP response element binding protein 

DA Dopamine 

MADA.a Monoamine oxidases typo A or B 

MAOls Monoamine oxidase int1ibitors 

MAOls (T) Tranylcypromine 

NE Norcpinephrine (noradrenaline) 

PK Protein kinase 

R Receptor 

RIMA (B) Brofarominc 

RIMAs Reversible 1nh1bitors ol monoamine 

oxidase type A 

TR Transporter (reuptake site) 

• fl1 is the brain main fl receptor 

rcgulat ion of the 5-HTI.l.~C and the rJ 1 2. 1-<tdrencrgic receptors 
along l\'ilh the upregu lation of' the cx 1-adrcncrgic receptors (8). 
The exact role of these modillcations is unclear but they 
presumably inOucncc the initiation or a cascade of reactions. 
start ing with the stimulation of the adcnylatc cyclase (AC) and 
cyclic adcnosine monophsphatc (c1\ ,\ 11') systems (9 ). One oft he 
products resulting from this activatio11 of the AC-c1U ll' c<iscadc 
is the c1\ l\IP response element binding protein (CHEBJ (10). 
which in turn induces the expression of cert ain protective 
ncurotropic factors such as BDNF ( I I ). CREB is also presumed 
to be stimulated by CaZ+.clept:ndcnt protein kina$CS (12 ). which 
are under the control or postsyrwptic cx 1-ADR and 5-HTu.ic 
receptors (1 3) (sec Section 2. 1 for further details). 
I ..J.. The inhibition of M1\ 0 11 increases the availability of DA for 
synaptic transmission. The antidcpressivc effects of the 
increased dopaminergic tnrnsmission arc undcar and there arc 
ma inly indi rect data that links the dopam incrgic system and 
depression. One of these is the increased inc.:i<lcncc of depression 
in Parkinson ·s disease which is a good example of a stale of 
decreased dopamincrgic acti\•ity. Sc)l llC research suggests that 
the antidepressant ellects of some antidepressan t drugs arc due 
lo their enhancement of dopamincrgic transmission in limbic 
structures (nucleus accumbcns for ex;1111ple). This effect might 
be secondary to increased serotoncrgic transmission: as stimu­
lation of 5-HT serotonergic receptors can enhance dopaminer­
gie act ivity. 
1 5 . The llnal commou pathway of the rn t:ntioncd processes is 
the re-establishment of a eulhymic state (sec Section 2.1 ). 
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• Antidepressants and mood stabilizers 

2.6 Mood stabilizers - lithium 
Supposed mechanism of action 

Intracellular 
space 

Cellular 
membrane 
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Essential recychng stages for 
second-messenger components. 

Those colored red 
arc altered by lithium 
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Legend Induces 

Slimulates 

Intracellular reactions 
or transformalions 
inhibited by lilhium 

Lithium (Li : atomic number 3) is one of the group 11\ 
alkali metals (like potassium and sodium) and is not 
normally present in the body. Lithium acts predomi­
nantly through the PI second-messenger causing alter­
ations in calcium- and protein kinase C-mediated 
processes. Lithium can also niter the adenylate cyclase 
(AC) system and this action is probably related lo toxic 

Notes ;1bout the numbered items in the scheme 

I . Lithium is one of the most widely used drugs in psychiatry 
since ii exerts beneficial effects in many disorders both as a 11 
adjuvant lo another treatment modality and as a first-line drug. 
Interestingly. lithium's benefi cia l effec ts as an adjuvant drug 
arc apparent only if it is administered to an already pharmaco­
logica lly treated patient. For example. in cases of unresponsive 
ma jor depressive disorder. the co-administrnlion of lithium lo 
an ongoing anlidepressan l lrcalmcn l increases the response 
rate by up to 50% and. at the same time. it. shortens the lime 
fo1: achieving beneficial effects lo about J 0- 1 <1 days. In most 
cases the response to lithium augmentation is either consider­
able or not al all ('all-or-none· phe nomenon). Lithium is mosl 
cmcacious in the treatment of acute manic episodes (beneficial 
in up to 80% of cases) but good results have been reported in 
20- 50% of other psychiatric e ntities. such as maintenance 
trcarmcnl of bipolar I disorder (mood stabilizer). major depn:s­
sion and bulimia. Li thium also exerts ant iaggressive effects 
independent of any mood disorder. and can reduce behavioral 
dyscontrol and self-mutilation in mentally retarded patienls. 
2-8. Lithium's specific mode of acl ion is not fully established. 
These arc two main theories: 
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S·HT Serolonin (5-hydroxylryptamine) 
DAG Diacylglycerol 

K• Potassium ion 
OCD Obsessive-compulsive disorder 

P1 ,2,3,4 Number of phosphate residues 
attached lo inositol 

PIP2 Phosphalidil inositol biphosphate 
PLC Phospholipase C 

effects. Many enzyme or other calcium-dependent 
systems may be alfoc ted by li thium. Calcium-mediated 
regulation of receptor sensitivity. parathyroid hormone 
release and proper functionin g of the intracclluar micro­
tubule structures are examples of some processes altered 
by lithium. 

a. Lithium has been round 10 alter int raccllula r building 
stages (2 ) esscnlial for !he proper production of inositol (3 ) 
and consequently phopha1idyl inositol biphosphate (PIP2) 
(-:l). PIP2 itself sen •cs a s a substrate for the G-protein­
activated phospholipasc C (!'LC) ( 5 ). which, when activated. 
stimulates the produclio n of both diacylglycerol (01\ G) and 
inositol-1.4.5-triphosplrnte (I .1.4. 5 P3) from PIP2. Both 
DAG and I 1.4.5 P3 arc second messengers (6) and under 
normal conditions they regulate the activities or protein 
kinascs and intracellular calcium balance respectively (7 ). 
b. Lithium also enhances seroto nergic transmission (8 ). It 
may enhance the uptukc of tryptophan (the precursor of 5-
1 IT} into serotonergic ne rves. it increases the presynaplic 
release of serotonin (5-1 IT) and also upregulates postsynnp­
ric 5-1 ITH and 5-HT2r receptors fo llO\\·ing chronic use. 
These effects o f lithium might explain its efficacy in several 
psychiatric disorders that respond favorably to serolonergic 
agents (depression. obsessive- compulsive disorder. bu limia. 
aggression). 

9. The most common ly observed adverse side-effects of lithium 
are gast rointestinal (weight gain. nausea. diarrhea). polyuria 
and polydipsia. fi ne lrc11wr and hypothyroidism. Lithium's 
side-effect profile is presented in detail in Section 2. l 4. 
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• Antidepressants and mood stabilizers 

2.7 Mood stabilizers - carbamazepine 
Supposed mechanism of action 
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Intracellular 
space 

Cellular 
membrane 

Carbamazepine might 
also decrease calcium 

influx lhrough N-methyl· 

-~..._ _________ ___ ___ _ 

Ca2
+ 

D·aspartate (NMDA) 
receptors 

Legend Stimulates ' Inhibits ' or 

Upregulates ------· 

Cnrbamazepine·s mode o r action in psychia tr ic disorders 
is not to ta lly understood: fi gure shows some of the more 
likely explanations. 

Notes a bou t the n um bered items in th e scheme 

I . Limbic kindling is the repeated subthreshold st imulation of 
limbic neurons that over time grow in response. and subsc· 
quent ac tion poten1ials arc gcncraicd with beha\•ioural changes 
following. Carbamazcpinc suprcsses these activit ies via. proba­
bly. in hibit ion of peripheral bcn:wdiazcpine receptors (pBDZ·R). 
2. There is some evidence that carbamazepine may inhibit the 
<Xi-< td renergic receptors. This so causing an increased rekasc of 
ca1ccholamines into ihc sy11<1plic d cl't.. 
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A, Receptor for adenosine 

pBDZ·R Peripheral benzodiazepine receptor 

3. Carbnmm:cpi11c interferes wiih glial cell sleroic.logcnesis via 
inhibition of cholesterol lranspon into the mitochondria. 
presumably by carbamazepine's antagonism of the pl3DZ-R. 
-1- . Carbamazcpinc reduces calciu m inOux into glial cells. by an 
antagonism of 1hc pBD7..-R. 
5. Carbamazcpinc blocks sodium channels in most brain regions. 
6. Carbnnrnzcpinc has consistantly ~ !town lo uprcgulatc ~ 
adrencrgic and l he 1\ 1 receptor for adcnosinc. 



2.8 Mood stabilizers - valproate 
Supposed mechanism of action 

Glycolysis 
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Glutamic acid 
decarboxylase 

(rate hm11m9) 

+Vitamin 8 6 

(as co-factor) 

. ~~·· 
GABA 0 

Legend .... .... a· KG u·Kctoglutarate 

GABA ., ·Am1nobutync acid 

Stimulates 

Inhibits 

GABA 

Glutamate 

e 
0 

GABA·T GABA ketoglutarate transaminase 

GABA· TA Transporter for GABA 

Em::yme a 
Notes aboul th e numbered it ems in the sch eme 

I. Valproic acid inhibits the act i\'i t ics of key cat abolic enzymes 
of G1\ H1\ (C;1\13t\ ·T and SSt\DJ. 
1. Consequently. in1rm:cll11lar c;,\ lli\ co11ce11t rat ions arc 
incn:ased mid more G1\l3t\ is released IO the synapric deft. 

SC Succmate 

SSAD Succm1c somialdehyde dehydrogonaso 

3. \Vhc:n activated. the Ci\ ll1\ 1 rcrcptor induces a conligurn­
tio11al change in an adju11rt chloride channel that make!> it 
rnore pcnneabil: for chloride ions. The increased intrnrcllular 
chloride co11ccntratio11s hyperpolnri;(e the neuronal mcmbr;rll(:. 
wi th a <'otaromilant decrease in 11euro11al excirability. 
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2.9 Antimanic treatments 
Supposed mechanism of action 

Drugs effective for the 
treatment of manic symptoms 

(all exen inhibitory ellects on 
neuronal functioning) 
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Motor disinhibition: 
motor 
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Legend Stimulates 

Inhibits 
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Limbic activity 

Presumably via tho hypothalamus 

Instinctual disinhibition: 
hyperphagia 

hypersexuality 
Insomnia 

Cognitive disinhibition: 
flight of ideas 

grandiose delusions 
pressured speech 

APDs Anlipsycholic drugs 

BDZs Benzochazepines 

CBZ Carbamazepine 

CCBs Calcium-channel blockers 
DA Dopamine 

DAG Diacylglycerol 

ECT Electroconvulsive lherapy 

IP3 lnosl1011riphospha1e 

NE Noropinepl111ne (noradrenaline) 

' \ 

I , 



The most w mmon manic sy111ptottts are euphoriu. in!lated 

sclkstee111. decreased need ror s leep, talkat iveness, hyper­

activity , irritability . low l'rusl r;it io11 to lerance. emotional 

!abi li ty. pressured speech. llight of ideas. decreased concen­

tration. mood-congruent (e.g. grnndiose) delusions. 

impaired impulse contro l. excessive in\'olvcment in pleasur-

No t es abou t t h e numbe r ed item s in t h e schem e 

1,2. 'l'hc limbi<.: system is presumed to he a major region invoh•ed 
in 111a11 ia ( I ). since secondary mania is id most always the consc­
qucm:c of lesions involving the orhitorrontal or basotemporal 
cortex. or subcortica l regions or the li111hic system. Some or the 
drugs ameliorating manic symptorns (a ntipsychotics. cloni­
d ine . calcium channel b lock ers) suppress the adrenergic and 
dopamincrgic systems. so hypcr;icti\•i1y of these systems is ;i)so 
implk;ited in the pathophysiology of manic !>ymptoms (.?). 

3. The orbi to fronta l and basotcmporal cortex lonically inhibit 
limbic at: ti\'ily. Hypcradrenergic or hypcrdopamincrgic states 

Trea t m c n t e ffective for manic S)'mploms 

Li1hi11111. t\n estimated 60- 80% or patients with euphoric 
mania rc:.pond well to lithium therapy. The enhanced stimu­
lal ion of ;1drene rgic and dopamincrgit' receptors in manic states 
init iate:> a cascade of int racellular reaction!>. among them the 
ac tivation of the second messengers d iacylglycerol (IJAGI and 
ino:-itol triphosphale (IP3). Lit hium exert !> its therapeutic 
effects presumably via inhibiting the inlrncellular buildup and 
activities or these second messengers (sec Section 2.6). thus 
opposirtg the presumed hyperndrcncrgil' <11td/or hyperdoparnin­
ergic activities. 
A11ti11sych o tic drugs (t\ POs). These suppress dopamincrgic 
ovcractivily. The use of APDs fo r rttanic symptoms should be 
restric ted LO severe cases of agitation. agµress iveness or pure ly 
delusional states . s ince 01 he r t reatmcnt moda lities (e.g. 
lithium . carbamazepine. \'a lproal e ) a rc as cffecth·e ;md 
m11d1 safer. 
C:alci11111 ch annel blockers (CCBs). Bcnc!kia l effects of CCBs 
arc reported in a fe\\' case reports. C:CBs presumably ac t by 
det:rcasing the release of biogenic amines from intracellular 
vesicles into the synaptic cleft (lhe:>t' arc calcium-dependent 
processes ). CCBs also have inhibitory elli.:cts on tyrosine 
ltydroxylase. the rate limiting enzy111e for the synthesis of 
dopm11i11e. thus decreasing the availability of dopamine for 
neuronal lransmission. 
Clon idine. This stimula tes the presynaplic o.1 adrcncrgir 
aulOrcccptor (in adrencrgic netirons) or hcteroreceptor tin 
serotonergic neurons). and so dccrea~c:. the release of t hcsc 
neurotransmitters into the syna ptic cleft. 
Bcnzc11liaze1>ines . These enhance C1\ll1\ ergic ncti \' ity in many 
brain regions. thus generating ar t inhibitory e ffect 0 11 neuronal 
activity (i11dudi11g on adrencrgk and dopamincrgic neurons). 
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able ac tivities and impa ired judgment. Manic symptoms cnn 

be eithe r primary (as part ol' bipolar T disorder). or 

secondary (post-st roke. pos t-traumatic brain injury. posl­

elcclroconvulsive therapy . or induced by drngs such as 
ant ide p ressants , a mphe ta mines. cocaine. bro mocrip­

tinc. cim ctidinc . corticosteroid s and disu lfiram . 

rnuld suppress this Ionic inhibitory effect o r be rela ted to i i ~ 
fai lure. 
-1-. Limbic kindling is lhc process where repeated subthrcsltold 
slimulalions of limbic neurons lead eventually to generalio11 of 
;111 oiction potential. The lheory is based mainly on the effec­
tiveness of ca rbamazcp ine and \•alproic a cid in ameliorat ing 
manic symptoms. 
5.(1. The consequence of the above lead to disinhibitic>n of 
limbic ac ti\'i ty (5 ). and thus the emergence of most typical 
manic symptoms (6). 

Valproa te. This enhances ( ;t\Bt\crgic activity. and thus. like 
henzodiazepines. generates an inhibi to ry effect on neuronal 
acti\•ities. It may a lso ameliorate limbic kindling. which might 
he associa ted with the induction of manic srmptoms. 
Carbamazcpinc. This can reduce mm1ic symptom~ ria. 
prc~umably. a couple o f mcchanbms: 

a. It might have suppres~ing e ffects on limbic kindling. 
h. Carbamazepine has some agonistic ac tivity on the 
presynaplic o.1 receptors. which decreases the re lease or 
hiogcnic amines. especially 11orcpinephrine. into the syrnrp­
lir deft. However. th is capacity or carbam azc11i11c is 
presumed to have only a rtcgligible effect in clinically used 
closes. 
c. Carbamazcpinc dccrt•asc:. sodium in llux \'ia a specific 
;1ction on sodium channels. This leads 10 an increase in the 
neuronal threshold for dc\'cloping an action potential. \\'i th 
a consequent inhibitory effecb 0 11 neurona l acti\'i tics in 
many brain regions . 
d. Carha mazepinc dec reases cald um in!lux and alters 
steroidogenesis via il s inhibit ory effct: ts on the peripheral 
bcnzodiazepine receptors. The role of these actions irt 
suppressing manic symplor11s is as yet unclear. 

1Hcc t rocon \'l1ls ive therapy (ECT). This is used mainly for 
~cverc or li fe-threatening mania. Hs \'a rious intra- and in tcrccl­
lular actiri tics arc described in deta il in Sect ion . I . lb 
inhihi tory effects on limbic kindling and on the coupling of 
\'arious neurotransmitter.- to their corresponding G-protcin,, 
may explain its suppressing. a 11 ti 111a 11ic properties. 
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2.10 Antidepressant drugs 
Comparative affinity for different receptors/transporters 

Receptor or transporter interaction 

.__c_ia_s_s_ .. 11 Generic name 

TCAs-
Terttary 
amines 

TCAs-
Secondary 

amines 

TeCAs 

SSRls 

NARI 

SNRI 

Atypical 

Legend 

Amitriptyline 
Clomipramine 
Doxepin 
lmipramine 

Deslpramine 
Nortrlptyline 
Protriptyline 

Amoxapine 
Maprotlline 

Citalopram 
Fluoxetine 

Fluvoxamine 
Paroxetine 
Sertraline 

Reboxetine 

Venlafaxine 

Buproplon 
Mianserin 
Mlrtazapine 
Nefazodone 
Trazodone 
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ro 
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:0 
£ 

Q) 

't:> 
ro 

.>Le 
u 
0 
:0 
a: 
0 
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a: 
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3 

5-HT Serotonin (S·hydroX}rtryptammo) 

ACh Acetylchollne 
Approximate IC50 values (nM)" 
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ADR Adrenorgic receptor 

H1 Histamine 1ype 1 receptor 
NARI Seloc1lvo noradrenaline (noropinophrlno)·rcuplake inhib11or 

NE Noropinophrine (noradrenaline) 

SNRI Scrolonm·norepinephrine rcuplako inhibitor 

SSRls Selecllvo serotonin reupiake inh1b11ors 

TCAs Tncychc antidepressants 
TeCAs Tetracychc antidepressants 

• IC50 is 1ho concenlration ol a drug required to occupy 

Lowest (0. I · I ) 

Highest (> 100 000) 

50% of tho available recep1ors. Most dala are based on animal sludies. 
Lowor values correspond to higher olfinity ol the compound lo tho roceptor/transporior. 

" Miansorin does not signilicantly Inhibit. in clinically used doses. the uptake ol either serotonin or norepinephrino. 
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2.11 Antidepressant drugs 
Subclasses according to presumed mode of therapeutic action 

TCAs TeCAs 

SSRls 

NARls 

SNRls 

Atypical* 

i ~ -y· . 

i Buproplon 
'----- -·- I. - . 

I I • ' 
I Mlanserln ; 
, - . L - -

I . 
Mirtazaplne 

. - - I. . . 

----,- - ·; 

Nefazodone 1 ,_ -- -

I 
Trazodone 

I 

Presumed mode of therapeutic action 

NE· 5-HT· 
reuptake reuptake 
inhibition inhibition 

DA-
5-HT2A,2c <J.:!·ADR 

re uptake 
antagonist antagonist 

inhibition 

a: 
0 
~ 
€ 

Other 
significant 
receptor 

antagonism 
capacity 

"' 
,!,/ 

c: O> 
.E Q; 
.!!! c: 

'5 (/) 

E .r= 
I.) 

-I ~ 

~ 
I 
Ji 

DD 0 0000 
DD DODOO 
DD DODOO 
DD DODOO 

ctJ D ciJ 
DOD 

~ ~ B 
ODD 

DODD 
0000 
0000 
DODD 
00DD 

Legend Main mode of action 
(related to therapeutic action) 

S·HT Serotonin (5·hydroxytryplamine) 
ADR Adrenergic 

Minor mode of action 
(related to therapeutic action) 

Atypical • Agents whose main mode of aclton 
is not solely via NE- or 5-HT·reuptake inhibition 

DA Dopamine 
H, Histamine type 1 receptor 
M, Acetylcholine muscarinic receptor typo I Other clinical significant receptor 

antagnonism capac ities 
(related mainly to side-effect profile) 

NARI Selective noradrenaline (norepinephrine)·reuptakc inhibitor (reboxetine) 
NE Norepinephrine (noradrenaline) 

SNRI Serotonin-norepinephrine (noradronaline)·reuptake inhibitors (venlafaxino) 
SSRls Selective serotonin reuptake inhibitors 
TCAs Tricychc antidepressants 

TeCAs Tetracyclic antidepressants 
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2.12 Antidepressant drugs 
Comparative side-effect profile 

Adverse side-effects 

Anticholinergic Central nervous system II Cardiovascular Gastrointestinal I Derm. , 

TC As 
Tortiory 
omlues 

TC As 
Secondary 

amines 

I NARI 

I SNRI 

EJ 

Amitriptyline 
Clomipramine 
Doxepin 
lmipramine 

Nortriptyline 
Protriptyline 
Desipramine 

Amoxapine 
Maprotiline 

Citalopram 
Fluoxetine 
Fluvoxamine 
Paroxetlne 
Sertraline 

Reboxetlne (7) 

Venlafaxine 

Bupropion 
Mianserin 
Mirta zaplne 
Nefazodone 
Trazodone 

Legend Most significant I ~ 
Clinically insignificant or there is § 

no sutticient data about adverse effects 

Not.cs a bou t th e numhcrcd item s in the sch eme 

I. 1 lighcr incidence if doses > 2 50 mg I day. 
2. Tardive dyskincsia is very rare. Tt is usua lly seen when TCr\s 
nre given with a combined an tipsychotic regimen. so iL is difii­
cull to dillcrentiate the exact eliological cause. 
3 . Can a lso cause hypertension. 
4. Agitation. in the case of i111ipramine (mainly i11 panic disor­
der ). could reflect the oversti111ula tion that a ppea rs . usually. 
during the fi rst few days or weeks of treatment. 
5 . I ligher incidence if doses > 300 mg I day. 
(>. ll igher incidence if doses> 225 mg I day. 
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EPS 

llD -
Atyp. Atypical antidepressants 

Derm. Dermatologic 

10 

EPS Extrapyramidal side·e lfects 
LFTs Liver-function tests 

I 9 I 

~ 
I I 

NARI Selective noradrenaline (norepinephrine)-reuptake inhibitor 
PR, OTc , ORS Specific intervals on the e lectrocardiogram record ing 

SNRI Serotonin norepinephrine (noradrenaline) -reuptake inhibitor 
SSRls Selective serotonin reuptako inhibitors 

SVT Supraventricular tachycardia 
TCAs Tricyclic antidepressants 

TeCAs Tetracyclic antidepressants 
VPBs Ventricular p remature beats 

7. Heboxctin e has no anticholincrgic properties. Its anlicholin­
e rgic-like adverse e ffects may be related to its abi li ty 10 block the 
rcuplakc of norcpincphrine in preganglionic neurons (in 
salivary nucleus for example) mid thus to inhibit the p;1 rasym­
pathetic output. 
8 . ll igher incidence if doses> 4 50 mg I day. 
9. IL could also cnuse weight loss (rarely). 
10. t\ lso decreases hea r t ra lC (relatively rare). 
l I. If the patient suffers from a pre-existing cardiac disorder 
the frequency of ven tricular premature beats could exceed I 0%. 



2.13 Monoamine oxidase inhibitors 
Comparative side-effect profile 

Mode 
of action 

Anti-
ACh-like 
effects 

GIT; 
Sexual 

Cardio· 
vascular 

Legend 

Properties of MAOls 

Selective MAO,. inhibitor 

Nonsolective MAO,s inhibitor 

Non reversible inhibition 

Reversible inhibition 

Adverse side-effects 

Anticholinergic-like effect (non-muscarinic) 

Blurred vision 

Constipation 

Dry mouth 

Sweating 

Urinary retention 

Abdominal discomfort 

Fatal heptotoxicity (rare) 

Impotence; anorgasmia 1 

possible weight loss 

Weight gain 

Cardiac arrhythmias 

Postural hypotension 

Tachycardia 

Tyramine-induced hypertensive crisis 

Headaches 

Insomnia; severe in minority 

Possible anticonvulsant effects 

Sedation 

Seizure induction 

Muscle twitching ~ 

Drug-free time between MAOI and TCAs (days) 3 

Time between TCAs (or diet) to MAOI (days) ' 

Overdose lethality 

Most significant 

Clinically insignificant or there is 

no sufficient data 

If yes 

1 

Notes about the numbered items in the sch eme: 

\ . Sometimes reversible with cyproheptadinc. 
2. l\!ay respond ro supplementa tion of pyridoxinc (vitamin B,J 
3. Following stopagc of J\·lr\Ols and before sta rting tricyclic 
ant idcprcssan t.s. 

Antidepressants and mood stabilizers • 

Monoamine oxidase inhibitors (MAOls) 

<I> 
c ·;:; 
Qi 
c 
<I> 
.!:: 
c... 

[ - · .......... 

5 

ACh Acetylcholine (muscarinic) 
CNS Central nervous system 
GIT Gastrointestinal tract 

MAO, Monoamine oxidase type A 
MAO a Monoamine oxidase type B 
Misc. Miscellaneous 
TCAs Tricyclic antidepressants 

• Termed reversible inhibitor 

r - -1 

j -~ 

~ 
i - -- ; 

ol monoamine oxidase type A (RIMA) 

.J. Followi ng stopage of tricyclic antidepressant regimen. or 
time needed to elapse before starting 1\11\0!s following 
consmnpt ion of tyramine-rich d iet. 
5. Espcdally when given in the even ing. 
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• Antidepressants and mood stabilizers 

2.14 Mood stabilizers 
Comparative side-effect profile 
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Side effects 

Ataxia 
Cognitive impairments (non-specific) 

Diplopia 
Dizziness 

Dysarthria 
EPS 

Impaired motor functioning 
Memory impairments 

Nystagmus 
Parkinsonism 

Sedation 
Tolerance to drug effect 

Tremor 

Agranulocytosis 
Aplastic anemia 

Leukocytosis 
Leukopenia 

Other hematological abnormalities 
Thrombocytopenia 

Alkaline phosphatase, SGPT. SGOT (elevated) 
Diarrhea 

Hepatitis (cholestatic) 
Hepatotoxicity 

Nausea or vomiting 
Pancreatitis 

Acne, peritibial ulcers 
Alopecia 

Dermatitis (exfol iative) 
Psoriasis (worsening or new) 

Rash (benign) 
SLE·like , Steven Johnson syndromes 

Cranial facial defects (CFO) 
Developmental delay (DD) 

Ebstein's anomaly 
Fingernail hypoplasia (FH) 

Spina bifida 

AV block 
Hypokalemic-Jike syndrome 

Excreted in breast milk 
lntracranial pressure (increased ; benign) 

Kidney damage 
Polyuria 

Sodium levels: significant hyponatremia 
Sodium levels: insignificant hyopnatremia 

Thyroid functions (impaired) 
Weight gain 

Most signilicant ! II 
Clinically ins1gruficant or thero is B 

no suficient data 

· CBZ Lithium Valproate 

6 I I 
7 I I 

: 

I I 
I 

I I 10 

t===,3===-: .. 11m .. •~~~~~ 
14 I I 

2 1 

21 

23 
23 

23 
25 

I I 

I 

26 
27 

AV Atrioventricular 
CBZ Carbamazepine 

I 
I 
I 

CVS Cardiovascular system 
EPS Extrapyramidal side-effects 

SGOT ; SGPT Liver enzymes 
SLE Systemic lupus erythematosus 

15 

18 I 

I 



Notes about the numbered items in the scheme 

1. 1\taxia and dysa rthria arc usually due 10 inloxicalion. 
2. About 50% suffer from some degree initially. 
3. Tolerance is controversial. bu1 s1oppage or lithium ca 11 cause 
"discontinualion rcfracloriness ·.which means 1ha1 the patie11ts 
become unresponsive 10 other treatments including lithium. 
l'ollowi11g a "drug holiday'. 
4. l\csponds well to ~-adrencrgic blockers. 
5. 1\cspomb well to ~-aclrenerg ic blockers. 
6. In about 5/ I 0000 treated palien1s. 
7. In about 2/ I 0000 1reated palients. 
S. IL is very common and practically always benign. It almost 
never exceed:; I 5000. 
9. Transient decrease in polymorphonuclears (l'.\·INJ co1111t is 
found in abou t I 0% of patien1s. Persis1cn1 decrease in 1'~ 1 :-J 

count is found in 2% of paiien1s. while 2% surfer from th rorn­
bocy1openia. and about 5% from decreased red blood cell 
count. 
l 0. Could be with a normal count along \\"ilh dysfum:lional 
platelets. 
I l. In 5-·Hl%. II is persistent and asymptomatic. !1 usually 
resolves rollowing discontinuation of valproatc. 
12. 1r dimrhca or abdominal discomfort occurs. try to adminis­
ter lithium al'ler the meals. Give smaller doses and more often. 
try slow-rclensc form or lower dose. 
13. ll is very rare and idiosyncratic. Can be fa tal. 
I.+. ldiosy11cra1ic. Early in treatment.. 25% fat.al. 
15. The hcpa1010xicity of valproat c can be fa tal. Is always in 
the young (2- 1 O years). on multiple anticonvulsants a11d wilh 
another neurological disorder. It is rare (incidence is about 
I / 120000). 
16. It is usually dose-related and transient. Can be reduced by 
admi11istering wilh meals. 
17. Nausea is evident in about 25% of treated patients a1JCI 
l'Olll iling in about 5'){, and it is usually experienced during the 
first month or treatment (generally transient ). 
18. IL occurs almost always during the llrst f, months of trcat ­
rncnt. It is rare. but fatal. 
19. If acne is treated with tetracycline antibiot ics. lithium 
rctcnt ion may occur (with consequent toxicity). 
20. It mighl occur in about 5- 10% of treated patients. II is 
probably unrelated to genetic predisposition. 

Antidepressants and mood stabilizers • 

21. Benign rashes appear in about 3% or treated patients. 
Start ing with low doses and increasing slowly can minimise the 
risk. 
22. Lithium can cause a11 exacerbation in known psoria1ic 
pn licnts or can provoke psorialic episodes in people not known 
lo suffor from psoriasis. Psoriasis is usually refractory while on 
lithium. so. ir on lithium. consider switching lo carba­
mazcpinc. 
23. Cranial racial defects (most arc minor) arc observed in up 
10 I 0% of rn.:wborns. Fingernail hyperplasia might occur in up 
IO 2 5'Y., and dcvclopmenlal del<1y in about 20'){, of newborns. 
2~. Early studies suggested a11 incidence or major congenital 
malformation in about l 0% or lithium treated mothers. The 
present da1a suggests a much lower incidence. 
25. Occurs in up to 1 % of newborns. 
26. Lithium depresses 1hc endogenous pacemaker acllnty. 
causing. possibly. sinus arrhythmias and syncope. Lithium is 
co11 1raindicatcd in Sick Sinus Syndrome. 
27. Lithium displaces in1racellular po1assi11m. causing T-wave 
inver~ion or na11ening. 
28. The concentration in the milk is about 50% orits plasma level. 
29. Pathological. nonspccillc renal in1ers1it ial llbrosis is 
observed in some chronic lithium users. The clinical signill­
cance or this flnding is considered negligible. 
30. Lithium reduces the ability to conccnlrale urine due to 
antagonism of the antidiurclic hormone (1\[)H). Polyuria 
occurs in about 25- 35% or patients and is not always 
reversible when lithum is discon tin uccl. 
3 I. /\bout 20'}{, of patients develop hyponatrcmia . which is 
practica lly always mild. In 1hcsc cases 1he plasma levels or 
sodium do not decrease beyond I 30 mEq/ I. 
32. 1\lost of the patients suffer from a minimal (average 1 
mEq/ l) and lransie111 decrease in plasma ~odium lc1•cls (relative 
10 their baseline). 
3 3. Lithium causes clinical and/or laboratory hypothyroidism 
in 7- 9% of treated patients. The plasma levels or thyroid stimu­
lating hormone (TSH) arc increased in up 10 30% or treated 
patients. There is also an abnormu l 1hyroid rclcnsing hormone 
(TRH) response in about 50'){, of palients ml lithium therapy. 
34. II is due to a poorly understood cffccl on carbohydrate 
metabolism and/or due to increased edema. t\ppctilc is 
sometimes reduced on lithium. 
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• Antipsychotics 

3.1 Antipsychotic drugs - supposed mechanism of action (I) 
Schizophreniform psychosis; no treatment 

1 

Legend 
Enhanced 

DA transmission 

In tact DA transmission 

Decreased DA transmission 

Intact 5-HT transmission 

Measured activities 
of DA and S·HT 

at a specific region 
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2 

Normal activities 
(in non-psychotic state) 

extrapyramidal system 

5-HT Serotonin (5-hydroxytryptamine) 
5-HT2A,6·R Serotonergic receptor type 2A or 6 

A9 Oopaminergic fibers from the substantia 
nigra to the basal ganglia 

A 10 Dopaminergic fibers from the VTA to 
limbic regions and to the prefrontal cortex 

DA Dopamine 
DA2,.-R Oopaminergic receptors type 2 or 4 

VTA Ventral tegmental area 

Postsynaptic 
nerves m 
specified 
regions 

Inhibits _,... Dopamine 0 
Serotonin • 



The term ·schizophrcn iform psychosis· refers to tbc clini­
cal symptoms observed during the chronic course or as 
part of the psychotic exacerbation of schizophrenia. 
There arc many possible e tiological factors in schizo­
phrenia including genet ic components. infectious origins. 
environmental fa ctors. abnormal autoimmune 
responses. socio-economic status. seasonal modiJkat.ions 
and neurotransmitt er abno rmalities. Among these. some 
of the hypo t hcsized neurotransmitter a bnormalities 
(especially the overactive dopamine hypothesis) arc 
widely accepted as directly inducing or at least mediating 
certain symptoms. There arc four major empirical obser­
vations concern ing the role of abnormal neurotransmit­
ter functioning in schizophrenia: 

l. Evidence of dopamincrgic (DA) overactivity 
The most widely accepted and consistanl abnormality 
relies mainly on the following findings : 

a. Psychotic symptoms. indistinguishable from the 
c haracteristic symptoms found in schizophrenia, can 
be induced by the use of dopaminergic agents such as 
amphetamines. bromocriptine. cocaine. t-dopa 
and phencyclidine (PCP). 
b. The efficacy of a lmost a ll antipsychotic drugs 
(APDs) has been found lo be correlated with their 
ability to antagonize dopamine receptors. 
c. The plnsma levels of homovanillic acid (HVA). a 
met abolite of dopamine. arc correlated with the sever­
ity of the psychot ic symptoms. and with the conse­
quent response to APO treatment 

Notes about I.he numbered items in the scheme 

1-3. The presumed neurotransmitter abnormalities are: 
en hanced dopamincrgic transmission in the mesolimbic 
pathway (from the VTA to limbic regions) (l) an<l thc decreased 
dopaminergic transmission in the mesocortical pathway (from 
the VTt\ to the prefron1 al cor1ex) (2 ). At the same lime. the 
serotonergic transmission from the raphe nuclei to these 
regions is unaltered (3). 
4. The dopamincrgic transmission in the nigro-striatal pathway 
(from the substantia nigra 10 the basa l ganglia) is unaffected. 
Extrapyramidal sidc-cfTec1s (EPS) arc a consequence of inhibited 
dopa mincrgic 1rn11smission in these regions. 
5. The clinical consequences of increased dopaminergic activity 
in limbic areas arc posit ive psycho1ic symptoms (delusions. 
hallucinations. bizarre behavior. thought disorder). 

Antipsychotics • 

2. Possible serotoncrgic (5-HT) overactil'ity 
5-1 IT in volvement in sch izophrenia and other psychotic 
disorders is based on the following: 

a. Psychotic symptoms (mainly hallucina tions) can be 
induced by the administration of the partial 5-IIT 
agonist lysergic acid diethylamide (LSD). 
b. The bencllcinl role of the atypical APDs in amelio­
rating psychotic symptoms. These agents and 
especially clozapine. ha ve been proved superior to 
typical a ntipsychot ic drugs in treatment-resistant 
schizophren ic pat ients. Many possible factors might 
expla in clozapine's cnhnnced efficacy but its seroton­
crgic antagon ism (along with its dopamine inhibition 
properties) is one of the most widely accepted. 

3. a, -adrene rgic ovcraclivity 
This is based on few studies that suggested that the thera­
peutic e ffects or severa l APDs are associated with their 
a ntagonistic a ctivities at aclrenergic receptors. and with 
llndings of increased cerebral spinal fluid norepinephrine 
levels during an acute relapse of psycbotic episodes. 

This possibility is furthe r supported by several studies 
that fou nd that a chronic use o f APDs can decrease the 
norcpinephrine !Iring rate fro m the locus ceruleus. 

-l. y-Aminobut yric acid (GABA) hypoactivity 
G/\B1\ ergic neurons arc inhibitory and a loss of these 
inhibitory efTccts cnn produce. at least in part. the ovcrac­
tivity seen with other neurotransmitter systems (dopamjn­
crgic. serotoncrgic. and adrcncrgic). Some findings. mainly 
the loss of Gi\B1\ ergic neurons in the hippocampus of 
schizophrenic pa tient s. arc consistent with such a notion. 
Furthermore. addition of benzodiazepines to APDs may 
augment lheir therapeut ic activi ty. 

G. The decreased dopaminergic activity in the prefrontal concx 
is thought to indu<.:c the characteristic negative symptoms 
(affective nauening. anhedonia. avolition. alogia. asocialily). 
i. The extrapyrnmida l sys1cm is unaltered by the primary 
pathologica l mechanisms that induce 1he 1ypical schizophreni­
form psychosis and 1hcrc arc no cvidem EPS. 
8. l'ostsynapt ic 5-1 l'J'~" and 5-1 IT,, rccept0rs arc also located on 
the soma and dc11dri1es of 1he dopaminergic patl1\\·ays origi­
nati ng from 1hc VT:\ ( 1.2) or 1he subsianti<1 nigra (.+). Under 
normal circumsianccs when 1hcse receptors arc stimulated by 
SCrOtOnin l!Jcy CXCrl inhibilory cflects Oil the fir ing rate of these 
dopamincrgic neurons. 
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• Antipsychotics 

3.2 Antipsychotic drugs - supposed mechanism of action (II) 
Schizophreniform psychosis; treatment with typical antipsychotic drugs 

2 

Legend Enhanced 
DA transmission 

Intact DA transmission 

Decreased DA transmission 

Intact 5-HT transmission 

Moasured activities 
of DA and S·HT 

at a specific region 
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Normal acllvllles 

S·HT Serotonin (S·hydroxytryptamine). 
5·HT2A.G· R Scrotonergic receptor typo 2A or 6 

A9 Dopaminergic fibers from the substant1a 
rngra to the basal ganglia 

A 1 O Dopaminerg'c fibers from the VTA to 
hmbrc regions and to the prefrontal cortex 

DA Dopamine 
DA2,.·R Dopaminerg:c receptors type 2 or 4 

Typ. APDs Typical antipsychotic drugs 
VTA Ventral tegmental area 

---. 
---. 

(in non-psychotic stato) 

Inhibits 
Effects ofTyp. APDs 

Dopamine 
Serotonin 

0 

• 

Postsynaptlc 
nerves in 
specified 
regions 



Typical antipsychotic drugs (APDs) arc believed to work 
via anlagonizing dopamine receptors. The clinical 
potency is closely related with the drugs' affinity for D2 

dopamine receptors. Although the antagonism of the 0 2 

receptors takes place almost immediately. it takes a few 
weeks for the amelioration of the psychotic symptoms to 
occur. implying a secondary mechanism. APDs are 
usually divided into ·typical agents' (also termed 
neuroleptics) and ·atypical agents '. Virtua lly all APDs 
are non-selective. They possess a wide range of receptor­
antagonizing capacities. particularly dopam inergic. 
adrenergic. serotonergic, cholinergic and histaminergic. 
Most of Lhe neurological and endocrinological adverse 
side-effects associated with the use of APDs can usually 
be related to their antagonistic effects at these receptors. 

Notes a bout the nu mbered items in the sch eme 

1-3. 1\ll typical APDs block (at least lo some extent) all 
dopamine receptors except s ulpiriclc which is relatively selec­
tive for 0 2• 1\ll typical APDs ancct all major dopamincrgic 
pathways. The major dopamincrgic pnthwnys which arc most 
relevant lo schizophrenia and APDs treatment arc as follows: 

A. Mcsolirnbic and mcsocor tical. These are dopmnincr­
gic neurons that project from the VT1\ to frontal and other 
cortical areas (1) and to limbic structures such as the nucleus 
accumbens. amygdala. and the olfactory tubercle (2). 
13. Nigrostriatal. These arc dopamincrgic neurons that 
project from the substantia nigra (pars compacta: A9) to the 
basal ganglia (caudate nucleus. putamcn and globus 
pallidus) (3 ). Extrapyramidal side-effects arc mostly related 
to the antagonistic enccts of APDs Oil this dopaminergic 
pathway. 
C. Tubcroinfundibular (not illL1strated in the schcmc). 
These arc dopamincrgic projections from the posterior 
hypothalmnus to the median eminence and the posterior 
and intermediate lobes of the pituitary. Prolactin secretion is 
enhunccd following this blockade. since dopamine inhibits 
prolactin secretion. 

-1-. At the mesolimbic puth\\'ay. typical J\PDs block mainly the 
1)1 component. \\'hereas atypical APDs like cloza piue block 
other dopamine receptors ro. for example) so perhaps yielding 
belier cmcacy (in treatment-resistant populations: see next 
section). The D2 blockade induces a subsequent improvement. 
or 'positive' psychotic symptoms (delusions. hallucinations. 
bi:wrrc behavior. thought disorder). 
5. Decreased dopaminergic transmission in the mesocortical 
pathway might induce 'negative· symptoms (affec tive llattcn­
ing. anhcdonia. avolition. alogia. asm.: iality). Typical APDs 
further decrease these dopaminergic activities and so poten­
tially worsen these symptoms. 

Antipsychotics • 

1\fany difTerent typical APDs are in use (see the 
fo llowing sections): and practically all have a h igh aflln­
ity for 0 2 dopamine receptors. PET scan studies have 
shown that therapeutic effects a re evident if more than 
70(){, of D! receptors are bound with an ;U>O. Many 
APOs have some all1nity for serotonergic (5-HT). a.1-

adrcnergic. cholinergic and/or hislaminergic receptors. 
1\ll typical APDs arc equally efficacious. although they 
exert their maximal anlipsychotic effects in various doses 
(difTerent potency) . Hence. APDs a re further divided as lo 
their potency - high. intermediate and low-potency 
ngents and - for convenience. they are usually related to 
n chlorpromazine equivalence of 100 mg. 

6. 'l'ypical APDs decrease dopaminergic transmission in the 
nigro-striatal pathway. Normal funct ioning of the cxtrapyra­
midal system relies on intact dopamincrgic and associated 
cholinergic (sec section 6.1) aclivitics in this pathway. Hence. 
exlrapyramidal sidc-elTccls (EPS) me induced especially by 
high-potency agents (signillcant D 1 blockade without concomi­
t anl an ticholinergic capacity). The main EPS are as follows: 

A. Dystouia. This occurs usually during the first few hours 
or days or treatment to about I 0% of patients. Risk factors 
associated with dystonia arc: men: age < -W years: high­
potcncy antipsychotic agents and intramuscular adminis­
tration. Dystonic re<1ctions arc presumed to be the 
consequence of dopamincrgic hyperactivity in the basal 
ganglia. which occurs when cent ml nervous system levels of 
!he antipsychotic agen1 begins lo fall between doses (sec 
Section 6.1 ). 
B. Parkinsonism. This usually occurs during the first 3 
months of treatment. and atlccts up to 10% of treated 
pat icnls. It is characterized by muscle st iITncss (lead pipe or 
cogwhecl rigidity). shulTiing gait. stooped posture. drooling. 
regular and coarse tremor. bradykincsia. and masked face. 
The associated risk factors arc: women (twice as common as 
in men) : age > -HJ years: and high-potency antipsycho1ic 
agents (wilhout signifi c<mt anticholincrgic properties). 
C. Aka thisia . This is a subjective feeling of muscular 
discomfo rt which lcmls to restless pacing. agitation and 
dyspl10riu. IL reflects a possible imbalance between the 
noradrencrgic. serotonergic and the dopaminergic systems. 
It occurs in up to 90% of' putienls during the first 10 weeks 
of treatment. 

7. The activities of the serotoncrgic system seem to be unaltered 
by the use of typical r\PDs. 
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• Antipsychotics 

3.3 Antipsychotic drugs - supposed mechanism of action (Ill) 
Schizophreniform psychosis; treatment with atypical antipsychotic drugs 
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Improved 
'negative symptoms' 

Normal activities 
(in non-psychotic state) 

S·HT Serotonin (S·hydroxytryptamine) 
S·HT 2A.6·R Serotonergic receptor type 2A or 6 

A9 Dopaminergic fibers from the substantia 
nigra to the basal ganglia 

A 1 O Dopaminergic fibers from the VTA to 
limbic regions and to the prefrontal cor tex 

Atyp. APDs Atypical antipsychotic drugs 
DA Dopamine 

DA2,.-R Dopaminergic receptors type 2 or 4 
VTA Ventral tegmental area 

Diminished inhibition 
Elfects of Atyp. APDs 

_____ .,... 

(or black and while arrows) 
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The ·atypical' antipsychotic drugs (atyp. APDs) arc a 
class of new antipsychotic ngents that share a diminished 
capacity to cause cxtrapyramidal side effects (including 
larclivc dyskinesia) and a minimal effect on serum 
prolactin levels. Some researchers believe that having 
some elllcacy on ·negative· symptoms is a necessary crite­
rion for an ·atypical" drug. This criterion is controversial 
because only clozapine and rispcriclonc have been 
shown to improve negative symptoms in some large and 
well-established studies. 

Clozapinc, olanzapine. quetiapine. ris peridonc, 
sertindolc. amisulpiridc and ziprasidonc are new­
gcncral ion anti psychotic drugs designated as atypical. 
and arc either marketed or just on the verge of being 
marketed. All these agents possess at least some of the 
listed a typical features. 

There is no one specific receptor interaction responsible 
for atypical propensities. but a fow hnve been postulated. 

Notes about the numbc1·ed items in the scheme 

1-4. Most atyp. APDs (scrlindolc. cloza11inc. olanzapinc 
<1nd ziprnsidonc) are potent blockers of both 5-HT1A and 5-HTr, 
receptors (besides their mild-moderate capacity to antagonize 
the D1 rcccptors)( l ). Clozapine. and to 11 lesser extent olanza­
pinc arc a lso potent 0 4 dopamincrgic blockers (2 ). 5-HT1,1 

antagonism increases dopaminergic (3 ) and serotonergic (4 ) 
transmission in limbic regions. and it is hypothesiied lo bappen 
in prefronta l and other brain regions as ll'c ll. It docs so. presum­
ably. by decreasing the inhibitory potential of these serotoner­
gic receptors on the firing rate of these neurons. Following 
treatment with atyp. APDs, serolonergic activity is increased. 
w unterbalancing, perhaps. the increased dopaminergic activi ty 
observed in schizophrenic patients. This may explain a superior 
c lllcacy in improving positive symptoms in some cases (treal­
menl-resistanl psychosis for example). 
5. Atyp . APOs a111agoniie the D, recepto rs in the mesolimbic 
regions: this expla ins their equal emcacy in ameliorating 
positive psychotic symptoms compared with typical agents. 
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The llrst is a high affinity for antagonizing the postsynap­
lic 5-H'l'2,1 serotonergic receptors. Secondly. there is a high 
ratio of serotonin (5-HT) compared with dopamine (DA) 
blockade. There is no well-accepted ratio. but all APDs 
claimed to be atypical have a 5-HT/ DA blocking ratio 
larger than l. Atyp. APOs vary greatly with respect to 
how big this ratio is. Quctiapine. the atypical agent with 
the smallest ratio. exhibits a 5-HT/DA blocking ratio of 
about 2 to l while sertindolc. al the other extreme. has 
a 11 0 to l ratio. 5-HT blockade is not a specific enough 
criterion as chlorpromazinc, for example. has a 5-
HT/DA blocking ratio of about 15 and still exerts many 
'typical' clfocts [induces tardive dyskinesia. elevates serum 
prolaclin and can cause exlrapyramidal side effects (EPS)]. 
Thirdly. there is a high alllnity lo r blocking other 
subclasses of receptors. particu larly the 0 4 dopaminergic 
a nd/or the newly cloned 5-1-l'fh serotonergic receptors. 
and the noraclrenergic a 2-adrenoccptors. 

6. The increased dopaminergic fi ring ra te in the mesocortical 
pat hway (fo llowing treatment with atyp. APDs) converts the 
relatively dellcient dopamine rgic state presumed to exist in 
baseline psychotic patients into a more or less intact transmis­
sion. This might explain the possible improvement in negative 
symptoms seen mostly with clozapinc. Accumulating data 
suggest that other a typ. APDs likell'ise have at least some 
capacity to improve negative symptoms. Another possible 
explanation for this action is that some atyp. APDs (cloza1>­
inc. rlsp criclone. quetiapinc) block CJ.! adrenoreceptors and 
so increase norepinephrine levels in prc f'rontal cortex. 
7 . i\ty1>. APDs arc relatively selective for the mcsolimbic and 
mesocortical compared with the tubcroinfudibular and/or 
nigro-striatal dopaminergic pathways. This helps explain 
especially their diminished potential lo increase scrum prolactin 
levels or to cause EPS. 
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3.4 Antipsychotic drugs 
Comparative affinity for different receptors 
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3.5 Antipsychotic drugs 
Subclasses according to presumed mode of therapeutic action 
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• Sulpiride is claimed by many to be an atypical agent because 
its low propensity to cause extrapyramidal side-effects 
or tardive dyskinesia 
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3.6 Antipsychotic drugs 
Comparative side effect profile 
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Notes about th e numbered items in the sch eme 

I . Extra pyramidal side clfccLS (EPS) (sec Section 6.1 ): these arc 
mainly due to Dz blockade and are more common with the use 
of high and intermediate-potency untipsychot.ic drugs. The 
main EPS encountered while using antipsycholic agents arc 
dystonia. parkinso11ism and akathisia (sec Section 3.2 !'or 
details). 
2. QT. PR. ST/T arc specific intervals of the ECG. 
3. The mechm1is111 of weight gain on ant ipsychotics is unclear. 
although H1 antagonism in the hypothalamus is likely to be 
relevant. Cloza1>inc and low-potency phcuothiazincs usually 
cause a greater weight gain than other ngc11ts. Amantadinc Is 
sometimes used successfully lo reverse the weight gain. Mollu­
donc and loxapine have the least weight-gaining properties. 
perhaps none at all. 
-l. See Section 7. 7 for fu rther details. 
5 . The tem1 therapeut ic window refers 10 a11 n-shaped plasma 
concentra1ion-emcien1 relationship. Monitoring of plasma 
levels of such drugs can be beneficial i11 enhancing the respon­
siveness of fast metnholizers or reduce I he risk o r toxicity in slow 
mctabolizcrs. The most studied agent associalcd with therapeu­
tic window is haloperidol. and data (albiel inconsistenl) 
suggest a therapeutic window around 30- 100 ng/ ml. Chlor­
promazine and perphcn azine arc also \\'ell studied. and 
perphcnazioc might ha\•e a therapeutic window between 
0.8- 2.4 ng/ml (data are less well csiablished than with 
haloperidol). 
6. The phcnomc11<1 resembles severe sunburn tan. Patients 
treated \\'ilh ph cnothiuzines. and especially with chlorpro­
mazinc. should be ad\•lsed to use protective sunscreens and to 
limit their exposure to direct sunlight 10 periods not longer than 
30-60 minutes per day. 
7. This is a benign and reversible whilish-brown pigmentation 
which appears as granular deposits mainly in the anterior lens 
anti posterior corneu. The lesions arc visible only by slit-lens. 
Vision is almost never impaired. The occurrence of these lesions 
is almost entirely in chronic users of chlorpromazine \\'ith a 
lifetime user of J- 3 kilograms (about 6- 18 years oftreatrncnl 
\\'ilh daily doses of about 500 mg. 
8. Irreversible pigmentation of the retina can occur in high 
doses (800-J 600 mµ /cl). Impaired or losl night vision along 
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with nocturnal confusion is often a first sign of the up-coming 
retinal damage. The damage resembles retinitis pigmentosa and 
often causes blindness. Cessation of thioridazinc administra­
tion docs not reverse the damugc. which can even progress. 
9. Seizure disorder is e\•idcnt in 1- 2% of patients on clozapinc 
if doses up to 300 mg/d arc used. 1\bo\•e 600 mg/ d the 
frequency increases to about 3- ; %. Lowering the dose 10 a 
pre\'ious tolerable one is generally effective. 
10. Clozapine causes agranulocytosis in about 1- 2% of 
treated patients. which can often he fatal. Female gender and 
increased age arc possible risk fa ctors. The incidence is tn'uch 
higher thu11 in patients treated wit h typical antipsychot.ics 
(estimated IO he 0.05-0.5%). About 75% of cases emerge 
during the first 18 weeks of treatment. and up to 90% during 
the first 26 weeks of treatment. When the white blood cell 
count is monitored. the percentage of fatal cases is reduced to 
about 0 .0(,%. The adverse reaction is not dose-related. The 
incidence of nµra nulocytosis with o ilier a t-ypical antipsychotic 
drugs is not known. Available data suggests that the use of 
quctiapine. ris 11eridonc or sul11iridc does not increase the 
risk or developing agranulocytosis (compared with placebo) 
t\·hile there is no sufilcient information for olanzapine. scrtin­
dole or zipra s idonc. 
JI. OlanzarJinc induces akathisia in doses equal to or higher 
than l O mg/day. Other EPS arc rare. and usually occur for 
doses higher than 1.5 mg/clay. 
12. 'v\leight gain is reported in 6- 29% of patients. The average 
weight gain is about 3 kg in <> weeks. There arc no wcll­
established daw about the more chronic effects of olanzapine 
on weight. 
13 . Benign cosinophilia occurs in les. than 0.3% of patien1s 
treated wil h olanzapine. Thrombocytopenia and leukocytosis 
have bee11 reported 10 occur. bul they a rc very rare. 
14. Quetia11inc has been shown to induce cataracts In dogs at 
high doses. possibly as a result of inhibited cholesterol synthe­
sis in the dogs lens. 
15. The incidence of parkinsonism is rare for thernpeutic doses 
(2-! mg/d) but i i might signillcantly rise for higher doses. 
16. Prolongation of 1he QT interval is observed. infrequently 
and seems to be clinically insign ificnnt. 
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4.1 Drugs effective in anxiety disorders 
Potential mechanisms involved in anxiolytic effects; empirical findings 

Legend 

58 

GABAergic nerve. 
When stimulated, it releases GABA. 
which Increases the threshold for an 

action potential on the 
postsynaptic adrenergic neuron 

Adrenergic 
nerve 

Tyro~;ino 

•1ydroxyl 11::;e 

l __ 
I 
I ·------. 
I 

Serotonergic 
nerve 

' ' ' ' ' ' ' ' ' ' 

Busplrone 

Benzodlazepines 

MAOls TCAs 

' ' ' ' ' ' ' ' ' , 
') 

I 
I 
I 
I s 
I 
I 
I 

----'' -------
I 
I 
I 

' I , ______ _ SSRls -------

_. _____ ______ -- ---___ .,,,,,,., ' 

Postsynaptlc 

nerves In most 

brain regions 

Upregulated receptor W W 

Downregulated receptor • • 

I 
I 

Regulation status is unknown W W 

Stimulates 
Upregulates - ---- • 

Inhibits/antagonizes .. 
Downregulates - - - - - • 

Increased LC firing rate ...... 

I 
I 

I 
I 
' ' I 

I 
I 

I 
I 

I 

'I I' 

Central 
Peripheral 

manifestations + 
manifestations 

of anxiety 
of anxiety 

(via peripheral nerves) 
..... ' 

Actionpotentlat ~ 

Data is not established 

5-HT Serotonin (5-hydroxytryptamine) 
5·HT1A,1o.2A,2c·R Various types of serotonergic receptors 

ADR Adrenergic 
cx2·and P·ADR·R Various types of adronergic receptors 

GABA y-Aminobutyric acid 
GABAA·R GABA receptor type A 

MAOls Monoamine oxidase inhibitors 
SSRls Selective serotonin reuptake inhibrtors 
TCAs Tricyclic antidepressants 

' 



The pallwphysiology of anxiety probably dil1crs between 
the various anxiety disorders. Therefore. phannacologi­
cal agents that suppress one sort of anxiety do not neces­
sarily exert the same nnxiolytic enccts in other anxiety 
disorders. Anxiety related to panic attacks is the most 
studied and presented here as a general model. No defin­
itive pathophysiological or etiological mechanisms or 

Notes abou t th e n um bered items in the scheme 

I . l11 c.:rl!uscd locus ceruleous (l.C) llring rn1e. This is seen in 
111os1 of the anx iety disorders. and agcnts thal do not suppress 
the l.C llring rate (e.g. trn:wdonc) do not suppress panic 
a11acks. Benzod ia zepines (1301:'.s) exert ag<mistic activities at 
the GAB1\crgic neurons. and consequent ly decrease the LC 
firing rate. 
2. I lypcrscnsith•e 1)-adrenergic receptors arc often found in 
brain. lsoprolereuol. a peripheral and selective 1)-adrencrgic 
agcmist can pro\·oke panic attnck~ in paticnts suffering from 
panic disorder. presumably via stimulating the already hyper­
sensitive P receptors. Tricyclic a11t idc1>rcssants (TCAs) \\'hich 
dull'nregulatc the P-adrenergic reccplors. arc beneficial in the 
treatment of panic disorder. They \\'ere also found to suppress 
iso1>rotcrcnol-induced panic attacks. which suggests thai the 
mechanism of pimic induction is viu thc stimulalion of hypcr­
scnsitive P-adrenergic receptors. Bt11>ropio n. an ant ideprcs­
sant that docs not dmrnregulatc the P-rcccptors. is not effccti\'C 
in panic disorder. 
3. Subsensitivc GABAergic receptors. The data are not conclu­
sl\·e. FlumazeniJ. a bcnzodiazepinc-rcccplOr antagonist. 
provokes panic attacks in patients suffering from panic disorder. 
Patients with panic disorder arc often found to be less scnsit i\·c 
to diazepam administration suggesti ng a baseline subsensiti\·c 
G1\l31\ergic system. 
.J. IJprcgulated a 2 adrenergic receptors. It is possible that. in 
response to the increased LC firing rates. there is a compen­
satory uprcgulation or the presynaptic a 2 receptors in order to 
counteract the increased norepincphrine (NE) neurotransmis­
sion. Up to 70% of panic disorder patients diagnosed as suffer­
ing from panic disorder experience yoh imhinc-induced panic 
attacks. Yohimbine is an a 2 antagonist that reduces the 
inhibitory effects of the presynaptic Clz receptors on the release 
of t\E so increasing their synaptic concentrations and resulting 
in panic attacks. Other evidence for dysfunctional o:1 receptors 
in panic disorder is the blunted groll'th hormone response to 
administration of clonjdine (an a 2 agonist ). 
5. Alterations in the serotonergic (5-llT) system are e\•ident. 
and arc most apparent in the raphe nucleus and hippocampus. 
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anxiety disorders have been lirm ly established. but the 
adrc11ergic. GABr\ergic. and scrotonergic systems are 
widely accepted as the major dctcnninants of anxiety. 
The following 11ndings arc cncolmtcred in anxiety disor­
ders (usually when panic allacks are evident) and there­
fore arc assumed lo be invoh•cd in the pathophysiology 
of anxiety. 

\l\lhcn ipsa1>ironc (a selective 5-1 rr .. , agonist) is administered 
to patic111s wilh panic disorder. a blunted response of ACTH. 
and cortisol secretion is evident. which suggests a basal 
dom1rcgu lat ion oft he 5-l IT11 receptors. 
6. 5-11'1' 111 receptors. 5-HT stimulates the LC activity and 5-HT 
agonists mCPP and fcnfluraminc (a 5-1 IT-relcasing agent) 
prcwokc anxiety in panic disorder patients: thus it seems that in 
panic disorder there is a hyperscnsiti\•ity of the inhibitory 5-l-IT111 

receptor::.. This leads 10 decreased GAHA relcasc and consequent 
stimulation of the l.C. 

Specific and relative esta blished effccls of anxiolytic 
agent s o n different brain systems: 

TC As 
and 
MAOls: 

SS His: 

BDZs: 

Busplronc: 

Beta 
blockers: 

Downrcgulatc postsynaptlc.: P-adrencrgic and 
prcsynaptic O'.z-adrcnergic reccplors (evidence 
is inconsistent about the alterations in the CXr 

receptors). 
Decrease LC firing rate. 
Inhibit tyrosine hydroxylase (in chronic use : the 
rate-limiling enzyme for ~E sy111hcsis). 
Decrease the peripheral manifestations of anxiety. 

Downrcgulatc poslsynaptic P-adrcncrgic recep­
tors. 
Stimulate and upregulate 5-11'1'1" receptors in the 
raphe nucleus. which in turn reduces LC firing 
rates. 

Stimulate GABAergic receptors in all major brain 
regions. and inhibit l.C liring rate. 

Stimulates and uprcgulatcs (during chronic use) 
somatodendritic 5-llTi,1 receptors in the raphe 
nucleus (sec Sect ion 4.-l ). 

1\nrngoni:.:c the hypcrscnsit ive P-adrencrgic 
receptors. Decrease the peripheral manifestations 
of anxiety. 
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4.2 Benzodiazepines and agents that enhance y-aminobutyric acid type A (GABAA) activity 
Supposed mechanism or action 

Legend 
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There arc two Lypcs ory-aminobutyric acid (GABA) recep­
tors. The G,\131\,\ is a pos1synap1ic macromolecular 
complex that includes a chloride channel. These GABAer­
gic recepwrs arc most abundant in limbic regions 
(amygdala. hippocarnpus). cerebellum. striatum and 
cortex. When GABA" receptor is activated. it increases the 
chloride influx with ii conseq uent decrease in neuronal 
excitability (thus exerting an overall inhibitory efTecl). 
GABA11 are presynaptic and when stirnulaled inhibit the 
release of GABI\ and several excitatory amino acids. and 
monoamincs. Badofcn is the most studied synthetic 
agonist for Lhe GAf3A0 receptor. Its nntispasticily effects 
are presumably mediated by inhibiting the release of 
endogenous excitatory amino acids. 

The GA BA" receptor is composed of five different 
subunits ou t or a potential pool or 16 diffe rent units 
each coded by a separate gene. The different su bunits 
are further clividecl into classes according lo s imilarities 
in their amino-acid sequences (a. ~. y. and £). 1vlost 

Notes a bout the numbered items in the scheme 

1-5. ,\lost anxiolylics or sedat ives di rectly enhance GABr\ \ 
activity (l ). The G1\ l3t\ ,\ receptor serves an intermediate compo­
nent that governs the pcnneabil iry of a chloride c hannel. Some 
arc agents that di rectly bind 10 1hc Gr\BAA receptor (GABA. 
muscinol. isogua\·a c ine and ethanol. wh ich is probably 
selective to dbtincl y subuni ls) (2 ). Others. indirectly enhance 
1he Gt\131\,, receplOr. by binding to various siles on 1he complex 
and enhance 1hc function oft he G1\ B1\,1 receptor . None of these 
agents can exert anxiolytic or sedative effects if lhc GA BA" 
receptor is subswnlially impaired. or if there is not enough 
GAB/\ available for ne uronal lrnnsmission. Among the indirecl 
enhancers of GABI\" receptor a re the bcnzodiaze1>incs. zolpi­
dem and the cyclopyrolo11c :wpiclone. T he former lwo bind to 
the bcnzodiazepine ~itc while zopiclonc binds to anolher 
distim;t silc on the bcm:odiazepinc receptor (3 ). Zol11idcm is a 
hypnotic agent without a signilkant anxioly1ic. anliconvu lsant 
or muscle re laxant e fTccts. This is due pres umably to its relative 
selectivity Lo the bc nzodiazcpinc type l receptor. The barbitu­
rates (4 ) and various n curostcroids (5 ) a lso have distincl 
reccp!Ors. Neuros teroids arc dcri\•atcs of progesterone and 
cortisol. and some of them exert enhancing cffccls on the 
G1\Bt\ " receptor [ 5-a -3-Ct.-prcgnalolone. tclrahydro-deoxy­
cor ticosteronc (TllOOC) a nd alphaxalonc]. while 01hcr 
deriva tives (prcgnalolone sulfate ) exert the opposite cfTecl. 
The existence of 1hesc ncuros1eroid modula1ors can potern ially 
explain ill least some psychiatric cl in ical manitestat ions related 
to pregnancy or 10 lhc mens1rua l cycle. 
6. Some agen ts e.g .. barbiturates and alcohol in h igh doses 
and n curoste roids arc.: ca pable of direclly stimulating the 
chloride channel. independent of the presence of C.r\BA,,. Th is 
expla ins their toxic ily in overdose as excessive inhibi lion of 
respiratory neurones lends to respiralOry arrcs l. 
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hcnzodiazepines bind to the benzodiazepine receptor. 
which is located on the a subunits of the G,\B1\ A recep­
tor. though recently developed benzodiazepines 
(qua zepam. zolpidcm) show a high affinity only to rt.1 

subunits. Even so. for exerting GABA enhancing 
effects. all bc nzodiazcpines arc dependent on the co­
ex istence of an intact y subunit as well. There are two 
types of bcnzodiazepinc receptors (type 1 and 2). Type 
l receptors arc located mainly in the cerebellum and 
arc mostly rela ted to induction and maintemmce of 
sleep. Type 2 receptors nre abundant in limbic regions 
and arc more associated with anxiolytic and anticon­
vulsant effects of hcnzodiazepines. The large number 
of different GABA,\ subun its. and especially a recent 
finding that some of these subunits are selectively 
located in distinct brain regions. may lead to the devel­
opment of new anx iolylics or sedative agents with 
di minished or signi tlcanlly reduced adverse s ide-effect 
profile. 

7.8. /\II the C1\ BJ\crgic agcn1s s hare a commo n fina l pathway 
in which they increase the permeabili ly of cross-membrane 
ch loride clrn nncls (7 ). 1\ s a rcs uh . c hloride innux increases and 
int racellular c hloride conccn1rntion rises. The increased intra­
cellular ch loride hyperpolarizes the neuro nal mem brane. wi th 
a subsequent increase in 1he 1hreshold for reaching an action 
potcnlial (8 ). 
9. The cllh :1s of e nhancing G1\ BA act ivi lics can meet either 
physiological or clinical needs . The physiologicul availability 
and an intact f11 nc1ioning of CAB1\ has major roles in almost 
a ll normal brain fun ctions. These include limiling and directing 
sensory inputs, governing motor oulpuls. modu lating memory 
and possibly regulat ing anxious attitudes. The role of GABAer­
gil.: trnnsmbsio n is 111ns1 evident either in modulating anxiety 
(benzodiazcpincs arc poterll anxiolytic agents) and in 
memory. Enlwncecl Ci\B1\ activity (as wilh the use of benzo­
diazepincs ) induces amnesia. and it is specu lated that memory 
acquisi1io11 may require . at least in p<trl. the loss of certain 
Gr\llr\crgic inhibit ions. 

The physiologica l ro le o f the G1\ B1\ rcceprors is not fully 
understood since no e ndogenous ligand has yet been found to 
111oduh11e their aclivil ies in humans. Even so. be n zodiazcpinc­
likc s usbstanccs arc 11at urally present in various plants. and ii 
could be that lhey have a natural role in huma ns. 

The mnsl promincnl 1hcrapcu1ic a nd adverse side-effects of 
be n zodiazcpincs arc: 

ll~'1molic. They faril ilal c 0 11se1 and maintenance of sleep. 
Sedative. They decrease daylimc a nxiety and excitement. along 
with a concornitanl calming effect. 
A<h-crsc effects. Cognition a nd atlcnlion impairments. 
Drowsiness: I 0%. 1\ Wxi;1 : < 2'Y. .. Enhance cfTects of alcohol. 
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4.3 Agents that suppress y-aminobutyric acid type A (GABAA) activity 
Supposed mechanism of action 

Legend 
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capacity of the neuronal membrane to reach 

the threshold for an action potential 

Time 

Consequent cellular and lntercellular effects 
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Do not Increase chloride channe l permeability 
(direct effect, not via GABAA) 
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(or directly reduce chloride-channel permeability) -
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GABA "f"Amlnobutyric acid 
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PETZ Pentylcnotctrazole 



There arc severa l classes of compounds. which either 
suppress GJ\l3t\ t1 activity or act directly on the chloride 
channel to decrease its permeability to chloride ions (sec 

Notes about the numbered items in the scheme 

1-!. There arc several types of GABA,1 receptor in h ihitors: 
GABA"-reccplor nnlagonists (2). benzodinzcpim:-reccplOr 
antagonists and inverse agonists (3) and neurosteroids (4 ). The 
GABA,, receptor antagonists act by directly suppressing the 
activity of G1\ B1\1 (e.g. bicuculinc. SR 95531 and n 5135). 
The most well known and clinically used benzodiazepine-rcccp­
tor antagonist is llmm1zcnil. It inhibiis the binding of both 
bcnzodiazcpincs and cyclopyrolones to their corresponding 
binding sites on the benzodiazepine receptor. as well as possible 
compounds that have. not yet been identified. The Inlier clTcct 
can be demonstrated as llumazenil can partially rc1•crse 
endogenous symptoms of hepatic encephalopathy. Fl11mazcnil 
has two majnr clinical applications: it shortens the postopen1-
livc anesthelic adverse clTccts of benzodiazcpincs (mainly 
sedation and recall) and for diagnosing and treating bcnzodi­
azepinc overdose. In bcnzodiazcpine-intox icated patic111s 
llumazcnil is commonly administered intravenously (due to 
predominant fi rst-pass metabolism). and full bcncllcinl eOccis 
arc seen in a few seconds to minutes. Flumazcnil is also ll'idely 
known for its pan ic-attack-provoking capacities in untreated 
patients sulTering from panic disorder (70-90% will exhibit a 
panic attack). These effects are not obsen·ed when ii is 
administered io healthy subjects implying that in normal 
physiological func tioning there is no apparent activity associ­
ated ll'ith the bcnzodiazepine receptors. Flumazenil has no 
significant adverse effects except for occasional nausea and 
l'Omiting . . \ lore infrequent though serious side-effects of 
llumazcnil arc seizure induction including stntus epilepticus. 
and induction of acute psychosis if it is given to benzodinzcpinc­
depenclent individuals. 

Inverse agonisls are substances that produce effects nt a 
specific receptor that arc opposite to those produced by the 
usual agonisl lo the same receptor. The most studied of the 
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Section 4.2 fo r further details on the G:\13A macromole­
cu lar complex). 

benzodiazcpine-receptor inverse agon isls is the P-carboline-3-
carboxylic acid ethyl ester (p-CCE). P-Carbolinc's enccts are 
c1•ident both in animals (it increases scrum cortisol levels and 
causes tachycardia in monkeys) and in humans. where they 
induce anxiety resembling panic att acks. 

PregnaJolone suUatc is <1 neurosteroid (Section 4.2). but. 
unlike the other neurostcroids. it exhibits antagonistic elTects on 
the receptor for neurostcroids thus decreasing chloride inflLL'< (4). 
5-7. Prcgualolonc sulfotc (5) and the two convulsants 
picrntoxin and pcntylenetctrazolc 16 ) can decrease chloride 
inllux via directly blocking the chloride channel (7). The recep­
tor for picrotoxin and pcntylcnctclrazolc is termed lhe 
convulsant receptor or the picrotoxin-binding site. Picro­
toxin is a convulsant agent derived from the shrub anamirta 
cocculus. Pentylenctetrazol was used since the late 1940s to 
produce convulsions in psychia tric patients. Later it was 
replaced by electroconvulsivc therapy due 10 its profound 
anxiogenic actions. 
8. 1\ll the mentioned agents share a common 11nal pathway in 
which they decrease the permeability of cross-membrane 
chloride channels. r\ s a result. chloride inllux decreases and 
intracellular ion concen tra tions arc lowered. This decreases the 
threshold for reaching an action poten tial. 
9. There is insuOkient data about the clinical effects on humans 
of the nuious agents described. 1\lost of our knowledge comes 
from animal and human studies with llumazcnil and some 
from picrotoxin and pentylcnelclrazolc. Flumazenil's 
elTec1s were described earlier. and the most prominent clinical 
elTects of the latter agents are their anxiogcnic and convulsant 
act iv it ics. Pentylenctctrazolc was used as corwulsant for 
treating depression before electro-convulsive therapy was intro­
duced and its prcdomi11anl disturbing adverse elTect was the 
provocation of anxiety reaclions. 
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4.4 Buspirone 
Supposed mechanism of anxiolylic effect 

GABAergic nerve. 
When stimulated, it releases GABA. 
whieh increases the threshold for an 

action potential on the 
postsynaptic adrenergic neuron 

Adrenergic 
nerve release, with a 

consequent decreased 
inhibition of adrenergic 

neurons 

2. Baseline anxiety 

Adrenergic 
nerve 

Net effects: 
1. Increased LCFR 

GABAergic 

(similar or higher levels than before buspirone treatment) 
2. Anxiety still exists 
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5-HT activity 

C> 

• 



Legend 

Enhanced Inhibition 
Inhibition 

Decreased Inhibition 
Stimulates 

Action potential 

Upregulated receptor 
Downregulated receptor 

Regulation status Is unknown 

Buspironc is a partial agonist to the S-HT111 receptor. A 
partia l agonisl is nn agent that has certain agonistic 
capacities al a specillc receptor. but less emcacy (lower 
maximal response) than the endogenous ligand that 
stimulates it. Partial agonists therefore displace or 
partially inhibit the binding of the endogenous ligand to 
that receptor. This leads to a decrease in the stimulatory 
input to the recepLOr with consequent suppression of its 

Notes a bout the numbered items in the scheme 

r\ major clement in understanding the role of buspironc as an 
anxiolylic agent is the presumed primary excessive scrotoner· 
gic acti\•ity. which aITects several brain regions. especially the 
locus ceruleus (LC). in anxieLy. The excessive serotonergic 
activity increases the LC firing rate. wit h a consequent increase 
in adrenergic activities in most major brain regions. The 
mechanism involved in buspironc's anxiolyt ic clTccts is 
presumed 10 be via the following substcps: 
1,2. Unknown intracellular (or extracellu lar) events (1) 
increase the 5-HT conccnt.ralions in the synapt ic cleft.. leading 
to excessive serotonergic act ivity (2) in many brain regions. 
3,4. The presynaptic 5-HT 1A-i\R is assumed to be down­
regulaled (3) ln the baseline condition of an acute untreated 
anxiety. Although downregulated. it still exerts some 
inhibitory effects on the release of 5-HT from presynaptic 
nerve termina ls into the synaptic cleft (4 ). 
5. Synaptic 5-1 IT serve ns feebat:k mechan ism by inhibiting 
the S01\ Rs but it is not sufficient enough to inhibit the exces­
sive release of 5-HT properly. The net result is an excess of 5-
HT. 
6 ,7. This increased scrotonergic: activity st imulates various 
postsynaptic 5-1 IT receptors located in many brain regions 
(5-HT1" . 5-HTic. 5-l·l'I' 1• 5-llT.1 nnd 5-1·1'1'1.\ ) . Especially 
relevant 10 anxiety is the st imul ation of serotonergic recep­
tors in the frontnl cortex. which in turn suppress GABt\ergic 
projections from the cortex 1.0 the LC (6 ). This results in 
increased LCFR (LC firing rate). with a consequent increase 
in adrenergic activities. which induce the primary symtoms 
of anxiety (7). 

Anxiolytics • 

S·HT Serotonin (5-hydroxytryptamine) 
S·HT· 1A,2A.2c·R Different types of postsynaptic serotonergic receptors 

S·HT1A-AR 5-HTIA autoreceptor 
GABA y-Aminobutyric acid 

GABAA·R GABA receptor type A 
LC Locus ceruleus 

LCFR Locus ceruleus firing rate 
PFC Prefrontal cortex 

0 Buspirone 
<9 Serotonin 

intracellular effects. The 5-HT 1,\ receptors can be either 
presynaptic (termed somatodcndritic autoreceptors. -
SOARs) or postsynaptic. The S01\Rs serve as regulatory 
receptors that. when stimulated by synaptic 5-HT 
(serotonin). inh ibit the fu rther release of stored 5-HT 
frorn inlrnccllular vesicles located in the presynaptic 
nerve term inal into the synaptic cleft. leading to 
decreased serotoncrgic transmission . 

8-1 O. Buspinmc binds to the prcsynaplic 5-HT1"-AR so 
inhibits the excessive binding of 5-HT 10 that receptor. leading 
to less stimulation of these receptors. and less inhibitory cITccts 
on th t: rdt:ase of 5-1 IT into the synnptic cleft (9 ). During the 
acute phast: of buspironc treatment (usually less than 2 
weeks). the 5-1 IT-1\R arc still downregulated and the decreased 
stimulation or lil t: 5-llT-t\ R causes a further increase in the 
release of 5-1 IT into the synaptic cleft. leading to a further 
increase in 5-llT availability for synaptic transmission (10). 
l l ,12. The increased 5-1 IT availabil ity in the synaptic cleft is 
nol translated into an increase in postsynapt.ic 5-HT stimula­
tory cllccts since bus1>ironc also binds to postsynaptic 5-HT1A 

receptors with consequent partial inhibition of endogenous 5-
1 IT binding to these receptors ( I I ). The net effect of acute 
buspironc treatment is lit tle change i11 the LCFR. and anxiety 
does not resolve ( 12). 
13-1 i. Chronic buspironc treatment causes upregulation of 
the 5-HT1,1-AR ( 13 ). The postsynaptic 5-HT,A·R are not 
modilled by such treaum:nt. The upregulatcd 5-H1\\-t\R exert 
an enhanced inhibit ion on the release of 5-HT from the presy­
naptic terminal ( 1-l). which leads 10 a significant decrease in 5· 
HT concentration in the synaptic cleft (l 5). The serotonergic 
activities arc fu r1hcr decreased since buspirone binds to the 
postsynaptic 5-1 ITi.~-R ( 16). with a consequent decrease in the 
already-dimin ished cITects of 5-1 IT on postsynaptic receptors. 
The net effects of t hese react ions decrease the LCFR to ·normal'. 
pre-anxit:ty levels. which in turn modulates the resolution of 
the anxiety stale. 
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4.5 Treatments for OCD (obsessive-compulsive disorder) 
Supposed mechanism of action 
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Legend 
5-HT e 

DA e 
Stimulates _. 

(or raises synaptic concentrations) 
Inhibits _. 

Downregulates -- - • 

Upregulated receptor .. 

Regulation s tatus 12:£] 
is unknown 

Unknown mechanism 0 

There a rc accumulating data indicating th at the basal 
ganglia (BG) a nd the serotonergic and dopaminergic 
systems arc involved in obsessive-com pu lsive disorder 
(OCD). The bes t. evidence for seroton ergic involvement is 
the benetlcial effects or non-selective seroton in rcuptake 
inhibitors (SRls). Clomipramine. a tricydic antidepres­
sant drug. 1;vas sh own early in the 196 0s to a meliorate 
OCD. Double-blind, placebo-controlled studies w ith selec­
tive serotonin rcuptake in hibitors (SSRls) such as fluoxe ­
tine. fluvoxamin e . scrtralinc. citalop ram and 
paroxctin e have confLrmcd this. The SSRJs a nd SRis 
increase the availa biliLy of serotonin in the synaptic cleft. 
with a consequent increase in postsynaptic serotonergic 
transmission . 

The best eviden ce for DA involvemen t in OCD is the 
link between OCD a nd Gilles de la Tourettc Syndro me 
(GTS) . 1\ s many a s 50- 90% of GTS patien ts have also 
obsessive behaviors. and many have OCD. Other evide nce 
includes the observa tion t hat OCD patients may bene fit 
from the additio n of various antidopam in crg ic agents 

Notes abou t t h e n u mbered items in th e scheme 

l. Decreased scrotoncrgic activity is presumed to be involved 
wi tJ1 the emergence of OCD. IL is unclear if this hyposerotoner­
gic state is primary or secondary. 
2-4. Under normal condit ions. serotonin stimulatcs 5-
HTrn.iA.!t'-I m (hclerorcccptors for serotonin) loc<1ted on 
dopaminergic nerves (2 ). with consequent inhibition of D1\ 
release from the prcsynaptic nerve termirnil into the synaptic 
clcft (3 ). The hyposerotonergic stnte nssumcd in OCD decrcas<.:s 
the inh ibilion so increasing DA concentration in the sy11ap1 ic 
cleft (4). The 5-l!Tlll.!:1.ic· HR may also be hypersensitive in OCD 
which could serve as compensntory mechanism to decrcusc DI\ 
release. 
5 . The imbalanced 5-HT/Dr\ system in the basal ganglia is 
reflected in other brain regions. by e!Tcrcnt projection 11bcrs 
through the cingulatc gyrus. 
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5-HT Serotonin (5-hydroxytryptamine) 
5-HT 2A.2c-R Postsynaptic serotonergic receptors type 

2A or 2C 
5-HT10.2A.2c·HR Heteroreceptors for serotonin; they 

inhibits the release of DA 
from DA nerves (when stimulated) 

DA Dopamine 
RN Raphe nuclei 
SN Substantia nigra 

SSRls Selective serotonin 
reuptake inhibitors 

SRls Serotonin-reuptake 
inhibitors (non-selective) 

(n e urolep tics) to SRls . Co ca ine . w h ich increases 
dopaminergic transmission. can a ggravate OCD in 
patients sufTering Crom GTS. Dopamine agonists such as 
amphetamines. cocaine. 1.-d o p a . a p o m orphine or 
brom o cri1>t inc. have been s how n lo induce purposeless 
and repetitive activities. resem blin g OCD. in previously 
healthy subjects. 

Various structural and functiona l abnormalit ies, mostly 
in BG. have been demonstra ted in patients with OCD. 
Computed tomography (CT) sca ns have demonstrated 
reduced caudate volu mes. and ca vi tation of the basal 
gan glia. Association bet ween OCD a nd several neurological 
disorders that in volve basal gan glia dysfun ction (Syden­
h am's chorea. postencephalitic parkinsonism) is evident in 
epidemiological studies. Positron em ission tomography 
(PET) s tudies have demon stra ted increased brain metabo­
lism in th e caudate nuclei. cingula te regions, frontal lobe 
and orbita l gyri. Symptomatic improvements in OCD have 
been found lo correlate with restoration of metabolism to 
nonnaJ in the basal ganglia and fronta l regions. 

6 . Inputs from the bas<1l ganglia to the fro rnal cortex arc 
assumed 10 prod uce the symptoms em:ountcred in syndromes 
such as OCD and GTS. 
7. The most efficacious pharmacological Lrcatmcnts for OCD are 
the SH!s or the SSHls which work in between 30% and 70% 
of patients but only on chronic administration. There are some 
preliminary data that this therapeutic c!Tec1 is associated with 
the do\\'nregula1 ion of postsynapl ic 5-HT w.iAx·l-11{. Surgical 
procedures that interrupt the pathways from the basal ganglia 
to the fronta l cortex arc also e!Teclivc in ameliorating OCD. 
Cingulotom y is the most oft cn used. and long-term remissions 
arc achieved in up to 30'}{_, of paticnls. Adverse sicle-e!Tecls such 
as seizure disorder might. occur so the use of this procedure is 
limited to the most intractable cases. 
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4.6 Benzodiazepines and other sedative hypnotics 
Comparative clinical and side-effect profiles 
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Pharmacodynamics 
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Notes about the numbered items in the scheme 
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1. The more protein that is bound. the more the agent is 
affected by pharmacokinetic interactions. 
2. Fnster rate causes more immediate anxiolylic effect (if given 
acutely um! on a short-term basis). 
3. Associntcd with higher doses and being elderly. 
4. Hyperexcilabilily phenomena: day(Jmc anxiety. early insom­
nia. tension. panic and development of tolerance (from l to 4 
weeks). 
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5. Potent benzodiazepLnes (BOZs) are associated with more 
memory impairments (mostly anterogradc amnesia). 
6. All BDZs decrease l\EM and stages 3 and 4 of sleep to 
various extents. Zo1>iclonc and zol1>idcm do not. 
7. Moslly rebound insomnia and anxiety. Associated. predom­
inantly. with agents that have short 1'1, 2• 

8. Only if stopped quickly. 
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4.7 Benzodiazepines 
Metabolism 
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5.1 C'ii·adrenergic antagonist - yohimbine 
Supposed mechanism of improving erectile dysfunction 
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supplylng the penis 
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mechanism. 
preferentially 

stimulates this 
sympathetic 

tone 

70 

Mesenteric 
ganglion 

ANS ­
sympathetic 

(preganglionic 
cholinergic, 

postganglionic 
adrenergic, via 

hypogastric nerve) 

et1·ADR 

s11mulation 
(minimal 

lone) 

~ 
NE 0 

a,-ADR stimulation 

Possible 
increased 

cholinergic (?) 
stimulation 

(prosumably via 
release 01 NO end 

consoquontly 
ac11va1ion of cGMP) 

Baseline, 
non-erectile state 

(without yohimbine) 

Net effect -

vasoconstriction 

Reduced 
arterial blood flow into the 

corpus cavernosum 

11 
Net effect -

vasodilation 

Increased 
arterial blood 
flow into the 

corpus cavernosum 

12 



Legend 
Stimulates 

Decreased inhibition 

Cholinergic fibers 

Adrenergic fibers 

.. ____ _ .,.. 

.. 

ADR Adrenergic 
ADR-R Adrenergic receptor 

ANS Autonomic nervous system 
cGMP Cyclic guanine monophosphate 

NE Norepinephrine 
NO Ni tric oxide 

Yohimbine has been used for many yea rs a s a possible 
treatment for erectile dysfw1 ction (impotence). Most of the 
favora ble data a rc case reports or sma ll open-labeled 
studies. The exact mechanism of action is unclear. but 
data indicates a ma jor role for the peripheral autonomic 
nervous system in regula ting the yohimbine-induced 
improvements in erectile dysfunction. Yohimbinc is a n 
('J.~-adrenerg ic receptor antagonist. which causes a net 
increase in norepinephrine (NE) a vai labi li ty in the synap­
tic cleft. via the inhibition of the presynaptic a~-autorc ­

ceptor (which regulates and inhibits the release o f NE from 
intracellular vesicles into the synaptic cleft). Yohimhinc 

No tes about t h e numbere d ite m s in the s c h e m e 

I. The erectile mecha nism or the male penis is mediated by the 
autonomic nervous system. both lhe sympathetic (prcgan­
glionic cholinergic llbcrs from T l 2 lo J.-1. and postganglionic 
adrcnergic fibers) and parasympathetic (cholinergic fi bers from 
S2 lo S4). The corpus cavernosum ha~ lo be fi lled with an 
appropriate amount or arterial blood via the penile \'asculat ure 
tu achieve penile erc.:c tion. The blood supply to the corpus can:r­
nosum is regulated by these autonomic fi bers. 
2. Sympathetic stimulat ion or the cx1 adrenergic receptors 
located in the penile vasculaturc rcsulls in vasoconstriclion and 
reduced blood flow into the corpus cavernosum. 
3. Parallel sympat ltelic stimulation of 13~ -adrenergic receptors. 
at the same vascular beds. induces \'asodilation. It is abo 
believed that cholinergic (parasympat hetic) stimulation induces 
vasodilatory effects in tlte penile aneriid vasculature. 
-l.5. t\t baseline stale. when the male is not sexually arousc.:d. 
and the penis is not creel. the net effect of the adrenergic (both 
ex, and 13z) and diolinergic innervations causes significan t 
vasoconstriction . leading to reduced blood llow into the corpus 
cavernosum. The reduced blood flo\\' b not sul11cienl to induce 
erection. 
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Effects on 
vascular masculature 

Significant tone • 

Moderate tone .. 
Mild tone • 

is given in doses of approximately 12- 22. 5 mg/d fo r the 
treatment or impotence (divided into three). 1\t doses 
a bove this there a re incre<tscd frequency of adverse side­
effects. The most commo n side-effects of yohimbinc are 
related to stimulation of the adrenergic system: increased 
blood pressu re. tac hycardia. tremor , irri tnbi li ly and 
headaches. OI her commonly observed adverse effects nre 
decreascd u rinary ou tput (which is probably mediated via 
the release of antidiurctic hormone). impaired renal 
funct io n. na usea . vomitin g. sweat ing a nd fl ush ing. as well 
as emergence o f anxiety or panic allacks (especially in 
predisposed ind ividuals). 

6.7. It is not clear whether or 110 1 the major eflccts or yohim­
binc arc via peripheral or central mechanisms. although most 
data suggests I.hat the peripheral nervous system has lhe major 
role in yohimbinc-induced improvement in erectile dysfunc­
tion (6 ). The medial septopreoptic and the medial dorsal 
nucleus or l ite thalamus arc presumed lO be involved in the 
generation of yohimbinc's centra lly mediated cllccts (7). 
8-1 O. Yohimbinc causes a net vasodilatn tory cllcct 0 11 the 
penile vessels. It is assumed that either yohimhinc causes a 
preferential increase in the f3!-adrenergic tone (8 ) compared 
with the a , stimulat ion (9). or that it causes a relative increased 
cholinergic s timulation ( 10). This latter effect might be associ­
ated with increased release ol' nitric oxide (NO) and subsequent 
ilctiva tion of cyclic guanine monophosphate (cG~ll' ) which is a 
potent vasodi lator. 
l J. J 2. Tlte net effect of yohimhinc treatment is rnsodi lation 
( l I). which increases tin: arterial blood !low into lhe <.:arpus 
cavernosum. leading eventually to erection ( l2). 
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5.2 cx2-adrenergic agonists - clonidine/lofexidine 
Therapeutic mechanisms in opioid withdrawal. Mechanism of adverse side-effects 

Clonidine 
(stimulates the 
a2-ADR-AR) 

• Opioids 

• 

Postsynaptic 

0 

nerves in most 1---­
brain regions 

NE 

Adrenergic 
projections 
from the LC 

LCFR is 
decreased during 
opioid abuse but 

it overshoots 
during withdrawal 

Therapeutic effects of clonidine: 
Reduced NE activity 

(by suppression of NE release) 
The reduced activity occurs despite the 

opioid-induced hypersensitive ADR receptors. 

Clonidine reduces irritability, anxiety, 
headaches, and craving for opioids. 
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II can also Induce anorexia and 

decreased l ibido (in about 1-5%) 

Adverse 
side-effects of 

clonidlne/lofexidlne 

Clonldine 
(stimulates the 
a2-ADR·AR) 

Preganglionic 
nerve 

Postganglionic 
nerve 

Adverse effects of clonidine 
(most are peripheral) : 

Noradrenergic 
nerve terminal 

in NTS 

NE 

Freqlleht (> 15%) - Dry mouth, tiredness, dizziness. 
constipation, weakness, redness of skin, bradycardia , hypotension. 

Less frequent (1-5%) - Skin pigmentation, dry eyes. 
nausea, vomiting, nervousness, mild orthostalic hypotension. 

Evident only In animals - Retinal degeneration. 



Legend Stimulates 
_.,. 

Upregulates --~ -· 
Inhibits 

_.,. 

Upregulated 
receptor 

Regula tion status Ill Is unknown 

Clonidinc and lofoxid inc are sclccl.ive a 2-adrcncrgic 
agonists. The a 2 receptor serves as an aurorcccptor in 
presynaptic nerve tenninals. where it regulates (via inhibi­
tion) the release of norepinephrine (in adrenergic nerves) 
and seroton in {in serotonergic nerves) into the synaptic 
cleft. Clonidine was initially used as a nasal decongestant. 
but it is currently and mostly used as an antihypcrtensive 
agent. often as an adjuvanl to a diuretic. Cloniclinc and 
lofexidine's predominant use in currenr psychiatric 
practice is for treating opioid, and lo a lesser exten t alcohol 
and nicotine withdrawa l symptoms. IL is also used as a 
second-line drug for the treatment of Tourette's disorder 

Notes about the numbered items in the scheme 

J\llec/1m1is111 of 11clio11 
The followi11g are the mai11 c lements in clonidinc a nd lo!Cxi­
cline's mechanism of ac tion and consequent ad\•ersc side-effec t 
profile. The data correspond to those drugs activity in opioid 
withdrawal. hut are assumed to be releva11t to withdrawal from 
other substances as well. 
1,2. During chronic USC or opioids. a decrease in to tal norepi­
nephrinc (NE) activity is found. This is presumably a conse­
quence of suppressed adrenergic transmission originating from 
the locus ceruleus (LC)(l ). The a.1- and ~ -adrcnergic receptors 
located on postsynapt it: ne urons are upregulated - possibly as a 
compensatory mechanism (2). Whe n a subject withdrawals 
from opioids the adrenergil: receptors arc still hypersensit ive but 
the adrcnergic transmission from the LC is no longer suppressed 
and usually overshoots as the locus ccruleus firing rate (LCFI{) 
is substantially enlumced. This leads lo enhanced adrenergic 
stimulation w hich causes the typical withdrawal syndrome 
which is characterized 1m1inly by autonomic instability. irritabil­
ity. anxiety. lacrimatioo. rhinorrhca. and tli laled pupils. 
3. Clonidinc and lofexid in c. vi'1 a.1 agonism. inhibit NE 
release from prcsynaplic vesicles in to the :;ynaptic cleft. leading 
to a decrease in NE availability for postsynaplic receptors. 
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ACh Acetylcholine 
ACh-R Acetylcholine receptor 
ADR-R Adrenergic receptor 

ADR-AR Adrenergic autoreceptor 
LC Locus ceruleus 

LCFR Locus ceruleus !iring rate; 
parameter of adrene rgic transmission 

NE Norepinephrine (noradrenaline) 
µ-opioid-A 11-receptor !or opioids 

NTS Nucleus tractus solita rius (in the medulla) 

and attention-dclkit hypernclivily disorder (1\ DHO) when 
stimulants arc inefleclive or contraindicated . ll may also be 
useful in the treatment or stuttering in children. and some 
reports demonstrate its various elllcacy in treating anxiety 
symptoms related to genera lized anxiety or panic disorder. 
Clon idinc is also used as a challenge tesl of the adrener­
gic system: it stimulates growtb hormone release. 
decreases blood pressure and peripheral 3-methoxy-4-
hydroxyphenylglycol (MHPG) . Blunted responses in these 
have been seen in some psychiatric disorders (mainly a!Tec­
livc) and it usually indicates fovorable response to anti­
depressant therapy. 

~.These drugs reduce withdrawal symptoms such as irritability . 
anxiety and headaches. The ability of clonid inc to reduce 
craving for opioids is also relatively well established. Tolerance 
develops to the effects of clonid inc, which is why il is impracti­
cal to use this agent for various anxiety disorder (panic disorder. 
obsessive-compulsive disorder. generalized anxiety d isorder) due 
to the relatively chronic treatme nt necessary in these cases. 

Silk cffccis 
5. Cloniclinc has a troublesome side-effect proll lc. 1\ilost cloni­
dinc-induccd adverse side-effect!> are mediated via its ccnlral 
agonism at the a~ receptors in the nucleus lractus solilarius 
(>!TS) in the medulla. Lofcxidin e has less side-eficcts especially 
less hypotension. 
(1. The dec reased NE transmission from the NTS results in 
suppressed preganglionic sympathetic nct.ivit ics (note that 
m:ety lcholinc serves as a mediator in these nerves). 
7.8. 1\s a consequcm:e. diminished sympathetic activi ty is detected 
i11 postganglionic nerl'es (7 ). rcs11 l1 ing in symptoms such as fati­
glll:. dizziness. bradycardia. co11stipa1 ion. hypole11sion. anorexia. 
nausea. vomilin i,: and decreased libido (8 ). Skill pigmentation or 
redness arc usually only seen with transdermal prcparatio11s. 

Dosing strategics fo r clonid inc (oral, for opioid withdrawal syndrnme) 

A. Day 1: 0.005 mg/ kg body weight (about 0 .3- 0.4 111g/d for a 
60-75 kg patient). 
B. On days 2-10 (if 110 mh-erse side-effects arc evident): 
0.017 mg/kg body \\'eight (about 1.2 mg/d for a 60-75 kg pa1ienl). 

C. On days J I . 12 . and 13: reduce close by 50'){, each day. 
D. On day t -J. : 1w treatment. 
E. Clonidinc should be stopped i111111edia1ely if blood pressure 
is less 1han 90/ 60 mml lg . 
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5.3 ~-adrenergic antagonists (~ blockers) - pindolol 
Supposed mode of accelerating and augmenting the antidepressant effects of SSRls 

Legend 
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5-HT e la 
•ve•:V• 

17 i 

• ••• 

The potential increase in 5-HT 
concentrations is not achieved due 

to the simultaneous enhancement of 
the 5-HT1A·AR activities 

Enhanced Inhibition 5-HT Serotonin (5-hydroxylryptamine) 
5-HTu·AR 5-HT ,, autoreceptor 

Diminished inhibition -------. 

Enhanced release ~ 

5-HT tA.2A.2C.• .6.r R Various types of serotonergic receptors 
ADR-R Adrenergic receptor 

NE Norepinephrine (noradrenaline) 
SSRI Soloctive serotonin reupt<Jke inhibitor 

• 111 Is the main brain II receptor 



Various ~-adrcnergic antagonists have a potential use in 
psycbialric plwrmacothcrapy. The main agents arc 
atenolol. mctoprolol. nadolol. pindolol and pro­
pranolol. There arc three distinct P-adrencrgic receptors 
(p1• p2• P1) and two are widely studied: P1 wh ich is located 
mainly in the central nervous system and heart. and Pi 
which is located predominantly in peripheral tissues such 
as the liver. pancreas. pulmonary lree, blood vessels and 
gastrointestina l tract. Some P-adrenergic antagonists 
(metoprolol. pindolol and propra11olol) are lipid­
soluble and cross the blood brain barrier (13138) with 
relative ease. while atenolol and nadolol are more 
hydrophilic. and so do nol cross as easily. 

Use of f3 /Jlockns in psychialr!J 
Four conditions have been postulated lo bcnclh from 
P-adrenergic antagonists. namely akath isia. lithium­
induced tremor. impulsive or aggressive behaviors. and 
there is also the recently introduced indication l(ir 

pindolol as an adjunct treatment to a selective serotonin 
reuptakc inhibitor (SSRI). 
Akatbisia. It is belie\1ed that a hyperactive noradrener­
gic activity plays a major role in inducing the disorder. 
P-adrenergic antagonists (e:;;pccially propranolol and to 
a lesser extent nadolol) arc llrst-line drugs for !ren ting 
akalhisia. via. presumably. reducing adrencrgic hyperac­
tivity. 
Lithium-induced trem or . 1\ fine tremor is a necessary 
component of mainta ining posture or making a volun­
tary movement in normal subjects. rellect.ing unfused 
motor unit contractions. 1\gcnts that i11creasc muscle 
twitch contract ions will exacerbate this physiological 
tremor. Most of these effects arc mediated by increased 
adrenergic act ivities. thus B antagon ists. via reducing the 

Notes about the number ed items in the scheme 

l -5. SSRls block the reuptakc of serotonin ( 5-t IT) into presy­
nnptic nerve terminals (1). and thus increase its availability for 
further synaptic transmission (2 ). However. at the same time. 
the increased concc!llration of 5-HT stimu lai.es the 5-1-!Ti., 
autoreceptors (3 ). which in turn inhibit the release of further 5-
HT into the synaptic cleft (-!). 1\ ll in all. the concc111 rn tion of) ­
HT available for synaptic transmission is not as high as it could 
be if the 5-HT," auwreceptors were nol so active (5). 
6-8. i\s a result. the poslsynaptic modificatior1s (6) and the 
consequent ir llraccllular changes (7 ) that arc evident fo llowing 
chronic treatment \\'ith SSHls arc not evident during the acute 
treatment and the depressive state is not resolved in these early 
stages of treatment (8 ). 
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effects or circu lating norepinephrine (NE). are most 
beneficial in reducing lilhi11111-induccd tremor. 
Impulsil'e and aggressive behaviors. Small controlled 
studies suggest the effectiveness of P-aclrencrgic antago­
nists in cont rolling im pulsivity and aggression in patients 
suffering frorn organic brain syndromes or schizophrenia 
(less effect ivc). ll could be that these pnticnts suffer from 
increased adrcncrgic activities which is blocked by these 
agents. 
Pindolol a s an adjuvant to a n SSRl for acceleratin g 
a nd augmenting the antidepressant effect. 
Pindolol is a nonsclccti ve. lipid-soluble B-adrenergic 
antagonist wilh some intrinsic sympnthomimetic activ­
ity. At the s;1111c time. it is also a select ive antagonist to 
the 5-H'l'i,\ aulorcceplor~ (i t docs nol interact with the 
postsynaptic 5-H'l\, receptors) - a phenomenon that 
might explain pindolol's unique potential for accelarat­
ing and augmenting an antidepressant activity. A bv 
open-label and double-blind studies have been performed 
to dale. 111 most studies tltc addition of pindolol to a11 
SSRJ (tluoxctine. paroxetinc) resulted in a substantial 
shortening or the Lime needed LO achieve at least 50% 
reduct ion in depressive parameters (average l 4 days 
with the combined pindolol-SSHI trea tment and 26 
days \\'ilh the SSRI alone or with placebo). Other studies 
have demonstrated the capaci ty of pindolol augmenta­
tion to an SSHI to achieve therapeutic responses both in 
treatment -resistant patients and in non-resistant 
patients. In these cases augmcntat ion with pindolol has 
improved the response rate by 25°;\> in the non-resistant 
group and by about 400% in the treatmen t-resistant 
group. Even so. all these data arc preliminary and more 
research is needed lo accurately assess pindolol's poten­
tials at these indications. 

9-l 4. When pimJolol is combined with an SSlll. the latter sti ll 
blocks the uptake of 5-1 IT (9). and thus incrc;ises its availabil­
ity for further transmission ( I 0 ) but at the same lime pindolol 
antagonizes the S-HT1•1 aulorcceptors ( l l J. which diminishes 
their fun ction to suppress S-1 IT release from prcsynaptic termi­
nals (12 ). The net effect of l hese actions is a prompt and 
substantial increase in 5-1 IT concentration in lhe synaptic cleft 
( 13 ), with a consequent erilrnnccd serotonergic activation of 
postsynapt ic receptors (14 ). 
I 5.16. The exact intra- nml i11tcrcellular mechanisms invol\'etl 
in the fol lowing stages arc unclear I 15). hul preliminary 
evidence suggests that depression resolves more quickJy and 
possibly more effectively wit h a combined pindolol-SSHI 
regimen lh;in with an SSHI alone (16). 
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• Miscellaneous drugs 

6.1 Drugs effective for the treatment of extrapyramidal symptoms (EPS) 
Suggested mechanisms that induce EPS and relevant drug treatments 

0 
~---- ---- ------------, ' 

Benzodlazepines 
(lnllo!S ACh. NE and 5-HT ac:".r;.~es: WI GABA) 

S·HT antagonists 

ll·ADR antagonists and clonidlne 
(decrease NE actlVlties} 

DA agonlsts and MAOe I 
(increase DA activilies) 

Antlchollnerglc agents 

--------------------------;~ 
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Nigrostriatal 
pathway 

(dopamonc rgic 

neurons) 

During the regular 
course of treatment 

Nigrostriatal 
pathway 

(dopaminergic 
neurons) 



Legend 
DA activity 

ACh activity 

Stimulates activities 

Inhibits activities 

Prominent antagonism by APDs 

Decreased antagonism by APDs • 
> ; = ; < Relal ive balance 

between dilferenl 

neurotransmitter systems 

~otcs about the numbered ite ms in the scheme 

1\111 i/IS!Jr/1111 if /Jmn Jlffi•rrs 
The followi ng cascade or reaclions following antipsychotk drug 
!APDs ) administration is thought to lead 10 cxtrapyramidal 
side-clfccts (EPS). 
l. Normally and wilh no ,\PD 1rca1111ent. the basal ganglia . 
caudalc. pulamen and globus pallid us (one of lhc major regions 
go\"erning motor activi ty). gel a balanced cho linergic versus 
dopaminergic neural inputs. 
2.3. APDs antagoni1,c dopamir11.:rgic transmissio n in the 
n igroslriatal pathw;1y (fro m the suhstantia nigra to the basal 
gangl ia) so causing i111bala11ccd dopamincrgic-cholincrgic 
neurotra11s111issio11. This rcla1ivc hypcrchol inergic state (3 ). is 
believed lO be n ma jor factor irt drug-induced pa rkinson ism. 
4,5. The dopamincrgic receptors. follow ing chroni c: APD lrca1-
men1 (probably as a compensalory mechanism ). arc up­

regulaled and bcconw hypersensili ve (-l). This phenomena is 
partially encclivc in recovering the baseline bala nced choliner­
gic-dopa111inergic m:I i\•ity ( 5 ). 
6-8. Normal adminislrations of Al'Ds is c haracterized by 
lluc1ua1i11g scrum drug levels (6 ). W hen APD scrum levels arc 
temporarily decreased (7 ) and while 1hc dopamincrgic receptors 
are sti ll hypcrscnsilh'c (~).a rela1ivc hyperdopaminergic ncurn­
transmission occurs (8 ). 
9. A possible compcnsalOry cholincrgic receptor hypcrscnstitiv­
ity occurs. leading lo enhanced cholinergic transmission and. 
in some indh·iduals. to acute dyslOnic reactions. 
1 O. As ;1 parallel reaction to the rel;1ti\'C dopamincrgic hyper­
sensit ivi ty. a noradrenergic (which may be serotonergic CJ lso) 
compensatory hyperactivity occurs. leading to akalhisia. 
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5-HT Serotonin (5-hydroxytryptamine) 

ACh Acetylcholine 

ADR Adrenergic 

APDs An1ipsycho1ic drugs 

BDZs Bonzodiazepines 

DA Dopamine 

GABA 1-Aminobutyric acid 

NE Norepinephrine (noradrenaline) 

MAOa I Monoamine oxidase 

inhibitors (type 8) 

I I . /Jr11us 1:fj1•c1i1•1• far 1/11• lrt't1l11w111 of EPS: 
l3c11zotlia zcpi11cs (BDZs). These. \•ia enllilncing Gi\BJ\ , recep­
tors. have a n inhihitory effect 011 most brain areas. including on 
the hypcrexd1<1hility of the noraclrcnergic. serotonergic a nd 
c.:hol incrgic syslems. 
P-acl rc n crgic (AOH) anta gonis ls . These (atcnolol. 
m el oprulo l. n a tlolol. p ropran o lol) arc beneficial in the lreat­
mcn t of akat hbia by blocking I he presumed hypcradrencrgic 
ac.:th•ity. They arc n.:j,\ardcd as fi rs t-line agents for lhis entity. 
and arc consi1kn:d lo he superior to all other a111i-akathisia 
111 od a I ii ics. 
Clouidinc (sec St•r1io n 3 .. n This is a sclcrlive a !-adrcncrgic 
a gm1ist 1ha1 suppn:sscs 1he release o r 110repinephri11c from 
presyrrnptic n :sides inlo lhc synaptic cleft. thus rcd11cing 
;ilrn 11lisia. 
Anticlwlinergic.: drugs. Tl1cse ;rgents block the acelyldwline 
111 11:;carinic ren~plOrs. ccntrn lly a nd peripherally. so decreasing 
d w lincrgic ac l i\' ily a nd. alle\•iati11g atkcrsc clfects such as 
;in1tc dys tonia a 11d p<irk i11so11ism. The main drugs used for suc.: h 
purpose arc hc n zl rupine. hipcridinc. procyclitlinc and 
trihcxphc nidyl. 
Uopamincrgic a gents . These exert their clfcc:ts \·in enhancing 
dopamincrgic: 1ra11:;111ission. 

1\'1,\011 inhi h itors (e.g. sclcgilinc ). These inhibit the degra­
da tion of dopamine. thus inc.:rcasing it:; ;n·ailability for synap­
tic trn11smissio11. 
1\111anta dinc . Exact mechanism is unknown. ~lay act as 
ilopaminc-rcuptake inhibitor and/or dopamine releaser. 
Brmnocrifllillc . 1\ cls as a postsynaptic dopamine agonist. 

l\lisccllancous drugs. Various drugs. most ,,·ith pro111i11c111 
an1il1b1a111incrgir and/or GABi\crgic agonislic properties exert 
some beneficial effects w hen lrcat ing e.xtrapyramidal symptoms 
(sec Seel ion 6.2 for details). 
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6.2 Drugs effective for the treatment of extrapyramidal symptoms (EPS) 
Comparative profile 

..__~-M~e_c_h_a_n_is_m~o-f_a_c_t_io_n~~ ... l l,~~~B-e_n_if-ic_i_a_1_to_r~~~~,_o_n_s_e_t_a_n_d~d-u_r_a_t i_o_n~ 

Generic name 

Amantadine 

Benztropine 

Biperiden 

Clonazepam 

Cyproheptadine 

Diazepam 

Diphenhydramine 

Lorazepam 

Mianserin 

Orphenadrine 

Procyclidine 

Propranolol 

Trihexphenidyl 

Legend 
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Beneficial in about: 

>50% 

20-50% 

0-20% 

No effect 

Effect not fully established 
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up to 48 h 

60-120 

10-30 

60-240 

up to 48 h 

15-60 

15-180 

30-120 

up to 72 h 

- 60 

- 60 

60-90 

- 60 

No evident interaction or no data D 
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• Following an oral dose 

5·HT2 Serotonergic receptors type 2A and 2C 
ACh M1 Muscarinic receptors type ·t. Five different subtypes have been identified so far (M 1-M5) ; all of 

which are present in the brain. M 1,3,5 activate G-proteins that stimulate phospholipase activity. 
M2 .• activate G0 and G, proteins that modulates adenylate cyclase activity 

ADA Adrenergic 
GABAA y-Aminobutyric acid type A. Stimulates chloride influx into the intracellular space, 

resulting in inhibitory effects on various brain functions 
H1 Histaminergic receptor type 1 

NE Norepinephrine. 
NMDA N-methyl-o-aspartate. Subtype of the excitatory glutamate receptor system 

g 
c: 
.Q 
t3 
co 
0 
c: 
.g 
~ 
:::l 
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11-'15 

24 

1-8 

18-50 

24 

20-70 

6-8 

10-12 

24 

14-25 

- 4 

3-5 

6-12 



6.3 Antihistamines 
Comparative profile 

Comparative parameters 

Histamine type 1(H1) 

Acetylchollne muscarinic 

Serotonin (5-HT) type 2A and 2C 

Anorgasmia (reverses) 

Anticough 

Anti-motion-sickness 

Anxiolytic 

Appetite stimulator 

Dystonic (induces) 

Cyproheptadine 

Dystonic (reduces) 1------ ---
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Diphenhydramine Hydroxyzine Promethazine 

Glucose serum levels (alters) 1---------if---------+-------­
Hepatotoxic (potentially) 

Pregnancy test results (alters) 

Sedative (7) 

Vascular headaches (suppresses) 

Legend 
Most significant effect 

Significant effect 
Weak effect 

Diminished effect I insufficient data 

The role of antihistaminergic drugs in psychiatry is 
limited. The only well documcnlcd indica tion is lhc i. v. 
use or cliphenhydraminc for the trea tment or acute 

dyston ic reaction. The use of antihistamines for their 
sedative effects has diminished since bcnzocliaze1>incs 
are much better tolerated and have fewer adverse side-

effects. 1\s hypnotics. bcnzodiazcpines arc more effec­
tive than antihisla111inergic agents in inducin g o r 

mainlaining sleep. Specific and relative indications for 
the use of antihistaminergic agcnls should be limited fo r 
patients who arc sensitive to or who abuse bcn zodi­
azcpines. 

Suggested m echa n ism s involved in th e therapeu tic elfocts of antihis tamines 

1. Cyprnhcptadinc can re\·erse unorgasmia caused by sdcc­
tive sernlOnin re uptakc inhibito rs (SSRls). by 5-1 IT! blockade. 
Z. Uiphcnhyclraminc suppresses the cough reflex mon: tha11 
other a11 tih istami11es. T he medrnnism is unknown. 
3 . Data arc consistent with the ro le of choli11e.:rgic transmission 
in the induction o r motio n sickness a 11d vert igo. Diphcnhy­
drnmine and hydroxyzine can suppress some of these effects. 
-l. II is not kno\\' 11 how antihblamines. nw i11ly hydroxyzi ne. 
are anxiolytic. Data suggest a modulating ro le of the 11 1 reccp­
tOr system in an xie ty. 
5. Cyprohcptadine. via its antiserolonergic properties. h;1s a 
muc h greater slinurla lory effect on appct ite since 5-1 IT 
(serotonin) might serve as an inhibitory mediator of appeti te a t 
the level of the hypothalamus. Cyproh eptmlinc may be used 
for the treatment of anorexia nervosa. 

(). 1\cute dystonia is believed to be ;1 consequence or a hyper­
sensitive drolincrgic sys tem. Diphcnhydraminc, by its 
a11licholinergic properties . re lieves the dystonic reaction. 
7. The sctl;11ive cflccts of all a n tihbtaminergics a rc beliercd to 
be mediated by their antagonist ic properties nt the postsynaplic 
central 11 1 receptor. The exact mechanism is unknown. but ii b 
possible !hat histamine muse ne ural depolarizat ion and conse­
quent arousa l sla tes. 

Peripheral s ide-effects of •mtihislarnincs: 
The most con1n10n peripheral side eflcl'ls of antihista mines an:: 
bronc hodila tio n. dried and thickened n1urns. tachyca rdia . 
hypolension. urinary rc lcntion. abdominal distress. diarrhea. 
constipation. and suppression of a llergic reactions. 
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6.4 Drugs studied for the treatment of dementia of the Alzheimer type (DAT) 
Suggested mechanisms involved in DAT and potential drug treatments 

Abnormal ities in DAT 
(Mainly in NBM·corlical pathways) 

1. Loss of cholinergic neurons. 
2. Loss of ACh muscarinic 
receptors (M2 and M1) . 

3. Loss of ACh nicolinlc receptors. 
4. Reduced activity of choline 
acety1transferase (key em:yme 
for lhe synlhesis of acelylchOJine). 
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Dementia of the Alzheimer type (DAT) is clinically 
diagnosed by a characterist ic decline in multiple cogn i­
tive functioning. along wi th a sign ilka11t impairment in 
social. occupational or other major areas of daily activ­
ity. Some neurological pathological abnormalit ies luwe 
been idcntillcd in DAT. though none arc pathognomonic. 
Some cases of Dt\T arc fami lial. and genetic analyses 
suggest non-allelic genetic het erogeneity in both early­
onset (age<65) and late-onset (age>65) DJ\T. Linkage to 

Notes cibout the n umbered it.ems in the scheme: 

1'111/111/oyirnl il'sio11s i11 De111('1l/i11-1\/;ilcimrr 'l!111c 
I . ~lajor and consistent obscn•ations in 0 1\T arc the changes 
~ccn in the cholinergic system. mainly in projections from the 
'\udcus 13asilis of ,\[eyncrt ( ~B~IJ. The main pathological 
findings arc the loss of cholincrgic neurons aml of acctylcholinc 
muscarinic receptors-both M 1 and Mi. bu t mainly the M2 type 
(probably a presynaptic a utorcccptor that regu lates acctyl­
c holinc release into the syna ptic deft). There is also a loss of 
acetylt:holinc nicotinic receptors. Note that smoking. which 
stimu lates the n icolinic receptors. lrns some bcncfl cia l cfTccts in 
1)1\T. Other llndings arc the reduced activity of choline acctyl 
transf'erasc (Ch1\T). the major a nd rntc-limiling crnyme for the 
synthesis of acctylcholinc. The reduction in ChAT and associ­
ated neuronal loss in lhe ba~al forcbrain. arc the most consis­
tent a ssociations with the cogniti\•c impairments seen in DAT 
patients. 
2. Senile plaques (or amyloid hodics) arc composed of P A-I 
deposits (encoded on chromosome 2 1) and arc most prominent 
in the amygdala. hippocampus and neocortex. They arc the 
most spccilk findings of OAT (at least in early-onset type). but 
arc a lso seen in norma l aging and in Down's synd rome. 
J. Ncurolibrillary tangles. These arc probably the most speci fic 
indicator of neuronal damage. because they are found in 
neuronal populations that dysfunctions ;11 1d eventually die. 
They are formed presumably follo\\'ing modillcations in the 
microt11hular associated proteins. mainly Tau. 
~ . Granular dcgcneralion and pyramidal cell loss. mainly in 
cortical and hippocampal regions. 
5. Some inconsistent findings suggest scrntoncrgic cell loss 
{projecting from the raphc nucleus) nncl adrcncrgic neuronal 
loss (projecting frorn the locu:. ccruleus). 
6. The most consis tent find ing is the dclkicnt dwlincrgic t rnn~­
mission scm in DAT. 
7. Treatment strategies (at present. all arc aimed a t increas­
ing c holincrgic transmission I: 

l)oncpczi l and tacrinc (lctrahydroaminom:ridin e. TllA) 
arc re\·crs iblc inhibitors of acctykholinc c:-.tcra~c (d onepczil 
and tac rincl. butyrylcholinc cstcrasc and cholinesterase 
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chromosomes 14 and 1 1 has been fo und in early-onset 
D1\T. whi le late-onset l)/\'J' might be linked to chro1110-
some 19 and associat ed with the gene for apolipoprot ein 
E (t\POE). There arc 3 major APOE alleles: 1\POE-cl . 
t\POE-d and t\POE-c-1-. The risk of de,·cloping late-onset 
Dt\T is more than 8 times greater for individuals with 
two /\POE-e4 alleles than that for persons without these 
alleles and the mean age of onset decreases in these 
individuals by about I(, years (from 8-1- to 68 years). 

(tac rinc ) though tacrinc also has other e ffects such as block­
ade of potassium channels. i11cre;1si11g dura tion of action 
potentiab. mrgmcnting the rclca~c of acctykholinc from prc~y­
naptic neurons. inhibi tion of monoamine oxidasc ( ~IAO) type 
/\ and type B (less). and inhibiting the rcuptake of norcpi-
11cphri11c. serotonin nnd dopamine into presynaptic neurons. 
Both drugs have bcnclkial cfTccts in about 40% of !MT 
patients both in clinical parameters and by improving score' 
in severnl cognith•c test:.. 1\ll thcsc impro\'cmcnts were evidc111 
with doses of tacl'inc bet11'Cl'll t 20-160 mg/day a nd between 
5- l 0 mg/day of doncpczll. The major ml ve rse s idc-clTccts of' 
tm:r inc arc elevated scru m trn11saminases (Tt\ ) in about 50% 
of patients. which usua lly appear during the fi rst 12 weeks of 
treatment. Twenty·fi\•C percent of patients (\\'Omen arc at 
greater risk) will experience an increase of up 10 3 times the 
normal baseline levels of '1'1\. \Vhen TA increases bctwcm 3 
and 5 times the normal levels. a reduction of 40 mg/day in 
tacrinc dosage should be made. unti l the T1\ levels return to 
within the normal range. If Tt\ lc\•cls increase by more 1han 
5- l 0 limes. lac rine sho u Id be stopped. Other rcla1 ivc frequent 
adverse efTccts arc ataxia. gastroin test inal discomfort. 
anorexia . nausea. vomiting a nd diarrhea. Don c pczil has 
ICwcr side effects. the nrnin ones arc Cl upsets. Monitoring of 
liver func tion tests is no t required. 
Physost igminc. This is an acetylcholi11cs1crasc inhibitor 
\\'hich is im practical for clinical use due to its short half-life and 
significant peripheral advcr~c siclc-efTecls. 
Piraccta m . This is a y-aminohutyric acid (C:r\13A) derivative 
tha t accelerates the release o f acctylcholinc from the prcsynap­
t ic neurons into the synaptic cleft. It has been shown to 
improve attention and agita tion but not cognition in Dt\T. 
Lecithin ;111d choline. Both of these arc dietary cbolincrgk 
supplements. They have no t hr.:en found. to date. to exert bcnl'n­
cial effects 011 cognition in D/\T pat ients. 
1\rccholinc. This is a c holincrgic agonist. It has shown some 
inconsistent beneficial effects o n cognition in OAT. 
Bclhanccol. This is a cholincrgic agonist. It has not sholl'n 
any bcnclkial results in DAT a nd it also has signilica111 periph­
eral ad\'crsc side-cfTects. which prc\-cnt its clin ical use. 
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7.1 Male sexual behavior 
Suggested modulators 
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Notes about the numbe red item s in the sch eme 

I /or111011t's rrnd sexual fl 111clit111i11u 
1,2. Testicular steroids arc essential to nrnintair1 sexual beh;l\'­
ior. Testosterone is probably the most importanl hormone 
modulating male sexual behavior. and ii is assumed IO exert ils 
clfocts on the cent rat nervous system following aronrnt izat ion 
IO eslradiol (1). Note thal following castration. ii gradual 
decline in male sexual aclivily is cvidcnl in rnosl mammals. 
Testosterone affects 111ul1iplc ccn1ral nervous system sites. 
particu larly the preoplic area in the hypotlrnlarnus (2 ). In 
rodents. testosterone has also been shown to intenu.: t with 
both dopaminergic and opioid systems. where it enhances the 
recognition of various incentive mes emitted by the female. 
Furthermore. tcstoslerone scems to h<1ve <• role in maintain­
ing normal dopamincrgic activity in limbic structures 
(especially in the nudeus accumbens) since levels or both 
dopamine and dihydroxyphcnylacetic acid (DOl'1\C. a major 
metabolite of dopamine) arc decreased following castral ion and 
increased when testosterone replacement is admin istcrccl. 

/lrai11 111rcha11is111s 
3-6. The preoptic area and possibly 01hcr hypothalamic 
regions integrate sensory tlaw from external and inlcrnal 
environments and send impulses to reward center:; I main ly to 
the ven tral tegmen tal area (VT1\) and other midbrain struc­
tures such as the substantia nigra (3) 1. These arc brain regions 
containing dopamincrgic ccll bodies that: further project to 
limbic structures such as the rrudcus accumbew; and rnnygdala 
or pass through the stria tum ( ..J ). The reward system is stimu­
lated by an increase in dopaminergic activity in 1\ 9 ;rnd 
especially in 1\10 which arc dopaminergic pathways from the 
VT1\ w limbic regions ( 5 ). with a consequent incrc:rscd in 
sexual desire. Dopamincrgic agents in jected into the mu.: lcus 
an:urnbens of rodents stimu late male sexual behavior. These 
dopmninergic projections project furl.her to the brn inslem and 
spinal cord. where they arc presumed to translate sexual desire 
into motor activity. II is not known if dopamine has a direct 
sexual role in modulating I hesc sexual parameters or whet her 
it ne ts via other neurotrnnsmit1cr systems. The hyperdopamin­
ergic state suppresses opioid and/or noradrenergic activity. and 
il also stimulates the sccretion of several endogenous 
hormones. such as adrenocort icot ropic hormone (ACTl I) and 
a-mclanocyte stimulating horrno11c (cx-MSH) wh ich induce 
penile erection in rats. The net effccl of the enhanced dopamin­
ergic activily is an incre<1se in sexual behavior which is C\'idcnl 
in two main paramelers: desire (sexual arousal) arrd stimulated 
penile renexes (erection and ejaculation) (6 ). 

Drugs affecting sexual functioning • 

7. In rodcnts. tlopaminergic agonists (e.g. a pomorphine) or a 
rclat i\'e irrcrease in dopamine type 2 receptor transmission 
1·ersus dopamine type 1 activi ty (l)!/1)1 ra tio) have been shown 
to reducc ejaculnlory latency (lhus stimulating ejaculation). 
This is frequently achieved with a parallel suppression of penile 
erection. Dopaminc's clTects on sexual parameters arc complex. 
and all.hough its major cflect is cslimatcd to be via central 
mechanisms. its ellect on penile crcctiorr might also have a 
peripheral component. since clopamincrgic ugonists havc been 
shown to induce penile erect ion in spinally transected rats. 
8 . Chrorric hypcrprolactinemia suppresses all aspects or human 
sexual hchavior. This effect is not duc to inhibit ion of steroid 
activi ty. since scrum levels of lestosteronc are not altered by 
chron ic.; hyperprolactinemia. II is also not clue to direct ahcr­
alions in doparninergic transmission since it docs not inllucm:c 
enhanced sexual behavior triggered by dopamine agonists. 
There is some evidence thal it enhances y-aminobutyric acid 
(GAB1\ l arrd opioid activities. which might explain its inhibitory 
effects 0 11 sexual behavior. 
9. 1 O. Serotonin ( 5-HT) has an inhibitory effect on male sexual 
beha\'ior which is mediated. presumably. 1•ia the 5-ITl'i,1 and 
5-1 IT!t postsynaptic receptors (9 ). I lowcvcr. Stimulation of th1: 
serotoncrgic system can exert dilTcrent and sometimes opposing 
clTccts according to the specific region which is stimulated. 
Enl nrnccd scxual behavior can be evident following sl.imulnlion 
of prcsyrwplic 5-HT1,1 autoreceptors in the dorsal or medial 
raphe of rodents where it apparently dccreases the endogenous 
release of serownin from presynaptic nerve termirwls ( I 0 ). 
This leads to " consequent decrease in serotonergic inhibition 
on the striatum (projections from the dorsal raphe) or on the 
nucleu~ accumbcns. hippocampus and cortex (projections from 
the medial rnphc). 
11 . Evidence from clinical trials in humans using various 
adrcncrgic agents and data based on lesions of adrenergic.; 
regions (in animal studies) suggest that norepinephrine 
lncreascs sexual arousal. probably via stimulating the centra l 
postsynaptic:: a 1-adrenergic receptors located in adrenergic cell 
bodies of rrcurons originating from the locus ceruleus. However. 
it might also have a peripheral and opposing elTect where it 
inhibits penile reflexes (mostly erection: sec Section 7.2 for 
details). 
12 . D<rta about the central role of the cholinergic system in 
male sexual behavior arc limited. Some evidence suggests that 
enhanced muscarinic activity reduces 1he t.hreshold for ejacu­
lation. hu t al the same lime it exert a paraUel reduction in 
sexua l arousal and suppresses penile erection. 
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7 .2 Erection 
Supposed mechanism and various agents that can induce erection 
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Notes about the n umbered items in the scheme 

l'h!fsiolo!J!J of penile blood flow 
J-3 . Penile erection is regulated by both central a nd periph ­
eral mechanisms. This section discusses mainly the peripheral 
mechanisms. especially factors controlling the blood supply of 
the penis. Factors that control the exit of blood from the penis 
might also be important but current data arc insufficient to 
establish their exact role. For erection to take place. the corpus 
cavenwsum has LO be 111 1cd \\' ith arterial blood ( 1 ). The ;irter­
ial vessels supplying the corpus cavernosum are u ndcr l he 
predominant innerval ion and control of the adrcncrgic system 
!via a 1-nclrcnergic (ADR) and Pi-1\DR receptors] and cycl ic 
guanine monophosphate (cGMI') activity (2 ). Stimulation of 
a 1-1\ DR receptors induces vasownslriclion. and stimulation or 
the P1-1\DR receptors and/or enhanced cCMP act ivity brings 
abou t vasoclilatation. In a baseline. non-erectile state. the 
arterial vessels supplying the corpus cavernosum are relatively 
vasoconstricted clue to 1 he prcdomina ncy or the o:1-ADH ton us 
over the P1-i\DH activity on these vessels. At the same time. 
the cl.M l' activity is not sulncient enough to vasodilatc the 
vessels. The cholinergic system has a modu lating role on the 
a.1-1\DR activity. ft seems that an enhanced central cholincr­
gic activity s timulates the peripheral a 1-ADR activity. with a 
consequent increase iu vasoconstriction. leading lo suppressed 
erection (3 ). The central cholincrgic innuence on periphcrnl 
a 1-l\OR activity is mostly C\'ident when the adrencrgic activ­
ity is altered and it seems that it has less innucnce on <m inlilc t 
adrenergic system. 
-I-Ci. The tonus of the sphincter between the urinary bladdcr 
and the urct.hra (4 ) is regulated. main ly. by 0:1-1\DR activity 
(enhanced a.1-t\DR activity contracts th e.: sph incter) (5). When 
the penis is non-erect. the a 1-1\UR aclivily is mild and the lonus 
on the sphincter is not clTccl ive enough to fully con st ricl ii. I 11 

such a case. the sphincter between the urinary bladder and the 
urethra is dilated (e.g. enabling urinal ion). Al the same time. 
and as long as ejaculation is not induced. the vas def'crens (6 ). 
whi<.:h connects the testis with the urethra and has a role in 
transporting the ejaculate to the urethra (when it exerts 
synchronized. directed and rhythmic contractions). is in ac tive. 

1\lkc/11111is111s of Ercclio11 
7,8. For an erection to take place. the f3ri\DR and/or the cGMI' 
ac tivities on the arterial vasculat.urc supplying the penis have 
to predominate over the a.1-1\IJll m:tivity. In clinical prac tice. 
this ellcct is achieved. mostly. by the administration of various 
drugs with a s ignificant a 1-1\DR antagonistic effect (7 ). Sponta­
neous erections can be induced in human males with a 1-1\ Dll 
blocking agents such as selective a 1-t\DR blockers (e.g. 
phcntolaminc, phcnoxyhcn zaminc). or non-selective drugs 
lhat have a predominant a 1-1\ DR blocking effect (e.g. 
trazodon c). As mentioned earlier. cholinergic activity has 
some role in modulating and en hancing rt 1-ADR activity. This 
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means that agents that exert a dual action or suppressing both 
a 1-ADR activity and also decreasing cholincrgic transmission 
(agents wi th m1ticholinergic properties) might also induce 
spontaneous erections. as has been reported for chlorpro­
mazine and thioridazinc. 

The role of cC~J\IP in inducing erection is well established 
fo llowing the observed success of the recently introduced selec­
tive phosphodiesterase 5 (PDE5) inhibitor s ildcnafil (Viagra) 
(8 ). PDE5 is probably the most predominant among the 
phosphodiesterases located in the corpus cavernosum. and 
inhibition of this enzyme enhances the activity of cGMP. wit h a 
consequent decreased smooth muscle tonus and vasodilatation 
that leads to penile erection. Sildcn afil is reported to be bcncll­
cial in restoring or improving up to 70% of erectile dysfunc­
tions. It induces erection approximately 30 minutes following 
ingestion and it reaches its peak effect in about 2 hours. Silde­
n afil's most troubling side effects are usually transitory and 
include: headaches ( 1 5%): heat waves (10%): nasal congestion 
(<1%): and insignificant color blindness (3'Yc,). Sudden death is 
rare and it is invariably associated with the simultnneous use 
of other vasodilators (e.g. nit rates). 
9, I 0. During erection. the sphincter between the urinary 
bladder and the urct hrn is fu lly constricted (9 ). The constricted 
sphincter prevents passage of urine into the urethra (fron1 the 
bladder) and p<1ssage of semen (during ejaculation) rrorn the 
urethra into the bladder. The ton us or the sphincter is enhanced 
by a 1-ADll activi ty ( I 0 ). It is confusing ho\\" increased a 1- ADH 
activity suppresses erection and. at the sarnc time. enhances 
sph incter closure (which is essential for nonnal ejaculat ion ). It 
is obvious that there arc more parameters involved in I.h is 
cornplex mechan ism. but c.: urrcnt dala about other modulators 
of erection arc limited. 
I I. The effects of dopamine on sexual parameters arc complex. 
and alt hough its ma jor cffcc1 is estimated lo be via central 
mechanisms. its cnccl on penile erection might cilso have some 
peripheral component since dopaminergic agonists (e.g. 
apomor phinc in low concentrations. hrornocriplinc. 
lcvodopa. LY16350 2 ) have been shown to induce penile 
erection in spinally transected ra ts. 

The role or ~i-1\ l.)ll agonists or antagonists in erection has 
not been studied well enough. and therefore no conclusions arc 
so far available. There arc some datu that ~z-ADH agonists (e.g. 
clenbuterol) have a role in regulating arousal and ejaculat ion 
bul not erection. I lowcvcr. the data arc limited and often 
contradictory. Propra nolol (a non-selective ~-t\DI{ antago­
nist) can also inhibit penile rcllcxes in animals and in humans. 
This mechanism is unclc;1r. since. besides its dual an tagonistic 
activity on adrenergic receptors. it has some 5-l IT1.1 blocking 
effects (which induce the release or serotonin l'rom serot oncrgic 
nerve terminals in to the synaptic cleft with a consequent 
increased inhibition of major neuronal uctivilies). 
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7.3 Ejaculation 
Supposed mechanism and various agents that can affect retrograde ejaculation 
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Notes about the numbered items in the scheme 

1-5. Ejaculation. as erection. is also regulalcd by both central 
and peripheral mechanisms. This section discusses mainly the 
peripheral mechanism of ejaculation. For ejaculation to take 
place. lhc penis has to be. al least partially. creel. For proper 
erection lo take place lhe a rterial blood vessels supplying the 
corpus cavcrnosum must be dila ted. allowing blood to enter and 
fill the corpus cavernosurn. For such vasoclilatation the P2-

adrcnergic tonus (1) must predominate over the <X1-ADR activ­
ity (2). For furth er deta ils concerning t.he mechanism of 
erection sec former pages. 1\ normal ejaculatory process is based 
on transporting the semen from the testis (3 ). through the vas 
deforcns (4). in lo the proximal (5 ) and then to the distal urethra 
(6). lo be finally ejaculaled extraurethally (7). 
8. During ejaculation the sphincter between the urinary 
bladder and the urethra is fully constricted. This inhibits the 
passage of urine from the bladder IO the urethra. and at the 
same lime. prevents the contents of the ejaculate lo 

retrogradally enter the bladder (when this happens it is termed 
ret rograde ejaculation). 
9. The sphincter between the urinary bladder and the urethra 
is innervated predominantly hy adrenergic llbers and both clini­
cal and animal studies s uggests that it is mostly regulated by 
a 1-adrencrgic (ADR) ac tivity. The sphincte r is under the tonic 
stimulation of a 1-t\DR activity, which in non-erect and not 
during ejaculatory process. is dila ted enough to enable u rine to 
pass distally into the urethra. Further stimulation or CY.1·ADI{ 

receptors located on aclrenergic nerve flbers innervating the 
sphincter (during erection. ejaculat ion or due to effect or 
various agents) leads to full sphincter constriction, with a 
consequent inability or the ejaculate to pass retogradally into 
the urethra. 
10. Another process necessary tor a proper ejaculation is the 
transition of sperms located in the testis (3 ) into the urethra 
(5,6). This process is initiated and maintained by synchronized 
rythmic contractions of the vas clcferens ( 10). 1\ilost data 
suggests that the vas defcrcns is innervated predominantly by 
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syrnpalhe t.ic nerves which arc under the primary control of a 1-

i\DR activity. 
11-13. Retrograde ejaculation is almost a lways the consequent 
of surgical procedures or following the use various drugs (J l ) 
acting on and altering the sympa the tic tom.is of the sphincter 
between the bladder and the urethra (12). The common clTccl 
of such agents. which most of them arc non-selective drugs. is 
their C'J.1-J\DR antagonistic properties (e.g. thioridazinc, chlor­
promazinc, pcrphenazinc, imipramine in rela tive high 
doses. domipramine). However. a selective a.1-ADR antago­
nist such as phcnoxybenzamine has also been reported to 
induce retrograde ejaculat ion. All these drugs reduce the 
sphincter's tonus. allowing semen lo pass rctrogradally during 
ejaculation and into the u rinary bladder. Even so. some of the 
ejaculate's conten t may still pass ant.erogradally to be finally 
expclcd out.ward of the urethra (13). Clinically. an individua l 
with retrograde ejaculation experiences. usually, a normal 
sense of orgasm but the content of the ejaculate (as seen by the 
individual) is usually minimal or even completely dry. The 
u ltimate diagnosis is based on finding sperms in the first urine 
sample collcc1cd fo llowing an ejaculatory process. The 
incidence of retrograde ejacula tion is unknown but several 
reports suggest that il could alTcct about 20-50% of individuals 
treated with anlipsycho1ic agents and especially with thiori­
dazinc. 
14. Few agents have been reported to reverse retrograde ejacu­
lation caused by drugs (mostly by thioriclazinc. sec Section 7.4 
for further details) o r by surgical procedures which demaged the 
sympathetic fibers innervating the gen italia. Among these 
agents a rc imipramine (sec Section 7A) and sympalhomimel­
ics (e.g. e1>hcdrine) which enhance the adrenergic transmis­
sion includ ing the a.1-t\DI{ activity. Other agents which have. 
beside thei r adrcnergic properties. a significant an t.icholinergic 
and antihistaminergic capacities. were also shown to restore 
anterotrograde ejaculation in individuals with retrograde 
ejaculation. 
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7.4 Phenothiazine's - induced retrograde ejaculation 
Suggested mechanism of phenothiazine's - induced retrograde ejaculation and treatment options 

Specific activities of phenothiazines 
(thioridazine's for example) that 

can induce retrograde 
ejaculation. 

a1 ADR antagonism 

5-HT,A antagonism 

0'2 antagonism 

Anticholinergic 
properties 

Net effect of 
thiorldazine 
on a1 ADR 

activity 

Sphincter 
opens 

(between bladder 
and urethra) 

Treatment options (imipramine as 
an example) and their possible 
activities that restore normal, 

anterograde ejaculation. 

NE reuptake inhibition 
(with subsequent 

a1 ADR stimulation) 

5-HT reuptake inhibition 
(with subsequent 

5-HT1A stimulation) 

imipramine 
on a1 ADR 

activity 

Synchronized rythmic 
contractions of 
vas deferens 

cavernosum 

Phenothiazine­
induced retrograde 

ejaculation 

Legend a , ADR activity ~ a, ADA Subtype of adrenergic receptor 
5-HT Serotonin (5 hydroxytryptamine) 

S·HT1A Subtype of serotonergic receptor 
ADA Adrenergic 

Stimulates 
a 1 ADR activity 

Inhibits 
a 1 ADR activity 
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.. .. D2 Subtype of dopaminerg ic receptor 
NE Norepinephrine (noradrenaline) 



Ch ronic treatment with anlipsychotic drugs is oft en 
associated with various symptoms of sexual dysfunction 
that might affect all domains of sexua l act ivity. 1\rnong 
the antipsychotic drugs. phc n othiazin cs. and especially 
thioridazine. are the most commonly associated with 
adverse sexua l side ellects . Thioridazinc can cause 
various ejaculatory dysfunctions including retrograde. 
painful or delayed ejacu lation in 20-50% of men treated 
with this agent. How thioridazinc induces its adverse 
sexual side effects is unclear. There is no one specilk inter­
action which could account fo r such impairments . and il 
presumably invol ves multircceptor interactions and 
probably via both central and peripheral mechanisms. 
Thioridazine's prol11c and the possible mechanism by 
which it induces retrograde ejaculat ion arc brought in 
order to provides a schematic and logical approach lo 

further understa nding similar phenomena which might 
be evident with other psychotropic agcnL'i. 

There arc only few reports about drugs that can restore 
anterogradc ejaculation following phc n o!hiazinc -induccd 

Notes about the numbered ite ms in the sch eme 

1. Thioridnzinc binds wil h various afllnilies lo several recep­
tor complexes. II has the highesl a f11 11ity for blocking various 
adrenergic (e.g. cx 1 mlre11ergic}. Di dopami11ergic. acctylcholine 
rnuscari11ic. various 5-1 l'J' scrotcmergic nnd histamincrgic 
receptors (sec sections 3.4-3.5 l'or further detai ls). 
2-5. Up to dale. there is nol enough dal<1 which can associate a 
specific receptor interaction or thioridazinc with the induction of 
retrograde ejacul<1tion. It is assumed that I he ultimate cllccl or 
thioridazine thaL causes retrograde ejaculation is the decreased 
muscle tonus which constricts the sphincter between 1he urinary 
bladder and the urcthrn. Co11scquenlly. lhe sphincter dilates and 
it enables contents of the ejaculate to pass retrogradely i11lo the 
bladder during sexual activity. The sphinclcr·s tonus is regulated. 
mainly. by a.1-adn:nergic activi ty. thus it is assumed that the net 
elTect or tltioridazinc is associated with the suppression or such 
activity. 1hiorid;JZinc can alfoct cc1-adrc11crgic activity both 
directly (as a centrnl a 1-adrcnergic antagonist) or indirectly via its 
other receptor interactions which might scn•e as central or periph­
eral modulators or a 1-adrenergic activi ly. The weight of each 
receptor interaction and its tol<il conlribution to the decrcc1sed a.1-
adrenergic activity is. as or yet. a matter to speculalions. We could 
only relate to the fact that thioridazinc's antagonislic properties 
of the cc1-adrenergic. 5-l-JT1" scrolonergic and various subtypes of 
dopaminergic receptors has been proposed (sec rurthcr details in 
Section 7 .1 ) to suppress various types ur sexual behaviors and that 
it might likewise decrease lhe peripheral sympathetic tone of the 
sphincter bclween the bladder and the uret hra (e.g. via reduced 
Cl. 1-adrcnergic activity). with <1 consequent evolvcment of rclrao­
grade ejaculation. Thioridazine a111ago11izcs. nlso. the 5-HTi.\ 
and 5-HT2c receptors. It is believed !hat this aclivity mighl have a 
net stimulatory clfocl on several sexual behaviors and il probably 
increases central nnd peripheral a 1-mlrcncrgic activity. I lencc. 
even though the latter cllccl might oppose I he inducl ion or retro­
grade ejaculation. il seems. empirically. thal the olher receplor 
interactions ofthioridazinc predo111irn1l.e. eventually. al the level 
of the bladder-urethral sphincter. It is not clear how thiori­
dazine's anticholinergic properties allCcl lhc a 1-adrcncrgic activ­
ity. One possible explanation is lhal thioridazinc blocks the 
peripheral postganglio11ic cholinergit; receptors which arc part of 
the sympathetic nerve fibers which innervate the bl<1ddcr-urc1hrnl 
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retrograde ejaculation. Ephedrine and imipraminc (~50 
mg/day) have been shown lo restore anterograde ejacula­
tion in 14-43% of cases where retrograde ejaculation was 
caused by diabetes mcllitus or lollowing relropcriloneal 
lympb node dissection. Other preliminary data demon­
strated the good emcacy of imiprcnninc in restoring 
anterogracle ejaculation following thioridazinc- induced 
retrograde ejaculation. 1\bout 60% of patients receiving 
imipraminc (2 5-50 mg/day) described fu ll restoration of 
anierogracle ejaculation within a few days of adding 
imipramine to thioridazine. Both imipraminc and 
ephedrine seem to exert their effects via. mainly. enhance­
ment of the adrenergic activity that regulates the ton us or 
the bladder-urethral sphincter. Imiprnminc's effect on 
retrograde ejactl lat ion is explained in order Lo provide 
detailed information about a drug which is the most 
commonly associated witb restoration of this phenomenon 
and to present a rational approach that can aid in seeking 
other pharmacological agents for the treatment of antipsy­
chotics-induccd retrograde ejaculation. 

sphincter. These fibers, under normal control. are stimulated hy 
acetylcholine to produce and release norepincphri11e. which is 
then released to the synaptic dell al the nerve tcrmirrnl. When 
thioridazine interferes with such cholirn.:rgic stimulation it can 
cause a net decrease in norepincphrirw release with a co11scq11cnt 
suppression of the cx,-adrcncrgic activily al the level of the bladdcr­
urelhral sphincter. The net ellccl of thioridazinc's rnultireccptor 
interaction is the inhibition oflhe cc1-adrenergic activity (2) which 
controls the tonus of the bladder-urethral sphinclcr. 1\ s a result. 
the tonus is reduced (3). allowing some(.+) or all of the ejaculate 
LO pass retrogradely into the bladder instead of anterogradely into 
the urethra. In case when only part of the ejaculate passes retro­
gradely. the rest might advance anterogradely (5) and the individ­
ual could experience a ·wet" ejaculation. 
6.7. lmipra minc has the highest all1nity fo r blocking the 
r11-adrenergic receptor and the norcpincphrinc (NE) and 
serotonin ( 5-1 JTJ transporters ( 6 ) (Its other rcceptoral inter­
actions are described in Sections 2.3. 2. 10 and 2.1 I ). 
1\ltogcther. imipraminc increases the a\•ailabilit y of NE and 5-
1 IT in the synaptic cleft with a consequent increased adrenergic 
and scrotoncrgic activities. Conseque111ly. cenlral and peripheral 
Cl. 1-adrencrgic and 5-HT,A serotonergic receptors arc stimulat t:cl 
and 1his can be associated \rith enhancement of certain sexual 
behaviors (see Section 7.J ). Since the lonus of the bladclcr­
urethral sphincter is regulated. mainly. by a 1-<1drencrgic activ­
ity. il is assumed that net effect of imipraminc is associated with 
the enhancement of' such activity (7) and the conscquenl 
rnnslriction ofihe sphincter. preventing some or all of t he ejarn­
late to pass retrogradely into the bladder. Instead. mosl of the 
ejaculate passes anterogradely into the urethra. Jmipramine 
can affect a 1-adrenergic activity both directly (as a ce11 trnl 
adrcnergic stimulator) or indirectly via its other n :ccplor inter­
actions which might serve as cenlral or peripheral modulalors 
or o:,-adrcnergic activity. lmipraminc also blocks. directly. the 
central and peripheral CX 1-reccptors. it has major anlicholincrgic 
properties (similar lo thioridazinc's) <md it sli11111 lates. 
indireclly. the 5 -HT~,, and 5-1-!Tzr receptors. These act ivil ics 
might bring about an inhibitory ellcct 0 11 certain sexual behav­
iors. however. they are. presumably. less signilicant i11 the case 
ol' restoring anterograde ejaculation. 
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7.5 Female sexual behavior 
Suggested modulators 

Progesterone 

~·· 
Progesterone 

receptor 

.. 8 ""'"' .. .__ ___ .... + 8 
: 11 .... •, 7 
I \ 
I ~ 

VMN firing rate and/or protein synthesis in VMN 

+ + 

Estrogen 

Legend 
Stimulates 

Inhibits 

Upregulates 

Possible effect 

Acetylcholine 

Dopamine 
Noreplnephrine 

Serotonin 

GABA 
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DA-R 

5-HT,A.u ·R Various subtypes ol serotonergic receptors 

ACh M,-R Acetylcholine muscarinic type 2 receptor 

(l 1·ADR-R u,-adrenergic receptor 
DA·R Dopaminergic receptor 

GABA y-Aminobutyric acid 

GnRH Gonadotropin-releasing hormone 

POA Preoptic area ol hypothalamus 

POA-FR Firing rate of preoptic area neurons 

VMN Ven1romedial nuclei ot hypothalamus 

Estrogen 

GABAA,B 
receptor 



Notes about th e numbered items in the scheme 

1--l. In human females. baseline estrogen {mainly) and 
progesterone lc\•cls arc esse11tial to mainl<lin adequate sexual 
behavior. Furthermore. no pharmacological agent has been 
shown IO stimulate female sexual behavior in the absence of 
estrogen. The role of 1>rogeste ronc is somewhat mon: 
complex. There is some cvidencc that progesterone 
modulates thc effects of estrogen while exert ing dual efTects. 
depending 011 the timing of' secretion or administration. II 
might enha11cc estrogc11-dcpc1Hlcnt sexual behavior in some 
instances while supprcssi11g sexual behavior at other times. 
Nevertheless. it seems tl rn t progeste rone has diminished 
effect on scxrn tl behavior when given without t hc presence or 
estrogen. Estrogen 's effects on sexual behavior have bce11 
demonstrated. main ly. in ani111al s!Udies. where two major 
activities arc evident: it stimulates protein synthesis at the 
genomic level I such as preprocnkephalins. gonadotropin­
relcasing hormone (GnRll ) and El 70 proteins! and it alters 
111embranc electrical activity of' cent ral nervous system (CNS) 
neurons ( I ). Estrogen's capacity to regulate sexual behavior 
is due to its amnity for mult iple C:'\S sites. particularly 
hypolbalamic regions such a!> the \·cnt romcdial nucleus 
(\l"I:\) (2 ) and the midbrain central gray (.\ICC) (3). These 
areas arc considered to be the major regions responsible for 
modulating sexual behavior. In these regions. estrogen 
enhances sexual behavior by increasing the firing rate of 
neurons projecting from the \'.\I:\ to the .\ICG. or originating 
from the .\l(c; il ~e lf. fn other regions. such as the preoptic 
(POAJ or seplill areas. estrogen exerts inhibitory effects on 
sexual bchavior (4 ). The E 170 prntl!in whose synthesis estro­
gen stimu lat es. has been shown to stimula te scxual behavior 
by enhancing axonal transport and the by stimulating the 
secretion of melenkcphalin in \'.\I N neurons projecting to the 
!llCG (in rodents. metcnkephalin stimulat es lordosis). The 
exact meclrnnism of estrogen-induced stimulation of sexual 
behavior in humans is still unclear. 
5. Oopaminc has been shown to both incrc<1sc nnd decrease 
sexual behavior in females. depending on its site of action and 
administered dose. II nppcars that it has stimulatory effects in 
the \ . .\I:'\ 15). hu t opposite effects in areas such as the arcuate 
or median eminence. I lowc\•cr. increased dopaminergic activity 
has consistently been shown to stimu late sexual arousal in 
human females. 
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6. 7 . >lorepincphrine ( El stimulates female sexual <tetivity 
possibly via activating the o.1-adrenergic receptors in tbe \'.\IN 
(6 ). It i~ possible that :\E mediates the efTects of estrogen and 
progesterone on sexual hcha\·ior. since it was found to 
increase est rugcn- and progesterone-receptor densities in the 
hypot ha l<11 1111s or various animals (7). The role of cx1-adrenergir 
receptors is based mainly 0 11 animal studies. where prazosin. a 
relatively sclecti \•e cx1-adrenergic anragonist. has been shown to 
inhibit lon losis. The role of t he P-adrcnergic receptors in sexual 
behavior is unclear since there arc a few contradictory reports 
or both inhibitory and sti11rnla1.ory efTccts when these receptors 
are activ<1 ted. 
8.9. Serotonin probably has inhibitory effects on female sexual 
behavior. The activation of 5-ll'f1.\ receptors in the V.\ IN (it is 
unclear ll'hel hcr these arc predominamly presynaptic or 
postsynaptic) presumably inhibits sexual behavior (8). and 
activation of 5-llT 1 receptors might ex en similar properties on 
sexual behavior. since 5-1IT1 antagonists (ondansctron. i\1DL 
7222 ) have been shown to stimulate receptivity in animals. 
while mirtai a pinc exerts fewer sexual ad\·erse effects than 
other antidcprc.!SSant agent!> in humans. E\•en so. 5-HT!\ !• 

acth•ation might exert stimulatory efTects ll'hcn it afTccts the 
\'.\ I · or regions such as the median eminence (9 ). 
H>.11. 1\cetylc:holine slim11la1es sexual behavior. probably via 
acth'ating .\ I! muscarinic receptors in the \I.Ill>:. with a conse­
quent increased firing rate of neuronal projections to tbe .\ICG 
(1 0 ). Ac:etylcholine may also increase the sensitivity of 
hypothalamic regions to estrogen since rholinergic agents 
(e.g. helha necol) have been shown to upregulate estrogen 
receptors i11 the hypotlwlamus (l I ). 
12. y-t\111i1wbutyric acid (Ct\Br\) inhibits female sexual bcha\'· 
ior via. prc~umably . bot h C1\llt\.\ and G1\ Bi\ 11 receptors located 
mainly in the P01\ . .ll lns t studies have shown that the POA has 
inhibitory elfocts on female sexual behavior. G1\ B1\ ergic activ­
ity. as well as i11crcased estrogen binding l<J estrogen recep­
tors in the 1'01'. have been shown to allenuate the normal 
inhibi tory elli:cts or the l'Ot\ Oil the V"li\. 
13. The role of oxytocin and gonadotropin-rdeasing hormone 
IGnlU I) is not well cstahli~hed. llo\\'c\·er. they ha\•c alJ been 
shown to increase sexual heha\•ior (especially by stimulating 
lordosis in rodents). Their mode of action is assumed to be via 
an inc rea~ed neuronal firing rate in the \1.\1 '. 
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7.6 Sexual dysfunctions (I) 
Antidepressants-induced sexual dysfunctions 

Various antidepressant drugs 

Cyclic antidepressants 

r:: 
Q) 

:1E 

r:: 
Q) 

E 
~ 

Note that the vast majority 
of data are based on 
anecdotal reports or 

small case series studies 

Sexual adverse effects 

Increased libido 

Decreased libido 

c 
0 

Erectile dysfunctions (impotence) (7) 

tl 
Q) Spontaneous I prolonged erections w 

Priapism 

Inhibited ejaculation (and orgasm) 
c 
.Q 
iii Painful ejaculation 
:5 
u 

"' w Anhedonic ejaculation 

Retrograde ejaculation 

(/) 
Treatment for retrograde ejaculation 

Q; 
.c 

Penile anesthesia 6 

Orgasm precipitated by yawning 

Increased libido 

Decreased libido 

Decreased lubrication 

Decreased orgasm capacity 

Spontaneous orgasms 
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Legend 
Drug most commonly associated with a phenomenon 

Case series or small open-labeled studies 
Anecdotal reports 

No data or practica lly not seen 
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Drugs that have been shown, to date, 
to exert relative few clinically significant 

adverse sexual side-effects 
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MAOls Monoarnine oxidase inhibitors 
MS Mood stabilizers 

MAOls (4) GU and RIMA ) 
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SNRl Serotonin·norepinephrine (noradrenaline)·reuptake 
inhibitor (e.g. venlafaxine) 

RIMA Reversible inhibitor of monoarnine 
oxidase type A (e.g . moclobemide) 

SSRls Selective serotonin·reuptako inhibitors 



Data about antidepressant-induced sexua l advci:se effects 
a re lim ited. and consist mainly of case reports and sma ll 
open-labeled studies. Practically nll cyclic ant idepressan ts 
(tricyclic and tetracyclic) have been shown to cause 
sexua l adverse side-effects. as well as the selective 
serotonin reuptakc inhibito rs (SSRls ) and the 
monoamine oxidase inhibitors (MAOls ). The most 
commonly reported side-c!Tccts a rc as fo llows: 

Notes abou t the number ed items in th e sch eme 

.l. Clomipraminc is the tricyclic antide pressant (TCA) most 
commonly asssociatcd with the induction or sexual adverse 
effects. Between 33'){, and 95% o l' patients treated with 
clomipr aminc compla ined of some sexual adverse effects. 
2. Tbe incidence of sexual adverse e ffec ts with the SSRls is 
unclear. as is their relative incidem:e compared wi th the cyclic 
antidepressants . As a group. a ll the SSJUs can cause sexual 
adverse ellccts. especially anorgasmia in women and delayed 
ejacula tion in men. 1\mong the SSRls . par oxetin c seems 10 be 
1 he mos1 commonly associated with these adverse effects. 
3. Preliminary data with mir tazapinc and relatively wcll­
establishcd data with bupr o1>ion indicate that they a rc compa­
rable to placebo in inducing sexual mlvcrse effects. Up lO 9 5% 
of people who suffered sexual acl\'erse effects due to various 
ant idepressant drug trea tments (tricyc lics. SSRls or MAOls ) 
reported complete or ncnr complete resolution of 1 heir dysfunc­
tion following the substi tu tion of their drug with hupropion. 
Several repor ts suggest that nefazodon e is also comparable 10 
placebo in causing sexual ad\•erse cITects. Other da ta imply tha t 
ii might cause minimal sexua l adverse efTect.s. though much less 
than TC/\s or SSIUs. 
4. MAOls cause sexua l adverse effcc1s in a bout 5-30% of 
treated patien ts . As a group. i\'l,\Ols cause more sexual adverse 
effects than the cyclic antidepressants or the SSRls . 
Phcn el:t.i nc causes more sexual adve rse effects than the o ther 
MAOls. Its main ellccts a rc dccreused libido. i111po1cncc and 
anorgnsmia in both men and women. The estima ted incidence 
of sexual ad\•erse effects is about 20-30% with phcn c lzine. 
5-10% with isocarboxazid and 2-3% wit h t ra nyl­
cyprominc. It seems that the reversible inhibitor of 
monoamine oxidase type A (IUMJ\) m oclobcmidc is less 
associated with sexua l dysfunctions. 
5 . Lit h ium is considered lO be a rela tively benign agent 
concerning its se:oarnl adverse efTect.s. Even so. a few reports of 
li th ium induced decreased libido and reversible orgasmic 
dysfunction in women have been published. 
6. Carhamazepine can cause decreased libido and impotence 
in abou1 I 0- 15% of patients treated for seizure disorders. This 
might be due to ca r bamazcpinc 's capacity to decrease free 
serum teswstcrone levels. 
7 . Many suggestions concerning the mechanisms involved in 
anlideprcssant-ioduccd sexual dysfun ctions ha\'c been 
proposed in the literature . and some contradict the others. The 
following mechanisms ore mostly m:cepted: 

a . Erccl ilc dysfun cl ion . Several 11curotrnns111il.ler interac­
tions arc believed to induce erectile dysfunctions in men. The 
most frequently encountered and presumably one of the 
major causes of erectile dysfunclion induced by antidepres­
sants is their capacity to stimulate cen tral and peripheral 
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1.. Decreased libido. 
2. lmpotence. 
3. ln hibircd ejaculation in men. 
4 . Anorgasmia or decreased orgasmic capacity in 

women. 

a 1-adre11ergic receptors (indirect stimnlat ion via enhance­
ment of adrenergic transmission). Stimulated <'1 1-adrcnergic 
receptors impair the antagonizing ratio between a.1-adren­
ergic versus P1-adrenergic and cholinergic antagonism of 
the peripheral vasculaturc supplying the penis. This followed 
by peripheral vasoconstriction and the consequent erectile 
dysfunc tions (sec Sections 7.J and 7.2 for furth er deta ils). 
b. /\n o r gasmia. There a rc several possible e tiological 
mechanisms tha t might impair orgasm in \\·omen: 
l. a.1-a drcner gic a ntagonism . Since a ll TCAs sbare the 
capacity lo antagonize (to some exten t) the cx 1-adrenergic 
receptors. and all TC/\s have been reported to cause orgas­
mic dysfunctions. th is leads to the assumption that a 1-

adrenergic blockade might play a role in impairing orgasm 
capacity. 
2. Anticholinc r gic 1>ropcr tics. Clomi1>ramine. which 
has one of the most potent anlicholincrgic capacit ies of a ll 
an tidepressan ts. is the agent most frequent ly associated with 
anorgasmia . 
3. Enhan ced scroton c r gic (5-HT) and/or redu ced 
n o rcpinc1>hrinc ac th•ities. l\n agent that causes relatively 
less orgasmic dysfun ction is dcsipraminc. especially when 
compared \\'i th an1 idcpressants that are less potent agonists 
of 5-1 IT or less po1en1 reuptakc inhibi10rs of norcpinephrine. 
This suggests that enhanced 5-llT activity and/or reduced 
no repinephrine acl.ivity might cause orgasmic dysfunction. 
Note I ha t cyproh cptadinc. a potent 5-1 IT and histamincr­
gic antagonist. has been shown i11 a few cases to re\' erse 
anorgasmia rel<i ted lo the use of several an tidepressivc 
agents. 
c. P ria1>ism . The mechanism thnt induces pria pism is 
unclear. ll is speculated to be via \'Cry similar factors that 
cause erectile dysfunctions. mainly a h igb ra tio of a.1-adren­
e rgic versus cholinergic an tagonism. Such an antagonizing 
pro llle is characteristic and a relative unique property of 
trazodon c. which might expla in why this agent is moslly 
associated with priapism (compared with the other antide­
pressants). 

8 . The incidence is between l : lOlllJ and 1:10 000 and usually 
within the 11rst month or t reatment. It is almost a lwnys associ­
ated with the use of doses above 150 mg/ day. 
9. Causes anorgasmia in about 8-16% of patients. Cyprohep­
tadinc and mianscrin (both of which a rc non-selective 
5-111'2,uc blockers) have shown benellcia l effects in treating and 
reversing anorgasmia in some of l hcsc patien ts. 
IO. Isolated cases of 'anhcclonic ejaculation' (ejaculation that is 
not accompanied by the unique feeling of o rgasm) ha\'C been 
repor1ed wi1h d csipramine. 
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• Drugs affecting sexual functioning 

7.7 Sexual dysfunctions (II) 
Antipsychotics-induced sexual dysfunctions 

Various antipsychotic drugs 

Phenothiazines 
Thio­

xanthenes 
O thers 

Note that the vast majority 
of data are based on 
anecdotal reports or 

small case series studies 

Sexual adverse effects 

I Libido I Decreased libido 

[]] Erectile dysfunctions 

Priapism 

c: Total ejaculatory dysfunctions 
C1> 
:? 

c: 
Delayed ejaculation 

.2 ca 
:s Painful ejaculation 
(,) 
<t1 w Spontaneous ejaculation 

Decreasd amount of ejaculate 

Retrograde ejaculation 

[!] Decreased libido 

0 
Anorgasmia 

Legend 

Drug most associated with a phenomenon 

Case series or small open-labeled studies 

Anecdotal reports 

No data or practically not seen 
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t\s in the case of most psychotropic agents. data about the 
role of anlipsychotic drugs (APDs) in inducin g sexual 
dysfunctions arc limited and based mainly on case reports 
or small open-labeled studies. There are many method­
ological clilnculties associated with most of the relevant 
studies and it is difl1cult to distinguish in many cases 
between Lhe role of the antipsycholic medication and that 
of other parameters such as the Lhe primary psychiatric 
disorder. concurrent drug treatment. baseline sexual 
functioning and non-specific stress (unrelated to a psychi­
atric disorder) in inducing the dysfunction. 

The incidence of sexual dysfunctions induced by APDs 
is unclear. Most data suggest that between 30% and 60% 
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of people treated witb APOs exhibit some sexua l impair­
ment related directly to the drug they receive. The incidence 
of some specific adverse c!lccts (partial or complete 
impotence. decreased amount of ejacu late or retrograde 
ejaculation and priapism) varies according lo the APD in 
use and the study performed. However. these adverse effects 
arc quite abundant. and arc estimated to occur in 20- 65'l'o 
of APO-treated patients. Ot her adverse e!Tects (painful 
ejaculation, spontaneous ejacula tion and anorgasmia) are 
considered less frequent. and are evident in less than 20% 
of APO-treated patients. J\llogctber. it seems that the 
phcnothiazincs (especially the aliphalics) have the biggest 
capacity to cause sexual adverse e!lects. followed by the 



thioxanthcnes and butfrophenoncs (halopcridol). The 
atypical APDs mighl prove to be the most benign in terms 
of inducing sexual adverse effects although current data are 
only partia lly established and mainly concern clozapine. 

Antipsychotic drugs (APDs) can modulat e sexual 
parameters via several mechanisms: 

A. All APOs act as dopamine type 2 antagonists. and 
since increased dopaminergic activity in central nervous 
system regions (especially in the hypothalamus) is a 
major contributor to intact sexual behavior. it is likely 
that antagonizing such effects could cause sexual 
dysfunctions. Clozapi ne, a relatively weak dopamine 
type 2 antagonist. has fewer sexua l adverse ellccts than 
the other APDs. presumably due to this unique receplor­
antagon izing profile. 
B. All APDs. except clozapinc and possibly the other 
atypical agents, induce chronic hyperprolactinemia 
secondary lo their dopamine receptor blockade in the 
tubero-infundibular pat hway. Chronic hyperprolactine­
rnia suppresses all aspects of human sexual behavior. 
especially libido and erection (sec Sect ion 7.1). Neverthe­
less. hyperprolactincmia itself is not usually suflkient to 
induce sexual dysfunctions (mainly decreased libido) and 
there has to be another coexisting abnormality in order to 
induce full impairment. 
C. APOs lhat have a substantial o:,-adrencrgic blocking 
capacity (trifluoperazine) cause erectile impairments. 
including spontaneous erections and/or priapism. 
Cholincrgic activity has some role in modulating and 
enhancing the cx1-adrcnergic activity. This means thal 

Notes about the numbered items in the scheme 

l. Thiod<lazinc is the ncuroleptic most commonly associa ted 
with sexual adverse effects. These c!Tects are bclic\•ecl to be 
present in about 60 - 85% of treated pa1icnts. Only about 2 5% 
of patients on other antipsychotic agents arc reported to have 
sexual adverse side effects. 
2. Thioxthicnes usually cause fewer sexual adverse eITects 
1 han phcnothiazincs. 
3. Clozapinc usunlly cause fewe r sexual adverse c!Tccts than 
other antipsychotic drugs. fl is assumed lo be the n.:suh of its 

Drugs affecting sexual functioning • 

agents that exert a dual action of both suppressing the 
a 1-adrenergic activity and decreasing the cholinergic 
transmission (agen ts with anl icholinergic properties) 
might also induce spontaneous erections and/or 
priapism. The validity of this hypothesis was f'mthcr 
strengthened when agents with combined anti-o:1-adren­
ergic and anticholincrgic effects were fo und to induce 
spontaneous erect ions (e.g. chlorpromazine. thiol'i­
dazinc). There arc no reports. to date, of agents with 
predominant anlicholi nergic properties without a 
concomitant anti a.1-adrencrgic activity that cause 
spontaneous erection. 
D. Some APDs have a known capacity to either decrease 
serum testosterone levels (thioridazine) or to increase it 
(halopcridol). The incidence of this effect is not known. 
although it is cstimlllcd to be about 15% of APO-treated 
patien ts. IL is not clear if these alt erations in testosterone 
levels arc centrally or peripherally mediated. although 
there is some e\'idcnce to support the view that tbe 
dominant mechanism is peripheral. Testosterone is proba­
bly the most important hormone modulating male sexual 
behavior. and it is assumed lo exert its eflccts on the 
central nervous system following aromatizalion Lo estra­
diol (sec Section 7..1 for deta ils). Thus. the fact that thior­
idazinc is the drug mostly associated with sexual 
dysfunctions might be attributed to its unique capacity to 
decrease scrum testosterone levels (a long with its other 
effects such as dopamincrgic and a 1-adrenergic blockade. 
anticholinergic effects and the chronic hyperprolacrine­
mia it causes). 

relative low antagonism capacity of the D1 dopaminergic recep­
tors and/or to its diminished capacity to increase serum 
prolnctin lcvcls. 
4. Halopcridol usually cause fewer sexual adverse e!Tects 
than phcnothiazincs. 
5. In <lhout 35% of patients. 
6. Cp to 50% have ejaculatory difllcuhics or changes in 
orgasm qualities. 
7. In very rare case~. 
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• Other biological treatments 

8.1 Electroconvulsive therapy (ECT) 
Supposed mechanism of action 

Increased 

Ca2+ 
Influx 

Increased release of 
5-HT and NE from 

intracolfular vesicles 
into tho synaptic cleft 

Receptors 
linked to 

Decreased 

PLC 
and AC 
activities 

Cellular 
membrane 

space 

• I 
I 
I 
I 
I 
I 
I 
I 

Specilic effects 
on cellular 
luncllonlng 

General effects 
on brain functioning 

A. Restores hemispheric Imbalance 
B. Acts as zeitgeber: resynchronizes 

abnormal endogenous rhythms 
C. Alters several sleep parameters 
0. Increases cerebral blood flow 
E. Increases permeability of the BBB 

Increases 
seizure 

threshold 

Suppresses 
limbic 

kindling 

• I 

\ 

\ I I 
....---------~ ',, / / ....... __ __ ~ e - ~----------" Increased production 

of neurotropic factors 
(BONF for example : 
soc Sections 2. 1-2.3) Unknown 

endogenous 
ontlconvulsanl 

Most efficacious in the following disorders: 

major depressive disorder w ith psychotic featu res; 
acute manic episodes; major depressive disorder w ith melanchol ic features; 

acute psychotic exacerbat ion o f schizophrenia/catatonic state; 
t reatment-resistant depression 

Legend 
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AC Adenylate cyclase 
ACh. mus-A Acetylcholino muscarinic receptor 

(l-AOR-R ll·adrenergic receptor 
BBB Blood braon bamor 
EAA Excitatory amino ac•ds 

NE Norepinephrino (noradrenaline) 
NMDA·A Receptor for 

N ·methyl· D·aspartato 
PLC Phospholipaso C 

S·HT .-A Serotonerglc receptor 



Elcctroconvulsivc therapy (ECT) is one of the most effec­
tive treatments in psychiatry. It is assumed that 80- 90% 
of depressed patients respond 10 it (compared \\'ith 
60-80% response rates with tricyclic antidepressants or 
selective serotonin-rcuptakc inhibitors). The mortality 
rate for ECT is estimated to be about l :10 000 of treated 
patients. and is almost always associated with preexisting 
cardiac disorder. Both anterograde and retrograde 
nmnesias might occur following ECT. but arc usually 

Notes ahout the 1rn1nbered it ems in the scheme 

1,2. f.CT atlccts both in1racellula r ( I ) and intcrccllulnr (2 ) 
functioning. and clwngcs arc induced either directly or 
indirectly following ECT. 
3-9. The most consistent nilerntions in intracellular functions 
following ECT arc certain modulations of receptor functioning. 
ECT has been shown LO increase calcium influx (3 ). This is due 
to Slimula tion or the 1\-methyl -1>-aspnrtate (i\\IDA) receptor for 
glutamate. It is unclear how ECT stimulates the :--1\IDA acth·ity. 
a lthough it presumed to be via the increased production of an 
endogenous exci tatory amino acid thal binds with high afilnily 
to the N~ IDt\ receptor (-l). t\t the same time. ECT downrcgulates 
postsynaplic P-adrencrgic and acetylcholinc muscarinic receptors 
(5) and upregula tes 1he postsynapt ic 5-HT! \.!l' {serotonergic) 
receptors (5 ). ECT inhihils lhe coupling of various neurotrans­
mitters lo lheir corresponding G-proteins. with a consequenl 
decrease in phospholipase C and adenylate cyclase acti\'ities (6 ). 
ECT mighl also induce 1 he production of an endogenous anlicon­
vulsant (7 ) 1hnt. when released into the synaptic cleft. migh1 
increase 1he sci:wrc 1hresholcl and/or suppress limbic l\ indling 
(see Scc1io11s 2. 7 and 2. 9). 

i\n inlil l s1udies support 1he observation tbat ECT stimulates 
the relcasi.: of various cat hecholamines (especially norepineph­
rine and serotonin) into 1he syna p1ic clefl . with a consequent 
increase in their availabilily for neuronal trnnsmission (8 ). 
Chronic l·:C'r trea tment. as with most o ther of the various 
antidcpressivc modal ilies [ lricyclic antidepressants (TCAs). 
se lecli\'c serotonin reu11takc inhibitors. monoaminc 
oxidase inhibitors! is associated wi1h the increased and 
continuous expression of certain fac lors. such as brain-derived 
neurotropic factor (BDNF) (9 ). The role of these factors in 
depression i~ discussed in deta il elsewhere. 

Other biological treatments • 

transient. and cognitive cnpacity is fully restored within 
a l'e \\' months al the most (6-9 months). Seizure induc­
tion is the most relevant and necessary c\•cnt that has 10 

take place in order to achieve the therapeutic effects of 
ECT (studied with depressive episodes. but presumed to 
be so wit h other clinical entities as well). The exact 
mechanism of action of ECT is unclear. although much 
data arc available regarding its secondary intra- and 
int ercellu lar enccts. 

l O. 1\lt era tions in global brain func tioning or with 
in le rneural trnnsmission are also eviden t foll owing ECT (2 ). 
Some data. based mainly on neuropsychological testing. 
suggesl that major dcpressi\•e disorder might be associated 
with right-hemispheric dysfunct ion. ECT has been shown to 
enhance right-hemispher ic functions and it could be relevant 
to its antidcpressive effects ( 1 OA). \lood disorders arc usually 
associated with dcsynchronizat ion of certain circadian 
rhythms (such ns the '24-hour biological clock'). ECT has 
been shown to no rmalize such dysregularilies . thus sen •ing as 
an exogenous zeitgeber ( 1 OB). Se\•eral abnormal sleep 
parame1ers arc normalized following ECT. especially the short 
rapid-eye-movement sleep latency. the reduced sloW-\\'a\·c 
slee p and the high noc1urnal temperature associated wilh 
depressive disorde rs ( I OC). Other and less consistent evidence 
s uggests tha1 ECT is associated with increased cerebral blood 
now ( I OD) and increased permeability of the blood brain 
barrier ( I OE). 
11. ECT has been s hown to possess superior etlk acy over TCJ\s 
or o ther n.:gula rly halicated drugs in several psychiatric disor­
ders. The most bcncfkial ctTec1s of ECT (compared with other 
agents) a rc in major depressive disorder with psycho1ic features 
(emcacious in 80- 90% nf cases. versus only a bout 30% efficacy 
of the TCJ\s). In acule manic episodes. ECT is cmcacious in 
about 80% of' cases versus only about 60% efficacy of lithium. 
Other disorders respond relatively well 10 ECT. although \rell­
established data concerning the response rates are lacking 
(major depressive disorder with melancholic fea tures. acute 
psychotic exacerbation of schizophrenia/catatonic state and 
1rea1men1-resista 111 depression). 
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• Other biological treatments 

8.2 Light therapy 
Supposed mechanism of action in major depressive disorder with seasonal pattern 

Addition of 
artificial light 

06:00 

24:00 

18:00 

12:00 

Normal state 
"On-time' 

circadian rhythm 

Additional artificial light 
during the dark hours 

stimulates the SCN to a 
"phase-delay" 

a "phase-advance• 

MOD-SP 
Basic state of 
' phase·delay" 

circadian rhythm 

Legend Stimulates 
Inhibits 
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Timing of 
circadian rhythms 

(hormones are secreted, 
specific stages of wake·sleep cycle are induced, 

body temperature changes etc .. . ) 

circadian rhy1hm: 
(hormones. sleep. are 
secreted I induced at a 

later time ot day) 

"On time" 
circadian rhythm: 

(hormones, sleep, are 
secreted I induced at a 
specific time of day ; 
for example: 18:00) 

"Phase-advance" 
circadian rhythm: 

(hormones, sleep, are 
secreted I induced at an 

earlier time of day) 1---------' 

Light therapy 
(during day hours) 

MOD-SP with light therapy 
Basic state of ' phase-delay' 

but light therapy causes 
'phase-advance', so 

the net effect is 
' on-time" circadian rhythm 

MOD-SP Major depressive disorder 
with seasonal pattern 

SCN Suprachiasmatic nucleus 
(in hypothalamus) 



Major depressive disorder with seasonal pnttern (1\.IDD­
SP) is characterized . clin ically, by a depressed mood 
which occurs at the same time each year. virtually every 
year since the disorder \\'as llrst experienced. These 
depressive states are often termed "winier depressions" 
since it worsens as the duration of light hours is reduced 
during the year (which extremes in the winter. usually 
during f anuary and February). The mood change is 
usua lly modest and is characterized by depressed mood. 
low sell' esteem. hypersomnia (patients wake later than 
usual. hence the circadian rhythm is in a "phase-delay" 
status) . fatigue. increased appetite and weight gai n. 
negativism and an impnired social. occupa tional and 
other daily functioning. The prevulence of MDD-SP is 
estimated to be around 5% in the US and women are 
alfoc ted 5 times more than men . As the populntion is 
located further from the equator. more people an; affected 

Notes a bout the numbered items in t h e sch eme 

I. Basic circadian rhythms arc regulated by several pacemak­
ers which can be either cndogc.:nous or exogenous. The major 
endogenous pacemaker is loca1 ed. probably. in 1hc suprachias­
ma1ic nucleus (SCN) or the hypolhalamus. One of the major 
exogenous pacemakers is the light-dark cycle. in which dillcr­
ent durations of light or dark hours affect the liming or sleep 
induction. hormone secre1ion and many more biological 
rhythms. Normal sta tus. in a person without i\LOO-SP. is associ­
a1ed 1ri1h a specific duralion of light hours and dark hours 
during a 24 hour cycle. This ra1 io of light 10 dark hours 1 riggers 
the SCi\ to induce certain activit ies. including sleep. hormone 
secretion and the secretion o f' melaton in via stimulating 1he 
pineal gland. 
2. The normal stale. described above, I.riggers the SCr\ LO induce 
certain activities at a specillc time of the 24 hour day cycle. For 
methodological reasons. 1he specillc time is termed: ·on-time'. 
3. Empirical data suggests 11ta1 when a person is c.:xposcd to 
bright light during the dark hours. 1hc SCN is stimula1 c.:d 10 
induce lts activities al a later time in the 24 hour cycle. This is 
termed 'phase-delay· circadian rhy1hrn (3a ). This exposun! to 

light was found to suppress the secretion of melntonin by 

Other biological treatments • 

by the disorder. This has lo do. probably. with shorten­
ing or the light hours in the 24 hours day cycle. The role 
of melatonin in MOD-SP is under intensive research. 
Present data suggests that il does not have a direct part 
in inducing the disorder nml ii may only serve as a 
marker associated with chan ges related to ~'vlDD-SP. 

Major aspects of light t h erapy in MOD-SP 

1. IVIDD-SP patient shou ld be exposed 2 hours to light 
( 2 500 lux) immediately upon awakening. 

2. Signilkant response should be observed in about 5 
days and a fu ll response in 1-2 weeks. 

3. 1\ilaintenance treatment should be given all winter. 30 
minul es or 2500 lux per clay or every 2 days. 

4 . Patients should avoid exposure to strong light during 
the night hours. 

inhibiting. probably. the necessary stimulus of the pineal gland. 
4 . Empirical data suggests that when a person is exposed lo 
bright ligh1 during 1he light hours. the SCN is stimulated lo 
induce its ac1ivi1ics at an cadier lime in 1he 24 hour cycle. This 
is lenned 'phase-advance' cirrndian rhythm (4 a ). This 
exposure 10 light does not affect 1he secretion of melatonin by 
the pineal gland. 
5. t\s men1ioncd abo\'e. a normal status is characterized by 
certain activi1ies triggered by the SCr\ in a specific lime in the 
14 hour clock cycle ('on-time· circmlian rhythm '). 
6 . MDD-SI' is charac1erizcd. among 01 hers. by a basic stale or 
'plwse-delay' circadian rhythm. This means that the same 
triggered aclivil.ies (by the SCN) arc induced at a later time i11 
day (24 hour clock) than in non-ti.·IUD-SP patients. 
7. When light therapy is administered (during the light hours 
of day) a 'phase-advance· is tr iggered. If ii is administered 10 a 
i\100-SP patiem. the 'phase-advance' is superimposed on a 
'phase-delay' staws. \\'h ich. in many cases. brings the system 
(the SCN) 10 an equilibrium. causing a net effec1 of ·on-lime· 
circadian rhy1hm. This could have a role in ameliorating 1he 
depressive symptoms of MIJD-SI'. 
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• Commonly abused substances - general comparisons 

9.1 Abused substances 
Direct effects as first messengers 

Abused substances 
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Direct effect as first messenger 
(on membrane receprors I ion channels I transporters) 
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Postsynaptic NMDA antagonism -e El Inhibit the release of ACh into the synaptic cleft ::s 

Q) Postsynaptic nicot1nic ACh agonism z Postsynaplic GABAA agonism 

? 

Inhibit calcium influx 

Inhibit MAOA 
Misc. Inhibit tyrosine hydroxylase 

Postsynaptic opiate (µ, o) agonism 
I 

Stimulate calcium influx 

Stimulate canabinoid receptors (CB1) 

Legend 
Presumed 

main effect • 5-HT Serotonin (5·hydroxytryptamine) 
ACh Acetylcholine 

Presumed D secondary effect 

Possible 0 mechanism 

BDZs Benzodiazepines 
DA Dopamine 

GABA,. ·r-Aminobutyric acid receptor type A 
Glut. Glutamate 
LSD Lyserg1c acid diethylamide 

MAOAAJ Monoamine oxidases type A or B 
Misc. Miscellaneous 

NE Norepinephrino (noradrenaline) 
NMDA N ·Methyl·O·Aspartate 

PCP Phencyclid1ne 
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VTA Ventral tegmental area. Gives rise to the mesolimbidcortical 
pathways (arises from the substant1a·mgra. terminates in 
the ventral striatum. amygdaloid body. lrontal 

Notes about the n umbered items in the scheme 

I. The dopamincrgic projections rrom the ventral tegmental 
area to major cortical and limbic structures. 
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lobe, and some other basal forbrain areas) 

2. i'ossibly v ia stimulating the opiate receptors. 
3 . Via slimulaling the benzodiazcpinc receptor. 
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Commonly abused substances - general comparisons • 

9.2 Abused substances - acute effects 
Frequently encountered non-psychiatric symptoms 
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Symptoms 

Amnesia (on1etograde) 
Ataxia: dysa1th11a: d1sonemation 

Delirium 
010.\'Slnoss; stupor; coma 

OyskmoSJa. dystoma 
Gait (unsteady) 

fncoord1nat1on 
Numtmess /reduced responsiveness 10 po1n I muscle 11gid1ty 

Psychomotor ag1tnlion 01 re1ardation 
Seizures 

Slurred speech; lmpairod onontion I memory 
Transient ischemic a1tacks: nonhemorrhagic mlarctions 

Tremor 
Triad· ataxia. C1ysarth11a. hyperacusis 

\'lerruoco·s syn<11ome 

Bradycaf<fia 
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Hypenension 
Hypotension 
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1iichyca1d1a 

Appot1to (decreased) 
Appot110 (increased) 

Ctillls; sweating 
Olanhea 

Ory mouth 
Nasal con9es11on 

Nausea/ \'OMJMS 

Weight toss 

Blurred vision 
Color vision (distorted: seem bnghtor and richer) 

Con1uc11va1 1nfccuon (red eyes) 
Nystagmus 

Ptosis (bilateral) 
Pupillary ccnslllction 

Pup1lla1y dtlanon 
Wem1Cke's syndrome • ocular man1festat1ons 

Dyspnea 
H)'POrtherm1a 

Hypoglycemia 
Joint nches 

Muscio •1.eakness 
Rhab<lomyolysts 

Sleep a1C111ectu1e (decreased •~Ptd eye ITIO':ements) 

Legend Present symptom 
(included in OSM·IV c11tc11a tor m1ox1ca1ion) 

Frequently observed symptom 
(not included in OSM·IV c111011n for intoxication) 

Absent symptom 

Notes about the nu mbered ite ms in the scheme 

I . Hclcrrcd to a s ' blackouts'. 
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2. Could be also part o f 'idiosyncratic alcohol in toxicat ion·. It 
is c haracterized by severe beha viora l a nd psycho tic symptoms 
following ingestion of very small amou1lls of' alcohol. 
3. Cocaine is the n umber o ne seiw rc ind ucer among the 
described su bstances. fo llowed by amp hetam in es . 
..i. \\'ernicke's syndrome - cluster of a cute ncurologil· 
sympto ms. such as gait ataxia. confusio n. horizoni a l n ystag­
mus. la teral rectal palsy. gaze palsy. a n isornria and impaired 
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rem:lion to light. It is. in part. due to thiamine de01cieny 
(scrnndary lo malahsorht ion o r poor nutrition ) which serves as 
a co-fa ctor fo r major e nzy matic rea ctio ns. The cardinal feature 
is the c\'idcnt im pairme nt in short-term memo ry. 
5 . Also termed 'munc hies' . 
6 . 1\ ccompanicd by weight gain . 
i . Vert ical or horiw 111i11. 
8 . l'upilla ry dilatio n can hc secondary to scvcrc a noxia. 
9 . In up to 2%. 
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• Commonly abused substances - general comparisons 

9.3 Abused substances - acute effects 
Frequently encountered psychiatric symptoms 
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Legend 

Observed symptoms 

Affective blunting 

Dysphoria 

Euphoria 

Manic·llke state 

Mood lab1hty 

Depersonalization I de realization 

Formication 

Hallucinations (non-specific auditory, visual or tactile) 

Ideas of reference 

Impulsiveness. unpredictability 

Inappropriate sexual I aggressive behaviors 

Judgement (impaired) 

Paranoid delusions 

Paranoid ideations 

Space/ limo perception (distorted) 

Stereotyped behavior 

Synesthesias 

Anxiety (non-specific) 

Panic-like attacks 

Phobias 

Bolligorence. assaulliveness 

Flashbacks 

Hypervig1lance 

Social, occupational functioning (impaired) 

Interpersonal sensitivity 

Psychomotor agitation I retardation 

Tension. anger 

Present symptom 
(included in OSM·IV cutoria lor il\IOXICalJOn) 

Frequently observed symptom 

(not included in DSM·IV c111ori.1 lot 1ntoxicat10n) 

Absent symptom 

Noles about the numbered jtems in the schem e 

I . t\boul 3 5% suITcr (so met imcs during I he disorder) from 
mood disorders. mostly bipolar I. Women arc more prone lo 
experience un ipolar depressions. 
2 . Termed ·amolivalional syndro me'. 
3. Often marked. 
~ . Often followed by apathy. 
5 . Especially a sensation of slo11·ed time. 
(1. Resembles schizophrenic delusions. The differential diagnosis 
is based on the absence of other schb,ophrcnia-likc signs (tlisor­
ga11ii'.ccl I bought, inapproprialc affect auditory hallucinalions). 
7. llsually transient (resolves within a week). 
8. 1\ho ut 2 3-50% of alcohol abusers suffer (sometimes d uring 
1hc disorder) from anxiety disorders. mostly phobias and panic 
a ll arks. 
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9. Termed 'bad trip'. lksembles the panic a11acks experienced 
with cannabis abuse. 
I 0. Controversial. Was fou nd to exert these effect s when co­
administcred with phcnyclidine. 
I I . Flashbacks arc usually c\'iclcnt follo\\'ing abstinence from 
halludnogcn abuse. T hey a rc lhe re-experiencing of perceptual 
sym ptoms that were experienced during intoxication: geomet­
r ic hallucinations. nashcs of colors. moving objects are seen 
with trnil s behind them. colors might seem intense. objects arc 
surrounded by halos. macro:;copia, microscopia. 
12 . On ly psychomotor agitation is pnrl of DSM-IV cri leria. 
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9.4 Abused substances 
Frequently encountered withdrawal symptoms 

Observed symptoms 

Anxiety 
Appetite (decreased) 
Appetite (increased} 

Autonomic hyperactivity (sweating or pulse > 100) 
Autonomic hypoactivity 

Concentral ion (impaired) 
Delirium 

Depression (postintoxicalion - crash). or dysphoria 
Diarrhea 

Dreams (unpleasant) 
Fatigue 

Fever 
Hallucinations (transienl auditory. visual or lactile) 

Hypersomnia 
Insomnia 

lrritabilily. frustralion 
Lacrimation, rhinorrhea 

Bone and muscle aches 
Nausea, vomiting 

Photophobia 
Psychomotor agitation 

Psychomotor retardation 
Pupillary dilation 

Seizures 
Tremor 

Tremulousness 
Yawning 

Legend Present symptom 
(included on DSM·IV cnteri.1 lor in1oxica11on) 

Frequently observed symptom 
(no11ncluded on DSM·IV crrteri.1 for ontoxicatA>n) 

Absent symptom 

Notes a bout the number ed items in the scheme 

I . Withdrawal symptoms arc evident only in animals. 
2 . Withdrawal symptoms arc rare and usually very mild. The 
syndrome might include decreased appelite. gastroi11tcsti11al 
discomfort. nausea. \'Oll1iti111,t. diarrhea. hyperthermia. sweat­
ing. and insomnia. 
3. Anxiety or depressive episodes are sometimes reported 
following hallucinogen (or 1$1)) withdrawal. but lwllucinogen 
abstinence has not been shown tO be the direct (.'(l \I SC Of these 
episodes. 

(/) 

'O 

0 ·c. 
0 

a; 
.c: 
c.. 
E 
ct 

Q) 

E 
(!) 
0 
0 
0 

Abused substances 

0 ..... - .c: 
c.. 0 
0 0 
c.. Ci 

4 

E 
(/) 

:0 
(!) 

c: 
c: 
(!) 

0 

-c: 
Cl> 

"O 
-;;: 

Cl> 
Cl> .... 
('IJ 

Amphet. Amphotaminos 
BDZs Benzod1azep1nos 

~ 
0 
en 
_J 

-c: 
Cl> 
"O ·;;: 
Cl> 

~ 
('IJ 

LSD Lysergic acid d1ethylamide 

PCP Phencyci1d1ne 

(!) 

E 
(/) 0 N 
0 .~ 
ID z 

~. Delirium tremens (DT) is the most severe form. and it is a 
medical emergency due to i ts high rate of mortality (up to 20%). 
Death usually results from concurrent medical illness 
(pt1lmo11ary. renal or hepatic). DT is almost i:tlways preceded by 
withdrawal seizures. It occurs within the first week of alcohol 
abstim:ncc. and its main features arc autonomic hyperactivity. 
and visual. auditory or tactilt: hallucinations (transient. lasting 
less than <1 week). DT follows. almost always. at least I 0 years 
of chrrn1h.: alcohol const1111pl io11 . 
5. Usually precedes the delirium. 
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10.1 Abused substances - opioids 
Supposed mechanism of dependence, withdrawal symptoms and treatment options 

Drug~ thnt nntagonize 
tho opioid receptor 

Naloxone 

Naltrexone 

Drugs that stimulate 
tho opioid receptor 

Methadone 

LAAM 

Legend 
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Mesolimblc and 

Chronic opioid 
abuse upregulates 

Intracellular AC. 
potassium and cAMP. 

wtth consequent 
increase in adrenerg1c 

!iring rate 

Stimulates (agonizes) -
Uprcgulotcs --~ 

Inhibits (antagonizes) -
Diminished Inhibition --- -~ 

Opio id rocoptors ..._ 
(11 and to a lessor oxtonl o) ...-

GABA (y·Aminobvty11c acid) 0 

Net effect following 
opioid intake: 

Increased 
dopamlncrgic 

activities 

Net effect during 
acute opioid intake: 

decreased NE 

Net effect ol 
withdrawal from 

chronic opioid abuse: 
Increased NE 

AC Adenylate cyclase 
cAMP Cyclic adenosino monophosphate 

DA Dopamine 
GABA, y-Amlnobutyric acid receptor typo A 
LAAM L·ri-Acetylmethadol 

NE Noreplnephrine (noradrenaline) 
VTA Ventral tegmental area 

Acute opioid 
Intoxication 

Acute opioid 
withdrawal 



Opiates [h eroin (<liacetylmorphine). morphine. 
codeine. h ydromorphonc] arc derivarives of the 
naturally occ:uring compound opium. They have high 
afilnily for receptors Lhal are most abundant in limbic and 
cortical regions and termedµ. o and 1c Opioids (meperi­
dine. methadone. penta:wcinc, propoxyphcnc) are 
synthetic narcotics with opiate-like properties. 1\ number 
of endogenous ligands (endorphins. enkcphalins) have 
also high affinity to the opiate receptors but their exact 
physiologica l role is as yet unclear. Substance dependence 
refers lo a compulsive drug-seeking behavior that is 
chnraclerized by H withdrawal syndrome when the 
abused substance is abruptly discontinued. The charac-

Notes about the nmnbcrcd items in the scheme 

1.2. Dopamine ( I)/\) is \'iewed as the most important neuro­
transmiller mediating subsw nce dependence and it is believed 
to exert its effects mainly via s1imula1ing a re\\'ard mechanism. 
The mesolimbk and mesocortical ( .ML~IC) dopaminergic 
pathways arc relatively well-established clements involved in 
reward induc1ion ( l ). These path\\'ays const itute dopaminergic 
projections from the ventral tegmental area (\/TAl to cenain 
cort ical and limbic regions. The main limbic regions invol\'ed in 
reward induction nrc the nucleus accurnbens. olfactory bulb. 
striatum and the amygdala. while the frontal concx is the main 
cort ic;il region involved (2 ). 
3. Opiates bind predominantly IO the µ . o and K receptors. The 
µ and. to a lesser extent the o receptors mediate the rewarcl­
inducing and rdnforcing properties of opioids. These receptors 
arc ;ibundanl .in both limbic and corlic<1l regions. a similar 
distribution t.o the dopamincrgic projections from the VTA . 
Stimulation of the K recep1ors docs not generate reinforcing 
properties and the distribution of these receptors is quite differ­
ent from Chat of theµ and t.hc o receptors. Stimulalion of p and 
o opiate receptori; decreases (via G-protein) adenylate cyclasc's 
(AC) activity. with a consequent decrease in intracellular cyclic 
adcnosine monophosphatc (c1\ 1VIP) concentrations and Gt\BA 
release from GAl31\ ergic intcrncurons. This latter effect results 
in dimin ished stimulation of Gt\ !31\ recept0rs located on 
dopamincrgi<.: neurons. increased excitability of these neurons. 
and consequent increased release of DA. 
-1-6. The exact mechanism of reinforcement or re1rnrd induc­
tion is unknown. but. practically all substances with a signifi­
cant dependence potential \\'ere found in an imal studies and in 
human clinical trials lo stimulate the i\RMC dopaminergic 
p<1thways (4 ). This leads to subs1ance dependence. manifested 
mainly by rcll'arding properties. compulsive self-administration 
mid withdrall'al symptoms (5). Even so. ii is quite clear that 
dependence induction is a complex phenomena. and other 
intra- and inlcrncural interactions. as well <1s behavioral. 
psychological and different rnodul<1 ting variables such as genet ­
ics. social and environmental factors. arc probably vit al and 
contribute to the typical substance-dependence symptoms (6). 
7.8. During acute opiate intoxication. opiate receptors located 
on norach:energic projections from the locus ccruleus (LC) to 
almost all brain regions arc srimulatcd. with consequent 
secondary intracellular changes. mainly decreased adenylatc 

Commonly abused substances - specific profiles • 

teristic symptoms lead to a significant impairment in 
daily. occupational. recreational and social l'unctioning. It 
is assumed that no single element or brain region is 
responsible for the production of the typical substance­
dependence syndrome. ah hough enhanced reward 
mechanisms. triggered by opioids and most other abused 
substances. arc key factors. Tolerance is a Slate in which 
an increasing amount or a substance is required to 
achieve the sa me clTec1. Tolerance can result. mainly. 
from reduced ;ibsorption . increased metabolism. downreg­
ulalion of receptors with high ntllnily to the specilk 
substance. and/or impaired distribution of the specific 
substance. 

cyclase (1\l' ) and cyclic adenosinc monophosphatc (cAMPJ 
activi ties n11d powssium conccn1rmions (7). These changes 
induce a decrease in r.c firing rate. The chronic iibuse or opiillCS 
upregula1es certain intra-cellular components. especially the 
1\ C. along with a significant reduction in potassium conduc­
lancc (8 ). 
9. The uprcgula1cd compounds increase 1he NE firi ng rate to 
normal ll'hilc opiales arc consumed. \Vhen opiates arc 
ll'ithclrawn and the opia1e rcccp1ors <i re 1101 stimulated. Jhc 
upregu la1ed components arc still active a11d 1hcy cxen a ncl 
increase in neuronal NE firing ra1c. leading 10 a hyper-excit<1bil­
ity state wilh a co11comi1<1nl ll'iihdrawal syndrome. 
IO. Methadone is a rclaJively long acting orally administered 
synthetic opioid (t r t ! about 24 hours). with less dependence 
potential than heroin , which can be used once per day. 
L-cx-acctylmethadol (LAAM) is a derivative of methadone. 
with a longer durat ion of action (up to 3 clays). It is less abused. 
and less sedative llwn methadone. LAAM is particularly 
appealing for individuals who can not at.tend a clinic on a daily 
basis. 
11 . Naloxonc is a short-acting p receptor antagonist (t~ 2-4 
hours). It is 111os1ly used intravenously to reverse 1he effects of 
opiate agonisls. In opioid-dependent subjects. small closes (0.4 
mg) of naluxonc can prccipi1a1e a withdrawal syndrome so 
aiding in diagnosis of physical dependence. Fatal adverse effects 
following naloxone administration have been reported in 
opioid-dependent people. presumably due to the acute release of 
NE into synaptic cl ens and its greater <w<1ilabi li1y for neuro1rnl 
transmission. Na ltrcxonc is a long ac1ing. orally <1dministered 
µ receptor antagonisl (half-l ife up to 24-72 hours). II is used to 
maintain abstinence in already detoxified persons. 7-10 days 
following a documented abstinence. or alternutively foll oll' ing a 
neg;11ivc naloxonc clwllcnge 1cst. If naltrexone is adminis­
tered before abst inence is cn111plc1ed. profound aversive 
reactions can appear. which is very difficult to reverse due to 

naltrexonc's high all1nity for the µ receptors. along with its 
long duration of action. 
12. Clonidinc and lol'cxidinc arc r.ti-adrenergic agonists 1hai 
decrease 11·: release inlO the synaptic cleft. They have been used 
with some success in reducing the characteristic hyper-adrcn­
crgic withdrawal symptoms. 
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10.2 Abused substances - amphetamines 
Supposed mechanism of dependence, adverse effects and treatment options 

Mesollmblc and 
mesocortlcal 
dopamlnerglc 

pathways 

Tyrosine. L·dopa 

Dopamine 
transporter 

Drugs that decrease 
withdrawal symptoms 

--- (increase 
12a NE and5-HT 

activities) 

SSRls 

Projections from 
locus ceruleus and 

raphe nuclei to major 
brain regions 
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Net effect following 
amphetamine intake: 

Increased 

Net effect following 
amphetamine intake: 

increased 
NE and 5-HT 

activities 

~~· ,,.. 
5-HT 

Dopamine receptors 
[mainly type 2 and t (less)) 

on postsynaptlc nerves 

Drugs that 
decrease 

dependence 
(decrease DA 

activities) 

APDs 

12b 

Activates 
reward 

mechanisms 
(which lead to 

a full substance­
dependence 
syndrome) 

Induces 
characteristic 

adverse 

eflccts 
(see sections 
9.2 and 9.3 
for details) 

Postsynaptic 
nerves 



Legend 

Stimulates 
Inhibits 

5-HT Serotonin (5·hydroxytryptamine) 
5-HT1.2 Serotonorg1c receptors type 1A.10,2A,2C 

5-HIAA S·hydroxymdole acetic acid 
ADR·R Adrcnorgic receptor 
APDs Antipsychotlc drugs 

Amph eta mines arc synthetic psychostimulancs. which arc 
sulxli\•idcd into ·ctas.c;ic amphetamines' (dextroamphela­
mine. metJ1amphetaminc. and me tJ1ylphenidate) and 
'designer amphetamfoes· (Adam. MOEA. i\101\IA. 
i\l i\1DA. DOM. XTC). which have. besides their euphoric 
ellccts. some hallucinogenic properties. Amphetamines. 
like cocaine. are though lo excrl rewarding effects via 
slimulat ing the mesolimbic and mesocortica l dopaminergic 

Notes a bout the n umbered items in the scheme 

1-3. Amphetamines induce their re\\'arding and reinforcing 
effect:. \'ia stimulating the mesolimbic and mesoconical 
dopa111inergic pathways (1 ). These arc dopaminergic projec­
tions originating from lhc ven tral tegmcntal area (2 ) lo differ­
ent limbk: (nucleus accumbcns. u111ygdala. olfactory tubercle) 
and cortical regions. especially the l'ronlal cortex (3). Amphcl­
aminc's adverse effects (other t lian its slimulalory/rewanling 
cni.:t ts) arc induced by its similar rnthecholaminc-enhancing 
properties in other major brain region:.. 
4- 1 I. The main stimulatory effect:. of most amphetamines 
arc achie\'ed by stimulation of dopamine release from prcsy­
naptic vesicles into the synaptk deft t+) and by inhibiting 
dopamine rcupwke by its tnmsporter at the presynaptic nerve 
endings (5). They also block the reuptake of NE into prcsynap­
tk: vesicles (6) and some. mostly 'clcsigncr amphetamines·. 
also block the reuptake of serotonin ;1t its transporter site (7 ). 
i\mphclamincs may also exert direct agonistic acli\'ilies al 
posisynaptic serotonergic receptors (8 ). Most amphetamines 
ha\'c a relatively minor capncity to block nwnoamine oxidascs 
typc t\ and B (9 ) and thus furlhcr increase the concentrations 
of l'atedrnlamines in the synaptic clcfi. The net e!Tect of 
amphetamines abuse is the increased concentrations of 
dopamine (J 0 ). norepinephrinc and serotonin (1 1 1 in the 
:.ynaptic cleft. with their subsequent increased availability for 
111.:uronal transmission. 

'J'rrnt1111•11t optio11s 
J\mphc taminc intoxication rn1d wit hdrawa l share many 
similarities with symptoms ol' cocu inc intoxication and 
11·it hdrawal. Intoxicated persons should be under careful 
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DA-AR Oopam1ncrg1c autoroccptor 
DA·R Oopamincrg·c receptor 

DA Dopamine 
MAOA.B Monoamme ox1dases type A or 8 
MHPG 3-Methoxy·<l·hydroxyphenylglycol 

NE Norepinephnne (noradrenaline) 
SSRls Selective serotonin rcuptakc inhibitors 

VTA Ventral tegmental oroa 

pathways (sec Section 10.1 for details). They are less addic­
tive than cocaine. Amphetamines also block the reuptake 
of norepinephrinc (:'\E) and. at high doses. serotonin ( 5-1 rn 
(designer amph elmnines· have more effects on 51 lT). 1\ll 
amphetamines increase 1he availability of catccholmnincs 
li1r synaptic transmission. Typical a mphetamines arc olicn 
ler111cd by street names such as cryslnl. ice and speed. 

cardiornscttlar ;md rcspiratory monitoring. t\ntipsychot ic 
drugs (APDs) should also he administered 1•ery carefully 
especially in cases \\'ith hyperthermia (due to the increased risl. 
of developing neurolcptic malignant syndrome) and seizure 
disorder (APDs lower seiw rc lhrcshold). When APDs arc 
administered. low doses should be used due to their possible 
adverse side-effect prollil: (mainly extrapyramiclal) m1d the 
addict"s usual unwill ing11css to experience such adverse effccts 
in order to suppress their craving fo r a mphetamines. The 
trcatment of amphetamine: abuse is much less studied than 
that of cocaine. Because the many similarities. both in 
pharmacological effect:. ;ind in the overall clinical syndromc. 
most treatment regimens for amphetamine abuse arc ba~cd 
on es1ablished treatment strategics for cocaine abusc (sce 
Section 10.3). These lrea t111enls arc aimed ai either decreasing 
the acute withdrawal sympln111s (by increasing dopamineq.:ic 
and other biogenic a111i 11es activilies) or blocking the effects of 
I he psychostimulanl al the receptor site. and thus reducing lite 
rcwarding or re in forcing propl'rties of the amphetamines. 

Vru!JS 1/u11 decrease rr1mn/ t1111l rt'i11(orci119 proprrlirs of m11J1h1•111-
111i111•s 
12a. Selecth·e serotoni n reuptake inhibicors (SSltls). 
Fluoxctine was founcl to decrease self-administrat ion or 
a mphe tamines in ;mimal SI udics and is often lit ken hy u~er:. 

lo prolong the 'high' and decrease the 'crash" from Ecslacy. 
I 2h. l'imozidc has shown i11co11sisten1 antagonistic ellccls 011 
euphoria and drug-seeking induced by mnphcta mines. 
Flu1>cnthixol has been sl10w11 lo reduce some of the reward­
ing and reinforcin~ prnpcrties of cocaine. 
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10.3 Abused substances - cocaine 
Supposed mechanism of dependence, adverse effects and treatment options 

Mesolimb1c and 
mesocorllcal 
dopaminergic 

pathways 

Dopamine 
transporter 

NE 

Projections from 
locus ceruleus and 

raphe nuclei to major 
brain regions 

5·HT 
transporter 

6a 

Net effect following 

cocaine intake: 
increased DA 

activities 

NE • 

• •• 

Dopamine receptors 
[mainly type 2 and l(less)] 

on postsynaptic nerves 

Activates 
reward 

mechanisms 
(which lead to 

a full substance· 
dependence 
syndrome) 

Net effCC1 following 
Induces 

characteristic 
cocaine intake: 

Increased adverse 

NE and S·HT activities effects 
(see Sections 

9.2 and 9.3 
for details) 

tiw. • • 5-HT 

Postsynaptic 
nerves 

Drugs thllt decrease withdrawal symptoms (all increase DA activities) 

DA precursors DA· A ls 

Drugs that decrease withdrawal symptoms 
(mechanism is unclear) 

SSA ls NE-Rls 

6b 
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MAOats DA releasers DA agonlsts 

Drugs that decrease dependence 
(decrease DA activities) 

CCBs APDs 

6c 



Legend 

Stimulates 

Inhibits 

5-HT Serotonin (5-hydroxytryptamine) 

5-HT1,2 Serotonergic receptors type I A, 1D,2A.2C 

APDs Antipsychotic drugs 

CCBs Calcium channel blockers 

Cocaine is an alkaloid deri ved from the shrub Eryt ill"OX­

!f/011 coca. It exert s its rewarding effecls via stimu lating 
the mesolimbic and mesocortical dopaminergic pal hways 
(sec Section .LO.J for details). Coca ine also blocks the 

Notes a bou t tbe numbered items in the scheme 

I . Cocaine induces its rewarding and n;inforcing effects via 
stimulming the mesolimbic and mesocorlicnl dopnminergic 
pathll'ays. These nre doprnninergic projections originating from 
the ventral tegment.al area (\1'1'1\ ) to difTerent limbic and corli­
cnl regions. especially lo the nucleus accumbens. ;imygclala. 
olfactory tubercle and the l'ro11ta l cortex. Cocaine's adverse 
effects (other than its stimula tory/rewarding effects) arc 
induced by its similar cntecholmuinc-cnh;incing properties 011 
other ma jor brain regions. 
2- 5. The main stimulatory effects of cocaine result from 
in hibit ing dopamine reuptake (2 ). II may also ac l as a direct 
ngonisl at the postsynaptic dopaminergic receptors. \\'here 
cocaine preferent ially stimu la tes the poslsynaptic DA 1 nnd IJJ\2 

dopaminergic receptors (3 ). Cocaine a lso blocks the rcuptake 
of both norepinephrinc (4 ) and serotonin (5 ) into presy11npt ic 
nerves. Some data suggests lh< tt it might also inhibit the uptake 
of acetylcholinc into the presynaptic ncn ·es. 

Treatmr111 strategies - i11toxirntio11 
1\ cute cocaine intoxication commonly rcsoh·cs quickly due 
to the drug's short duration of action. Thus i11 toxicated 
individuals can be usua lly handled by carefu l mo11itor ing 
(especially cardiovascular). supportive and symptomatic 
treatments. B-a drenergic antagonists s hould be avoided in 
cases where acute myocnrdia l infarction or angi11a are 
s uspected LO be the result o f cocaine intoxication. as they 
might furthe r intens ify cocaine-induced ischemia by a llow­
iug greater unopposed cx-adrencrgic stimulation. An tipsy­
chotic drugs (APDs) should also be administered very 
carefull y. especially in cases of co ca ine-induced hypcr ther­
mia (due to the increased risk of developing 11e11 rolcptic 
ma lignant syndrome) and seizure disorder (APDs lower 
seizure thres ho ld). If APDs nre to be given. they s hould be 
administered in low doses due lo their possible adve rse side­
c ffect profile (mainly extrapyramidal s ide-effecls) and the 
addict's usual unwillingness to experience such adverse 
effects in o rde r to suppress their cnn·ing for cocnin c. 
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DA Dopamine 

DA-A Dopaminergic receptor 

DA-Rls Dopamine-reuptake inhibitors 

MA0 8 1s Monoamine oxidase inhibitors type B 

NE Norepinephrine 

SSRls Selective serotonin-reuptake inhibitors 

VTA Ventral tegmental area 

reuptake of norepinephrine (l\El. and serotonin (5-HT). 
lead ing lo increased availability of' these substances for 
synaptic transmission. Cocaine is referred to by several 
streel names such as coke. crack. girl. lady and snow. 

6a-6c. Withdrawal. .\lost treatment regimens arc aimed at 
either decreasing the acute withdrawal symptoms (by increas­
ing dopaminergic activities) or blocking the effects of cocain e 
at the receptor :>ilc. and thus reducing its rewnrding or reinforc­
ing properlic::s at the mesolirnbic and mesocortical pathways. 
Drugs lhat decrease w it·hdrawal sympto ms. Agents thal 
increase Di\ activ ity ha\'C shown some capacity 10 decrease 
cocainc-11·ithdru\\'al symptoms (fia ). The effect is presumably 
media ted by their abi lity to compensate fo r the lost cocainc­
induccd dopamincrgic stimulation. 1\mong the agents that 
have been reported to exert some beneficial effects are the DA 
reuplake inhibitors (hupropion ). D1\ precursors (t-t)'rosinc 
and L-dopa ). Dt\ agonists (bromocripti ne). monoamine 
oxidase inhibitors type 13 (M1\0llb : sclegilinc and to a lesser 
extent phen e l:r.ine). Di \ releasers jamanladinc (also a 
dopamine reuptnke inhibitor)] and stimulnnts (methamphet­
aminc. m cl hylphcnidate. p em oline : mainly due lo their 
dopamine rcuptnke inhibition properties und some dopamine 
releasing ca pacities). 
Norepincphri11c-reuptake inhibitors tAE-H ls; dcsipraminc. 
imipramine. maprotiline) and selective serotonin rcuptakc 
inhibi tors (SSHls: fluoxetin e ) have a lso shown some beneficia l 
effects in reducing co caine-induced wit hdra\\'al symptoms. 
The effect is presumed to be associated with their capacity to 
enhance ndrc11crgic and scrntonergic trnnsmission. but lhc 
exact mechanism o l' act ion is unclear (6 b). 
Dru gs that decrease rc \\'ard and re info r cing proper ties 
( 6c). These agents suppress dopamincrgic transmission. thus 
opposing the enhanced doparnim:rgic transmission associated 
with the reward-inducing properties o f cocaine. Among these 
are antipsycholic drugs (fl upen thi:rnl) that a rc direct IJr\ 
antagonists and calcium-channel blockers (CCl3s : n ifcd ipinc. 
nimodipine). Increased intracellu lar calcium concent rations 
fo llowing numerous stimuli enhance lhe activities of tyrosine 
hycl roxylase. with a consequent increased in dopamine synthe­
sis and transmission. CCBs inhibit such effects and suppr~ 

dopaminergic transmission. 
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10.4 Abused substances - phencyclidine (PCP) 
Supposed mechanism of dependence, adverse effects and treatment options 
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Legend 
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Possible effect 

Phencyclidine (PCP) is a synthetic psychoactive 
substance that was originally developed as a general 
anesthetic. The medical use of PCP is presently 
contraindicated clue to its severe adverse sidc-cfiect profile 
- mainly delirium (in about 33%). agitation. hallucina­
tions and rhabdomyolysis (in about 2%). PCP exerts its 
effects via several neurotransmitter systems. especially 
the glutamatergic. dopaminergic and serotonergic. PCP 
can induce a clinical syndrome quite similar to schizo­
phrcniform psychosis and. al the same Lime. it greatly 

No tes about the numbered items in the scheme 

l-8. PCP has an enhancing effect on the dopamincrgic system 
including on the mcsolimbic-mesocortical pathways (I ) thus 
playing a major role in activating the brain reward mecha­
nisms. PCP increases Lhe dopamincrgic transmission in 
neuronal projections from the ventral legmental area (VTA : 2 ) 
to major cortical and limbic regions (3 ). PCP exerts its effects 
via several main mechanisms: 

a . ft inhibits the reuptake of dopamine into the presynaptic 
neurons (4 ). leading to an increase in dopamine availability 
for neuronal transmission. 
b. It probably stimulates the release of dopamine from presy­
napric vesicles into the synaptic cleft ( 5). 
c. Jt inhibits tyrosine hydroxylase (6 ). the rate-l imiting 
enzyme in tbe synthesis of dopamine. This cOcct opposes the 
enhancing effects described previously. I !owever. the net 
effect of PCP on the dopaminergic system is stimulatory by 
increasing dopamine concentrations in the synaptic cleft (7 ). 
The dopaminergic s timulation induces the typical rewarding 
properties of PCP. and is possibly associated with the 
emergence of characteristic schizophrcniform psychotic 
symptoms (8 ). 

9. PCP antagonizes the N-mcthyl-D-asparlatc (NMDA) subtype 
of glutamatergic receptors by binding with h igh aHinity to a 
site within the coupled cationic channel. PCP 's binding to the 
ion channel reduces sodium and calcium inllux and decreases 
the intracellular concentration of these compou nds. The gluta­
matergic neurons arc mostly excitatory: thus PCP's antago-
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5-HT Serotonin (5-hydroxytryptamine} 

S-HT1,2 Serotonergic receptors type 1A,1 D,2A,2C 

APDs Antipsychotic drugs 

BDZs Benzodiazepines 

DA Dopamine 

DA-R Dopaminergic receptor 

VTA Ventral tegmental area 

increases the risk of schizophrenic patients lo develop 
prolonged psychotic episodes . Even so. It often causes 
nystagmus and cardiovascular or renal complications 
tha t are distinct and are not usually present in other 
psychiatric disorders. Physical dependence with PCP is 
less com mon than with other abused substances 
( opioids, amphetamines. cocaine. alcohol). but it can 

occur. Withdrawa l symptoms are rare. possibly due to 
the lack of a direct effect of PCP on the adrenergic 
system. 

11islic properties induce i11hibitory effects. which arc spread to 
major brain regions . causing central nervous system depres­
sion. 
I 0 . 1 J . PCP has been round to exert complex effects on 1he 
serotoncrgic system. It blocks the uptake of serotonin into tbe 
presynaptic nerves (10) with a consequent increase in its 
synaptic concentrations ( 1 1) and its availability for further 
neuronal transmission. On the other hand. several studies have 
demonstrated the capacity of PCP to reduce the llring rate of 
sero!Onergic nerves . with a consequent suppression of the 
seroionergic transmission. PCP's effects on the serotonergic 
system might explain the similari ties in clinical symptoms often 
fou nd between PCP and lysergic acid diethylamide (LSD). 
12 . No antidote has been found beneficial. to date. for PCP 
intoxication. Treatment is symptomatic. and includes careful 
monitoring of the patient's level of consciousness. cardiovascu­
lar and respiratory functioning. r\ctivatcd charcoal is indicated 
ii' the patient reaches the hospital soon enough. The use of 
antipsychotic drugs (APDs) in cases o f psychotic episodes or 
severe agitation should be limited as much as possible due IO 

their capacity to lower the seizure threshold and induce convul­
sions. If the patient is severely psychotic or aggressive. use bigh­
pulency APDs. which have a reduced potential to induce 
seizures compared to the low-potency agents. Benzodi­
;1zepines are used lo treat autonomic instability. musck 
spasms and seizures induced by PCP. and may also aid in 
controlling aggressive behavior or agitation. 
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10.5 Abused substances - alcohol 
Abnormal findings in acute intoxication and withdrawal. Treatment options 
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• Induces 'disutfiram reaclion' 



The psychiatric and neurological symptoms associaied 
with ingest ion of ethanol (the most cornrnon form of 
alcohol) arc related both to the last-consumed drink and 
to the total amount of alcohol consumed over a lifespan. 
Characteristic symptoms arc often observed al blood 
alcohol levels (BAL} of 0 .01 - 0. l %. alt bough parameters 
such as the chronicity of alcohol consumption. concomi­
tant drug intake. hepatic insulllciency. gencl.ic predispo­
sition and rate of absorption (an empty stomach 
enhances absorption) might greatly affect the clinical 
presentation. For a non -tolerant person. 81\ L of 
0.01- 0. l % often cause a mild decline in coordination. 

Notes about. the numbered items in the scheme 

1- 5. Alcohol's c!Tects on neuronal l'um:tio 11i11g arc q ui te 
di!Tercnt during an acute i111oxica1ion fro m when super im­
posed on chronic abuse. Alcohol imcrcah1tcs i1sell' in 10 the 
cellular membrnne (1). and m;ute intoxication brings about 
membrane modillcations (fluidit y) . including an impairment 
in ion-c han nel or recepto r functioni ng. The exact intra- or 
exiraccllu l<ir e ffects of alcohol arc unclear. although some 
receptor modificat io ns arc evident. especia lly decreased sensi­
tivity of N-111c1hyl-o-aspar1a1c (NMIJi\) receptors a nd 
increased se11si1ivity of the y-aminobuty ric acid (( ;1\BA l rece p­
tors (2 ). Downregu lation of ca lcium-channe l ac l ivil ies ( 3 ) and 
uprcgulation of sodium-io n cha nnels activated hy nicot inic 
acetylcholine receptors(-:! ) arc a lso evident. All 1hese changes 
exert a net signi llc an l inhibitory effect o n most lllajor brain 
regions (5 ). 
6-8. Alcohol withdrawal syndro me can be seen . even in 
people only rece11t.ly abusing alcohol. but is usually more 
pronounced if the abuse is c hronic . Chro nic ;ilcohol abuse 
causes 1 he cell membrane to be m ore r ig id ( 6 ). ii uprcgula tes 
N.\,llJA receptors and downregulales CABAcrgic receptors ( 7 ). 
These recepto r c hanges exert an cxc i1 atory e ffect. hut as long 
as alcohol is consumed ils inhibit ory effects c.:ou11leract the 
exc itatory tc11dcncies. When alc.:ohol is wit hdrawn. the 
excitatory c lTcc.:ts predominat e (8 ) and a charac teristic 
'hangover· is seen. m a 11ifos1 cd by tremulo usness ( Ci-8 hours 
fo llowing c.:essa1ion). mild autonomic hyperactivity . irritabi l­
ity. photophobia. headaches a nd gaslrointeslinal discomfo n. 
Pe rceptual dist urbances. includ ing psychosis. ;ire classically 
evident wi1hi11 8- 12 hours. Seizures can complicalc the cl ini­
cal picture w ithin the first 24 hours and delirium tremcns can 
be cvidcnl during 1he ll rs1 3- 7 days fo llowing <1cute absti­
nence from alcohol. 
9-12. Alcohol metabolism is primarily hepatic.: (9 ). Alcohol 
de hyclrogcnasc ( I 0 ) con ver ts alc.:ohol into a cct aldehyde and 
aldehyde dehydrogenase (11 ) metabolizes acctnldehyde into 
ac.:e1ic acid. i\cct ic.: a cid is further metabo lized. 10 be fi1rnll y 
excreted. 1\ ce1aldchyde ( 12) is toxic \\'hen accumu lated and if 
alcohol is ingested along wit h an alclehyde-dc hydrogennse 
inhibi tor. the characteristic 'disulllrnm rea ction' appears. 
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decreased anxiety. disinhibited behavior. euphoric mood 
and anterograde amnesia. Moderate intoxication (poor 
coordin ation . ataxia. dysarthria. impaired judgment and 
clumsy motor functioning) is apparent at levels between 
0.1 % and 0 .2%. and severe toxicity is observed at 0 .2% 
BAL (diplopia . incoherence. confusion and markedly 
impaired coord ination}. t\t !31\L of 0 .3-0.41Yii conscious 
al ternates between stupor to coma. At B/\L higher than 
O.scy,., fatal coma. cardiac and respiratory collapse could 
predominate. Alcohol exerts its e!Tecls via numerous 
neurona l mechanisms. and the apparent clinical picture 
is usually I he consequence of many interactions. 

13. :\o·specilk agent has shown sign illcant bendkial clTect in 
suppressing symptoms of acute alcohol intoxica1ion. Panial­
inverse agonists of !he benzodiazcpine rcc.:c.:plor have s h 0 \\'11 

bcnellc.:ial clfr:c.:t in anima l studies. Their application for alcohol 
i111oxicalio11 in hum ans b c urre n1 ly unclear. 
14. Bcnzodiazcpines (BDZs) s uppress autonomic hyperactiv­
ity aud reduce seizure potent ial. 1.~mg-acling BDZs with acti1·e 
metaboli1es arc preferred (chlordiazepoxidc. diazepam ). 
They a llow lcss-frequenl closin g and induce less drug-seeking 
behavior. Lorazc1>am. which has an intermediat e lwll~life and 
110 active 111e1aboli lcs. is o ften advantageous because ii is less 
sedative and ii n 111 be given parenterally (better dose monitor­
ing). Clonidinc. an a 1-adrcnergic agonist tha t decreases 
norepinephrine lransmission has a lso shown some beneficial 
cffcc.:ls. Propranolol. a ~-adrcnergic antagonist. improves the 
anxiety . tac.:li yc.:a rdia and tremor associated with withdrawal. 
Carbamazcpinc has a similar ellkacy to BOZs in improving 
withdrawal symptoms ll'hcn gil'cn in doses of 8 1Hl mg/clay. It 
has much less abuse potent ial 1lw11 BDZs. 
15 . Several drugs hm·c some limited capaci1y 10 prcvenl 
alcohol i11l <1ke. Oisullin un inhihi1s aldehyde dchydrogem1se. 
leading to a 5- 10 limes highe r rate o f acclaldehydc accumula­
tion when alcohol is simulwneously consumed. Consequent ly. 
a 'cl isulllram reaction· appears. characterized by flushing. chest 
pain. pa lpil<ll ions. headaches. nausea. 1•omiting. weakness. 
agitation , swca1i11g and confusion. This reaction is aversive so 
pulling people off d rinking . The problem with dis ulliram is 
compliance a11d ii only works ii' laken regularly . hut prel'erably 
under supervision . Calcium carbamidc is a more seleclil'e and 
rapidly acting a ldehyde dehydrogenasc inhibitor than clisulfi­
ram . It has a shorter half-life 1han clisullira m . ;ind probably 
exerts fcll'er adverse c!Tec.:ts. Acamprosatc is a syn1he1ic.: 
indirec.:I c;ABi\ agonist that has been shown tu reduce alcohol 
intake a nd is lic.:cnced in a number of counlric~ . t'lla ltrcxonc is 
a ~t opi<1te receplor an1 ago11is1 tha t has been shown 10 reduce 
ulcohol consumption in humans when used in a m ulti modnl 
regimen. Bromocriptinc and sclec1i1·c seroto nin reupiake 
inhibi tors (SSllls J hm•e been reported anecdota lly to reduce 
alcohol inta ke. 
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10.6 Abused substances - cannabis 
Supposed mechanism of dependence and adverse effects 
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Stimulates 
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or .. 

or ... 

Cannabis. commonly termed bhang. grass. hash. 
hashish. marijuana and pot. represents various 
psychoactive subslances that. a rc produced from the 
hemp plant Cn11 11nbis saliva. The most abundant of them 
is .19-tetrahydrocannabinol (THC). \Vhich is converted 
in the human body to a more psychoactive substance 
11 -0H-THC. A number of synthetic cannabinoids a lso 
exist and some ha ve medicinal indications. Cannabis 
abuse is associated with many short- and lon g-term 
adverse effects. The symptoms of acute intoxication are 

Notes about th e numbered items in the scheme 

L Two cannabinoid receptors have been found to exist. the CB1 

and CB1 receptors. The Cl31 is the cen tra l cannabinoid receptor 
tha t binds J l-OH-TllC and consequently leads to numerous 
intra- and in terccllular reactions that exert the characteristic 
clinical and ;1dverse effects of cannabis und related 
compounds. Cl32 is the human peripheral cannabinoi<l receptor 
found especially in spleen and thymus. 
2-5. Stimulation of CB1 leads to secondary intracellular 
reactions mediated by inhibitory G-proteins (2 ). The CB 1-G 
protein interaction suppresses the activil !cs of adenylatc cyclase 
(3 ). with a consequent decrease in intracellular cyclic adeno­
sine monophosphate (cAMP) concentrations (4 ). This has an 
immediate effect on both calcium and potassium channels. and 
increased intracellular concentrations of both components are 
evident (5 ). 

Ne11rotm11smi!ter /11cemctio11s 
6.7. Alterations in a few neurotransmitter systems arc evident 
as a consequence of cannabinoid abuse. 11-0H-THC inhibits 
the release ofy-aminobutyric acid (GABA) into the synapt ic cleft 
(6). especially. but not exclusively. in the substantia nigra. 
GABAergic neurons act as inhibitory neurons in the central 
nervous system. so the suppressed GABAcrgic transmission leads 
to a net excitatory effect on certain brnin regions. e.g. the 
dopaminerg ic projections from 1hc ventral tegmenlal area (VT/\) 
to limbic st ructures (primarily to the nucleus accumbens) and to 
the prefrontal cortex (7 ). This dopaminergic overaclivity in the so 
called 'reward system· can explain some of the rewarding clfocts 

Commonly abused substances - specific profiles • 

AC Adenylate cyclase 
ca2

• Calcium ion 
cAMP Cyclic adenosine monophosphate 

DA Dopamine 
GABA ·1-Aminobutyric acid 

G1 G·protein, Inhibitory 
K• Potassium ion 

THC Tetrahydrocannabinol 
VTA Ventral tegmental area 

usually moderate and it is not fata l in cases of acute 
intoxicalion. Long-term effects, though highly contro­
versial may include permanent brain damage (atrophy. 
lowered seizure threshold). impaired testosterone regula­
tion and chromosomal damage. TllC and other 
can nabinoids have some analgesic. antiemetic and 
an ticonvulsant properties. and are currently markeled 
for the treatmen t of nausea and vomitin g secondary to 
cancer chemotherapy. 

of cannabis abuse. and the physical dependence it can cause. 
Nevcrt heless. the dependence potential of cannabis is much less 
than that of most other abused substances. and ii seems that 
cannabis-induced enhnnccment of the reward system is noi as 
prominent as its other central nervous system interactions. 
8 . There is relatively good evidence that 1 1-0H-THC can 
inhibit the presynapt ic re lease of acetylcholine and of glutama te 
into the synaptic cldt. These enects arc evident mostly in the 
hippocampus. Their clin ical significance is uncertain. 

Endo!Jl'llDllS Cm111alii11oids 
9. Hecenlly. a novel derivati\•c of arachidonic acid. a n andamiclc 
(arnchidonylethanolamide) wns identil1ed as the endogenous 
ligand for the cannnbinoid receptors. and ii was shown lo 
produce similar elfocts as 11-0H-THC following stimulation of 
the cannabinoid receptor. The physiological role of ana ndamide 
in regular cell functioning is unknown. 

Tre111111e11Cs 
10. The major treatment strategies are abstinence and support­
ive therapy. Drugs arc used only for symptomatic relief o r the 
mild anxiety that might be experienced during withdra\\'al 
(bcnzocliazcpincs). o r for the treatment of depressive episodes 
(antidepressants ) or the characteristic paranoid ideations 
(a nlipsychotics). To date. no specific regimen has been shown 
to bl! beneficial in reducing the rewarding properties of 
c;innahis abuse. although Cl31 receptor antagonists now exist 
and might have such a role. 
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10.7 Abused substances - hallucinogens (lysergic acid diethylamide - LSD) 
Proposed mechanism of action and treatment options 
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Hallucinogens arc chemically diverse compounds t.h a t. 
induce. as their primary cffecl. perceptual distortions 
(depersonalization. derealizat ion. synesll1esias). halluci­
nations (usually visual) and heightening of conscious­
ness. Many natural and synthetic hallucinogens arc 
abused by humans. The nat.ural substances most 
commonly abused are N,N-dimethyltryptaminc (DMT). 
mescaline and psilocybin. The most studied and the 
first abused (prototypic) synl hclic hallucinogen is lyser­
gic acid dicthylamide (LSD). Hallucinogens· mechanism 
of action is unclear. but it involves. presumably. an 
enhancement of the seroloncrgic system (as the primary 
effect) and a relative minor ellccl of stimulating the 

Notes about t:hc numbered items in the scheme 

,\ilorlc of aclio11 
1,2. Ct is relatively well established that LSD enhances the activ­
ities of postsynaptic 5-HT1 serolonergic receptors as ils primary 
effect ( J ). LSD either binds with high all1nity to the serotonin 
binding site itsel f or to an adjunct site 011 the serotonergic recep­
tor. Serotonergic antagonists prevent animals from identifying 
LSD in drug discrirni11ation tests. LSD. a11d probably some of the 
other hallucinogens can also stimulate (probably i11directly) 
dopnminergic tn111~111ission . including the mesolimbk and 
niesocortical pathways. which have heen termed the ·reward 
system' (2). These arc dopaminergic neurons. originating from 
the VTA (\•entrul tegmental area) and projecting to major limbic 
structures (nucleus accumbens. olractory tubercle). a11cl l o the 
fronrnl cortex (sec Sections 10.1- 10.-ll. In contrast to other 
abused drugs (heroin. cocaine) the stim11 la1ion of these re\\'<1rd 
mechanisms is relatively slight. and ii docs not produce 1ht: 
dassic rcinfon:ing effects. or dependence. as ot her substances do. 
3-7. Li ttle data <ire available about tlw inter- or i11tr;11 1euronal 
changes following chronic abuse of hallucinogens. Tlwre arr 
some animal data. implying that ch ronic LSD abuse causes 
depiction of serotonin from presyrrnptic nerve terminals ( 3 l. d11c 
possibly to degeri t:rat ive processes at these neuron endings (-l l. 
l~epeat.ed administrntions of LSD in rnts was also found to 
downregulate the 5-llT2 receptors ( 5 ). The net effect or 1 hcst: 
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5-HT Serotonin (5-hydroxytryptamine) 

5-HT2-R Serotonergic receptors type 2A,2C 

APDs Antipsychotic drugs 

LSD Lysergic acid diethylamide 

doparninergic and possibly other cathecholam inergic 
systems. llnllucinogens are taken ora lly. although some 
such as DMT. arc usually smoked. LSD's mental effects 
occur within an hour after ingestion and last for about 
12 hours (peak effect in 2--+ hours). I Iallucinogen abuse 
ca n lead to fat.al outcome and death have been reported. 
usually frorn cardiovascular complica tions (hyperten­
sion) or hyperlherm ia . Tolerance to the psychologica I 
and behaviora l effects of LSD develops quite rapidly (2-1 
clays of repeated use). and it reverses in abom a week 
following complete abstinence. Hallucinogens or LSD do 
not induce pbysical dependence and no clinically signifi­
cant withdrawal syndrome is apparent. 

changes is tolerance to the drug effects ;111d decreased seroton­
ergic 1rnnsmission in !he affected regions (6 ,7 ). The effects or 
chronic LSD abuse 011 the doparninergic :;ystcrn is unclear. 
Tolerance develops rapidly to the behavioral and psychological 
effects of hall ucinogens. and re\•crses almost as rapidly follo\\'­
ing abstine11ce (7 ). probably due to the decreased serotonergic 
transmission mentioned earlier. 

Tre11/ 1111'11 I of /11toxi}irn1io11 
8. lkassurance. reductio11 of sensory input. and supportive rnre 
arc the hallmarks in the trea tment or halluci11ogen intoxicalion. 
To date. 110 antidote has been found beneficial in reducing or 
eliminat ing hallucinogen-induced clinica l symptoms. The use 
of antipsychotics is usually not indicated. b111 if the patient is 
severely agitated. psychotic or possibly aggressive. low doses of 
high-pot ency antipsycholic drugs migh l be administered. 
l.oll'-polency agents such as chlorpromazinc have been 
shown lo induce seizures and to cause cardiovasnrlar collapse 
when co-administered with hallucinogens. 1\nxiety states 
might he treated \\'ilh hcnzodiazcpincs. Co111 rolled studies of 
the USC or 5-HTi anta~onis ts as possible antidotes for hallu­
cinogens have not been done though animal sllldies have 
demonstrnted that such compounds can ant agonize some or the 
effect.~ of' LSD. 

11 9 



• Commonly abused substances - specific profiles 

10.8 Abused substances - benzodiazepines 
Supposed mechanism of dependence, withdrawal symptoms and treatment options 
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to exert similar response) 

Downregulated GABAA receptors, 
which, when BDZs are withdrawan, 

exert a net excitatory etrects on 
major brain functioning (inhibited 

inhibition). This phenomena 
causes, presumably, 

withdrawal symptoms 

Benzodiazepine receptor 
(most abundant in hippocampus, 

amygdala, cortex, globus 
pallidus and substantia nigra) 

Inhibits the 
expression of 
mRNAcoding 

for the a 1 

subunit of GABAA 
receptor 



Legend 
Induces 
Inhibits 

.. 

lntaot 'egulotlon ol <eoeplo' I 
Dow.,egulotod ""''"' I 

llcn zodiazepines exert their therapeutic efTccts by 
increasing Lhe alnnily of y-aminobuLyric acid (GABA) to 
the GABA,, receptor. and thus increasing chloride innux 
i1110 the intracellula r space (sec Secrion -1.2). The 

Notes about l:h e n u mbered it ems in th e scheme 

lli'11:odia:evi111• 11/111sr 
I . llenzodiazep ine abuse is different from other substance­
abuse disorders (opioids. amphe ta m ines. nicotine) because 
hen zodiazepines exert much less euphoria and do not 
ac1iva1e the 'classic' reward sys1ems lha1 :ire ac1ivated wilh lhe 
other s ubstances (mainly the mesolimhic and mesocor1ical 
dopaminergic projections) (see Seclions I 0.1-10.4 ). In fac1. 
most people do not find the subjective effects o f hcnzodi­
azepin es pleasant beyond their lherapeu1ic anxioly1ic or sleep­
inducing effects . Therefore. the abuse or henzodiazepines is 
usually secondary to other substance-abuse disorder when 1he 
henzodiazc(Jinc is taken for relief from symptoms induced by 
the use of anothe r drug. 

. \lode of action 
2-6. Benzodiazcpiucs enhance 1he acti\•i1ies of GABA al i1s 
recep1or si1e. increase chloride inOux (2 ) and further generate 
inhibitory clfecls on major brain regions (3 ). At the same lime 
and when ben zodia zcpines arc chronically abused. !hey 
suppress the expression or the spccilic messenger ribonucleic 
acid (mRNA) coding for the produc tion of the a 1 subunit of the 
G1\l31\.1 receptor (-!). This subunit is one of the major compo­
nents responsible for the sufficicn1 coupling between the GABA , 
rcccp1or and the adjunct chloride channel. Thus chro11ic 
benzodiazcpinc abuse impairs the e ffective coupling leadi11g lO 

downregulation of the GABAcrgic rccep1ors (5 ) and a decrease 
in chloride inOm: (6 ). 
7. Because or lhe decreased chloride inllux into the intracellu­
lar GABAergic nerves Lhat fo llO\\'S chronic bcnzodiazcpine 
abuse. larger doses of hen zodiazcpln e a re needed lo excrl the 
same clinical effec1s . This is the physiological basis for the devel­
opment of tolerance. 

Commonly abused substances - specific profiles • 

BDZs Benzodiazepines 

GABAA y-Aminobutyric acid receptor, type A 

mRNA Messenger ribonucleic acid 

e Chloride ion 

increased innux hypcrpolarizcs the neuron and further 
enhances the inhibitory cfTccts of the GABAcrgic neuron. 
Therefore ben zodiazepincs acl as neuromodula1ors 
Lhat enhance the inhibitory efTccts of GABA. 

Wit/1dr111wrl 
8. \Vhen benzodiazepines arc withdrawn. the GABA_. recep­
lors arc s1ill downregula1cd and their acth·ities a rc relaLi\·ely 
suppressed compared wi1h 1hcir baseline s1atus. Since GAl3t\er­
gic nerves exert inhibitory effec1s on major brain regions. when 
lhey are suppressed the affec1ed brain regions arc in a relatively 
hyperexci table state. This excitability might play a major role in 
1he induction of the charac terist ic withdrawal symptoms. 

'/'r1•<1111w111 

9. Several treatment oplions are relevant in 1he case of ben zo­
dia:i:c11inc abuse. Gradual tapering or bcnzodiazcpines is 
probably the hallmark and the mosl effective modali1y for 
ben:wdia:i:cpinc abuse. The iapering schedule should include 
a reduction of about 20-2 5'!:. o f the consumed dosage per \\'eek . 
Octoxilication can be accomplished within 7-2 l days. For 
shor1-ac1ing bcnzodia :i:e pincs. (e.g. a lprazolam). a morc­
conscrvat i\·e detoxification plan should be taken. e.g. alprazo­
lam should be tapered al a maximum or 0.5 mg every 3 clays. 
Altcrnalively. replace wit h a long acting bcnzodiazcpine and 
then withdraw it. The gradual tapering enables the downrcgu­
laled GJ\13t\A receptors to recover parallel with the decrease in 
benzodiazc(Jinc close. IJu spiron c or a111idepressan1s 
!(especially selective serotonin reuptake inhibi1ors (SSHls )j 
should be considered if tape ring is not fully successful and there 
is still a need for an anxioly tic agent Both arc used primarily 
as anxioly1ic agents. and lhcir main advantages arc diminished 
abused po lential. the absence of withdrawal syndromes during 
acu1c abstinence. non-impaired psychomotor pcrfom1ance and 
110 an1erograde amnesia. IJu spiron e \\'as found beneficial in 
reducing the craving for ben zodiazcpines. probably due lO ils 
anxioly tic effects. The main drawback in using bus11iron c or 
SSnis is the relat ive long lime needed before the anxiolytic 
em:cls arc achieved (al leasl 1- 2 weeks). Carha mazepine is 
only effective for withdrawal-induced convulsions. 
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10.9 Abused substances - nicotine 
Supposed mechanism of dependence, withdrawal symptoms and treatment options. 

f
--~--- -~ .. 

- ... , 
VTA, ~s1;1t>_stantlaj 
nlgra 

\ ____ _ 

- , 
I 
I 

Nicotine replacements 
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roceptors 

Docroased 
NE firing rate 

(probably via acuvated 
op1ato receptors) 

6 

Activated reward 

mechanisms 
(which lends to 

a full substance-
depondence syndrome) 

lncrooocd NE firing rato 
nlong with characteristic 
w1thchawat symptoms 

(NE flung rate is no longer 
suppressed by nicot1nc­

activatod opiate receptors) 

.i.r! NE 
--l)f-f---~ • .,,. • 

• 
Unknown ellect. 

Possibly depressant. 

Treatment options for nicotine-withdrawal symptoms 

Buspirone 

Reward 
mechanism is 

no longer activated 

Clonidine 



Legend 
Enhanced stimulation 

Stimulates 
Diminished stimulation 

Inhibits 
Diminished inhibition 

Intact regulation 
of acotylchollne (nicotinic) receptors 

Uprogulatcd acetylchollne 
(nicotinic) receptors 

_____ ,.. 

1\ddiction to nicotine appears mainly in the form of 
cigarette smoking. Nicotine rapidly enters the blood­
stream via the pulmonary vascular system and reaches 
the brain faster than it would if it were adrninislercd 
intravenously. The major adverse effect of nicotine 
abuse (in the form of tobacco smoking) is death from lung 
cancer. emphysema and ischaemic cerebrovascular or 

Notes about the n u mbered items in the sch eme: 

,\lode of <Klio11 

1-6. Nicotine binds 10 n it·o11rnc ncctylcholim: n:c:eptors 
(1 11\ ChHs) which are highly rnnccntrated in I.he int crpc11dun­
c:ul11r nucleus. medial lrnhcnula. llwlarn us m1d t:erebral rnrlcx 
( I ). Nicolinic receptors arc also present in rnidbrain regions 
such as the ventral leg111en1al area (\ITA) and the substcrrllia 
nlgra (2 ) and in limbic struc: ttr rcs (3 ). Nicotine stimulates the 
n1\ChHs tlrnt nre atwchcd to a rapidly responding ligand-gated 
sodium clrnnnel. and it c:on:.equently inrrcuscs i111ruc:cllular 
sodium concentrations and tlcpolariics the neuronal membrnnc 
(~ ). J\s n result of this nicot ine-induced depolarization. the 
rnesolirnbic dopaminergic pathway and cortk ;il projec tions to 
!he samc limbic strut: tLires arc nclivated. The cffed of 1hc latter 
is unclear. although ii is assumed lo be depressant (5). The net 
ellccl or these activities is to induce the clwracteris li c: nicot inc­
depcnclence syndrome (6 ). 
i.X. The interaction of nicotine \\' ith nAChHs is bclie\'cd to be 
1hc major clement in inducing dependence. bul chronic 
changes in other neurotrnnsmittcr :.ys1e111s. especially opiate 
receptors. are thought to con1ribu1e to the charucterislk' behav­
ioral and psychological changes thm arc e\·idenl when 
nicotine is withdrnwn. fl is possible that nicoline indirec tly 
s1i111ulates the opiate rcc:eplors located in the lucus ecruleus 
(I.CJ (i ). wh ich lc:ads to a decrease in the norcpincphri11e (NE) 
llring ralc from the LC lO 11rn jor brain regions (X). 

\\1/1/11frall'al 

CJ. I 0 . Chronic nicotine abuse 11prc:gL1 l<1 lcs lhc 111\ Chlls located 
in cortical regions (9 ). When nicotine is wi1hdrn\\'n. the 
nt\Ch l~ s <1 rc stimulated by the endogenous acetylcholine. t\11he 

Commonly abused substances - specific profiles • 

ACh. Aco1ylcholinc 
DA Oopamme 
LC Locus coruleus 

Na· Sodium ions 
nACh-Rs N1co11nic acctylcholine 

receptors 
NE Norcpincphrine 

VTA Ventral 1cgmen1a1 area 

Action potential ~ 

Unknown neural 
mechanisms 

or effects 

cardiovascular diseases. Nicot ine abuse causes both 
depressant and st imulatory enccls. but tolerance develops 
lo the depressant e!Tects while the stimulatory effects arc 
unaffected. The mechanislll fo r this dual effect is unclear. 
and probably involves :;everal dillcrcnt recept or int erac­
tions (as well as ot her modalities). 

~arm: lime. 1hc absence of n icotine docs not generale 1hc 
lypical nicotine-induced stimulal ory c1Tcc1s on the opiaw 
receplors and so lhe LC !iring rale is no longer suppressed. The 
ncl effecl is an increase in NE release from the LC ( 10). This 
imTeilsc in LC firing rate 111igli1 play a role in the induction of 
!he cliaraclcristic withdrawal symptoms of impaired co11rc11-
1ra1ion and slc:cp. anxiety. irri1ahili1y. and craving for nicotine. 

Tn•111111r111 

I I . Nicotine replaccmcn1 hy n icotine chewing gum or by 
lnmsdermal patches is thl· mo!>t effective treatment for 
nicotine dcpcnd c: ncc in the fo rm of cigarette smoking. These 
modali1 ics arc c:stimatcd to induce a I-year abstinc11ee ralc of 
20- 'i 0% (a I 0-20% drug- placebo dilkrcnce). Cioni dine is an 
Ct.i -<1drenergic agonisl that reduces !he release of NE i1110 lite 
synaptic: cleft. Clonidinc was found to double the shorl-lerm 
abs1ine11cc raics from smoking as rnmpared with placebo. and 
it is effect ivc in minimizing 1 he craving for cignrettes ;111tl some 
01her wi1hdrawal symptorm. The long-term effects of clcmi­
dinl' arc yc1 to be ascerlained. The main disadva111i1gc of 
clonidinc is its sedative eni:cl:.. which often worsen lite 
impairments in conccntr;11io11 associated with nicotine abuse. 
llur>roprion is an ;111tidepress;111t (sec Section 2.-1) 1lw1 
i11crcases dopamine levels in 1 he syna ptic cleft. It lw~ rec:c.:111 ly 
hccn licenced in the IJSA for the treatment of smoking c:cssa­
lil•n and e<1n double the I-year abstinence rates. Th i~ is 
prcs11111ahly because ;1 deflcil' ll t'Y of dopamine in the 111eso­
limhic/r11csoc:orr ic:al p<11 hway rnntributcs to the low mood. loss 
of pleas11rc and drive fo 1111d during nicotine withdrawal and 
huproprion helps re\•crse I his. 
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• Antidepressants, mood stabilizers and monoamine oxidase inhibitors 

11.1 Tricyclic and tetracyclic antidepressants 
Drug interactions 

Thiothixene 
(posSlbly Other APOs) 

Warfarin 

Alp razolam DZPM 

Erythromycin 

Methylphenidate 
Parace tamol 

Central mediated adverse effects : 
serotonin syndrome and decreased muscle 

MAOls 

Morphine 
SSA ls 

tone (MAOls and SSRls): respiratory depression (morphine) 

t o 

Certain percentage pass unmetabolized 

Hepatic P450 enzymes 

Cimetidine Fluoxetine Barbiturates 

oO 

Clonidine 

Guanethidine 

Excreted. unabsorbed, 
in the feces. 

Clonazepam [1] Fluvoxamine Haloperidol [1] ITJ CBZ ITJ Fiber-rich 
[1J 

Levomepromazine HG As Ethanol abuse 
Paroxetine 

diet [] Dlgoxin (chronic) 
Perphenazine Thioridazine Phenytoin Smoking Heparin • • 

Legend 

[I] Drugs that can cause significant 

~ Drugs that can increase Name and severe side-effects due to Name 
the serum levels I effects of d rug additive effects or drug 

of the antidepressants (not due to 1ox1city) 

[I] Name 
Drugs whose therapeutic effects [!] Drugs that can decrease were shown lo be opposed by Name 

the serum levels I effects o f d rug antidepressants (via receptor of drug 
of the antidepressants site interaction) 

Drugs whose serum levels or rn Name Stimulates -----. Antidepressant drug 0 
elfect.s can be increased b\' of d rug Inhibits ______. Other drugs • antidepressants 

Metabolites of "V . 

[] antidepressants f other drugs ~ () 
Drugs whose serum levels or Name 
effects can be decreased by of drug APDs Antipsycholic drugs 

antidepressants CBZ Carbamazepine 
DZPM Diazepam 

G 
GIT Gastrointestinal tract 

The mechanism Name HCAs Heterocyclic antidepressants 
is unclear of drug MAOls Monoamine ox1dase inhibitors 

SSRls Selective serotonin reuptake inhibitors 
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Antidepressants, mood stabilizers and monoamine oxidase inhibitors • 

Si!]nij'iccmt Drug l11ter11ctions 

l \11ticoagula1tts. There urc rniccduwl reports of 1r11:11d11111' 
decreasing l1eparin scrum levels CW%). C/0111iJ1mmi11c. 
1mr1ript!J/i11e. and 1ra:otlo111· ran raise wnrf nri11's ~crum levels. 
leading to the need for <J Jo•:;, do~c. 

1\11ti£'011vulsa11ts . l'l1r 1111t11i11 . a li\'er enzyme inducer. 
dccrca~cs scrum fe\•cls or tricyclic antidepressants ('f'C1l s) 
(cspcc.:ially desipr11111i11e and do111lpm111i11t'). 1\n increase in scrum 
levels ur llOrtriptyline and tra:odmw has also been reported. In 
these cases. presumably the net effect of enzyme induction (hy 
11l11•11ntoi11 ) and enzyme inhibition (by TC/ls) was 'in fovor' of 
the inhibitory effects. C11rl11111111:1•11i11e also induces liver 
enzymes. with a consequent rcd11c1ion in serum levels or TC1b 
(11111itrip1yli11<'. desipra111i11e, do:\'l'J1i11or 1mrrrip1yli11e). These effects 
or c11rl111 111n:epi11e \\'ere not observed with do111ipra111i111', hul 
have been reported \\'ilh selective serotonin rcuptakc inhibitors 
(SSJ< l s) . 

A11ti11y11erte11sive agent.'>. Clo11icU11e's anlihypcrtcn­
sivc effects were reduced by ahout 50% when co-administered 
\\'ii h 1'111111 i111w11i11e or tlesipra111i111'. The antihypertensivc cllccts of 
u11111wtl1itli11e can be rcclw.:ccl by do.wµi11. 11111itriJ1t!Jlim• or 
tlcsi11m111i11e. but not by 11111prm i/1111'. 

Auliflsyclwtic drugs (1\PDs). ~ lost 1\l'Ds. as well as 
TC1\s. arc inhibitors or lhc 1'·150 enzymes. thus potentially 
i11ercasi11g each other's scrum levels. For lmlu11eritlo l . an 
increase in scrum levels or TCt\s (hy about t wicc) is found in up 
10 I 0% of patients treated wilh d11111iprn111i1w and 1wrtriJ1l!Jli111· 
(not with dcsipra111i11e). J.evfl1111'11r1mrn:i11c can significantly 
iru.:reasc c/0111iprm11i11c's scrum levels. Pervl1e11n:i11e was fo und 
to increase serum levels of 11111i1riJ1l!Jli11e. desi11mmi111• and 
11ortripl!fli111'. \\'hile tldorid":im• \\'as reported to increase 
tlesipm111i11c's scrum levels. '/'11llltliixe11e levels arc usually 
incn:nscd by TCAs such as d11xrJ1i11. 11orl riJ1l!fli1w and 
clm11iJ1r11111i11c (the lat ter combination increases the risk for 
tanlivc dyskinesia). 

UarlJiturates. These induce liver catabolic enzymes \\'ith a 
consequent reduclion in scrum lc\•els of TC1\s (evident \\'ii h 
11111itriptyli11r. c/0111ipra111i11c. dcsipr11111/11c. and nortripl!JliiU'). 

1Je11:odiazepiues. ~ Io~I :audie~ rc\·ealcd no significant 
interactions with a combined b1•11:mli11:epi11c-TCA regimen. 
i\11ccdowl reports suggest that 11l11rn:olmn might increase 1 he 
scrnni levels of imiprami11e by up lo 30% nnd that clom1:1•1111111 
c:an decrease scrum levels of dcsiJ1r11111i11e. Dia:c1111111 was 
reported to increase a111ilriJ1l!Jl ill!'

0

S scrum levels in few eases. 

Cimetidiue. This inhibits liver ratabolic enzymes. with a 
consequent increase of up to 3 5"i, in scrum levels or TC:\.~ 
(reported \\'ith 11111it r ipl!Jli111·. dm11iJ1rami11t'. desi11ra111iu1'. do.rq1i11 
and uar1rip1yli11e) and up to ')()";,increase in patients considered 
to be 'r;ipid hydroxylators'. 

Dinoxiu . r\ few ca~cs wen: reported or decreased ser11111 
1li1111xi11 levels by up to 3-fold (mainly with Lmwdout'). 

Etluuwl. Chronic abuse or 111r11l111l can lead 10 enhanced 
activity or 1 he I'.+ 50 enzymes and :1 consequent decrease in 
'f'CA seru111 le\·cb. Cenlral receptor intcrac1ions between 
etl1a110/ and 'f'C: \s can cause impaired mo1or abilities 
(e\•iden t \\'it h 11111i1 ripl!Jlillt'. do111ipra111l11t'. doxe11i11 and 
I/Ort l'f/11!/lillt'I. 

l~iber-ricl1 tliet . This lowers scrum levels or TCt\s 
(dcsiprm11i111'. do.\·1•pi11). It is probably due IO a decreased gas1ro­
in1cslinal absorplion of the 'f'C1\s. 

Mcmoamiu e oxitlase i11l1ibitor.-. (MAOls). Co­
admin istra tion is usually safe and cllccli\'c. although rare cases 
or serotonin syndrome arc documented patients. :l111i1ri111!11i11t' 
and 11ortriJ1l!lli1w arc safer ns compared with clomiJ1rami111'. 
<i<•siJ1m111i1w. or imi11m111i11c. Clc1111iw111ui11t' should be H\'oidcd. 
Addili\'C toxicity is rare. and could be evident by hyperpyrcxia. 
convulsions. cardiac collapse. disseminated intnn·Hscular 
coagulation. and death. No significant interaclions were found 
with 11111i1ripl!Jli1w or d1•SiJ1ra111i1w and 111od obc111idc. 

1\!fel11ylphe11frlate . This can increase TCtl scrum le\'cls 
(c/0111ipr11111i11I'. uonriJIC!Jlillc) . Desiprm11i111'

0

S lc\•els \\'ere not fou nd 
to be impaired. alt hough an add it i\'e adverse effect profile is 
evident (nausea. tremor. tachycardia). 

i\tlor11hi11e. 1\111itript!Jli11e. c/11111/J1r11111i111·. drsiJ1mmi1w. a11d 
doxe11i11 can enhance 1110r11l1i11e's analgesic and respiratory 
effects possibly mediated by serotoncrgic stimulation. 

Selective scroto11i11 l"e1111talce i11l1ibitors (SSIUs). 
H110.teti11e inhibits I he l'-150 li\•cr caiabolic enzymes leading to 
increased TC1\ scrum levels by 2-t fo ld (can be 1oxic). Thi~ b 
C\'ident \\'ith m11il riJll!J/f 111'. c/11111ipn1111i111•. desi11r11111i111• and 
11orlriJ1l!Jlilll'. Such changes were not found. e\'en though tested. 
with a combined do.vrpit1- fl11oxc•Ci11e regimen. ,\ lore modcsl 
incrc<1scs arc fo und when lm:odo11r is administered with f l11ox­
eti11e compared with lhe 1'C1\-f1111J.\'l'lim• regimens. fll11vox-
11111ilw also inhibits 1he P-150 liver cataholic enzymes leading to 
increased TC1\ scrum levels by 1- 2 fold. This is C\'idcnt with 
111ui1riJ1l!/li111'. d11111i1m1111i111'. d1•si111·11111iu1• and 1wrtriJ1l!Jli11~" 
P11roxt•ti11 I' - TC1\ lc\•cls could i ncrca~e by up to 5-fold \'ia 
inhibition or the P4 5011 catabolic enzyme. 1'11roxeti11e lc\·els 
might also he increased (mainly \\'i lh 11111itriJ1l!J/i11e. drsipnr111i1w 
and 11or1 r iJll !Jli111•). 

Smoking. Many components of cigarettesllobbnco arc 
hepatic enzyme inducers. leading to ;1 decrease in TC1i scrum 
levels (up to 50% reduction in serum levels of 11111itri11l!Jlill1'. 
c/0111i111w11i111• or dcsipmmi11c) though 11 0 1 evident with 
11ort riJ1l!/li11c. 

:\ote: Lack or slated interaction mean studies 1101 reported. 
no1 that sud1 combinations arc sarc. 
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• Antidepressants, mood stabilizers and monoamine oxidase inhibitors 

11.2 Selective serotonin reuptake inhibitors (SSRls) - fluoxetine 
Drug interactions 

[!] rn Carbamazepine 
Clozapine 

Haloperidol 
Most heterocyclic 

antidepressants 
(not doxepin, and 

less with trazodone) 

FIUO)(etine 
itself 

inhibits the 
P450 

enzymes 

Phenytoin 
Sertraline 
Valproate 

Hepatic P450 
enzymes 

(mainly enzymes 
aSSOC1aled with 

0)(1dallvo metabolism) 

Warfarin 

Alprazolam 

~ c Diazepam 
.Q Other .. 
:2 benzodiazepines a (nol conclusive): 
~ 

Chlordiazepoxide >-
~ Clorazepate ., 
E Flurazepam .., 
"' Halazepam N 

'.8 Prazepam ., 
a; Quazepam 
E 

Tamazepam 
Triazolam 

Eliminaled by lhe kidneys (via lhe 
systemic circulation) or in tho feces 

(via the biliary tract) 

Buspirone 
Chlordiazepoxide 

Cyproheptadine 

Fluoxetine 

Increases synaptic 
5·HT (serotonin) 

concentrations with 
a consequent 
inhibition of 

dopamine release 
from presynaptic 
nerve terminals 

Anti psychotics: 
Clozapine 

Fluphenazine 
Perphenazine 

Propranolol 
Sulpiride 

Thiothixene 

Methadone 
Morphine 

[!] 
Bupropion 
Metoprolol 

Propranolol 

Buspirone 
Carbamazepine Lithium 

Monoamine oxidase 
inhibitors 

Legend 

[] Drugs whose 1horapou1ic [I] Drugs whoso serum levels Name effects wero shown to be Name 
or offocts can be Increased o f drug opposed by tluoxotino (via of drug 

by fluoxetine receptor site in1oractlon) 

Drugs whose serum levels [I] Name Fluoxetine 0 or Fluoxetine 
or effects can be decreased of drug 

by fluoxetine Other agents 0 

[3 Name 
Bonzodiazoplnes • The mechanism metabolized by oxidation 

is unclear of drug 
Metabolites of fluoxoline, (J, ,, 

Benzod1azepinos and 
Drugs that can cause significant 

~ 
other agents <> 

and severe slde·elfects due to Name 
additive effects of drug Stlmula1es 

(not due 10 loxicily) Inhibits 
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Si911ificant Druy Inter11ctions 

Au tfrliabetic druys . There are anecdotal dnta of 
enhanced hypoglycemic capacity when jlzwxetim: is added to 
hypoglycemic agent or given to insulin-dependent pn ticnts. 

1111tico11vulsants. F/11oxe1i11r inhibits the metabolism of 
mrbama:epine (up to 30°!.o increase in its serum levels) and of 
vi1l11roate (up to 50% increase in scrum levels). Some signifl­
cant adverse effects were reported with carbm1111z1•11i11e 
(parkinsonism. serotonin syndrome) which arc presumably 
related to the enhanced scrotoncrgic transmission. 1\necdotal 
reports are available of pl1e11ytoi11 intoxication fo llowing the 
addition of fluoxeline to the regimen. 

Antidepressants. Flrioxeti11c inhibits the P450 liver 
catabolic enzymes. leading to increased tricyclic antidepressant 
('fC11) scrum levels by 2-4 fold. This is mostly evident with 
mni t ri11tyH ne, clo11upra111i11e, tle.<>iJ1r11mi11e. i m i11rm11i ue 
and 11ortri11tyli11e (increased scrum levels of up to about. I 0 
times were reported with the latter. with possible severe adverse 
cllccts s uch as prolonged PR. QRS and QT intervals . seizure 
induction. and anticholinergic dc lirum). Such changes were 
not found. even though tested. with a combined cloxepi11-j111ox-
1•1i1w regimen. Much more modest increases are found when 
tra:oilone is administered wi th j111oxelille compared with the 
1'CA-j111oxe1ille regimens. F/11oxelille might also inhibii the 
metabolism of other selective serotonin reuptake inhibit0rs 
(SSIUs). with a subsequent increase in their serum levels 
(scrtrali11e). 

A11ti11sucl10tic clrugs. In a few cases. m<u-ked extrnpyra­
midal side-effects (akathisia. dystonia. parkinsonism) have been 
report.eel with fluphemuiuc, v er11l1e11azine, sulpiritlc or 
tl1iotluxe11e when fluoxelille was added to the regimen . The 
mechanism is speculated to be the result of j111oxelilll''s further 
suppression of dopamine rgic activity in the nigrostriatal 
pmhways (serotonergic stimulation leads 10 dccrcuscd 
dopamine release). F/11oxcti11e was shown to increase lu1loJ1erl-
11"I scrum levels by about 20%. presumably via inhibition of the 
P450 enzymes. Fluoxelillc can increase the risk of seizure induc­
tion when added lo cloz1111i11e due to an increase in cloz1111i1w 
scrum levels. or by additive e ffect s. 

Be11zocUazepi11es. Z:/11oxe1i11e inhibits the hepatic microso­
mal enzymes associated with oxidat ive metabolism. thus poten­
tially increasing the scrum levels of alprazolam , 
cl11orcli11ze11oxide. clora:zep11te, tlia:epam. j111r11:ev11111, 
lwla:e1111111 , J1ra:epm11, q1ur:epam. te11111ze11a111 and trillzo­
lllm. Benzo1liazepi11es metabolized mainly by glucuronidation 
(clo11fl ze11a111 , Iorazepam and oxt1ze1111111 ) should not be 
affected. In practice. j111oxeti1w has been shown to raise the 
scrum levels of alprazolm11 and diazepam, without any 
apparent effect on the pharmacokinctics of clo1111ze1u1111 or 
triaw/11111. F/11oxeti11e's oxidative metabolite norfluoxcline 
in hibits the metabolism of 11l11r11:ola111 to a greater extent than 
j111oxc1i11e itself: thus alpr11:olm11's scrum levels can remain 
high for a prolonged time fo llowing the decline in jl110.\·l!1i111• 
scrum levels (norlluoxctine·s half-life is longer). 

f3- aclre11eryic CllliCl{JOnists. F/11oxeti1w has some capac­
ity to inhibit tile oxidative metabolism of {J-mlre11enic c111t11go-
11ists (especially the lipophilic ones: 111eto11rolol. 11i11tlolol. 
11ro11r111wlol ). thus raising their serum lc,·cls. There arc rare 
reports of scverly enhanced antiadrencrgic acli\•ity (could lead 
to consequent sinus a rrest) with a combinetlfl11oxc1i11e-vroprn-
110IoJ regimen. possibly related to increased scrum levels of 
11rovra11olol . 

Buproz1io11. 1\ few cases were reported suggesting tha t 
b11J1ro11io11 metabolism might be inhibited by j111oxc1i11e. which 
could eventually lead lo abrupt emergence of psychosis and 
seizure disorder. 

Buspirone. F111oxe1i111• can antagonize the anxiolytic effects 
of b11spirm1e. The emergence of serotonin syndrome and 
seizure disorder have also been reported with this combination. 

Cuprol1eptmli11e. This can antagonize the antidepressant 
effects of j1110.\"eli1w. probably via cm1rol1e11tmli11e's antisero­
tonergic properties. which might oppose the enhanced scroton­
ergic transmission induced by j111oxeli11e. 

Etlwnol. The pharmacokinetics of lllcolwl arc not signi fl­
cantly affected by j111oxe1i11e {or lluvoxaminc). 

Litluum. Evidence is not conclusive. The combined 
litlu11111-j111oxeii11e regimen was found to be safe in many 
studies and is generally considered as safe. Even so. a few 
isolated reports describe the emergence of lithium toxicity. 
seizure induction. de lirous state and serotonin syndrome wi th 
the combined lit11i11111-jl11oxeli11e regimen. 

Metlradoue. F/11oxe1i11e may increase the scrum levels of 
111etliatlo11e. 

Monoami ue oxiclase inlribitors (i\!fAOis). The con­
current use of j111oxe1i11c and iWAOls (11he11el:ine, lr1111ylcyJ1r0-
111i11e} has been found to induce a high incidence (up 10 50% 
according to some reports) of toxic reactions including fata l 
serotonin syndrome. No such severe interactions were found. to 
date. with the combined use of jl1wxcti11e and moclobemicle. 

Mor11liiue. F/11oxeli11i' may increase the scrum levels of 
111orpl1i11e. 

Warfarin. Most data suggest tbat there arc no signiflcant 
interactions between these two agents. r\ few cases have been 
reported in which an apparent increase in w11rf"ri11 serum 
levels or activities led lo decreased prothrombin lime <J ncl 
spontaneous bleeding when j11wxeti11e was added to the 
regimen. 

Note: Lack of stated interaction mean studies not reported. 
not that such combinations are safe. 
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11.3 Selective serotonin reuptake inhibitors (SSRls) - fluvoxamine and paroxetine 
Drug interactions 
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Significant Drug Interactions 

Fluvoxaminc's in teractions 

A 11t icon9ula11 ts. There arc anecdotal reports of bleeding 
disorder with a concomitant use o f' 11ito1111wlo11e (a counrnrin 
derivative). jl111•vx11111i11e and ibuprofen (which can also inlcrnct 
with the amicoagulant}. Fl111•oxn111im· inhibits \\'arfari11 metab­
olism which could result in about a 65";, increase in scrum 
levels and a concornil ant prolongation of I he prothrombin time. 

An t.iconvul sa 11 ts. Co-administra tion with Jl111•11.\·11111i11c 
may result in increased carlmm11ze11i11c scrum levels by up lo 
()()% . 

ll11tidepressa11ls. F/111•oxa111i11C' inhibits the P-ViO liver 
rnlabolic enzymes (predominantly inhibition of S -clemcthyla­
tion). leading to an increase in tricydic antidepressant ('f C1l ) 

scrum levels by 1- 2-fold. This is evident. mostly. with 
mu itriJJtyli 11c, clm11 i11r11111i11c, tlcsi1,,-11111i uc, i111i111·t1111i 11c, 
llWJJrotilirre and 11orlriptyli11c. 

Anlipsyclwtic drugs. Fli1vo.rn111im• can increase the risk 
of seizure induction when added lo levo111epro111t1zi11e. 

Be11zodiazepi11es. There is little evidence. to date. of clini­
cally signillcanl i111cractio11s with bc11 zt111ia zc11incs. 

/3-atlren ergic IJlochers. F/11vo.,·11111i11e \\'as reported lo 
increase proprmw/tJI serum levels by up to 5-l'old. wi thout 
major impairment:; in blood pressure or cardiac transmission. 
The mechanism involves the in hibition of cytochrome P-150 
activities generated by Jl11vox11111i11c. 

Etlw11ol. The phannacokinclics or ""'"''°' arc not signill­
cantly affected by lluoxctinc or jl11vo.\·11111ilw. 

Utllium. Established data arc lacking. Lithium may 
enhance the serotonergic effects orj1111·0.\·11111i11r. and a fc\\' cases 
of hypcrpyrcxia and/or induction of sciwre disorder were 
reported with a combined lit.11i11111-jl111•0.\·w11i11e regimen. 

Mouoamiue O:\'.itfase inliibitors (M110Is). Few data 
arc available about j711vo.\·m11i11<' s interactions with M 1lOls, 
c1•cn though they might be similar to those of flu oxctinc. Clini­
cally signillcant or screre interactions \\'ere nol fo und lO date 
(in se,•eral well-c<Jnt rolled trials) wilh the combined use of 
j111vo.w1111im• and 111oclol1e111idc. 

Tlieophylliue. F/11vox11111i11c can misc tlit•tJJJl1ylli111· scrum 
levels with consequent intoxication. 

Paroxctin e's interactions 

A11tico11vulsnnts. Serum le\•cls of 111ir11.Y1·li11r can decrease 
when co-administered with a11t.ico11\111lsn11ts (some arc 
cn7.yme inducers). The data arc limited but it seems thal plie11y-
1oi11 may cause the greatest decrease follo\\'cd by carbn-
111a:e11i11c. \ta fprottte's scrum le\•cls arc unchanged by 
p111·11x1•ti1w co-administra liun. 

A 11litle1n·essa11ts. P11roxcti11e levels might be increased 
('l'C1ls inhibit its mct;1bolism): this is evident mainly with 
m11itl'iptyli11c, desiprt1111i11c and 11ortriJJtyli11e. Note that 
'l'Ci l lcvcls could also increase since paro.\·1·li11c concomitantly 
inhibits their metabolism. Studies so far have conllrmed this 
wit h i111iJ1ra111i 11c and tlesiprami11e (whose half-life can 
increase by 5-fold). 

1l11tiLJSyclwtic tlrllfJS. t\ mutual increase in scrum levels 
or bolh tliiori<lazine anti JH1roxcli11e is evident when these 
agents arc combined. P11rv:w i11e inhibits P450lrD6. which 
metabolizes thioritla:im• and other ant ipsychotics. l'aroxe!i11c 
was also shown to increase lwlovcritlol scrum levels. presum­
ably \'ia inhibition of these hepatic enzymes. 

Be11zotliClzc11i11es. 1'11ro.\·1•Li11c was nol found lO alter the 
phannacokinctics of tlitrz1·1m111 or tJ:1:t1:e11t1111. 

Cimcticline. This can increase paroxeli1w scrum levels by up 
to 50% {due to its i11hibit0ry effects on hepatic microsomal 
en7.ymcs). though the clinical significance is questionable. 

Ethmwl. 1\ minor (probably insignilkanl ) decrease in a1ten-
1ivc11css can be induced when nlcolwl is added lo p11ro.\'cti11e. 

Lithium. :\o signillcant pharmacokinetic interactions have 
been found 10 date \\'ii h 1111roxe1 inr. 

MAOis. Fe\\' data arc a1•ailablc about 1mro.\·t·1i11e's intcrnc­
tions wi th MAOJs, even though they might be similar to those 
of olhcr selective serotonin rcuptake inhibitors (SSRls). Clini­
cally sig11i11cant or severe inlcrnctions have 1101 been found lo 
date. although anecdotal da la might indirntc that paro.\·e1i11c 
can potent ially increase trn11ylcyvro111i11e's scrum levels by 
about I 0 - 1 5 '!~. 

Proprmwlol. lsolalcd reports suggest no ini crnclions. 

H1t11"ft11"i11 . No significant pharmacokinclic interactions 
bcl ween /llll'Oxrli11e and wt1r)i1ri11 were fo und. although some 
individuals may experience prolonged prolhrombin time or 
mild hc111a1uria. 

Nole: Lack of stated internclion mean studies nol reported. 
not that such combinations arc sale. 
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11.4 Selective serotonin reuptake inhibitors (SSRls) - sertraline and citalopram 
Drug interactions 
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Significant Drug l11 teractio11s 

Scr tralinc 's interactions 

Antidepressants. To date. S('rtrn /i111• has not been found 
to increase tr icyclic antidepressant (TCA) serum levels as 
much as the other selective serotonin reuptake inhibitors 
(SSIUs) (nuoxctine. fluvoxamine or paroxetinc). 

Be11zodi t1zepi11es. Ser1rali11e did not alter. in healthy 
volunteers. the pharmacokinetics of <liu:evmn. Anecdotal data 
suggest no clinically significant interact Ions with clo1m:«~1111m. 

/3-mlrenergic tmtagouists. Satmli1u· has no signillcant 
intcrnclion with utc1wlol . Data concerning other f3-u11t t1f/ 1J· 
11 i!its arc lacking. 

Cimeticline. This can increase S('rtralim· scrum levels by 
about 25% (due to its inhibitory effects on hepatic microsomal 
enzymes). The dala arc limited. and the clinical significance of 
such an effect is questionable. 

llyvoglycemic drugs. In most studies. no clinically 
significant interactions were described with the combined use 
of tolb11tm11ide and sertrali11e. J\necdotal data suggests 
increased scrum levels of wlb11tm11id1• when co-administered 
with Sl'rt ra/i11e. The mechanism is unknown. 1\ similar study did 
not find any pharmacokinelic interactions between ylibc11-
dm11idc and scrtralim:. so it seems that co-administration of 
scrtmli11e with 11u11oolucem ic agents is sale . 

Etlwuol. Preliminary data suggests no interactions. 

Lithium. ~ lost studies found that scrrrn/i11r does not or only 
negligibly decreases litl1i11m scrum levels. so the co-adminis­
tration is considered safe . The most serious reported effect with 
the combined regimen was the c11ha11ccment of litl1i11111-
i11d11ccd tremor. 

Mouomuiue oxitlase inhibitors (MAOis). Few data 
arc available about sertrali11e·s interactions with .MAOi s even 
though they arc expected 10 be similar to those or other SS!Us 
i.e. the risk or serotonin syndrome reported witb tr1111yl­
CIJlJr1J111i11e (and clonazcpam). This combination should be 
avoided. 

Warfariu . There are probably no clinically significant 
plwrmacokinetic interactions between sa tralim• and wnrfnri11. 

Citalopram's interactions 

Auticle11ressa11ts. Several reports indicate that c/1a/opm111 
docs not alter serum levels of tricyclic antidepressants 
{nmitri11tyline, clomi11rn111J11c, 1111111rotili11e or 11ortri11t!J· 
line). There arc isolated dat a that suggest that ciralopram 
(presumably via inhibiting the P..J 50 enzymes) might increase 
the t\UC of desiprm11i11e. the primary metabolite of 
imi1Jra111inc. with a possible increase in therapeutic effects. 
adverse effects or the induction of toxicity. Tbe co-adminislra­
t ion of' ci111/oprn111 and other SSIU.~ has not been suflk iently 
studied. Preliminary data describe the abi lity of fl11vo:w111i11e 
lo increase the serum levels of l'i1t1/opra111 when co-administered. 

A11tivsyc110tic drugs. \Vell-comrollcd studies revealed 
no clinically significant alterations in serum levels of various 
commonly used m1tipsyclwt it 1lr11ys when co-administered 
with citalovram. In these cases the scrum levels of cita/opra111 
itself seem not to be altered by the concomitant use of the 
antipsychotics. Anecdotal reports describe the abili ty of citalo­
pram to increase tbe scrum levels of l evome11ro111a:l11e by 
about 10- 20%. 

Btlumol. 1\o significant interactions reported. 

Litliium. No pharmacokinctic interactions were observed 
in a sma ll study. 

MAO Is. 1\ few cases of fatal and rapidly developing serotonin 
syndrome were reported with the combined use of citaloprm11 
and m oclobemide. Other t\11\0ls should be arnidcd as with 
other SSIUs. Recent data suggest the main metabolite of citalo­
JJmlll may be toxic (prolonged QT, interval) in high doses (e.g. 
aft er overdose). Some fat al it ies reported. 

!\ote: Lack of sta ted interaction mean studies not reported. 
not that such combinations arc safe. 
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11.5 Mood stabilizers - lithium 
Drug interactions 
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Significant Drug Interactions 

A11gfote11siu ctmverti11!J e11zyme (ACE) i11l1il1itors. 
Utltium toxi<.:i ty may occur with (·C1111011ril or ('""'""ril (both 
inhibit angiotcnsin II produclio11 with consequent enhanced 
aldosteronc aclil'i ty and intensified sodium and /it/1iu111 reabsorb­
tion in the distal tubule). 

Antncids. May contain sodiu111 bicarbon;itc. which en­
hances the renal excretion or /il/1i11111. 

A 11tico11v11 lsm1 ls. Carb11mC1:e11i11c and /i1lti11111 can 
clc\'ate each other·s scrum levds (mechanism unknown ). 
L.it/1iu111 ·s diuretic effects out weighs carba 11111:C'l'i 11e's an1 i­
diurctic effect. so C11rbm11a:e11im· docs not protect rrom 
li1/ri11111-induced diabetes insipid us. Lir/ri11111 can c11hi111cc carbn-
111euc11iuc-induccd hyponat rc111 ia. 

Antidepressants. The cornbincd use is regarded as sare. 
Even so. b1111ro11io11 was shown. in isolated cases. to increase 
/i1/riu111 serum levels and to induce seizure activity when given 
as a combined regimen. f//110.\·(•1i11e was reported. in some cases 
to increase /i1/1i11111 scrum levels by 25-50%. Sert r11li1w was 
shown to have the opposite effect. The mechan isms arc 
unknown and their clinical significanec is questionable. 

1111tiz1syclwtic Drugs (A PDs). A suddl'n emergence 
of cxtrapyramidal symptoms was reported to occur when 
/i1/ri11111 was co-administered with .fl1111<'11thfa,ol. 
f1uJJhe11azine. loxavi11e. s11l11iritl('. ll1ioritlazi111· or tl1iol11-
i.l:euc. Some data suggest that I he concurrent use of /i1/ri11111 
and certain antipsychotics (cl1lor11ro11w:ine. /lC'i-JJhe1111:iue. 
thiorida:ill('. tl1io1 hixe11e) increases the prel'alence of sleep­
walking episodes (up lo 10%). Ut/1i11111 can lon·er the serum 
levels or cl1lor11rn111azi11e by up lo 40'}{, prcsum;1bly \•ia delay­
ing its gastric emptying with a consequent longer exposure of 
cl1lorpro11rn: illC' to gut wall catabolic cnzy111es. There arc 
some isolated reports or irreversible brain damage following co­
administration or /i1lti11111 and j71111/1euaziue. The use of /itlri11111 
and lialo11critlol is considered safe and effective but isolated 
reports of severe ncurotoxicily (fo\'cr. extrapyramidal 
symptoms. delirium. trcmmulousness. hyperglycemia) were 
noted. Anecdotal cases or rn;urolcptic malignant syndrome. 
delirium. seizures and agranu locytosis were reported with the 
use or clo:a1Ji11e and /i!l1i11111. The blood count analysis might 
be misleading and ineffect ive in 111onitoring patients on /i1/ri11111 
and cloza11i111•. 

Be11zodinz<~11i11es. Co-administration does 110 1 usually 
impair /i1/ri11111 scrum levels. 

Caffeine. Ct1f(ei11e intake rnn enhance lill1i11111·s renal 
excretion to subtherapeulic levels. 

Calci11m-clwm1el bfoclwrs. IJillinzcm might cause 
acute extrapyramiclal symptoms and delirium when co-admin­
istered with litlri11111. Hoth agents decrease calcium inllux into 
neurons and /i1/1i11111 may also compete with intracellular 
calcium ions on target organelles (due to similar ionic proper­
ties). \feravmnil. when given with li1/ri11111. can cause ncuro­
toxieity (nausea. vomiting. ataxia . dysarthria. dyskinesia) and 
canlioloxicily (/it/1i11111 levels could remain wit hin normal 
ranges). Cnscs of decreased /i1/ri11111 scrum lc\·els and other cases 
or uneventful concurrent use of /itlri11111 and ver111111111il were 
also repOrtl'd. 

Cotrinwxazole. ·Paradoxical intoxication' (li1/ri11111 inloxi­
ca1ion while its scrum levels decrease) may occur. 

Di9oxi11. This may antagonize the acute anlimanic cfTecrs of 
/i1/ri11111. Se\•ere bradycardia has also been reported. 

Diuretics. '1'11ia:itles (c11lomthim:idc. l1yllrocl1lorotli­
iazitle) can increase /i1/ri11111 serum levels by depicting sodium 
in the distal tubule. This leads to incrcnsed sodium uptake from 
the proximal tubu les (and li1/ri11111 uptake as well bccnuse it is 
concomitantly absorbed with that sodium ) leading to increased 
scrum levels or /i1/riu111 by up w 2-fold. When thia:icles and 
litlrium arc co-administered. a 50% reduction in litlri11111 dosage 
is therefore recommended. l'otassi11111-s1111riuy tliurctics 
(amiloritlc. s11inmofoctom•) either unchange or slightly 
increase the M.:rurn levels of litl1i11111. tol111 diuretks (t:t l1acri11ic 
ucitl. f11rose111itlc) do not usually alter lit/ri11111 scrum levels. 
CarlJOnic auhutlrnsc i1111ibiwrs (acc1a:olm11i1lt') decrease 
bicarbonate reabsorption from the proximal tubu le. leading to 
increased excret ion or bicarbornrte. sodium. waler and /i1/1i11111 
and a consequent decrease in /i1/1i11111 serum levels. 

Electroco11v11lsive t11era11y (EC1). Co-administration of 
/i1/ri11111 with liC'I' (given a week before or alier the EC'I') increases 
the risk or developing organic brain syndrome (prolonged delir­
ium. seizure activity and non-convulsive status epi lepiic.:us). 

Etlwnol. The combined ct11t11wl- lithi11111 regimen exerts 
synergistic depressant effects. 

Monoami11e oxidase inhibitors (MAOis). There 
are isolated cases or tardive dyskinesia induced by the combined 
tnmyku1'rn111ine- /i tlri11111 regimen. No apparent interactions 
were observed with 11l1e11elzi11e or moclobemitle. 

Metrouidazole. There are isola1cd reports of /i1/1i11111 intox­
ication. with up to a 2-fo ld increase in its serum levels. 

Ne11rom11sc11la1· blocking ll!Je11ts. There arc sel'cral 
reports or prolonged neuromuscular blockade with a potential 
((,,- dcvclopi11g a de li rious stale fo llowing the combined use or 
lil11i11111 .. rncd1111lclwline or 1muc111·01ti11111 and ECT. Other 
data suggest the concurrent use is usually safe but caution is 
advised. 

Non-steroidal mrti-inj1cmmwtonJ drnys (NSAIDs). 
Ib1111mfc11. 1liclo.fe1wc and 11111J1'C1.te11 arc reported lo increase 
lirlri11111 scrum levels by about 40'Y., , while i11tlo111ctlwd11 has. a 
greater elkct 011 /iLi1i11111 scrum levels (up to 65% increase). 
Other NSMIJs (ketoprofe11. 111efL'llm11ic acitl. 11lm1ylb11ta­
:011e ) arc also associated. occasionally. wi th a rise in /ir/rium 
scrum levels. 1\s11iri11 was fou nd not to exert any significant 
changes on /i1 /rir1111 serum levels. The mechanism or such 
changes is not fu lly understood. 

'I'lieoplryllilw. Scrum levels of lit/1 i11111 can decrease by 
20- 30% when combined with /i1/ri11111. 

Note: Lack of stated interaction mean studies nol reported. 
not that such combinations ;i re safe. 
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11.6 Mood stabilizers - carbamazepine and valproate 
Drug interactions 
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Antidepressants, mood stabilizers and monoamine oxidase inhibitors • 

Si9nificcmt Dru9 Jnteracti<ms 

Acet.11zolamide. Ca n increase the scrum levels of m rlm-

111a: l'pi11e (Cl3Z) by up lo 50%. with the possible development of 
toxicity (mechanism unclear). 

A utacitls. t1lumi1111111/nmy11esi11111 l1ytlro.\'itle can slightly 
enhance the absorption of valµroaw. with a parallel increase in 
its serum levels or effects. The clinicc1J signillcance is limited. 

A ntibiotics. Ciprojfo:rncin can greatly increase the risk of 
seizure induction in paticnt.s taking anticonvulsants. 
Eryt11romu<:in markedly inhibits the hepatic metabolism of 
Cl3Z (data arc well established). but it has a diminished inter­
action with l'lllproate. 

AntiCOll!Jlllants. W<lrft1ri11 serum levels and anticoagu­
lant effects may be decreased due to CBZs hepatic metabolism 
of WC1rf<lri11 . 

A11tico11v11lsa11ts. Valprome has inhibitory effects on 
hepatic metabolism. and when co-administered with Cl3Z it can 
increase its scrum levels and effects. CBZ can reduce w1/proatc 
scrum levels by about n0%. 

Antidepressants. Cl3% induces hepatic liver catabolic 
enzymes. with a consequent reduction in scrum levels of antide­
pressants (up to a 40% reduction with <l11titri11tyli11e, 
"esiprm11i11e, doxe11i11, imiJJrami11e and miarrserin. and up 
to a 6 7% reduction with rwrtriptyliue). 1\ decrease in l111pro-
11io11 serum levels was also reported with CBZ. These effects 
were not observed with clomiprm11iue. Fluoxetine and 
fluvoxamill e inhibit the metabolism of CH% and valprotlle (up 
to 30% and 50% increases in serum levels respectively). No 
significant interaction has yet been found bet ween pm·o.,·et.im! 
and CBZ or valproate. B1111ropion is reported to increase the 
serum levels of wrlproate. 

Antipsyclrotic dr119s (A PDs). CBZ was found w 
decrease the plasma levels of 11lie110tl1i<lziues by as much as 
50% (chlor11romazi1rn, 1rnri111enazi11e, j111pl1e1rnzilw). CJJZ 
has also been reported to decrease the scrum levels of non­
phenothimdncs by about 50% (11aloperidol) and 60- 85% 
(clozC111ine ) due lo their hepalic P4 SO-inducing properties. 
ll<lloperillol itself can decrease the scrum levels of v11/J1rolll c. 
Chlorprotlrixe11e was found to increase the serum levels of 
CBZ. due. probably. to its inhibition of hepatic rnono-oxygenasc 
activit ies. Ifoloperidol pharmacokinclics are not affected by 
va/proa!C'. 

Benzodillzepiues (BDZs). BDZs have complex intcrac­
lions with anticonvulsanls - the consequence of both inhibitory 
and stimulatory ellects of lUJZs on the hepatic metabolism of 
amiconvulsants. Tbe co-administration of Cl3Z can (infrequently) 
cause significant {up to 50%) decreases in serum levels of 
clo11a:cpm11 or alprm:ol11111 . \la/proale displaces cliazcJJm11 from 

plasma protein binding. and possibly inhibits its metabolism. 
lending to increased serum levels by up to 50%. 

Birt11 control pills. CHZ has shown t.o increase the 
hepatic metabolism and lo decrease the efTccls and safety of 
birtlr control vills. Higher doses of estrogen arc vital to secure 
safely (about 50-100 µg) (or use other methods}. 

Calcium clwnnel bloclwrs (CCBs). Diltiazem and 
verapamil have inhibitory effects on hepatic microsomal 
enzymes, and so can increase anticonvulsant scrum levels. 
Dilliazem and ver<lpamil can increase the scrum levels of 
CHZ. Nifedivi11e has not been studied as well as the other 
CCRs. but probably does not in1cract significantly with Cl3Z. 

Danazol. This inhibits the hepatic microsomal enzymes. 
CBZ serum levels can increase by up to 2-fold. 

Di9oxin. C/3% increases the risk of cardiac conduction 
disturbances. Di9oxi11 scrum levels can decrease. 

H2 blockers. Transient elevation of CBZ plasma levels is 
evident with cimetidirre (due to the latter's P4 50 inhibition 
capacity). Rcmilitli11e has little or no interaction with CBZ. 

lsoniazicl. This increases CBZ serum levels. and leads to the 
possible emergence of toxicity (disorientation. aggression). 

Lithium. C/lZ and lit11i11m can elevate each other's scrum 
levels (the mechanism is unknown). Toxicity is possible while 
blood levels arc within normal range. and is partially associated 
with pre-existing brain abnormalities. The diuretic effect of 
litl1im11 outweighs CBZ's antidiurclic effect. CBZ docs not 
protect from Jitlri11111-induced diabetes insipidus. Lill1ium can 
enhance CBZ-induccd hyponatrcmia. 

Mo11oa11iine oxidllse inhibit.ors. Pl1enelzi11e. 
trm1ylcupromi11e or moclobemicle have no clinically signifi­
cant interactions with CJJZ. 

Non-steroidnl cmti-in}Jmumatory druys (NSAIDs). 
The co-adminbt rut ion of pamcetm11ol and cm: might increase 
the risk of hepatotoxicity (the mechanism is unclear). As11iri11 
can displace l'lllprome from protein-binding sites leading io 
increased scrum levels and possible toxicity. 1\s11iri11 may also 
inhibit valproate hepatic metabolism. 

'l''1eopl1ylline. Isolated data suggest that t11eophylli11e 
might decrease C/32 serum levels. 

Note: Lack of stated interaction mean studies not reported. 
not I hat such combinations arc safe. 
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11 .7 Monoamine oxidase inhibitors (MAOls) 
Drug interactions 
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Si911ificant Drug lu teractions 

Antitlepresstmls. As a rule, nnlidcprcssanl drugs should 
be avoided as adjuvm1ts to monomnine oxidasc i11hibitors 
("11\0ls). due lO the potential induction of the seroto11in 
syndrome. Combined therapy should be restricted to rcfrnctory 
patients. Co-administra tion of NIAO/s ll'ith tricydic ant idepres­
snnts ('l'C11s) b usually safe and effective but the relatively rare 
cases or adverse interactions can often become fa tal. 1l111itri11ty­
li11c and 11or1,.;11tyli11c arc SHfer tlrnn clomipraminc, 
dcsi1n·m11ine or i111ipra111i11e. Additive toxicity b rare. a11d 
could be evidenced by hyperpyrexia. convulsions. cnrdiac 
collapse. disseminated intravascular coagulation and death. 
Lillie data arc available about newly introduced drugs and 
N/1\0/s !due. most likely. to the relative avoidencc in clinical 
practice of regimens consisting a combined serotonin re11ptal<1· 
i11l1ibitor (SRJ) with a i\IAO/ in view of the potentially high 
incidence of serotonin syndrome]. Sertrflli11e \\'as shown to 
induce serotonin syndrome (co111bined with tm11ylcypro111i11c and 
clonazepam). Paroxetinc can increase the scrum levels of 1rm1y/­
cypro111i11t' by about 15%. The concurrent use ofj11w.1:etinc and 
MAO/s (phcnelzin<'. tm11ylcypromi11r) has been fou nd to induce a 
high percentage (up to 50'){, according lo some reports) or toxic 
reactions including fata l serotonin syndrome. Few data are 
available about j1m•o:rn111i11c's internctions wi th MAO/s, 
although they might be similar to those of }1110,,·ctim·. 

Anti11syc110t.ic tlnl{JS. Many reports. including well­
controllcd studies. found no ad,·erse intcracl ion with 111re11ot11-
ia:i11cs. except rare reports of fatal adverse effect:, when a 
;\'11\01 (parg!Jlille. tra11ylcypro111i11e) was given with 
metlrotri mc111·a zi 11e. 

Barbiturates. ;\!/tlOJs (mainly 1rc111ylr!f/ll'0111im·l have been 
shown. in isolated reports. to enhance the activities of bC1rbi­
t11rntes (mainly m11ybarbitttl ). probably by inhibition of 
microsonrnl enzymes. 

Benzotliaze11iues. There are isolated reports of se\•ere 
advcrsc side-elTects when 1Vli \O/s ( isornr/Joxazicl. p/1mdzi11<') 
were co-administered with d11ordia:t·110xitle (severe edema. 
dyskinesias. dysarthria} or d01rn:e11a111 (hcadachcsl. 

/3-mfreuergic a11 ta9onisls. Sc\'eral cases of signill­
cantly slowed heart rate following the administration of 
p/rr11dzi11e lo nmlolol or 111eto11rolol were reported. 

B11s11irone. Isolated cases of non-fatal hypenensi\•c 
reactions (wilh plrmelzine or l rm1ylcypro111i11e) wcrc reported. 
The 1111,;chanism is unclear but may be related to <1 metabolite 
of b11s11iro11e. I-pp. which is an a 2-adrenorcccptor antagonist 
that can increase noradrenaline release. Clinicians should 
closely monitor the patient when using this combination. 

De:rlrometlwrplwn. 1\ few fatal cases and a couple of 
severe adverse c!Tccts were reported wit h the combination of 
p/w11d:i11e and clextrc1111ctlwr11lum. I Jypcrpyrexia. cardiovas­
cular collapse/arrhythmias. nausea. tremor. muscle spasm. and 
impaired consciousness/conw cle\'eloped within minu tes to a 
few hours of ingesting agents containi ng cle.1:tr1>1111•tlwr11lum. 
eventually leading to death (in some of them). Similar. but less 

severe and non-fata l elfocts were evidenced with isornrbo:rn:icl. 
The mechanism is presumably \• ia serotonin syndrome. 

1\tl11zi11clol. Tht.:rc is an isolated rcpon of a hypertensive 
episode when added lo p/w11c/zi11e. The mechanism is unclear. 
bul may be related to increased dopamincrgic activity. 

Me11eritline (pethidine). ~!any CHses of serious (some 
fata l) adverse effects were reported when 11ctllidi11c was added 
lo a NIAOJ {iJ1rcmi11zid. plienl'i:i11e. lr1111!J!C'!fpro111i111•). The most­
often encountered ndversc and serious symptoms nre hypcr­
pyn:xia. respiratory failurt.:. impaired consciousness (i11cluding 
coma and death ) and numerous neurological signs. Even so. 
there are many published cases and s tudies that did not reveal 
any interaction between MllO/s and J11'lhidinc. The combincd 
thernpy is relatively contrainclicatt.:d . The mechanism of the 
potentially fata l reactions is unkno\\'11. 

J\llorphine. 1\necdotal data described marked hypotcnsion 
and impaired consciousness when 111or11hi11e was ndded to 
ll'flll!flC!Jpr0111i1w Many studies have shown no clinically signif­
icant interactions wi th isornrhox11zicl. plw11clzinc. 1.ra11!flcypro111i1w 
and 11wr11l1i11e. including in patients ll'ith known adverse 
reactions to pethidine. 

Plw11ylephri11c. A marked and lilc-threa!ening hyperlcn­
sive crisis can resul! when 11lumylcvl11'i11c is given to a person 
using a MAO/ (phe11e/:i11e. tr1111y/c!fpro111 i11e) . The catastrophic 
react ion is a consequence of the inhibited gut monoamine 
oxidases. which do not detoxify the ingested 11l11:11uleplrl'i11r 
(I he gut enzymes detoxily the vast majority of the 111ie11yle­
J1lrl'i11<' when they arc not inhibited). 

Sumpatlwm imetics (directly acting). M1\0ls do 
not or only minimally enhance the pressor effects of directly 
acting amines such as c11i 11 c11lrrine or 1wrepi11e11l1ri11e (s ince 
,\ 11\0/s cause 1wrcpfr1e111rri11c to accumulate in prcsynaptic 
vesicles mid thus it does not di rcclly stimulate the postsyrrnptic 
receptors). 

Sympallromimetics (i11directly actill[J). Combin­
ing ,\ /t\0/s with agents such as a11111l1£•tllmi11es. eplredri11I'. 
11scmloe11l1eclri1w, 11wtl111 l111rc11i<llltc, 11cmol i 11c, coca i 11e, 
plie1111l111·011mwlcr111i11e and others (many cold and allergy 
mcdications/ can cause a potent ially fata l hypertensive crisis. 
since these sympaihomime1ic amines stimulate the presynap­
tic nerves io rclt.:<1 se the accumulated cathecholamines into the 
synaptic cleft. and some of them arc direct agonisls of the 
postsynaptic receptors for catecholamines. 

Tnmylcy11romi ne. There arc anecdotnl reports of 
cerebral hemorrhages when patients were switched fro111 
phe11cl:i1w to trm1ulcu11ro111i11e. The cause might involve ihc 
amphetamine-like properties of lrn11ulcupro111i11e. 

:\otc: Lack of stated interaction mean studies not reported. 
not that such combinations arc safo. 
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11.8 Reversible inhibitors of monoamine oxidase type A (RIMAs) - moclobemide 
Drug interactions 
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Significant Drug Interactions 

Amantatline. Isolated report of hyperLcnsi\'e reaction when 
n111<111tmli11e was combined with 111oclobemide and other agents. 
This efft:cl was not confirmed in other studies. The mechanism 
is unknown and the clinical significance is questionable. 

A11lic01nmlsa11ts . Only few published cases concerning the 
combint:d use of cnrb1111wze11i11e and 111oc/olie111ide were 
reported. up to d;1 tc, and no clinically significant interactions 
were observed. 

An tidepressants. Few cases of fa tal and rapidly developing 
serotonin syndrome were reported with the combined use of 
citnlo11rm 11 and 111oclobc111ide. Clinically significant or severe 
interactions were not found up to d<tlc (in several well 
controlled trials) with the combined use of j1m•o:ct1111i11e, 
j 1uoxeU11e and 111oclobe111ide and not wilh 11mitri11tyli11e or 
desi11rnmi11e when given with 111oc/o/Je111icle. One case \\'aS 
reported of a serotonin syndrome with t.hc combined use of 
111oc/obe111icle and imivrnmi11e and another suspected serotonin 
syndrome when given with clom_i11rt1111i11e. 

Antipsuclwtic dru9s. Many reports l'ound no adverse 
pharmacokinetic interactions with most of the pl1e11otlt­
iazi11es, lmtyro11l1e11011es. clozt111i11e and others (sulpi!'itle, 
clov e11t lri .\·of). 

{3-aclre11er9ic l1lockers. Moclo/lemidc can further enhance 
the hypolcnsivc properties of m eto11rolol . but the effect is 
usually mild and clinically insignillcanl. 

Bc11zocliazepi11es (BDZs). Data about the ClHtdministra­
tion of BDZs with 111oclo/IC'111ide has revealed contradictory 
results - some reports suggest that there arc no clinically signif­
icant interactions with the combined use. but other studies 
suggest a greater risk (incidence increases by up to I 00% ) of 
developing adverse effects usually related to 1110clo/w111icle 
(mainly sedation ). 

Birt lt con trol pills (BCPs). Co-administrat ion of 
111oclo/Je111idc to several type:; of BCPs did not show any sign ifi­
cant interaction and the crticacy of both agents did not seem to 
be altered. 

Breast milk Moclo/Jemidc is widely distributed in body lluids 
and tissues (lipophi lic) and ii is excreted in the IJrerrst milk. 
although in minimal amount.s (less than I% of maternal dose). 

Calcium clrmmel block ers (CCBs). Up w date. no 
clinically significant interactions were reported concerning the 
combined use of 11wclolum1ide and CCBs (mostly examined with 
11ife1livine). 

Cimeticliue. Ca n increase 11wclobe111id1·'.~ scrum levels hy 
between 40- l00%. due to its inhibitory effects on hepa tic 
microsomal enzymes. 

Dextrom etlwrvlran. Unlike the combined monoamine 
oxidase in hibitor (MAO!) and cle:ctr0111etl10rv l11m regimen 
(were fatal interactions urc well documented) there is only 
limited evidence from an imal studies which supports the 

potentially dangerous interactions with de.'l:trom et110rvl11111 
and 111oc/olm11ide. 

Di90;l:frl. l'reliminary data suggests that there are no signifi­
cant phannacokinctic interactions between 111oc/o/Jm1ide and 
1liyo.d11. 

Diuretics. Only few published cases concerning the 
combined use of diuretics and 111oclo/Je111ide were reported. up 
to dat.e. The thiazidc diuretics and especially l1y11rocl1Iorotl1-
im:itle, were shown to have no significant interactions with 
111oclo/1e11 1idc and there are no significant changes in the cfllcacy 
of both regimens. 

Etlunrol . Up to date. no clinically significant in teractions 
were reported concern ing the combined use of 111oclo/w111idc anti 
nlrnlw l. 

Hu1109lucemic 119nrts. Numerous hypoglycemic agents 
(cl1lm·pro11r11111ide. y libe11clm11.ide. m etformin) were co­
administered with 111orlobe111ide and no clinic;1l significant inter­
actions were noticed. 

Ib11fJ1·of e11 . Has no clinically signilkant interactions with 
11wc/o/Je111ide. even though some inconsistent interactions were 
evident in an imal studies. 

L-tlOJJtl . Aloclo/1c111id1• has a negligible capacity to increase the 
dopa minergic transmission. but studies made so far revealed no 
signi llcant interactions or major mh·crse side effects \\'hen 
111oclolm11ide was co-administered with 1.-dOIJll. 

Lithium. Preliminary data suggests that there are no sign il~ 
icant pharmacokinctic interactions between 111oclol1c111ide and 
litlri11111. 

Mevcridine (p ethidine). :i. Iany cases of serious (some of 
them fatal) adverse eOccts were reported when JJetliitli11e was 
added to a J'vl1\0l (sec drug interactions of M1\ 0ls). Such serious 
effects \\'ere not reported. yet. with 111oc/o/Jc111idt! but data from 
animals studies suggest that it can enhance the effects ofpetlti­
di11c. There arc many published cases and studies which did not 
re\•eal any interaction between \ ·11\0ls and ,,e1.liidi11e. The 
combined therapy is relatively contraindicated. The mechanism 
for the potentially fata l reactions is unknown. 

Plrerryleplrrine. 1\ marked and life-threatening hyperten­
sive cris is can result. when 11he11yl<•11l1ri11e is given to an 
individual using a .\ 11\ 0 I. The catastrophic reaction is a conse­
quence of the inh ibited gut 1'vti\Os which do not detoxify the 
ingested plie11y levl1d11e (the gut enzymes detoxify the vast 
majority of the 111re11u fo11liri11e when not i11h ibi1ed). Smaller. 
and probably insignificant elevation of blood pressure arc 
evidenced wi th 111uc/o/w111itlf!. 

Note: Lack of stated inleraction mean studies not reported. 
not that such combinations arc salC. 
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12.1 Typical antipsychotics - phenothiazines 
Drug interactions 
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Vitamin C 

Name 
of drug 

Drugs that can decrease [] Name Gut-wall catabol1c enzymes GWCE 

tho scrum levels I effects of drug 
of phenothiazines Stimulates 

Inhibits 

Drugs \•,hose serum levels or [i] Name Antipsychotic drug 0 
effects can be increased of drug Other agents 0 

by phenothiazmes 
Metabolites of APDs ~ 

Drugs that can cause significant 

~ 
and other agen1s to> 

and sovoro side elfects due to Name 
addrtive elfects of drug APOs Antipsychotic drugs 

(not due to toxicity) GIT Gastrointestinal tract 
SSRls Selective serotonin 

Drugs whose therapeutic elfects [!] 
reuptake 1nh1b1tors 

woro shown to be opposed Name TCAs Tricychc antidepressants 
by phenothiazines (via of d rug 

rocoptor silo interaction) 
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Signij'icmrt Drug Interactions 

Antacids. C/1/orproma:i11e serum levels can be rapidly 
decreased by about 50% (due to its adsorption onto gel 
antacids) when co-administered with tmtndds such as 
"lumi1111111 liydro.'l:ide or 11rng11esi11111 tridlicat.c . 

Anticlwlinergic tln•gs. The combined USC or p/11'11()­
thinzilws (reported mainly with c/1/orproma: i11e) that h;wc 
marked aniicholinergic properties with other a11ticl10Ji11er9ic 
tlruos can induce heat stroke. especially in hot and humid 
conditions. The rise in body temperature might be the result or 
suppressed sweat gland activity regulated by parasympathetic 
cholinergic innervation. Other serious adverse and addi tive 
effects of such combined regimens arc the induction of paralytic 
ilcus and atropine-like psychosis. Some data suggest that 
triliexyplienidyl can lower scrum levels or c/1/orpro11111zi1w. 
probably due to their additive anticholincrgic impairment of 
gastric motility and absorption. 

Anticonvulsants. Carba111azepi11e induces hepat ic 
microsomal enzymes that can decrease the stcady-siatc 
plasma levels of phe1101'1ia:i11es (reported mainly wit.h c/1/orpro-
111a:i111•. perp/1e11azi11e and j111p/1ena:i11e). Chlorwo111(1zi11e and 
thioritlazi11e may increase the scrum levels of fJlw11y toit1 due 
to its inhibition of hepa tic mono-oxygenase activities. Some 
reports claim that c/1/orpnml(lzirze may decrease the serum 
levels of valprome. while other reports suggest the opposite. 

A11liclepressa11ts. Most a11tips!Jchocir drugs (Al'Ds) as well 
as tricyclic antidepressants (TCl\s ). arc inhibitors of the P-l 50 
lh·er catabolic enzymes. thus potentially increasing each other·s 
serum levels. Cll/orpro111a:i111' increases i111ipra111i11e scrum 
levels. J.evomepromn:im can cause a signillcant increase in 
c101nipram.i11e serum levels. Perphe1111zi11e has been reported to 
increase the serum levels or (lt11itriplyli11e, desipm111i11e, 
imipra111 i11e and 11orlripQ1li11e. T/1iorida:i11e has also been 
shown to increase TCA serum levels (mainly tlesiJ1rm11i11e1. 
.\forked cxtrapyramidaJ side-effects (akathisia. dystonia. parkin­
sonism) have been reported (a few cases only) with j/11pllc11a:i11c 
or perplle11n:i11e when j111oxeli11e was added 10 1hc regimen. The 
mechanism is not known. r\ mutual increase in scrum levels of 
both 1/1ioridnzi11e and l'"roxeti11e is evident when these agents 
arc combined (1mroxeti11e inhibits P45011D6 which metabo­
lizes 1hiorida:i11e). Severe hypotcnsion with a 30% fa ll in blood 
pressure was evident in few cases when lrazatlone was added 
to ch/orpro11111:i11c or 1rif11opaa:i11e. 

Barbiturates. The scrum levels of bo1h lmd1it11rntes 
(reported predominantly with 11l1enob"rbito11e ) and phmo1h­
ia: i11cs (c/1/orproma:i11e. 1hiorida:i11e) can be reduced by about 
30%. presumably because barbi111r111es arc p01cnt hepatic 
catabolic enzyme inducers. 

Cim eticline. No signillcant interactions. except for slight 
increase in chlorpro11111:i11e scrum levels (wi1hou1 any clinical 
significance). 

Antipsychotics • 

Disulffram. There is an anecdowl report of a more than 
50'){, decrease in pcrp/1e11a:i11e scrum levels when tlisulfirtrm 
was added to 1he regimen (mechanism unknown ). 

Etlurnol. 1\11 increased risk or emergence or acute dys1011ic 
reactions is described. mainly with j 111plw1111zi1w ;ind tr i}l11opa­
m i11c. ancl is believed to be the consequence of an 11lcol10l­
induced lower neurological threshold or to be due to increased 
plasma levels of the ant ipsychotics. ClilorJ1ro11111:i11e and to a 
lesser cxtcnl. ll1iorid11:i111' do not alter alcolwl metabolism. but 
/111/opericlo/ can increase alcohol levels. 

Gua11etlritli11e. Cli/orpro11111:im· was shown to reverse the 
anrihypertcnsive effects of !JIW11et11itli11e. 1Vloli111/011e (a 
dihydroindole) apparent ly docs not interact wilh !Jlllllletliitli111• 
(data regarding other a111 ipsychotk drugs arc lacking). 

Litliium. There are a few reports or rapid development of 
cx trapyramidal side-effects (pa rkinsonism. tremor). or neuro­
toxicity (delirium. seizures) when co-admi nistered wi1h 1hior­
i!la:i11c. j111phe1111:i11e. 1hio1hi.n•11c. f111pc111/1i:rnl and l111/0J1cridol. 
Some of these events were apparent while lit11i11m scrum 
Jc,•els were wi thin normal range. Ch/orpro111a:i 11c scrum levels 
arc reduced in the presence of lit11i11111. The mechanism is 
unclear. but could be related to the delayed gastric emptying 
induced by lillii11111 . leadin g 10 a prolonged exposure of 
cli/orJ1ro111a:i11c to gastric-wall metabolic processing. 

Nallrexone. There arc anecdotal reports of prolonged and 
severe lethargy when co-administered with tlliorida:im'. 

Orplienncl.-i11e. This induces hepatic oxidizing enzymes. 
and reported 10 lower ch/orpro111a:i11c scru m levels. The clinical 
signilkance of this interaction is unclear. 

Plie11ylpropmwlami11e. There arc anecdotal da1a of 
fatal cardiac arrhy1hmia (ventricular fibrillation) while on a 
combined JJl1enul11rovm10lm11i11e and 1hioric/11:i11e regimen . 

Pimozitlc. Pimo:ide and both c/1/vrpro11w:i11e and 111iori­
da:i11c can prolong the QT interval. and isolated rcpons of 
additive effects were described. 

Proprmwlol. Isolated claw suggest that 11rovrm101ol 
might reduce 1he cli111ina1ion of d1/orpro11111:i1w and 1/riaric/11:i11t• 
with a consequent increase in 1hcir scrum lc1•cls/1hcrapcutic 
effects. 

Vi t.auri II C. There are anecdotal data of a 2 5% decrease in 
scrum levels of }111plrl'lla:i11c \\'hen vi tamin C was added 10 the 
regimen (probably 1101 of clinical significn nce). 

?\01c: Lack of stated interaction mean studies not reported. 
not that such combinations arc safe. 
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• Antipsychotics 

12.2 Typical antipsychotics - haloperidol and miscellaneous drugs 
Drug interactions 

Valproate 

~-I . 

i' 1Central 
nervous ' 
- ~Y'slem 
••..- •~• I • 

Clomipramine 

lmipramine 

Nortriptyline 

Central mediated adverse effects: 

Benztropine 

Bromocripline 

Ethanol Fluoxeline 

lndomethacin Lithium 

Marked EPS (fluoxetine, lithium), impaired cognitive and 
motor funchoning (elhanol), fatigue (indomelhacin). 
dehriurn I hyperthermia I dyskinesias I permanen1 
brain demage (lilhium), psychosis (bromocriptine) 

Q)I 

Certain percen1age pass unmelabolized 

t 
.. 

0 o• 

Guanethid ine 

Hepatic P450 

enzymes 

Excreted. 
unabsorbed. in 

the feces 

Ri fampin 

Legend 

Drugs lhatcan increase 
lhe serum levels I elf eels 

of haloperidol or one of the other APDs 

Drugs lhat can 
decrease the serum levels or effects 

of haloperidol or one of lhe 01her APDs 

Drugs whose serum levels 
or effects can be increased by 

haloperidol or one of the other APDs 

Drugs whose serum levels 
or effects can be decreased by 

haloperidol or one of the olher APDs 

The mechanism 
is unclear 
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Carbamazepine 

Phenobarbital 
Phenytoin 

Smoking 

rnor[IJ 

[}{IJ 

rn 
[!] 
[] 

Name 
of drug 

Name 
of drug 

Name 

o f drug 

Name 

o f drug 

Name 

of d rug 

AP Os 

Cimetidine 

Fluoxetine Antacids 

Paroxetine 

Propranolol TCAs 

Drugs 1ha1 can cause significant 
and severe side·effec1s due to 

additive effects 
(no1 due 10 loxicity) 

Drugs whose lherapeulic effects 
were shown 10 be opposed by 

haloperidol or one of the 01her APDs 
(via receptor si1e interaction) 

Slimulates 
lnhibils 

Haloperidol 
Other APDs 

(not haloperidol) 
Other agents (not APDs) 

Metabolites of haloperidol 
I other agents 

l~I 
[Il] 
__.. __.. 
0 • 
0 
~() .. 

APDs Anlipsychotic drugs 

Name 
of drug 

Name 
of drug 

EPS Extrapyramidal side-effects 
TCAs Tricyclic antidepressants 



Si911ifica11t Drug I11teractio11s 

Butyrophenoncs (e.g. haloperidol) interactions 

Antide11ressnnts. An increase (aboul twice) in scrum 
levels of lricyclic antidepressants (TCAs ) is found in up to I 0% 
of lreatcd patients (mostly established with clomiprami11e and 
rwrtriptyline). Such scrum level flbnonnalil ics were not 
observed with desipramine. al though additive toxicity was 
reported (induction of seizure disorder}. Marked exlrapyramidal 
side-effects (akathisia. dystonia. parkinsonism) have been 
reported (a few cases only) wilb lwloperidol when j111oxeti111• 
was added to the regimen. Fl11oxet.i11e and paroxeti11e were 
shown to increase lwloperitlol scrum levels (by about 20%). 
presumably via inhibition of the P450 cmymcs. 

Anticonvulsnnts. Plie11ytoi11 and carbnma:epi11e have 
been reported to decrease lraloperidol serum levels by about 50°,{, 
due to their hepatic P450-inducing properties. Prclimiuary data 
suggest that valproat.c bas no effects on scrum levels of 
/ialoperidol. while lwloperitlol itself can decrease the scrum levels 
of val11roatc. 

Barbiturates. Pl1e11obarbital can lower lralopcridol scrum 
levels via induction of hepatic enzymes. 

Buspirone. A few uncontrolled studies showed an increase 
of about 50% ln /1alopcridol scrum levels. 

Etlianol. t\umerous reports suggest that combined anlipsy­
chotic drug-alcoliol consumption further impairs driving abili­
ties and cognitive or neuromotor func1ioning. and this clTccl is 
noted mostly with Oupenthixol. chlorpromazine and. 10 a lesser 
extent. tbioridazine. sulpiride and lwloperirlol. 1\lcolwl scrum 
levels could be elevaied by concurrcn1 use of lwlopericlol. 

Guanethidiue. The anrihypertensivc effects of um111etlii­
cli11c can be opposed by the concurrent use of lw/owritlo/. 

lntlometl1aci11. Isolated cases of severe drowsiness and 
fatigue were reported when co-aclministcrcd with lwlopnido/. 

Lithium. There are anecdotal and rare reports of severe 
adverse effects induced by the combined lw/operidol- litlti11111 
regimen (extrapyramidal side-effects. delirium. hypcrthermia. 
dyskinesia and some permanent brain damage). The cffccls arc 
presumed 10 be mediated by additive effecls of both agents 011 
the basal striatal adenylate cyclase system or simply to be a 
manifestation of litltium toxicity. Some data suggesl that old 
age and administration during an acute phase of a manic 
episode hold a greater risk for developing these clTects. There is 
opposite and quite massive evidence that the concurrent use of 
these agents is safe. 

Rifampin. Can increase lraloperidol elimination. wil h a 
concomitant decrease in serum levels. 

Smoki119. Components of cigarettes/tobacco arc hepatic 
enzyme inducers leading 10 a decrease in lwloperidol scrum 
levels. and established data suggesl that the average serum 
levels of lwloperidol are about halved. 

Antipsychotics • 

Miscellaneous ant ipsychotics (non-phcnoth­
iazines or haloperidol) interactions 

llntacitls . 1\111111i1111111 1i111lroxi1le can reduce the absorp­
tion of su/piride and lower its scrum levels. 

Anticlep1·essants. T/1iotlri.rc111· levels arc usually increased 
by 'f'C1ls (tloxe1Jin, mJrtri11t111i11e). /\dditive adverse effects 
were also reported when co-administered wilh clomi11rm11i11e 
(rapid development of tardivc dyskincsia). Marked exir;1pyra­
midal side-cflccts (akaihisia. dystonia. pnrkinsonism) have been 
reported (a few cases only) with rlzio1/rixc11e or su/piride when 
j111oxeli11e was adclecl to the regimen. Unlike the established 
interactions between most phcnothiazincs and 'l'C11s, in which 
scrum levels of both agents could increase. no apparent inter­
action is evident to date. bet\\'ccn fl11J1e11thixol and imir>rnmine 
or any other '/'C11. 

Be11zotliazepi11es. Most data arc consistent wi th rclalively 
safe use of combined 1111tipswlrolic drugs (APOs) and be11:odi-
11 ze,,i11es. 

Be11zlrOJ'ille. There is an isolated case of reversible 
esophageal atonia and dilatalion \\'ith t/1io1/rixc11c. clue probably 
to addi tive anticholinergic effects. There is another isolatccl 
report of impaired esophageal contraclility with increased 
upper esophageal sphincter pressure with moli111/om'. 

Bromocriptiue. fll osl data arc consistent with relatively 
safe use of combined 1\PDs and IJro111ocri1JLi11e. There arc 
anecdotal data about the emergence of psychotic symptoms 
when brimwcri11U11e was added to moli111lm1c. 

Carbamaze11i11e. This increases 1he clearance or 1lriotlrix­
e11c. with a consequenr decrease in its scrum le\'els. 

Cim etitliue. This increases the scrum levels of 1hio1hixe11e 
via inhibition of hepatic microsomal enzymes. 

Etluurol. See butyrophcnones and ethanol. this page. 

G11cmet11icli11e. C/1lorproma:i11e can reverse the antihyper­
tcnsive cffcczs of y111111etl1itli11e. Moli11tlo11e apparcnrly docs not. 

Lithium. There arc isolated cases of severe cxtrapyramidal 
adverse effects (parkinsonism. akathisia. dyskincsia) and ncuro­
loxicity when j111pm1hixol. s11/piritle or thiothi.\'CJJI' was added to 
the regimen (or litl1i11m added to the 1\l'Ds). This clTect might 
be mediated by the enhanced binding of these antipsychotics to 
dopamincrgic receptors when litl1i11m is co-administered. 
Ut11i11m may also increase the half-life of moli11do1w by 2- -1 
fold. 

Pro11ra11olol. This increases the scrum levels of 1/rio1lrixe11e 
via inhibition of hepatic microsomal enzymes. 

Note: Lack of stated interaction mean studies no1 reported. 
not that such combinations arc safe. 
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• Antipsychotics 

12.3 Atypical antipsychotics - clozapine, olanzapine, risperidone and sertindole 
Drug interactions 

I~-] I ·nervous 
! . ~ystem 

Carba~~~~:~~ I 
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·~ 

• 

Captopril 

Ca rbamazep ine 

Benzodiazepines 

Lithium 

Legend 
Drugs that can increase 

the serum levels I effects 
of clozapine 

Drugs that can decrease 
the serum levels I effects 

of ctozapine 

Drugs that can increase 
the serum levels I effects 

of sertindole 

Drugs that can decrease 
the serum levels I effects 

of sertindole 
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Central mediated adverse effects (interactions with clozapine): 
Marked cardiovascular or respiratory side effects 

(benzodiazepines), increased risk of bone marrow 
suppression (captopril or carbamazepine or lithium). 

neuroleptic malignant syndrome or dyskinesias (lithium) 

Certain 
percentage pass 
unmetabolized 

Hepatic P450 
en zymes 

Carbama ze pi ne 

Phenytoin 

Smoking 

Nam e 

of drug 

Na m e 

of d rug 

Name 

of drug 

Name 
of d rug 

C affeine 

Eryth romycin Fluvoxa m ine 
(other selective 

serotonin reuptake inhibitors 
for a lesser extent) 

R isperidone 

Drugs that can increase m Name 
the serum levels I effects o f drug 

of risperidone 

Drugs that can decrease [I] Name 
the serum levels I effects of drug 

of olanzapine 

Drugs that can cause 

~ significant and severe side Name 
effects due to additive of drug 

effects (not due to toxicity) 

Clozapine 0 Metabolites of 
Olanzapine • all these agents 

Sertindole • Risperidone • Stimulates 
Other agents 0 Inhibits 

0 

Fluoxetine 
Paroxetine 

~~ 
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Signij'iccmt Drug Interm:tiom; 

Clozapinc 's inten1ctions 

Autico11vuls1111ts. These can dccn:asc d11:aJ1i11t·'s scrum 
lc\•cls by about 60% (cflrb1111111:t•11i11c l and 8 5":, l plil'll!Jloiu I 
due 10 hepatic P-150-inducing properlic:.. There is no evidence 
for w1 lpruflte-<lo:npi11e interactions. thus v11lpru11te is often 
u~ed IO decrease the risk for do:11J1i111•-i11durcd :.cizurcs. C11rlm-
111fl:epi11e can potentially inrrea:.c the rbk for dc\•elopmcnt of 
agranulocytosis when co-administered with do:11J1i11r. so should 
he iwoidcd. 

A11titlepressa11ts. C/0:11J1i11l' ls metabolized by CYPl1\1. 
and f111voxa111i11e is the predominant drug. among 1hc major 
psychotropic agents. 10 inhibit CYP I t\2"s ar1ivi1ics. Sc\'cral 
reports h;wc described a substantial increase in r/0:11J1i111· ~crum 
lc\•cls following the co-adminis1ra1ion of ]111\'0xm11i11e. H11ox­
eti11e, 1mroxe1i11e and sertrt11i11t• were also found 10 im:rc;i:.c 
clo:n11i11e scrum lc\•cls. presumably by inhibiting a secondary 
metabolic step. distal 10 do:11J1i111• (sinre none of these ageni:­
afTcct CYP 1 Al). Ciwlopmm has not been found. to datc. 10 
interact with do: npi11e. 

AutiLJsyclwtic dr11r1s (1\PDs). 1\ncrdoial rnscs arc 
described of a substantial (about 2-fold) inrrcusc in r/0:11J1llll' 
scrum lc\•cls follo\\' ing 1hc co-nclminis1ralio11 or r i s11eri1lo111'. 
The mechanism is unclear hut is speculated l<J invoh·e a 
compctitire inhibition ofCYP2D6. which also me1abolii'.c:. da:11-
pim• to some extent. 

Be11zodiazepi11es. ~lost data suggc:.1 1ha1 the combined 
regimen is safe and elTcctivc. ah hough scvcre rardion1scular or 
respiratory adverse e!Tccts may occur with high doses of d11:11J1-
i11e when combined with 1fitl:t•1111111. j111m:epm11 or 
loru:t'l"'"' · Cl01wzepm11 and d11:1111i111• do not seem to interrn:I. 

Ca)Jeiue. Like clOUIJ1ill£'. this is a substrate or lite CY P I t\2, 
so can increase clo: npi11e scrnrn levels. 

Diuretics. There is an inrrca:.cd risk of hone marrow 
suppression with a combined 1'1111toJ1ril- d11:11J1i11c· rcgirnc11. 
since each agent alone lrns the capacity to imlurc this sidc­
cfTcct. 

Erytl1romyci11 . Anecdotal data suggest it cu n (via 
CYP I t\2 blockade) increase d11:api111• scrum lcvels. 

H 2 bloclrnrs. There is nn anecdotal report o l' a 60% incrcase 
in scrum levels of clozapint• and the dcvcloprncnt of toxicity with 
cimeLJtfi11e (a non-specific cawholic enzyme inhihi!Or). n1111iti­
dh"' has no signillcant effects on this metabolic pathway. 

Litliium. Thcrc arc isola1cd reports of ne11rolcp1ic malig­
nnnt syndrome. myoclonus and dyskinesias when co-admin­
istered with clo:npine. A fata l agranulocytosis has hccn 
reported \\'ith this combination. 

S1110lci119. Components of cigarcltc:. urc hepatic cniymc 
inducers (especially CYP I A2). leading to a dccrcasc in d11:1111i111· 
scrum lcvd s or thcrapeu1ic/sicle-effccts. Close monitoring b 
suggested. especia lly if s111old110 is slopped. 

Antipsychotics • 

Ola nzapinc's interaction s 

1\11tidevrcssa11ts. To date. in vivo studies \\'ith a 
ro111hi11cd o/1111:11J1illt'- i111 i prm11i11e regimen ha\'e 1101 revealed 
any pharmacokinctic in1erac1ions. 

l3c11::ocliazepi 11es. There arc no reports of pharmacoki­
netic interactions bet \\'CCII 11lt111:11pi11t' and be11: 01fin:e11i11es 
( ~ludicd mainly with ditl:c1111111 ). 

Ccrrlmmn::e11i1w. Th i~ was anecdotally reported 10 
dcncasc o/1111:aJ1ill<' scrum levels by about 50%. The clinical 
:.ig11ilkancc of this cfTccl is unclcar. 

Smoki 119. Cigarellc ro111ponc111s induce CYP I A2. which 
mclaholizcs ult111:11J1i1u'. and combined oln11:api11r-ci9t1ret1e 
s11wld 119 h;J\'c been reported to lo\\'er o/111i:npi11e scrum lcrels 
(by up to 3 3' 'o). 

H1cr rfcr ri 11 . To date. in \' i\'O studies \\'ith a combined o/a11:11-
J1i111•-warf nri11 regimen have not re\·ealed any pharmacokinelic 
i111crar1 ions. 

Scrtindole's interaction s 

1\11tico11vulsn11ts. C"rl111111a:e11i11e and 111ie11ytoi11 hm·c 
bccn rcporlcd 10 decrease sat i11doll' scrum le\·els by about 2- 3-
fold. Th is is assumed to he \'ia their hepatic CYP 31\-induci11g 
properties. 

A 11ticlc11ressa11 ts. Some dma suggests that J111oxeti11e and 
11111·C1xe1 i11e c<m inrrcasc St'rli111/al1's scrum le\·cls by about 2-
fold (both inhibit CYP 2Dh and 31\ ·I ). As ser1i11doll' can cause 
QTc clongatio11. this may be di11ically relevant. 

Smol<i11g. Cigarct le s11wld1111 has becn shown to reduce 
sc•rt im/11/c• scrum levels by about 2 5%. This is presumably due to 

the CYI' 31\-induc.: ing capacity of s111old119 components 
(although relatively \\'cak compared \\'ith their CYP lt\2-induc­
ing abilities). 

Hispcridonc 's interac tions 

A11titlevressm1ts. Fluoxeti 11c and pflrox<•ti11e can 
increase ris11t•ritlc111t' scrum levcb in more than 50% of treated 
p;ilic11ts (both inhibit CYP2D<> which is the predominant 
c11 r.y 111c metabolizing ris1wri1/011e). 

Al'Ds. Sec under Cfo:1111ilw's intcractions (this pa~e). 

Note: Lack of stated interaction mean studies not reported. 
11ot that such co111bina1 lons arc sufe. 
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• Anxiolytics and alcohol 

13.1 Benzodiazepines/buspirone 
Drug interactions 

Fluoxetine 

Heparin 
Ethanol 

Lorazepam 

Oxazepam 

Temazepam 

Digoxin 

Desip ramine 

lmlp ramine 
Phenytoin 

BCPs 

Glucuronidation 

Probenecid 

Alprazolam II Flurazepam 

Chlord1azepox1de 

Dlazepam 

Antac ids 

Valproate 
(ils main mode ot action 

Is via. probably, 
d1splaclng BDZs lrom 

plasma proteins) 

Legend 

[] Drugs thal can increase 
the serum levels I effecls 

of BDZs 

w Drugs that can decrease 
the serum levels I effecls 

of BDZs 

[i] Drugs lhal BDZs are 
reported. occasionally. to 

increase their serum levels or effects 

[I] Drugs that BDZs are 
reported. occas1011ally. to 

decrease their serum levels or effects 

The mechanism G is unclear 
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II Nltrazepam 
Oxidation I 

hydroxylation 

II Triazolam 

t 

Name 

of drug 

Name 
of drug 

Name 
of d rug 

Name 
o f drug 

Name 
of d rug 

Metabolites o f 
BDZs are 

eliminated by the 

kidneys, 
(in the urine) 

Acetazolamide 
Amphetamines 

Fluoxetine 

Theophyll ine 

Cimetidine 

Erythromycin 
lsoniazid 

Drugs that can cause significant 

~ and severe side effects due to 
additive effecls 

(nol due to toxicity) 

Drugs thal BDZs were 

[!] shown to oppose their 
therapeulic effects (via 

receplor site interaction) 

Stimulates 
Inhibits 

Benzodiazepines 0 

Metabolites of benzodiazepines ~ () . 
(metabolized mainly by oxidation) 

Metabolites of benzodlazepines ...... 
(metabolized mainly by ._ 

glucuronidation) 

BCPs Birth control pills 
BDZs Benzodiazepines 
CBZ Carbamazepine 

Name 

CBZ 
Rifampin 

of d rug 

Name 
o f drug 



Si911ifica11t Drug Intet·actions 

Benzocliazepines interactions 

Acetazolarnide. This improves oxygenation at high 
alt itudes. Be11:odiazepi11es (BDZs) antagonize this effect due to 

impaired respiratory response to hypoxia. Concomitant use 
should be avoided in high alt itudes. 

Antacids. Few cases are reported of slight and insignifican t 
delay in drug absorbtion (clilvnlia:epoxidc'. clia:epam) and possi­
bly more significa nt delay in absorption with clorazcpate 
(activated by acid conditions). 

Antibioticslfmzyal preparatious. For eryt.11romyci11 
there are many cases of increased scrum levels of midawlm11 or 
tria: olam when co-administered with er11t11ro111yc111. The 
P450lllA enzymes are speculated to be inhibited by 
eryt11ro111yci11. /so11itizi1l reduces the clearance of diazepam or 
triazola111 with n possible enhancement of their therapeutic or 
adverse effects. For lwtocmwzole. there is an isolated report of 
about 400,.h reduction in the clearance of d 1/ordi11zepoxicle. 
Rifllm11i11 is a potent catabolic enzyme inducer. thus enhancing 
the elimination of many agents. including BDl.s such as diazep11111 
and 11itmzepm11 (hall~life decreases to about. 15- 35% of baseline). 
Te11111zepm11 (an agent that undergoes metabolism via hepatic 
glucuroni.dati.on was fou nd not affected). 

Anticouvulsants. The co-administra tion of rnrlm­
mazepine can infrequently cause significant decreases in scrum 
levels of some BD'l.s (clm111: ep11111. 11/JJrazo/11111). V1i1111·011te 
displaces diazepam from plasma protein binding and possibly 
inhibits its metabolism. leading to increased scrum le\'els. 1\ fc\\' 
studies suggest that c/011a:epm11. c/1/ordi11:evoxitk and diazepm11 
may elevate serum levels of vl1e11uroi11. 

Birtlz control pills (BCPs). 13CPs inhibit oxidati\'e 
metabolism and at the same 1imc en hance glucuronidat ion. 
Consequently. the half-life of BD'Ls such as 11/vrn:o/11111. clrlor­
diazepoxide. dia:evm11 and tria:o/m11 ll'erc found to be increased. 
and the half-life of lora: ep11111. and to a lesser extent v:rn:ev111 11. 
can be significantly reduced. 

Diyoxin. Vi11: ep11111 was noted. anecdotally. to increase 
digoxin 's scrum levels. 

Disulfiram. This inhibits the metabolism of di11:1•1m111 and 
c/1/ordia:epoxide leading to enhancement of their therapeutic 
and/or adverse effects. The effects of lorn:<'t'lllll and o.rn:!'p11111 arc 
practically unchanged. Isolated data suggest thai 1lis11lj1r11111 
does not affect the metabolism of a/JJra:o/11111. 

Anxiolytics and alcohol • 

Etlzauol. Etlmnol and BDZs produce synergistic central 
depression. probably via separate activity on the Gt\BA.1 recep­
tor. 

H 2 blocl<ers. Cimetidi11e inhibits the liver enzymes associ­
ated with oxidative metabolism. The serum le\'cls of most BDZs 
affected by this metabolic pathway were found to be increased 
when cimetidine \\'as co-administered (alprazolm11. di11:ep11111. 
c11/orc/i11: e17oxidc. jl11ra:epmn. 11i1ra:epam. tria:o/11111 ). BDZs metab­
olized by glucuronide conjugation (lora:epam. o.w1:ept1111. 
tenucepam) are not affected by cim etidi11e. Ra11iticf111e proba­
bly has no significant interaction with most BDZs. 

Heparin . This increases the free frac tion of c/1/ordia:epoxide. 
diazepam. lornzep111 11 and oxa:epm11. The mechanism is probably 
vi.a lrep11ri11's induction of concomitant free fatty acid changes. 
which consequently alter BDZs phannacokinetics. 

ProlJeuecicl. This inhibits the hepatic glucuronidntion 
metabolism and the renal excretion of many drugs. including 
BDZs. As a result. elimination half-lives of agents such as 
lorazepm11 were reported to increase (up to 2-fo lcl ). 

Selective serotonifl reuptal<e inlzibi tors (SSRls). 
Fl11oxeti11e can rnise the serum levels of 11/prnzo/11m and 
cliazepm11. without any apparent effect on the pharmacoki11etics 
of clo1111zep11111 or triazo/11111 . 

l'lzeophylline. Can antagonize the sedative or the 
anxiolytic effects of HDZs (dia: epam) probably via direct cxcitant 
action. 

Tricyclic antidepressants. tllprazo/11111 was fo und to 
increase imipramine and desivramine serum levels by about 
25%. The mechanism is unknown. 

Buspironc's interactions (not shown in the scheme) 

Ethanol . B11spiro11e does not increase alcolwl scrum levels 
(as opposed to most other anxi.olytics). and it docs not poie11ti­
ate alcohol 's cognitive and motor dysfunciioning. 

Hcrlopericlol. B11spiro11e might increase l1alo11er frlol serum 
le\'Cls by about 2 5%. 

Note: Lack of stated interaction mean studies not reported. 
not that such combinations arc safe. 
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• Anxiolytics and alcohol 

13.2 Alcohol (ethanol) 
Drug interactions 

Amphetamines 

Lorazepam (?) 
AP Os 

TC As 

Alcohol and APDs can lower 
neurological threshold, impair driving 

abilities, cognition, neuromotor 
functioning. and increase risk of dystonla. 

Alcohol and TCAs: further Impairs 
motor abilities. 

Acute abuse 

Chronic abuse 

Glucose 

P450 
e n zymes 

Free 
fatty acids 

Acetaldehyde 

Legend 

(toxic when accumulated) 

Alcohol 

C imetidine 

Ranitidine 

Drugs that can increase 
the serum levels or eflecls 

of alcohol 

Drugs whose serum levels 
effects can be increased 

by alcohol 

Drugs whose serum levels 
or effects can be decreased 

by alcohol 

Drugs whose therapeutic 
effects can be opposed by 

alcohol (or vice versa) 

Disulfiram 

rn Name 

of drug 

[!] Name 

of drug 

[I] Name 

of drug 

Name 
of drug 

® 

t 

r 
I 

GABAA rec. 
(benzod•azepine 

5110) 

Postsynaptic 
Inhibitory nerve 

0 

Unmetabolized 

Via oxidation 

Estcnt1cation 
in triacylglycerol, and 
consequent fatty liver 

Acetic acid 

.CJ 

Amitriptyline APDs 

Nifedipine (acute) 

Phenytoin 

See acute abuse 
in the scheme 

See chronic abuse 
in the scheme 

Amitriptyline 
Nifedipine 

Verapamil 

BO Zs 
TCAs 

Phenytoin 

Propranolol 

Drugs that can cause 

~ significant and severe Name 
side-effects due to additive of drug 
eflects (not due to toxicity) 

The mechanism LJ Name 
is unclear of drug 

Stimulates _____.. Ale-DH Alcohol dehydrogenase 
Inhibits ----... Antl-ACh. Anticholinergics 

APDs Antipsychotic drugs 
Alcohol 0 BDZs Benzodiazepines 

Olher agents 0 NSAIDs Non-steroidal anti-
Benzodiazepines • inflammatory drugs 

PV Portal vein 
Metabolites of alcohol ~ I? Rec. Receptor 

via receptor site interaction 
[!] 

tree fatty acids or other agents TIS TCAs Tricyclic antidepressants 
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Significant Dr119 Interactions 

Ampltetn1ni11es. Can reduce some of the impairments 
atlributed to alcohol abuse (memory. attention. recognition. 
reaction time and decision making). 

A11ticonv11lsants. /\cute 11/cohol consumption increases 
scrum pl"mytoi11 levels while chronic 11/rolrol abuse can 
decrease them. 

A11tidepressa11ts. Wilh tricyclic antidepressants (TCAs ). 
chronic use of nlcolrol can enhance activity or the P4 50 liver 
catabolic enzymes with a consequent decrease in TC11s scrum 
levels but few studies found alcohol to increase the scrum lc\'clS 
of 11mitri11tyli11e by up to 2-fold (due. possibly. to inhibit.ion of 
m11itri11tyli11e metabolism). Some data suggest central recep­
tor interactions between alcolrol <md TC1ls that can cause 
impaired motor abilities (evident with amitri11tyli11e, 
clomipramine, doxe11i11, and 11ortrip1yli11e). i\llit111seri11 and 
1m:odo11e can aggravate impaired driving skills caused by 
alcollol while no clinically significant interactions between 
11cft1:odo11e and 11/co/10/ arc observed. 

Selective serotonin reuptake inhibitors (SSIU.~): fl11oxeti11c, 
1urroxetine andf111voxami11e do not internet significantly with 
11/wlrol. but isolated reports suggest that j111vo:rnmi11c and 
J1t1roxeti11e can slightly augment the motor. a1tc11tion and 
functioning impairments caused by nlcolwl. 

A11tipsyc1wtic drugs (APDs). Numerous reporrs suggest 
that a combined a11ti11syclwtic-nlcolwl regimen further impairs 
driving abilities. cognitive. or neuromotor functioning and this 
effect is noted mostly with J11111ent11ix1JI and cltlorpromazi11e 
and. to a lesser extent. with t.ltioritlttzi11e, re111oxi11ride, 
sulpiride and ltaloperitlol. An increased risk of emergence of 
acute dystonic reactions is described. mainly \\'ith f11111l1e1m:i11c 
and trij1uopera:i11e, and is believed to be the consequence of 
a/rnlio/-induced lower neurological threshold or to be due to the 
increased plasma levels of the anlipsychotics. 

Cltlorpromazi11e and. to a lesser extent. 1.ltforitlm:i11e do 
not al ter 11/colrol metabolism: lialoperitlol. can increase alcohol 
scrum levels. 

Auxiolytic a9e11ts. Bcnzodiazepines (BDZs): 11/cohol and 
/JDZs produce synergistic central nervous depression due to 
complimentary action on the GA13A.~ receptor and glutamate 

Anxiolytics and alcohol • 

block by 11/colrol. 1\lco/10/ can upregulate oxidative enzymes 
which leads to enhanced BDZ metabolism and a possible 
decrease in serum levels and therapeutic effects. Bus11iro11c 
docs not add to the impaired psychomotor skills when co­
administered with alrnlwl. 

Calcimn-clmmrel bloclrnrs (CCBs) . These (11ifecli11-
iue, verll1um1il ) can increase nlco/10/ serum levels by about 
I 5-50%. The mechanism is speculated LO be \•ia the inhibition 
of hepatic alcohol metabolism. Some data suggest that 11/colrol 
might also inhibit the metabolism of11ifeclif1i11e. thus raising its 
scrum levels and consequent effects. 

Disulj'irmn. This antagonizes aldehyde dehydrogcnasc 
(which metabolizes acctylaldehyde. the l\rst metabolite of 
alcolrol) leading to accumulat ion of acetnldehyde with a conse­
quent antabuse reaction (Oushing. weakness. vertigo. 
headaches. nausea. \•omiting. dyspnea. hypotension. tachycar­
dia). 10-30 minutes following the ingestion of 11/co/rol. 

H2 blockers. Some but not all studies found that cimeti­
tline or ra11ititli11c can increase the serum alcolrol levels by 
I 0- 300'}{, perhaps as t hesc drugs inhibit alcohol dchydrogenase 
in the gastric mucosa leading to enhanced 11/colrol absorption. 

Nou steroiclal cmti-inflammatory tlru9s (NSAIDs). 
1\lrolro/ can stimulate the conversion of pllrt1cet.amol to 
hepatoroxic derivatives. so worsening hepat ic damage. Heavy 
drinkers. especially. arc at a greater risk. Jb1111rofe11 was found 
not to interact signillcantly with nlcolro/ although an isolated 
report of acule renal failure \\'ith combined a/co/rol- ibuprofe11 
use has been published. The risk of gas1 rointestinal bleeding is 
enhanced by concomitant use of a/co/10/ and NSA IDs (and 
as,,irin). The mechanism involves the damaging effects of both 
agents on gastric mucosa! cells. Some NS1l1Ds might impair 
driving performance. 

Proprmwlol. 1\lcolwl impairs 11roJ1rmwll1I absorption. 
leading to possible impairments in 11roJ1rmwlol effects. 

Note: Lack of stated interaction mean studies not reported. 
not that such combinations are safe. 
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SECTION D 

TREATMENT STRATEGIES 



• Mood disorders 

14.1 Major depressive disorder {non-resistant) (1) 
Treatment strategies {based on published data) 

If mild-moderate depression and specific criteria 

for cognitive-behavioral treatment exist. start with cognitive-behavioral therapy (2) 

I 
I 
I 

' 
Start with either an SSRI, TCA or a NARI. If suicidal : do not use a TCA (3). 

Choose on basis of side e ffect profile and physician's experience. If known ischemic heart 

disease. consider either an SSRI, venlafaxine, nefazodone or bupropion 

i i 
Cross to alternative agent. e ither: Consider augmentation w ith lithium (5) 

SSRI, SNRI, TCA, NARI (4) I or wrth T3, L·tryptophon or plndolol (6) 

~ t 
' I 

Switch to an agent with d11fcrcnt amine conhguration and/or NEIS-HT reuptake inh1b1tcon ratcos (7) . 
Administer a different TCA, SNRI (venlafaxine) or a NARI (reboxetine ) 

or a tetra/tricyclic antidepressant: amoxapine, maprotiline or an a1yp1ca1 antidoprossan1: 

bupropion, mianserin, mirtazapine, nefazodone, trazodone 
or a monoamine oxidaso inhibitor (MAOl)(8) or a I 

i i 
Switch to MAOI (8) or ECT (10) 

If first depressive episode: 
Malnta•n treatment lor al least 4·6 months, lhon raper g11ldually 

If recurrent episode: 

RIMA (9) I 

I 
----,., 

' 
~ 

h 
,, 

II avorago durallon beiween episodes is less than 2·3 years or senous eµisode (suiodall: maintain prophyfactlc rreatment tor aueast 5 years. 
II average remiss ons are more than 2·3 years: maintain treatment lor at least 6-12 months. then consider tapenng olt grad\Jally. 

Legend 
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If clectroconvulsive therapy: 
Coosoder ma•ntcoanco ECT (large and y,en coouoCed stud esaro nor ava lab'ol. 

Many leel lhal ECT ueatmenl once <Nery 2-' weeks can be ef!CC!M) as proPll)'IOOic 11eatment. 

If no 

If good response 

If parllol response 

If no response 

ECT Etectroconvulslve therapy 

NARI Solec11ve noradrenaline reuplake inhibi1or 

SNRI Se101onln·norepinephrine reup1ake lnhibllor 

SSRI Seloclivo serotonin 1euptake inhibilor 

T3 T11lodothyronine 

TCAs Trlcychc anlidepressants 

First Uno drug I therapy 

(wolf os1nbl1sho<l oll1cacy) 

Second llno drug/ lhornpy 

(sorno olltcacyl 

Thi rd Uno drug / lhoropy 
(0111cacy not lully 

os1nbl1shed) 



Notes a bout the numbered items in the scheme 

t\11tidepressn111 s 
I . Antidepressant agents work in about 6 5- 7 5% of patients. The 
sclecti\'e serotonin reuptakc inhibitor$ (SSHls ) arc usually 
preferred as first line agents due 10 their high therapeutic index. 
relative benign side effecl prolllc (espcclally cardiac and 
anlicholinergic). safety and mild withdrawal symptoms. 
Symptoms that mostly respond 10 a111 ideprcssa n t therapy arc 
depressed mood. feeling of hopelessness a nd helplessness. ~Jeep 
difficulti es. decreased a ppetite. guilt. interest in daily acti\'it ic:.. 
and loss of energy. Patients with early insom11ia can benelit f'ro111 
a sedative agent (amitriptylinc. clomipr<1111i11c, n efozodcmc, 
mirlazapinc, imipraminc. d oxc1Ji11. C ra:wdonc) alt hough 
these carry the risk of day time carry over sedation. Patiems who 
suffer mostly from lack of energy and hypcrsom nia cou ld beneli t 
more from agents with predomina ntly adrencrgic stimulatory 
properties (bupropion, d cs ipraminc. f111oxct inc, nortriply­
linc or r choxcHnc). Elderly patients should receive the 
least-anlidwli11crgie agents (bupropion . dcsipram in e. 
n ortriptylinc. 1·c boxctinc. SSRls or Cra:w donc ). Patients 
with a seizure disorder s hould not be give11 agents that can 
significantly lower their sciwrc threshold (amoxapine. bu1>ro-
1>ion, clo mi11ramine or mapro tilinc ). Pa tients with manifest 
ischcmic heart d isease should be treated very r auliously. and 
those with prc·existing conductio n disease should avoid tricyclic 
antidepressant (TCi\s). due to their prolongation of intrn\•e11-
tricu lar conduc tion (quinicline-like effect). There arc some 
anecdotal reports o f SSRls (mainly fl uoxcl inc ) that can cause 
severe sinus bradycardia. Ncfazodonc, rc boxetinc, vcnlafox­
inc a nd bupropio n (except in very rare cases) have not been 
shown. to dntc. 10 induce clinically re lC\'ilnt conduction distur­
bnnces. Vcnla faxinc and bupropion can misc the blood 
pressure by up 10 I O'Y,, . 
2. The relative indications for cogn itiVL'-bchavioural lhcra1>y 
are a person who cannot tolerate or has a relative contruindirn­
tion for TCAs (recent myocardial infarction. manifest ischemic 
heart disease. asymptomatic a rrhy thmias) or SSHls !sinus brndy­
cardia or m nnifest ischemic heart disease - dul' 10 their potential 
vasoconstrictive enccts on coronary arteries). 
3. TCJ\s have a narrow therapeutic index and are lethal in 
overdose. Therefore start with small doses. raise gradually. a nd 
be aware of the danger in administrating these agents to su ici­
dal pntients. Note that unusual pha rmncokinctic disposi1io 11 
cnn greatly alter the efTecti\·e dose. 
-1. The selective noradre naline (norcpinephrine)-reuptake 
inhibitor (N,\RI - rcboxctinc ) is a newly introduced agent. 
and acc umulating data. including some la rge and well­
controllcd studies. suggest that it is as efficacio us as the o ther 
antidepressant drugs in all forms of depression. In particular. it 

Mood disorders • 

hns been s hown to lrnve a rather specia l elTicacy in imprc>l'ing 
social fun ction in depression. Rc boxetine has also been ~hown 
to be heller-to lerated than TCAs. 
5. Lithi11111. in combinatio n w it h a TCA. SSHI or mo11oa111inc 
oxidase inhibito r (MADI ). exerts beneficial results in about 50% 
of patients pre\·iously unresponsive to these agents. The effect 
is usually observed 11·i1h i11 l weeks. a nd requ ires doses between 
600 a nd 900 mg/day of lithium. 
6. Triiodothyronine (TJ ) is adminb tcred in doses of about 
25- 50 pg/day. The mechanism of action is unclear but may be 
particularly hcnellcial in patients with a history of thyroid 
disease (or family history of thyroid disease). L-TrJ'ptophan can 
be used as adjurnnt to TCAs and MAOls. As a precursor of 
seroton in. it increases the ava ilabil ity of serotonin to central 
nen ·ous syste m. It is usually gh·en just before bedt ime because 
of its substantial scdati\•e effects . The main side-effects attributed 
lo 1ArypC 01Jhan arc 11ausea a nd possible impairments of liver 
functions. Ensi11ophi lia- 111yalgia syndrome (myalgia. fa1i11u e. 
rash. breathing dillk ulties. swelling o r extremities . congcsli\'e 
heart fa ilure a nd possible death ). once believed to be a cori>e­
quence of 1.-tryptophan. is now considered the result of conta­
mination in the manufacturing process. Pin dolo l has the 
cnpacity to accclanrlc and augment the a ntidepressant effects of 
SSRls (sec Section 5.3). 
7 . ~ lost antidepressants can be differentiated either by their 
difTcrc111 ratio of se lectivity for blocking the rcuprnkc of 11orepi­
ncphrine or serotonin or by their receptor and enzyme interac­
tions. It is advisable to administer agents with a signillrnntly 
diffcrcnl pha rmacological profile com pared with tha t of the 
pre\·iously used agent (in unrcsponsh·e patients). 
8,9. ~IAOls have equal efficacy in the treatment nf major 
deprcssi\•c disorder ( ~IDD) as TCAs (if used in right doses) (8 ). 
MJ\Ols might have a bet ter ellkncy in improving symptoms of 
citypical depression (mood reactivity. hypersomnia. increased 
appetite and rejection sensitivity). The use of l\IAOls was 
limited due to d ietary restrictions and adn:rse side-effect prolilc 
(insomnia. sedation. postu rnl hypotc nsion. a nd sexua l dysfunc­
tions). \\'it h 1 he ma rke ting of I he revers ible inhibitor of 
monoami11c oxidasc type 1\ (RIM/\ ). m oclobemidc, many of 
these pol c11t ia l troublesome effects arc absent. Moclohcmide 
has s ho\\'n similar clTicacy 10 TCAs in agitated depression (9 ). 
10. Elcctroconvulsivc 1reatme111 (ECT) is especially effective for 
treatment of ~!DD with melancholic feat u rcs (late insomnia. 
diurnal variation. decreased a ppetite/ weight and psycho motor 
retardation). It is usually administe red to non-respo nders 10 
pharmaco1 herapy. se\•crc psychotics and s uicidal or aggressi\'e 
patien1s . and for patients sensit ive to rc le\'alll pbarmacothera­
pies. 
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• Mood disorders 

14.2 Major depressive disorder with psychotic features (1) 
Treatment strategies (based on published data) 

/ \ /' 

If patient agrees and there are no If the patient cannot tolerate 

relative contraindications to anticholinergic effects or sedation, 

electroconvulsive therapy, or if elderly or if there is a need for a few tablets 

or if there is any contraindication to per day or a contraindication to 

pharmacotherapy high-potency antipsychotic agents 

\. ...ii \. 
\ I 

I 
I 
I 
I 

' •• 

Start, if possible, with a 
Consider starting with 

high potency 
antipsychotlc agent (2) 

amoxapine (3) 

a 

Following a few days 
(to evaluate potential Following 4-6 weeks 

adverse effects) 

i i i i 
After the acute episode, if 

\ 

...ii 

fully remitted administer Alter the acute episode, 
Addan 

antidepressant 
'lower effective dose' (5) if fully remitted 

The patient is probably wi thin administer 

agent (4) the 30-50% that respond 'lower effective 
solely to an antipsychotic dose' (5) 

regimen 

I I I I 

. 
Start. add or change to 

electroconvulsive therapy (ECT) (6) 

Legend 
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If yes 
If no 

If good response 
If partial response 

If no response 

.. First-line drug I therapy 
(well-established efficacy) 

Second-line drug I therapy 
(some efficacy) 

Third-line drug I therapy 
(efficacy not fully established) 

~ 

(ij 
"O ·c::; 
·5 
(/) 

= 

~ -
\ 

• 



Notes about t he numbered items in the scheme 

A111iµsyc/10tic 1'/iernpy 
I. Major depressive disorder with psychotic foa turcs responds 
poorly to ei ther antidepressants alone or to antipsychotics alone 
(in both cases the response ra tes arc between 30- ·!0%). The 
combined etntipsychotic- anlidepressant regimen has shown. in 
well controlled studies. t.o be eflkient in about 70- 80% of 
patients. There is no evidence that any specillc anl.ip~ychotic or 
antidepressant etgent is more clllcacious for the treatment of a 
depressive disorder with psychotic features. Therefore practi· 
cally any antipsychotic or antidepressant agent might be used. 
IL is advisable to start wi th () Ile agent (to properly monitor side· 
e ffects and response). 

It is preferable to begin with an antipsychotic and not with 
an nnlidepressant. By doing so. one cetn achieve a number of 
goals: 
• One can obtain faster and better compliance due to t.he dimin· 

ishing psychosis. 
• If the diagnosis should turn-up to be mistaken and the person 

has a psychotic disorder. one has addressed it correctly. 
• 1\ntidcprcssants might induce psychosis in some predisposed 

patients. although Lhcrc are accumulating data that the 
combined antipsychotic-antidcpressan t regime n is not 
associated with the emergence o f psychosis in 1 he vast major­
ity of cases. 

2. IL is recommended to use a high-potency antipsychotic 
agen t. bccetusc most of these agents have less anticholinergic 
sidc-clTcc ts. The need for a weak anticholinergic capacity is due 
to the possible anticholinergic addi tive effects of combined 
antipsychotic and antidepressant agents (mosi of which have 
some a nticholinergic properties). 

The doses oftbe anlipsychot ic agents arc usually lower than 
the doses used in the treatment of schizophrenia. and doses 
equiva lent lo 2-4 mg/day of halopcridol arc usually sul11cicnt. 
3. Amoxapine is a tetracyclic antidepressant agent. with a 
signiflcant antagonism of the dopamine type 2 receptors. It is 
estimated that 100 mg of amoxapine is equivalent. approxi­
mately. to 0.5-J .0 mg of halope ridol. Besides its antidopamin­
crgic properties. a m oxapine exerts a significant 
norcpinephrinc-rc uplake inhibition properties (it has a lso a 
very weak serotonin reuptake inhibition capacity). Amoxapine 
is usually e!Tective at doses of J 50-200 mg/day (up 10 400 
mg/day can be given). Tablets of 150 mg arc available. so 
patients arc quite often on a one ta ble! per day regimen. which 
consequcnlly further improves their compliance. 

Amoxapine's dua l capacities of increasing atlrc ncrgic 
ncurotrnnsmission with a concomitant blockade or dopaminer­
gic transmission is theoretically similar to a combined antide­
prcssant- antipsycholic regimen. Some data support this 

Mood disorders • 

assumption. since amoxa pinc was found in several cases to 
have a significant beneficial result in improving both the 
depressive state and the psychosis associated with major depres­
sive disorder with psychotic features. 

A11t.id1•pr1'ss1111L Tlierapy 
4. No spet:ilic antidepressant has prove n to have belier eOkacy 
in this disorder. The doses used should be as in the treatment or 
any other depressive disorder. The cllicacy of the antidepressant 
agent sho uld be monitored by addressing. mainly. such 
symptoms as guilt feelings. hopelessness. anhedonia. sleep 
parameters or the psychotic features. Other possible depressive 
sympto ms (especially affect and motor ones) should be carefully 
eva luated. since the use of a concomitant anlipsychotic 
regimen could allcct and mask an apparent improvement. 
5. This is a suggested practice that ls not based on nny estab­
lished data. To detle. no large and well-controlled trials 011 

maintenance treatment of major depressive disorder with 
psychotic features have bee n made (nei ther with any ant ipsy· 
cholic- ant idcprcssant regimen nor with amoxapine). 
6. Elcctroconvulsi\•e lhcrapy (ECT) is considered more c!Tcctive 
than the combined antipsycholic- antidepressant. regimen in 
the lrcatment or major depressive disorder with psychotic 
features. For this entity. it has significant beneficial effects in 
80- 90% of patients. It was also s hown 10 decrease the number 
and duration or future hospitalizations (especially if continued 
as maintenance therapy). ECT has also been shown lo be bcucr 
tolerated by the elderly. and in t lwt popu lation it might exert 
an even higher cmcacy. Seizure inductio n is the most relevant 
and necessary event that has to take place in order lo achieve 
the therapeutic e!Tects of ECT {studied with depressive episodes. 
but presumed to be so with o ther clinical entities as well). The 
exact mechanism of action of ECT is unclear although much 
data arc avai lable regarding its intra- and intercellu lar effects 
(sec Sect.ion 8.1 ). ECT should be the therapy of choice in most 
instances if possible. ECT is cons idered a very safe mod;ility 
compared with most of the antidepressant or antipsychotic 
drugs. The mortality rate for ECT is estimated to be about 
l :I 0 000 of treated patients . and it is almost always associated 
with pre-existing cardiac disorder. Both anlcrogrndc and retro­
grade amnesia might arise fo llowing ECT. but arc usually 
transient. and cognitive capacity is usually fully restored within 
a few hours. In rare cases !he cognitive impairments exist for a 
few months (usually between 6 and 8 months) but they arc 
practically a lways transient. ECT should be a flrsl option for 
pharrna<.:othcrapy-rcsistanl patie nts or in cases where ;111 

immedia te response is necessary (suicidal patient for example). 
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14.3 Treatment-resistant depression (1) 
Treatment strategies (based on published data) 

Choose an antidepressant agent that has not been used before (2). 
Pick from one of the main classes of antidepressants: 

TCAs, TeCAs , SSRls, SNRI, NARI, MAOls, atypical antidepressant agents 

I 
Choose one of the following. Pick the agent 

most different, pharmacodynamically, from lhe agents used so far (3) 

I 

I , 

TCA (4) 
RBX,TRZ, 

VLF (5) 
SSRI (6) MAOI (7) BUP (B} ECT (B} 

I I 

[ 
I I I I I I I I 

I I 

Try augmentation wilh another agent. The only established efficacy, 
to date, is with the following combinations: 

All data are based on uncontrolled studies or case reports (9): 

bupropion + yohimbine, 
MAOI + (dextroamphetamine or methylphenidate or TCA), 

SSRI + (buspirone or lithium or trazodone}, 

I 

TCA + (APDs or CBZ or f luoxetine or methylphenidate or lithium or MAOI or T3) 

Consider other regimens (less studied but theoretically or anecdotally t>eneficlai) (10): 

I I 

I bromocriptine, carbamazepine + lithium, ketoconazole, stimulants, reserpine, 

Legend 
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clomipramine (or phenelzine} + L·tryptophan + lithium 

APOs Antipsychotic drugs 
BLIP Bupropion 
ECT Electroconvutsive ll1erapy 

MAOls Monoamine oxidase inhibitors 
NARI Selective noradrenaline (norepinephrine)· 

reuptake inhibitor (reboxet1ne) 
RSX Reboxetine 

SNRt Serotonin-norepinephrine (noradrenaline)­
reuptake inhibitor (venlafaxine) 

SSRls Selective serotonin reuptake inhibitors 
T3 Triiodothyronine 

TCAs Tricyclic antidepressants 
TeCAs Tetracyclic antidepressants 

TRZ Trazodone 
VLF Venlafaxine 

First-line drug I therapy 
(well-established efficacy) 

Second-line drug/ therapy 
(some elficacy) 

Third-line drug/ therapy 
( eflicacy not fully established) 

If partlal response 
If no response 

.. .. 



Notes about the numbered items in the scheme 

l. Trea1menl-resistant depression (THD) is dellned. in this case. 
as failure 10 achieve flLll re mission alk r 3 ndequa te tria ls of 
m11idepress <1nL regimens. These regimens should include a l 

least one tricyclic a111ideprcssa111 (T CA) and one selecli\'C 
seroton in reuptake inhibilor (SSIU ). 
2. The major antidcprcssan l classes arc sho\\'n in Table 14.1. 
3. Choose an agent that is differen t from previously used agents. 
in lhe following possible aspects: 
• NE (norepinephrine)/5-HT (serotonin) rcuptake inhibition 

ratio: 
• alllnity to spccillc receptors, besides the adrenergic or 

scro1oncrgic (dopamincrgic. muscarinic. histaminergic): 
• different pharmacological class. 
The mentioned steps are advised nnd lhey are based o n 
common logic. No conclusive data a rc available on the role or 
these parameters in increasing the antidepressant response. 
-l.5. There is no sufficient da ta. via \\'ell-controlled tria ls. 
concerning the efficacy of these agents . a ll hough there is some 
da ta su pporting the use of high dose "enlafoxine in TRD. 
6. Small uncontrolled studies and some case reports suggested 
the elllcacy of SSRls in TRD. 
7. Some mo noamine oxidasc inhibitors (MAOls) were tested 
in THO with variable success rates. Most data suggest that 
phe n c lzinc is efficacious in up lo 6 5% of patients a nd t ranyl­
cypromine in about 50% or TRO patients. Since MAUis 
possibly have an established efficacy in TRD. one might 
consider a nother l\IAOI. or. ir the pat icnt did not rccicvc an 
MAOI m all. a trial wi th l\IAOI s hould be m ade. 

Table 14.1 

Amilri ri1 ylinc 
Clomipraminc 
Dcsipraminc 
Doxcpin 
lmipraminc 
Nonripty linc 

TeCAs 

Amoxapine 
Maproli linc 
Mianscrin*' 

SSH ls 

Citalupram 
flluoxdinc 
Fluvoxaminc 
l'aroxc1inc 
Scrtralinc 

NAHi 

Rcboxctinc 
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8. There arc no we ll w 111 ro llcd tria ls o n the efficacy of these 
agents (bupropion. clcc troco1wuls i"e therapy) in THO. 
I lowever . accumulated clinirnl data indicate the efficacy or 
clcctroconvulsin~ Lherapy in THD. 
9. r\11 the listed combina tions have been reported 10 induce l'ull 
remissions in THD. Some of the data arc based fully on anecdo­
tal ca ses (e.g. bupropion + yohimbinc ). and the effi cacy of t he 
other regimens \\'as suggested follow ing case-series and small 
open-labeled trials. The data arc incomplete and response rates 
arc variable a nd range between I 0% and 80%. No spccilic 
combination is currently recorrnncndcd. or proved lo be signif­
icantly more ellkacious. The combined use of clomi1>ramine 
(or phcnelzine). L-tr}'lllo1>1Hm and lithium has also been 
reported in open trials to be hencllcial in THO. 
I 0. l(ctoconazole and aminogluthctimide inhibit !he 
hiosynthesis and the metabolism of steroids. including cortisol. 
1\ number of cases were reported of full remissions from THD 
fo llowing treatmelll \\'ii h t hesc agents. The exact mechanism is 
unclear. and the signillcance of these regime ns is questionable. 
Bromocriptinc. stimulants (amphetamines). a nd reserpine 
have all been shown to improve depressive symptoms in 
patients suffering from major depressive disorder (not with 
a typical featu res). Their ertlcacy in TRD has not been es tab­
lished so far. Note that reserpine. an inhibitor o f the vesicular 
monoaminc transporter (sec Section 1.11) is more widely 
accepted a s an inducer o f depression. The use of st imulants 
should usually be restric ted to elderly patients w ith melancholic 
or a ncrgic symptoms. 

SNHI 

Vcnlali1xinc 

l\IAOls 

l s<>C<trboxad d 
Moclobcmidc" 
(reversible inhibitor of 
mo110;1111inc oxidasc type A ) 
l'hcnclzinc 
Tra11ykypro111inc 

Al)'llical 

Bupropion 
Mianscrin" 
Mir1awpinc 
Ncfozodonc 
Trnzodonc 

' "1oclobcmld c bclon!(S 10 a subclass of ,\11\0l s termed rc1wsible inhibitors of rnonoarnint· oxida,c type A tRl\t,\J. 
" i\lianscri11 is a tclracyclic anlidcprcssan t rl rn l i> not a rcuprakc inhil>ilor. and mm>)' crn"ldrr it to be an atypical agt·n1 (:«:<' Sccrlon 2.-ll. 
TC1\ s lrkydlc amidcprcssants: Tl'CAs lclrncydlc an1icll'prcssants: SSHls sclcrli l"l' 'l'l'Olonin rcu prakc inhibitors: NJ\ HI ~l'k'l' l iV<' nurr1<lrcnnlin~ (norepincph rinc)·rl'llplakc 
lnhlllllur: SNHls scrotonin-norepincphrin,· (111>radrcnalinc)·rcup1ake inhibitors: i\l i\Ols rnonoi11ni11c oxidase inhibilors. 
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14.4 Major depressive disorder with atypical features (1) 
Treatment strategies (based on published data) 

If there is good dietary 
compliance. no significant 
postural or non-postural 
hypotension, not diabetic 

or asthmatic (2): 

Consider 

phenelzine (3) 
or other 

MAOls 

Or consider 

Administering a RIMA 

moclobemide (4) 

Legend 

------------------------------, 

If yes 

I 
I 
I 
I 
I 
I 
I 
I 
I r---------------- -- --- - -- -- ---1 

I I 
I I 
I I 
I I 
I I 

If there is severe 
depression and patient 
can tolerate possible 
side-effects of TCAs: 

I 
I 
I 
I .. 

lmipramine 
(or other TCAS) (5) 

Raise gradually up to 400 mg(d. 
Confirm that 

serum levels < 300 ng/ml, 
ORS < 0.1-0.2, 

OTc < 460 

--~~~~~~~~~~~~---

If patient cannot tolerate 
anticholinergic side-effects, has 

weight gain, or suffers from 
seizure disorder: 

I 
I 
I 
I .. 

Consider SSRls (6) 

fluoxetine, 
sertraline 

. __ J 

Consider augmentation with 

lithium, T3 (7) 

If no ------~ 

First-line drug I therapy 
(well·established efficacy) 

II partial response .., 
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II no response 

BDZs Benzodiazepines 
MAOls Monoamine oxidase 

inhibitors 
RIMA Reversible inhibitor of 

monoamine oxidase type A 
T3 Triiodothyronine 

TCAs Tricyclic antidepressants 

Second-line drug I therapy 
(some efficacy) 

Third-line drug I therapy 
(efficacy not fully established) 



Notes about the numbered items in the scheme 

Cli11ical As1wrts 
I a . The clillit:al picture is always c harac terized by mood 
reactivi ty (the pa1iell t has the capacity to be cheered-up. enjoy 
or respond favorab ly to i)osilivc experiences). The magnitude or 
the response is as much as 50% or 1ha1 expected by a ·normal' 
non-depressed person. 
b . Some or the 01 her a ssociated symptoms. most often seen with 
atypical depression. arc a s follows: 

• liyperso11111i11. (Sleeping o,·cr I 0 hours a clay. at leas1 3 day~ 
per \\·eek and for a period of at least 3 months) is seen ill 
abou1 3 5% of patients. 

• l-l!J/1Cr/ll111!/it1. Excessive eating or a weight gaill of more 
than 3 kg in 3 months is seen in a lmost 50% of patients. 

• l.eacle11 p11ral!JSis. t\ physical feeling of heaviness mostly in 
tbe extremities. IL should be present for al least I hour a 
day. 3 day~ n week. and last for al least 3 months. 

• Rejeclio11 smsi1ivi1y. This is a pathologica l. over-scnsitivi1y 
to interpersollal rcje<.:lion. 

c. Other. less often seen symptoms arc as follows: 
• Early insomnia without late insomnia. 
• 'Re,·ersed d iurnal \'arialion' - 1hc patieni's mood is belier 

in 1be mornings. 
• The classic symptoms of ·e ndogenous depression' <1re 

usually ahsent (guilt, weigh1 loss. morning \\'orscning). 
• There is more severe motor re1<1rdatio11 t hall is usually 

seen in major depressive disorder. 
• Increased comorbidily wilh anxie ty (pan ic disorder and 

social phobia), soma1iz;Hion disorders or substance abuse. 
d . Onset is usually in the late teens or early twenlics. More 1han 
3 3% of patienls have a family history or major depressive disor­
der. 

Drug Trealmmt 
l . The major or most onen seen adverse side-effe<.:ts of 
monoamine oxidasc inhibitors (l\tAOis) arc as follows: 
• l'oswral Jiw1otcnsio11. This phenomenon is dose-dependent 

and can be wo rsened greatly ir 1he patients is also receiving 
diuretics or antihype rtcnsivc agents . 
1-lyperadrenrruir crisis. MAOis arc not scleclive for the 
central nerl'ous system o nly. They inhibi1 all monoamine 
oxidases. induding the enzymes located in lhe gul and liver. 
These enzymes play an imporlant role in catabolyzing 
sympathomimetic drugs and many foods con1ai11ing pressor 
;1mines (1yrami11e. beer or c hicke n liver. some fish. overripe 
avocados. fa\•a beans. and o thers). When a patienl recei\'es 
i\ IAOls and inges1s pressor-amine-con1aining bcl'erages . 
there is an inaeasecl risk that some of the pressors wi ll no1 
be metabolized quickly enough. leading to overslim ulat.io11 of 
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the adre11ergic system. The clinical picture <.: an be charac­
terized by severe headad1es . mydriasis. diaphoresis. extreme 
hypcr1cnsio11. cardiac arrhythmias. myocurdial infarctions 
and severe ngilat ion. 

• Sexual dyeft111r1io11. especially ano rgasmia and impo1encc. is 
reported freq uently. CJ•prohe(llatlinc has been used to treat 
these sexual dysrunctions wi1h some efficacy. 

• lnsomnia wilh possible. 'paradoxical' sedation during. the 
daytime. 

• MAOis oflen alter serum glucose rcgula1ion. especially in 
patien ts receiving hypoglycemic agents. 

3. Phcnel:t.inc (and other MAOls) ltave been sltown 10 exhibit 
superior cllkary over t ricyclic a111idepressants (TCAs) in atypi­
cal depression. Start \\'ith a dose o r I 5 mg/day every 
.3 days. and raise gradually 10 a total of 60- 90 mg/day. 
Continue the 1herapy for ;11 lca~t -1 2 weeks for the bcs1 
results. and herore regarding 1 lte patient as non-responsive. 
'l'ranykY1m1111inc has ICwer ;1ntid10linergic side-effects. ii 
causes less weight gain and sexwil dysfunction. and its hepato­
toxicily is rclalively rare compared with phcnelzinc. Tr:myl­
cypromine's major side-elTce1s are severe insomnia or 
agi tation. and ii is mostly e1Tec1ive in anergic depression. 
-l. Reversible inhibitors of 1110 11oamine oxidasc type A (RIMAs 
e.g. moclohcm ide) are good rnndidates for the 1rca1mcnt of 
atypical depression due to tlteir fa vorable s ide-effect prolile 
(especially the absence or significant d ietary reslrictions and a 
shorte r 'dru!;!·frec' interval needed bet ween M/\01 and TCAs 
administra1ion. and \' ice ,·ersa: I day compared wi1h 2 weeks!. 
To date. no conclusive data is a vnilable for their efficacy in 
atypical depre~sion . 

5. Tradilionally . patients with alypi<.:al depression arc believed 
to respond poorly lo TCAs. 1 lowevcr. individual cases might 
respond well. and ma ny case reports. a nd some open and 
double-blind s1 udies. have repon ed about the beneficial effects 
or TCAs in alypical depressions. Tit is was evidenl mainly with 
imipraminc. and might be due to ils secl<1livc and anxiolylic 
elTccts. 
6. Selective serolonin rcuptake inhibitors CSSHls ) hm•e been 
sho\\'n. in case reports and ope n-labeled trials. 10 cxcn beneli­
<.: ial responses ill patie111s wi1h al ypical depression (60-80% 
remission rates wilh fluoxctinc ). l're liminary claw suggest that 
scrtralinc mi1.d11 a lso be efTe<.:live. 
7. Lithium and TJ (1riiodo1ltyronine) have proven efficacy as 
an augme nting agents in major depressh·e disorder. Their 
efficacy in a1ypical depression i~ 1101 established. although some 
anecdoial da1a sugges t the efficacy of the combined fluoxe­
Linc-lithimn- TJ regimen in I his disorder. 
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14.5 Dysthymic disorder (1) 

I 

I 

Treatment strategies (based on published data) 

Consider treatment with a 

MAOI (phenelzine) (2) 

It probably has the highest efficacy in this disorder (30·70% beneficial results). 
If there is a relative contraindication for an MAO!, consider administrating 

an SSRI (fluoxetine, sertraline) or a TCA (desipramine) 

Augment with Switch to: 

imipramine, amitriptyline (4) lithium or T3 (3) 

Legend 
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Consider treatment with one of the following (5): 

amineptine, bupropion , reboxetine, RIMA, other SSRls. 
Note that these regimens are not studied In well-controlled 

trials, but have shown beneficial effects 
in case reports or small open·labeled studies 

If partial response 

If no response 
.. .. 

MAOI Monoamine oxidase 
inh1bi1or 

RIMA Rovors1ble inhibitor of 
monoam1nc oxidase type A 

SSRls Solcchve serotonin 
rouptako inhibitors 

T3 Triiodolhyronine 

Flrst·llne drug I therapy 
(woll-oslablished efficacy) 

Second-line drug I therapy 

(some ellicacy) 

Th ird-line drug/ therapy 
(efficacy not fully established) 



Notes about the numbered it ems in the scheme 

Cli11ical Aspect x 
I a . The disorder is charncterized by n less severe and more 
chronic course than major depressive disorder. 
b. uretime pre\•a lence is about 5%. and females arc affec ted 
twice as orten as males. 
c. For the diagnosis of dysthymic disorder (by DS~l-IV ) along 
with depressed mood for more than 2 years. 2 out or the follow­
ing 6 criteria arc to be met: poor appetite/overeating. insomnia/ 
hypersomnia: low energy/fatigue. low self esteem. poor concen­
tration/difikulties in making decisions: hopelessness. 
d. The illness may persist for 2- 20 years with a median 
duration of about 5 years. 
c. The prognosis worsens if the patient has coexisting major 
depressive episodes. Such patients suffer from the highest rates 
of relapses (also termed 'double depression'). 
r. Treatment of dysthymic disorder has not been studied in well 
controlled trials with the DSM-IV criteria. The main suggested 
treatment modalitics arc plHffmarothcrapy and cogniti\'C­
behavioral psychotherapy. 
g. The prognosis or t reatcd dyst hymic disorder is variable. Data 
apparently suggest that only 10-20% of diagnosed patients 
allain complete remission a year following the diagnosis. 1\bout 
25'),. of patients suffe r from chronic. non-remilling course. 

/Jrnff Treat111c111 
2. Few controlled trinls have demonstrated the efficacy of 
phcnelzinc i11 mneliorating dyst hymic symptoms. In some 
instances the reported efficacy was about 70%. compared with 
less than 50% with the tricyclic agent des ipraminc or some of 
the selecth·c serotonin reuptakc inhibitors (SSRls: 
reported mainly with lluoxetinc and scrtralinc). Generally. 
because tbe bcnclicial effects of these agents have not been 
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established in large ;111d well controlled studies. the validity of 
the presumed cllkacy is questiorrnblc. It should be noted that 
thc long-term outcome of these treatments has not been sum­
ciently studied. and anecdotal data suggest that these patients 
might suffer from severe deprcssi\•e relapses. refractory to 
furth er treatment regimens. 
3. The augmentation of phenclzinc with lithium or TJ has 
been proven efikacious in major deprcsive disorder. but has not 
been studied in dysthymir disorder. 
-1-. I\ few case reports and open-labclecl studies ha\'c de111on­
stratecl the emcacy of imir>raminc and amitriptylinc in 
improving dysthymic symptoms in about 40-60% of patients. 
The symptoms most oflen responding to thernpy were social 
and interpersonal functioning. lmipraminc has been found 10 

be less effective than phcnclzinc in some of these studies. 
5. Anecdotal data about amincplinc (a tricyclic agent) 
sugges ts its effirncy in up 10 90% of patients diagnosed as suffer­
ing from dysthymic disorder. The re levance of this datn is 
questionable due to the small study population and the lack of 
proper control. Furlhcr trials should be made to establish the 
suggested potential. 

The efficacy or other tricyclic ant idepressants and the 
other SSRls and bupropion have bcen suggested in ca~c 
reports and small opcn-labelccl studies. but not in ma jor wcll­
controllcd studies. Hchoxetinc. a newly i111roduced seler tivc 
norepinephrine-reuptakc inhibitor. has also been reported to 
exert beneficial antidcpressive effects in dysthymic disorder. 
Moclobcmidc. a reversible inhibitor of monoamine oxidase 
type A (RIM/\). has not sho\\'n. 10 date and in well-controlled 
studies. 10 be efficient in clysthymic disorder. Howe\'Cr. the u~c 
of moclobcmide is reasonable clue to the established efficacy of 
MAOls in this disorder. 
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14.6 Unipolar disorder - maintenance treatment 
Treatment strategies (based on published data) 

Is a b ipolar disorder suspected? 
(history of manic I hypomanic episode, history of patient 

switching too monic I hypomanic state following antidepressant regimen)? 

Discontinue the antidepressant regimen 
that controlled the acute depressive episode 

and switch to lithium. 
Achieve serum levels of 0.6 - 0 .8 mEq/I 

(about 0.5 mEq/I for elderly). 
See Section 14.1 for maintenance treatment 

of bipolar disorder 

If 
age> 50 and 1st 

ep isode 
or 

age > 40 and 2nd 
ep isode 

or 
three or more 

episodes. 

These factors 
suggest and are 

risk factors for 
chronicity of the 

disorder and a need 
for life-long 
treatment 

. 
Lifetime 

maintenance 
treatment is 

indicated 

Legend 

I 

If 
second episode 
and remission is 
less than 3 years 

or 
serious episode. 

70-90% of these 
patients will relapse 

within 5 years ii 
medication is 

stopped 

1r 

Maintain 
treatment for 

at least 
5 years 

If yes 

If no ---- - • 

If good resp onse 
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I 
I 
I 

' 
Continue the antidepressant regimen that 
controlled the acute depressive episode. 

Use 

recent effective dose of 
previously efficacious agent 

If 
average remission is 
more than 3 years. 

There is a 30-80% 
chance that the 
patient will not 

relapse in lollow­
up of 5 years 
alter their last 

depressive 
exacerbation 

Maintain treatment for 
6· 12 months. 
then consider 
prophylaxis 

I 

First-line drug I therapy 
(well-established efficacy) 

Second·llne drug I therapy 
(some efficacy) 

Third-line drug I therapy 
(efficacy not fully established) 

If 
age< 50 and 1st 

episode. 

20·40% of unipolar 
depressed patients 

will not have a 
second depressive 

episode. It is 
advised to try 

lapering off 
medications following 

their first 
exacerbation. 

Age < 50 and first 
episode suggests 
such a favorable 

prognosis 

Maintain treatment 
for 4-6 months, 

then taper off gradually 
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14.7 Major depressive disorder with seasonal patterns (1) 
Treatment strategies {based on published data) 

II -

Administer light therapy (2) 
Avoid exposure to strong light at night hours. Expose the patient to 2500 lux for 2 nours (immediately upon wakening) 

J 

Expect initial response in 5 days. Full response in 1-2 weeks 

Administer 

maintenance light therapy (3) 
30 minutes per day (or every 2 days) 

of 2500 lux {all win ter) 

Legend 
If yes 

If good response 
II partial response 

II no response 

SSRt Selective serotonin 
reuptake inhibitior 

Notes about the nu mbered items in th e scheme 

Clinic:nl Aspects 
·1. The major clinical characteristics of major depressive disor­
der with seasonal pattern (MUD-SP) arc as follows: 
• 1\ depressive episode that occurs aL the same t.ime each year. 

virtually since first experienced. The worst time is around 
January and February (a lso termed 'winter depression'). 

• The mood change is characteristically modest and is 
manifested by low self-esteem. decreased social und occupa­
tional functioning. hypcrsomnia. fatigue. increased appetite. 
and weight gain. 
Geographically. the incidence o r major depressive disorder 

wil h seasonal pattern increases in a reas furthe r away from the 
equator. This is presumably reluted lo the shortening of the day 
in these regions. 

Melatonin is often speculated to be involved but there arc no 
con!1rmed darn to support this assumption. 

Tre111111e11l 
2. The mechanism o[light thcra1>y is re\'iewed in Section 8.2. 
Four essential parameters arc considered: 
a. Wave length. A wave length of about 509 nm (blue-green 
range) is the most elllcicnt for suppressing melatonin produc­
tion. 

Discontinue light therapy and administer an 

antidepressant agent 
(consider fluoxetine or another SSAI) (4) 

or administer I add to the antidepressant 

propranolol (5) 
(30 mg/d at about 0500-0600 AM) 

First-line drug I therapy 
(well-established eflicacy) 

Second-line drug I therapy 
(some efficacy) 

Third-line drug I therapy 
(efficacy not fully established) 

b. Inten s ity. The brighter the light. the better is the repoose. 
The rnosl agreed upon value is an intensity of 2500 lux. 
c. Duration. There is a linear relation between intensity and 
duration (2 hours of 2500 lux equ<Jls I hour of 5000 lu x). 
Ernpirk:ul data suggests the emcacy of 2 hours (of 2 500 tux). or 
equivalent. for the best results. 
cl. Timing of administrat ion. Light therapy immediately 
upon wakening is associa ted with the best results . This is in line 
with the 'phase-shift ' hypothesis. Even so. recent da ta challenge 
the validity of the 'phase-delay' theory of MDD-SP since some 
recent studies have shown bene!1cial results with different 
timings or the exposure to light (including during the evenings). 
3. Maintenance therapy should be administered a ll winter (30 
minutes of 2 500 lux every day or two). 
4. There is no specillc antidepressant agent with well-establised 
<Jnd increased efficacy in this d isorder. although there are some 
data suggesting a better e fficacy of scrotoncrgic agents such as 
fluoxctine. If an antidepressant agent is administered. follow 
the treatment algorithm of major depressive disorder (without 
SC<JSon a I pa ti cm ). 
5. Short-acting r3-adrenergic antagonists (e.g. propranolol) 
have some clllcacy in ameliorating the depressive symptoms of 
th is disorder. The mechanism is presumably via suppression of 
mela tonin seuction (!1ndings arc inconsisten t). 
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14.8 Major depressive episode as part of bipolar I disorder (1) 
Treatment strategies (based on published data) 

I 

Is the patient suicidal ? Agrees to ECT ? 

I 
I 
I 

t 
. Is the patient already on 
lithium prophylaxis (2) ? ---------------, Stop concomitant 

lithium (6), 
carbamazepine 
or va lproate (7) 

~ 
E 
U> 
'i5 ·e 
>. 
.c 
0 
a. 
>. .c 

:::: 

,, 

,, 
Evaluate the fo llowing: 
a. Lithium serum levels 

b. Thyroid functions 
c. Patient's compliance 

If there is good compliance 
and low li thium levels: 

, 

Increase dose of 

lithium (3). 
Achieve serum levels 

of 1.0· 1.2 mEq/I 

I I 

l If cannot tolerate TCA or SSRI 

+ + 
Add 

triiodothyronine (T3) 
Use dose of 25·50 µg/d 

' 

-

-

Legend 
If yes 
If no 

If partial response 
If no response 
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APO Ant1psychotic drugs 
ECT Electroconvulsive therapy 

MAOI Monoamine oxidase inhibitor 
NFZ Nofazodone 
ABX Roboxetine 

SSRls Selective serotonin reuptake inhibitors 
TCA Tricyclic antidepressant 

TeCA Tetracyclic antidepressan1 
TRZ Trazodone 
VLF Venlalaxine 

I 

' \ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ECT (5) 

' 
Start an antidepressant agent: 

TCA or SSRI (8). 
Choose on basis of past response. 

side-effect profile. pharmacodynamic profile. 
physician's experience. 
If on APO. discontinue 

Switch to alternative agent (9): 

buproplon, MAOI, NFZ, RBX, 
SSRI, TCA, TeCA , TRZ, VLF. 
Follow algorithm of major depressive 

disorder (unipolar) 

First-line drug I therapy 
(well-estabhshed efficacy) 

Second-line drug I thoropy 
(some efficacy) 

Third· line drug I thernpy 
(efficacy not fully established) 



Notes about the numbered items in the scheme 

I . Systema tic studies on major depressive episodes as part o f 
bipolar I disorde r. and on the role of pharmarnt herapy while on 
li thium maintcncc therapy arc absent. The main issue that 
needs to be addressed is whether or 11 0 1 the same treatment 
principles that hold fo r major depressive disorder (unipolar 
depressionl. arc a pplicable for the treatment o f depressive 
episodes as part of bipolar I disorder. 
2-l. Many bipolar patients are on lithium maintenance treat­
ment while exhibiting a breakthrough depressive episode (2 ). 
The therapist should address. first ly. the following: 
• Co111p/in11ce \Villi treatment. If the compliance is good and 

lithium scrum levels are lower than 0.8- 1.0 mEq/ I. an 
au empt lo increase the lithium dose s hould be made in order 
lo achieve scrum levels between 1.0 and 1.2 mEq/I. Large 
and well controlled studies 0 11 the desired lithium serum 
levels in breakthrough depressive episodes arc absent. but 
small open-labeled studies suggest the emcacy of such an 
increase in lithium serum levels (3 ). 

• Tliyroid-fi 111ctio11 tests. The role of enhnncing thyroid functi on 
is relatively well established in ma jor depressive disorders 
(unipolar depression). although patients who benefit from it 
usua lly have a normal baseline thyroid functions. In spite of 
I.he fact 1ha1 there arc no large or well controlled studies on 
Triiodothyronin e (T3) augmentation 10 lithium in major 
depressive disorder (as part of bipolar I). a trial ofT3 augmen­
ta tion to lithium is warranted. especially if baseline thyroid 
fu nctions arc decreased (4 ). Li thium augmentation should 
be given if the decreased thyroid functions arc attributed to 
any cause (either li thium therapy or from any other etiol­
ogy). or there is a contraindication to administer tricyclic 
antidepressants (TCAs). 

5.6. If the patient is suicidal. and there an: no clear contra­
indications. try a course of electroconvulsivc therapy (ECT) (5 ). 
The efficacy of ECT in major depressive disorder (unipolar 
depression) is well established. and ii is similar 10 that of 
lricyclic antidepressants (TCAs). More research is needed in 
order to determine the efficacy of ECT in major depressive disor­
der as part of bipolar I disorder. although ii seems promising. 

Mood disorders • 

Administ.ration of ECT to patients receiving lit·hium has been 
reported lo cause memory impairments. and to induce deli rium 
and ol her neurological abnormalities. Therefore lithium 
s hould be discont inued before ECT is used (6 ). 
7. Carbamazepine and valproate <u·e ant iconvulsants. and 
they oppose the desired convulsive activities of ECT {\\'hich is 
essential for its antidepressant acli\•ity). so they should a lso be 
wit hclrawn. 
8. The standard treatment of breakthrough depression in 
bipolar I patients is either to add nn antidepressant to an 
ongoing lithium therapy. or (if the patienl is not receiving 
lithium) lo administer an antidepressant as a sole agen t. Since 
there a rc no large. well-controlled studies relevant to this entity. 
lhe common practice and logic shou ld be lo follow the treat­
ment algor ithm for major depressive disorder (unipolar depress­
sion). There is some inconsistent evidence that suggests that the 
co-administration of an antidepressant agent to lithium can 
precipitate a manic episode or induce cycling in bipolar I 
patients. However. th is is not fully established. and the best 
reasonable a lternative seems to be the a clministral ion of an 
antidepressant. If the patient is on an antipsychotic medication 
consider discontining it. especially if there arc no psychotic 
features. and the patient does not need sedation (since antipsy­
chotics might furl her impair functioning and/or cause adverse 
side-effects that might eventually worsen the depressive 
episode). 
9. The elllcacy of the non-TCAs in major depressive disorder 
(as part of bipo lar I) has not been ~tudied enough. i\ trial of 
te t·racJdk ant idepressants. rnonamine ox.idase 
inhibito r s. tra1.0donc. ncfa zodone. venlafaxine. r eboxe­
line or bupropio n is warranted if the patient does not 
respond to TCAs o r selective sero tonin r cuptakc 
inhibitors (SSlUs). The above-mentioned agents have pro\·cn 
e lllcacy in ma jor depressive disorder (un ipolar) and they seem 
to exert similar benefic ial results in depressive disorder associ­
ated with bipolar I disorder. Inconsistent data suggest that the 
use of SSIUs is advisable due lo their re latively low risk of 
inducing cycling. 
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14.9 Acute manic episode 
Treatment strategies (based on published data} 

* 

* 

Legend 

168 

11 

Lithium: do good predictor signs for response exist? (1) 

I 
I 
I 

' CBZ: do good predictor signs for response exist ? (2) 

I 
I 
I 

t 

~~ ---------------
Valproate : do good predictor signs 

for response exist ? (3) 
, , 

I 
I 
I 

t 

,/~ 

Start lithium LI 

600 mg/d initially. 
Adjust serum levels 

(achieve 0.8 · 1.2 mEqll) 

*} 
,, , 

z 
lly, raise 

Start CB 
400 mg/d initia 

up to 1000 
Achieve se 

levels of 4· 12 

mg/d. 
rum 
ug/ml 

* 

Start valproate 
250 mg/d initially. 

Add up to 1500 mg/d. 
Achieve serum levels 

of 50· 125 ng/ml 

* ) 

" ' 

Add or switch to one of the of the following: lithium, CBZ, valproate (5) 

consider electroconvulsive therapy (6) 

Consider other possible treatments: 

clonazepam (8), clozapine (9) clonidine, CCBs (7) orl .._ ______________________________ ... 

If yes 
If no 

If partial response 
II no response 

.. _____ .,.. 

.. 
First-line drug I therapy 

(well-established efficacy) 

Second-line drug I therapy 
(some efficacy) 

CCBs Calcium-channel blockers 
CBZ Carbamazepine Third-line drug I therapy 

(efficacy not fully established) 

* Consider adding an antipsychotic agent to 
the regimen if the patient is aggressive, 
dangerously psychotic or has a known 
good previous response to the drug 



.. 

Notes about the numbered items in the sch eme 

l. Lithium. Possible good predictor signs o r symptoms f'or the 
use oft his agent: 
a. First degree rela tives with mood disorders. 
b. Euphoric mania: 60-80% respond favorably to lithium. In 

dysphoric mania or mLxed episode the response rate is only 
about 20%. 

c. Good compliance to pharmcothernpy. and lack of suicidal 
behavior. 

d. Less t ban 3 life-time manic episodes. 
c. Absence of psychotic fea tures. 
r. Good response in previous exacerbations. 
Lithium exerts beneficial effects in about 40-80% of acute 
manic episodes as part of bipola r I disorder. It was found more 
cfTcctive than placebo. ant ipsychotic agents or carbamazepinc 
in the treatment of most manic episodes (in well controlled 
tria ls). The usual dose ranges between 1200 and 2100 mg/day. 
2. Carhamazepine. Possible good predictor signs or symptoms 
which ca n direc t at using this agent: 
a. Secondary mania (due to pharrnacotherapy. brain disorder. 

trauma). 
b. Dysphoric mania. 
c. Comorbid ity of alcohol or o ther substance abuse. 
d . Good response in previous exacerbations. 
c . 1\bscnce of psychotic features. 
f. Obesity. 
g. Poor compliance 10 pharmacothcrapy (due to its relatively 

wide therapeutic window). 
h . Mixed episode. 
i. Rapid cycling. Belter efficacy. probably. than li thium, but 

less efficient than valproate. The data arc based on small. 
uncont rolled trials in which carbamazcpinc was shown to 
reduce the number of recurrences (of manic or depressive 
episodes) to about 30% as compared with lithium. 

j. Fertile o r pregnant women who need an antimanic drug as 
a necessary regimen. 

k. Acute manic episode as part of schb:oaffcclivc disorder. 
Carbamazcpine's efficacy in acute manic episodes is well 
established (over 15 double-blind studies have been published 
so far). II is more efficacious than placebo. and a t least as cOec­
t ive as ant ipsychotics. There arc no we ll-established data 
comparing carbmnazepinc directly with lithium. Beneficial 
effects arc found in up to 60% of pa tients . and thus it is consid­
ered less effective than lithfom. 
3. Valproa tc. Possible good predictor signs or symptoms that 
indica te using this agent: 
a. Rapid cycling mania. 
c. No psychotic features. 
b. Uysphoric mania. 
f. Stable or decreasing frequency of manic exacerbations. 
c. Mixed episode. 

Mood disorders • 

d. No response lo lithium or carbamazcpinc. 
g. Less-severe form of manic episode. 
Val1>roatc's cnkacy in acute manic episodes is based mainly 
on open-labeled o r small double-blind studies. ll improves 
manic symptoms in up to 50'Y., of patients. It was fo und less 
effective than lithium in small double-blind studies (60% 
\'ersus 90% emcacy in certa in popula tions). 
-l. Anlipsychotic agents these are second line treatments for 
manic episode due to: 
a. They have a \\'Orsc side-effect profi le than lithium or 
anticonvulsmit.s (carbama zcpine or va l11roa1 c). 
b. The efficacy or antipsycholics in ameliorating acute manic 
symptoms is not belie r than that of lithium. carbamazepine 
or valproatc (possibly). 
c . Some evidence suggests that antipsychoties lengthen or 
exacerbate the next depressive episode (if part of bipolar 
I /schizoalTcc t ivc disorders). 
d. The co-administration of h a lopcridol (and possibly other 
antlpsychotics). with lithium might induce. in rare cases. 
severe extrapyramida l side-effects. delirium. dyskinesias. hypcr­
thermia and some permanent bra in damage. These effects are 
presumed to be mediated by their additive effects on the adeny­
la te cyclase system. 
5. Some data suggests that a combined regimen of lithium and 
another anticonvulsant (carbamazcpinc or valproatc) might 
be more efficacious than the use of each agent alone. Well 
controlled studies arc absent. 
6. Electroconvulsive therapy (ECT) is an e ffective treatment for 
manic episodes. ll has a response rate of up to 75'}(,, especially 
if bilate ral electrode placement is used. Poor responders lo 
lithium might also benefit from ECT. ECT is also found 
efficient and is indicated for pregnant women and people with 
predisposit ion to develop ncuroleptic malignam syndrome or 
severe extrapyramidal symptoms. 
7 . The beneficial effects or clonidinc and calcium-channel 
blockers have been reported in a few case studies. The clinical 
signilicance of these findings is questionable. 
8. Clonazcpam is widely used to produce an acute calming 
effect. and a lot or data arc accumulating about ils emcacy in 
longer lerm usage. 
9. Clo:i:apinc has shown lo be effective in ameliorating acute 
manic symploms (both treatment-resistant and as a fi rst option 
regimen). Its use shou ld be restricted due to its hematological 
and other potentia lly serious adverse sitle-efTects. There is 
contraindicalion to administer clozapinc wi th carba­
mazcpine due to their synergistic effects on bone marrow 
suppression. The role of the other new-generation anti­
psychotics has not yet been established in this disorder. but 
should be considered due to their improved side-effect prol1le. 
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14.10 Bipolar I disorder with rapid cycling (1) 
Treatment strategies (based on published data) 

/ 

I Stop TCAs, SSRls, APDs or other possible cycling inducers (2) 

If the patient is on lithium therapy. evaluate compliance, serum levels and history of response 

'-

I 
/ 

If the patient is non-compliant or non-responsive to 
lithium, stop lithium. If past response lo lithium but 
present serum levels are maximal, add/or switch to 

i 
Choose between valproate or carbamazepine according to their favorable predictors (3). 

Note that valproatc possibly has greater efficacy in bipolar I with rapid cycl ing. If no clear-cut 
predictors for good response or no contraindications to valproate, choose valproate 

'" 

If valproate's If carbamazepine's 
good predictor signs exist: ----------------~ good predictor signs exist: 

' ' 

Start with: va lproate - ~ £ 
Start with: carbamazeplne 

250 mg/d initially. - O.r: - 600 mg/d initially. 
Add up to 1500 mg/d. "O u Can add 200 mg every other day. ..__ "O ::: 

Achieve serum levels ~ 3: Achieve serum levels ..__ (/) 

of 50· 100 ng/ml of 4-12 µg/ml 

* l *J 
/' 

1 ,. ' Ir 

Add APDs. 

I 

E 
:::> 

0 :c -... ~ 
"O -
c 0 
Cll -
Q) (/) 
u (/) 
c Q) 
Cll c 
:= Q) 
a. > E ·;;; 
0 c 
u 0 

"O ~ 
0 Q) 
0 ~ 

0) c 
== 3: 0 

c 
~ 

' 

Consider administering 

rlsperidone, clozaplne, 

Consider adding lithium (5) 
(especially if good predictor signs 

exist) or T3, or either 

risperidone, clozapine 
or ECT (6) 

Administer lithium (5). 

or other atypical APDs (4) 

Legend 
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If yes 
If no 

If partial response 
If no response 

-----~ 

• 
APOs Antipsychotic drugs 
CBZ Carbama.zepine 
ECT Electroconvulsive therapy 

SSRls Selective serotonin 
reuptake inhibitors 

TCAs Tricyclic antidepressants 

First-line drug I therapy 
(well·established efficacy) 

Second-line drug I therapy 
(some efftcacy) 

Third-line drug I therapy 
(ellicacy not fully established) 

Raise the dose. 
Monitor serum levels 

* II psychotic or aggressive 

' 

.... 



Notes about the numbc1·ccl items in the scheme 

Cli11ical Aspeds 
la. Rapid cycling is a course spcciller in the DSM-IV diagnostic 
criteria. For the diagnosis of rapid cycling. the person has to 
exhibit at least 4 episodes or mood dis turbances in the last 12 
months. These episodes should be separated by a partia l or full 
remission or al least 2 months or by a switch lo an episode of 
opposite pola rity (major depress ive episode to manic episode. or 
vice versa). Note that mood d isturbances relevant fo r the 
diagnosis of rapid cyding can be major depressive disorder. 
manic episode. mixed episode or hypomanic episode. 
b. Most affected individuals arc remales (about 70- 90%). 
c. About 90% begin with a depressive episode. 
cl. Most pa lien ts develop rapid cycling late in I he course of their 

bipolar disorder. 
g. Ultrafast cyders (cycles of mood changes Ouc tuate in hours 

to days) arc usually older men and the ultrafast cycling 
begins early in the course of their bipolar I disorder. 

c . The course of 10-20% of bipolnr I palients eventua lly 
acquires the charac teristics of rapid cycling. 

f. Rapid cyders are relatively unresponsive to lilhium. 
g. Some of the associated factors with rapid cycling are: 

• mental retarda tion. 
• hormonal changes (in a few cases serum corl isol levels rise 

during the depressive episodes and decrease during lhe 
manic episodes). 

• hypothyroidism. 
• alcohol or other substance abuse. 
• fa mily history or bipolar I disorder. 

Treatment 
l . Some agents have the capacity to induce or exacerbate the 
cycling. The major ones arc the tricyclic antidepressants 
(TCAs) (in as many of 50% of bipola r I pmie11ts). monoaminc 
oxidase inhibi tors (MAOls). te tracyclic agents and selective 
serotonin reuptake inhibit.ors (SSIUs). 
3A. Carbamazcpine. Possible good predictor signs or 
symptoms that indicate using this agent: 
a . Secondary mania (due to pharmacotherapy. clcctroconvul-

sive therapy. brain disorder, trauma). 
b. Dysphoric man ia. 
c . Comorbidity or alcohol or other substance abuse. 
d. Good response in previous exacerbations. 
c . Absence of psychotic features. 
f . Obesity. 
g. Poor compliance tO phannacotherapy, due to a relatively 

wide thernpeulic window. 

Mood disorders • 

h. Mixed episode. 
i. Ra pid cycling. There is probably better efilcacy than 

lithium. but less than valproatc. Oata arc based on small. 
uncontro lled trials in which carba mazepinc was shown w 
reduce th number of recurrences (of manic or depressive 
episode:;) lo about 30% as compared wit h lithium. 

j. Fertile or pregnant women who need an antimanic drug as 
a necessary regimen. 

k. Acute rnanic episode as part of schizoaffeciive disorder. 
B. Va lproatc. Possible good predict0r signs or symptoms that 

indicale using this agent: 
a. llapid cycling mania. For this entity ' 'alprnatc should be 

considered the fi rst line of lherapy. 
b. Oysphoric mania. 
c . Mixed episode. 
d. No response lo lithium or carbamazepinc. 
e. No psycho I ic fo<1tures. 
f. Stable or decreasing frequency of manic exacerbations. 
g. Less-severe form of manic episode. 
-l. Note tha t antipsychotk drugs (APOs) can actually induce 
or exacerbat e the cycling. Thcse agents shou ld be administered 
wi th great care in rapid cyders. The typical APDs (low­
potency and seda tive agenls are usua lly prelcrred) should be 
reserved for severely agita lcd. psycho tic o r agressive patients 
and their duration of use should be limited. 
5. Lithium. Possible good predictor signs or symptoms that 
indicate us ing this agent: 
a. First-degree relatives wit h mood disorders. 
b. Euphoric mania: 60-80 '}{, respond fo vorably to lithium. In 

dysphoric mania or mixed episode the response rate is only 
abou t 20%. 

c. Good compliance with pharmacothcrapy. and lack of suici-
dal behavior. 

cl. Less than 3 lifetime manic episodes. 
e. Absence of psychotic featu res. 
f. Good response in previous exacerbations. 
The combined lithium-carbamazepine regimen was anecdo­
tally reported to have bencllcial effects in rapid cycling. There 
arc a lso some other reports of the beneficial effects of combined 
carbamazepinc-triiodothyronine in rapid cycling. 
6. Cloza11inc, clcctrocon vulsivc therapy (ECT) and rispcri­
done (less cslablished a t this point) have shown the capacity to 
control rapid cycl ing in case reports and small open-labeled 
studies. Ot her anticonvu lsants. e.g. gabapcnlin and vigaba­
l rin have been reported to work (case reports). 
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14.11 Bipolar I disorder - maintenance treatment (1) 
Treatment strategies (based on published data) 

II 

No maintenance 
treatment is 

indicated 

Start with 

valproate. 
To date, its efficacy in 
maintenance therapy 
has not been shown. 

Legend 

11 

If there is only one previous episode and full remission: 

I 
I 
I 
I 

' 
Choose on basis of predictors for good response (2) 

The first choice, if meets the criteria, and there Is no contraindication for lithium, 
or if there is no definite indication for another agent, should be lithium 

Start with: 

carbamazepine. 
To date, its efficacy in 

maintenance therapy has been 
proven only as adjuvant to lithium 

.... g 
0 .r:: 
-0 0 
-0 .-:: 
<( ~ .,, 

I 

II 

I 

Start with: 

lithium (3). 
About 40·60% will have 

prolonged and full remission. 

About 30·50% will exhibit partial 
response, and will sutter repeated 

exacerbations and hospitalizations . 

About 20% will respond poorly 

I 

If psychotic or 
very agitated I 

If recurrent 
depressive outbreaks 

Conside~ possible 

alternatives: 

calcium channel 
blockers, 
clozapine, 

lamotrigine, 
maintenance 

ECT, MAOls, T3 (4) 

Consider adding an 

ant i psychotic 
agent (5) 

Consider adding an 

antidepressant 
agent (3) 

If yes 
If no 

II parllal response 
If no response 

.. 
-----~ 

.. 
First-lino drug / therapy 
(wcll·established efficacy) 

Second·llno drug/ therapy 
(some efficacy) 
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ECT Eleclroconvulsive therapy 
MAOls Monoamine oxidase 

inhibilors 
T3 Triiodolhyronine 

Thlrd·llno drug/ therapy 
(efficacy no1 fully eslablishcd) 

I 



Notes about the numbered items in th e scheme 

I. The prophylactic treatment is re lated to periods following 
both depressive and manic episodes. 
2. Lithium. Good predictor signs (factors that, if they exist. 
increase the possibility or good response) are as follows: 
• 'Classic' bipolar disorder - a history of clear onset of 

sympt0ms followed by full remissions and no impairment in 
daily ru11c1ioning between the mood episodes. 

• 'Euphoric mania' - in such a case. the response rate Lo 
lithium is about 60- 80%. Note that these statistics are 
related to acute manic episodes and not to prophylactic 
treatment. 

• Low number of lifetime episodes (<3). 
• Absence of psychotic features. 
• First-degree relatives with mood disorders. 
3. Several well-controlled studies lrn\•e demonstrated the 
efficacy of lithium in the prophylactic treatment of bipolar I 
disorder. Lit.hium. in general. was found to decrease the 
number or relapses and the severity or the episodes, especially 
of the munic episodes (up to 80% response rates). There arc 
counicUng data about the efficacy of lilhium. as a sole agent. 
in the prophylactic treatment following a depressive episode 
compared with a combined llthium-antide1>ressant 
regimen. Current data suggest an almost similar elllcacy. with 
a possible marginal improved efficacy for the combined 
regimen. Due to the capacity of antidepressants to induce or 
exacerbate manic episodes in bipolar I. patients . the best 
practice is probably to administer li thium alone and to reserve 
the combined lithium-antidepressant regimen for those 
patients who sulTer recurrent depressive episodes while on 
lithium therapy alone. Lithium scrum levels should be kept 
within the ranges of 0 .8- J.0 mEq/I. It is assumed I.hat within 
this range, the relapse rates arc decreased by 3-fold compared 
with serum levels of 0.4-0.6 mEq/I. along with a decreased 
severity of the episodes 1hcmselves (especially the manic 
episodes). Moreover. serum levels within the range of 0 .8-1.0 
mEq/I were found to reduce the risk of developing a rapid 
cycling course. 

Mood disorders • 

4. The role of these agents in the prophylactic treatment of 
bipolar I disorder is not established. 
• Calcium-channel blockers (vcrapamil). This agent is 

primarily used to treat supraventricular tachyarrhythrnias 
and angina pecloris. 1\ few uncontrolled studies have shown 
some cmcacy of verapamil in treating acute manic episodes 
(these findings have not been replicated so far). and some 
investigators have reported vera1><11nil's cmcacy in the 
prophylactic treatment of bipolar disorder. 

• Clozar>inc has shown some mood-stabilizing properties. 
espe.cially in rapid cyders. Its effi cacy in maintenance treat­
ment of bipolar I disorder is not yet established. 

• tamotriginc is a new anticonvulsant suggested to be as 
efficacious as lithium in bipolar disorder. 

• Maintenance clectr ocomrulsve therapy (ECT). To date. 
not enough data arc available about the role of maintenance 
ECT treatment in bipolar I disorder. although the beneficial 
role of ECT in acute manic or depressive exacerbations is very 
well established. 

• Monoamine oxidase inhibitors (MAOis). There are no 
established data concerning the cmcacy of these agents. A 
reasonable practice would be to reserve MAOI treatment for 
those patients who switch to manic episodes while on antide­
pressant prophylactic treatment (the MAOI should be admin­
istered fo llowing Lhe next depressive episode). 

• Triiodothyrouinc (T3) - Since T3 has some efficacy in 
improving depressive symptoms. it might be considered as 
maintenance therapy followin g a depressive episode. 
Controlled studies on the efikacy of T3 in bipolar I disorder 
are not available. 

5. The increased risk of developing serious adverse side-elTects 
(mainly tardive dyskinesia, cxlrapyramidal side-elTects. sexual 
dysfunctions and anticholinergic elTects) and the capacity of the 
antipsychotic regimens to induce depressive episodes in bipolar 
I patients should alert the therapist not to administer antipsy­
chotics unless the patient is very agitated or psychotic in such 
a way thul impairs his or her daily functioning. 
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15.1 Acute exacerbation of schizophrenia 
Treatment strategies (based on published data) 

' / ' / "'\ / "'\ / '\ / n. If illness is for If patient is/has: cardiac If the patient is very If there was previously 

If there are 
less than a year: illness (3). elderly, glaucoma, agitated, or has good response and 

b. If APO is 'sun·freak' (4), pregnant (5). a parkinsonism, later non-compliance predominant 
negative 

contraindicated: history of hepatitis/jaundice (6). refractory EPS, but proper supervision 

symptoms: 
c. If there are specific hypotension or seizure disorder a history of dystonia, for compliance is now 

relahve indications (7) . or suicidal (8): or is NMS prone (9): available: 

'--,. 
~r:CT (2): ...ii ~ 

,j ..... 
~ ---,, I I 

c6nsider If 
Consider treatment Consider treatment with: (1) Consider treatment with 
with Low-potency 

olanzaplne, Consider a high-potency APO (10) treatment with: 
APO (12) APO that pimozide, treatment with: or with one of the 

or with one of the was previously r isper idone, II atypical APO~ 
sulpiride, ECT (2) atypical APDs (11) beneficial 

I ~ 
-. 

h clozapine 
Give equivalent of 5-10 mg/d - Raise gradually to haloperidol. Increase if needed 

the last used 

1 1 1 1 I 
effective dose 

I r- If less than 10-14 days, continue. 

• . If agitated or aggressive, add BOZ (14) 

If treated with clozap ine~ 
(IM/PO lorazepam on PAN basis) 

consider adding sulpiride 

+ to the regimen (and vice versa)<{13) 

If more than 14 days and no response at all, 

( I~ - switch to a different class of APO (15) 

( Consider l + augmentation with: 

\._j Switch to a different class of APO (15) 
I/ 

t •i ~ 

Treatment-
resistant patient 

lithium (17) or antidepressants (18) 
Switch to clozapine (16) 

....,/ or to one of the other atypical APDs: 

propranolol, busplrone (19) or 
risperidone, I electroconvulsive therapy (20) 

11 o lanzapine, sertlndole 

If first psychotic episode: continue regimen for at least 1 year, then consider tapering off. 
If 2 or m ore psychot ic ep isod es: indefinite maintenance treatment. Lower to minimum effective dose (21) 

Legend 
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If good response 
If partial response 

If no response 

APO Anlipsycholic drug 
BDZ Benzodiazepine 
EPS Extrapyramidal side-effects 
ECT Eleclroconvulsive therapy 
NMS Neuroleptic malignant syndrome 

.. .. 

PRN In Lalin: pro re nata. 'as occasion arises' 

First-line drug I therapy 
(well-established efficacy) 

Second-line drug I therapy 
(some efficacy) 

Third-line drug I therapy 
(efficacy not fully established 

-
~ 



Notes about the numbered ite ms in the scheme 

1. Clozapinc (and possibly rispcriclonc and the o ther atypical 
antipsychol ic drugs) ha ve shown csl ablished efficacy in improv­
ing negalive symptoms. Anecdoial reports suggest that 
pimozilJc and sulpiridc also ha\•c some efficacy in ameliorat­
ing negative symto ms. 
l . Electrocom·ulsh·e therapy (ECT) has some efficacy in acute 
exacerbatio ns of schizophrenia. It is assumed that beneficial 
results can be achieved in 20-60'){, of patients (in reducing the 
acute symptomathology). ECT is llluch more beneficial if 
predominant a ffec tive symptoms arc evident. ECT has no eswb­
lished role in the long-term managclllenl of schizophren ia. 
3. Thloridazinc. other low-pol cncy a gents and 1>imozidc 
may cause a cardiac conduction block. ventricular tachycardia. 
prolonged PR. QT segmen1s and ST depressions (in EKG record­
ings). These abnormalities arc far more frequently reported with 
these agents than wi th high-potency aotipsychotic drugs 
(APDs). 
~. Low-potency drugs act ns photosensi tizcrs - leading to se\•crc 
sunburn on prolonged exposure. It is especially observed wilh 
chlorpromnzine and thioridazinc. 
5. There arc insufficient dala to prefer ll specific antipsycholic 
regimen for a pregnant woman. Halopc ridol perhaps causes less 
'lloppy baby syndrome'. Therefore ii might be recommended lo 
use if necessary. and especially in the third trimester. Try not to 
administer APDs in the first trimester. Some data suggest 1hat 
clo1,apinc has fewer teratogenic effec1s lhan other APDs. 
6. All APDs ca n alter liver functio ns. especia lly chlo rpro­
mazinc. which can cause cholcsla tic jaundice. secondary. 
probably. to hypersensitivity of predisposed individuals. 
7. l'\olicecl especially with the use of low-potency APDs and 
with clozapine. 
8. Pimozidc, thioridazinc, chlori>romazinc and other low­
potc n cy agents should be carefully administered LO suicidal 
patients due to their narrow therapeutic index and lethality in 
overdoses. 
9. The associated risk factors arc organic brain d isorder. 
dehydrat ion. high dose and route of administration (depot more 
r isky). use of concurrent lithium. h igh-pote ncy anlipsycholics. 
young adult male. alcoholic patient during delirium. malnutri­
tion. exhaustion. concurrent medical illness or a prior history 
of neuroleplic malignant syndrome ( MS). 
l O. I ligh-potency agents: h a lopc ridol. trilluopcrazinc. 
thiothixc n c. 
11. Clozapine, rispcridone. olanzapine and sertindole 
have been shown in clinical and preclinical trials to have 
similar elllcacy to typical APDs in non-resistant patients. This 
was nccompanied by a diminished capacity to dc\•clop tardivc 
dyskinesia and cxtrapyramldal adverse side-effects. The use of 
clozapinc as a first drug agent shou ld be avoided if possible due 
to its polenlial hazardous adverse effects. 
12 . I.ow potency agents: c hlorr>romazinc. thioridazinc. 
lcvomc(Jromaziae . clothiapinc. 
13. One controlled study and a few cases are reported concern­
ing the beneficial efTeclS of the combined dozapiru..~sulpiride 
regimen. The mechanism is unclear. II c.;uuld be related to the 
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enhanced 0 2 dopamincrgic blockade achieved wilh s ulpiridc 
(cloza1>inc ls a relatively weak IJ1 anlagonlst ). 
l ,l. llcnzodiazcpincs (1307.s) arc relatively safe (compared 
with anlipsychotics) and reliable sedatives. Their use should be 
limited lo controlling aggression. agitation. hyperactivity mid 
dangerous behaviors related to the acute psychotic episode. 
Lorazcpam 1- 2 mg every 2 hours is usually sufl1cient on an 
as-needed basis and its use is recommended since ii can be 
administered inlra- muscularly. '!'he co-administration of 
clonnzcpam with halopcridol significantly reduced psychotic 
excitement and the risk o f developing extrapyrarnidal 
symploms. ln cases of schizophrenia with depressive and/or 
obsessive-compulsive symptoms <1 combined a ntipsycbollc and 
selective serotonin rc uptake inhibitor (SSRI: e.g. citalopra m: 
flurnxarnine) may prO\'C beneficial. 
l 5. The main classes arc phcnot hiazincs. buty rophcnoncs. 
thioxanthcnes. dibcnzoxapines. hcnzamidcs. dihydroin­
dolcs and cliphenylhutylpipc ridines. 
16. The use of clozapinc is usually restricted to 1rcatmc11 t­
rcsistant schizophrenic patients. where it is efl1cicnt in about 
30% of pill.ients. The more general use of clozapinc is restricted 
because of' its relatively high incidence of bone marrow suppres­
sion and other adverse effects . a long with its present high cost. 
His pc ridoae and o lanzapinc have a much safer side-elTecl 
profil e. Their efficacy in treatment -resistant patients is nol yet 
well established. The role of other a1ypical antipsycholics such 
as quc tiapinc . scrtinclolc . and zlprazidonc in the treatment 
of ncuroleptic-rcsistant schizoprcnic patients is as yet unclear. 
1 7. Some data. mostly uncontrolled. suggest that lithium can 
decrease violent behavior and improve both positive and negative 
symptoms when combined with an antipsychotic agent. 
18. Antidepressanls arc traditionally believed to improve social 
withdrawal and depressive symploms. Antidepressants wilh 
5-HT~ antagonism capacities (e.g. mianscrin) might also 
improve psychotic symp10111s. This assumption has not yet been 
established by well-controlled trials. and it is based on lhe 
similarilics between 1hc receptor antagonistic profile of the 
combined antipsychotlc-antidcpressant regimen and the atypi­
cal a nt ipsychotics clozapine . o l:mzapin e. and r isperidone. 
Other fast acting BOZs (e.g. alprazolam) may also be effective in 

combination with antipsychotics for reducing agilalion and 
dangerous behaviour. 
19. Propranolol a nd buspirone may be specifically effective 
in improving assaultive bchuvior (but not as anlipsychollc 
drugs). 
20. ECT has only anecdotally been reported to sufl1ciently 
augment APDs. This was mainly for sevcrly agilaled. catatonic 
or patic111s wiih predominant affective sympwms. 
21. ~laintenance doses equivalent to 300 mg/day chlorpro­
mazinc or 2-4 mg/day of h a lopcridol are significantly more 
e ffective in lengthening the time between relapses and lowering 
the risk of a relapse ( 50% of paticnls not on APDs relapse in 6 
months. and up lo 80% in 12 months). The use of cfTec1lve 
mainlcnance treatment can lower the relapse rates IO around 
10- 15'}(, and 25% rcspeclivcly. 
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• Psychotic disorders 

15.2 Schizoaffective disorder - depressive episode 
Treatment strategies (based on published data) 

If with 
psychotic features 

Start with anti psychotic agent (1) 
(without an antidepressant). Following a few days 

of evaluating response and potential adverse effect: 

and severely suicidal 

Consider 

electroconvulsive 
therapy (4) 

[ 

[ 
If without 1 psychotic features: 

If there is antipsychotic-lnduced akinesia (2) 

I 
I 
I 
I 
I . 
I 
I 
I -
I 

Lower antipsychotic dosage - (if patient has received APO) and add 

antiparkinsonian regimen 

I 
I 
I 
I 

t ' 

Start or add antidepressant agent (3) 

Consider augmentation with lithium (5) 
(mainly if on combined APO+ TCA) 

Continue maintenance treatment with the same doses and regimen used (6). 

Legend 
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If on APDs , lower to the lowest effective dose. 
If patient has received ECT, consider maintenance ECT treatment 

If yes .. 
If no ----- • 

If good response .. 
If partial response .. 

If no response .. 

APO Antipsycholic drug 
ECT Electroconvulsive therapy 
TCA Tricyclic antidepressant 

First-llne drug I therapy 
(well-established efficacy) 

Second-llne drug I therapy 
(some efficacy) 

Third-line drug I therapy 
(efficacy not fully established) 

I 



Notes a bout the numbered items in the sch eme 

l. Some data suggest that the addition of an antidepressant 
agent might. in some cases. inhibit or delay reCO\'cry from the 
psychosis. Therefore . especially if the most predominant 
symptoms are psychotic. a trial with antipsychotics should be 
given lirst. It is almost always advisable lo administe r one 
regimen a l a lime (for side-ellcct eva luation and treatment 
response). The expected response rate when an a111ipsycholic 
regimen is given as a sole ngent (and the patient !ms some 
depressive episodes) is about. 30-40%. If affective symptoms arc 
prominent. the addition of an antidepressant regimen should be 
considered (follo\\' ing a few days of evaluating potential adverse 
c!Tects). 
2. Consider the possibility of 11euroleptic-induced akincsia. This 
side-effect can mimic any of the depressive symptoms. Therefore 
an a ttempt to lower neurolcptic closes and/or to add an 
antiparkinsonism regimen should be made. Another probable 
assumption is the emcrgeucc of so-called 'negati\•e symptoms·. 
II so. lowering the neuroleptic dose might not be sutncicnt. and 
a switch to one of the atypical agents (e.g. clozapine , r isperi­
done, olanzapine) should be considered. 
3. t\ combined regimen of antidepressants and anlipsychotics 
can be tried. although published data about s uch combina­
tions in schizonffective disorder-depressed type arc lacking 
and orten contradic tory. A !Cw studies found highe r cffkncy 
of this combination compared with each d rug a lone. but this 
effect was no t a lways replicated. [n major depressive disorder 
with psychotic fea tures. the role of combined antipsycho tic 
and antidepressant ngents is more llnnly established (this 
increases the response rates from about 40% fo r each 
regimen a lone to around 70% with the combined therapy). 
For that reason. it is logica l to assume (even though it is not 
established in schizoa ffective disorder) that a combined 
regimen might exert belie r efllcacy. If using a combined 
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antipsychotic-antideprcssanl therapy. a tria l o r a l least 
9 weeks is needed for proper response. 
-1. The role of e lectroconvulsive therapy ( ECT) in schizoaffect ive 
- depressed type is 110L proven. but should be considered. ECT 
has a proven clllcacy in the treatment of a!Tec tive disorders and 
is also benelicia l in some of the psychotic disorders. especially if 
a!Tcctive components a rc present (cntatonia. psychotic mania. 
major depressive disorder with psychotic features). Therefore 
ECT might prove to be a benelicial tool for the treatment of 
depressive episodes as part or schizoancctive disorder. 
5 . Lithium has been found. to datc. to be effective in reducing 
depressive symptoms in patients with schizoa!Teclive disordcr­
dcpressed type only when added lo a preexisting regimen of 
anlipsychotics and nntidepressants . 
6. There nrc not enough or wel.1-established dat <i concerning 
the maintenance trea tment of schizon!Tect ivc disorder­
depressed type (especially with concomitant psycho tic features). 
A logical practice. !hough not proven in well-controlled tria ls. 
is to cont inue with t.hc same regimen tha t improved the acute 
depressive exacerbation. As in the maintenance trea tment of 
other psychotic disorders . the long- term use of high-dose 
antipsychotic agents should be ques tioned. Therefore the 
present recommendation is to lower the antipsychotic doses to 
a lower e!Tective dose (about a chlorpromazine equivalent or 
300 mg/day or a halOllCridol equivalent of 2-4 mg/day). 
These estimates were tested in mai11lenance treatment follow­
ing schizophrenic exncerbations. and their validi ty for schizoaf­
fective disorder should be challenged. In schizophrenic patienL~ 
the above-mentioned doses were found 10 lengthen the lime 
between exncerbations nnd to lower the risk of a re lapse. Some 
dat a imply that recurrent depressive episodes (as part of 
schi:waffectivc disorder) might respond well lo lithium or 
carbamazepine mnintenance therapy. 
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• Psychotic disorders 

15.3 Schizoaffective disorder - manic episode (1) 
Treatment strategies (based on published data) 

II the patient is 
mlld·moderately active (2). 

not psychotic or has a 
known sensitivity to APDs: 

Start 

lithium (5). 
Ti ter dosage to serum 

levels between 
0.8 and 1 .2 mEq/1 

Add or change to 
alternative agents (7): 

CBZ, 
valproate, ECT 

Keep on lithium (8) 
maintenance treatment. 

Adjust to serum levels about 
0.6 mEq/I 

Legend 

1 

I 

I 

If good rosponso 
If partial response 

11 no response 

APO Ant1psychotic drug 
CBZ Carbamazepine 

II the patient is highly active (3) or 
psychotic or has a known sensitivity 

to lithium: 

Start a typical APO (5). 
If there is known non·responsiveness 

to an atypical agent or history or 
severe extrapyramidal adverse 

I 

elfects, consider 

clozapine I 
or 

olanzapine, 
risperidone 11 

l 
Continue the APO (9) while 

trying to adjust the dose to 
'lowest effective dose' 

II 

II 

If the patient 
can tolerate both 

APDs and lithium (4) : 

Start a 

typical APO (5). 
Choose on basis of past 
responsiveness. patient's 
compliance, adverse side· 
elfect prolile and comorbid 

physical illness 

Add lithium (6). 
Titer dosage to serum 

levels between 
0.8 and 1.2 mEq/I 

' 

Attempt to stop, gradually. 

the APO, and keep only on 

lithium maintenance (10) 

First· II no drug I thoropy 
(well-established offlcocy) 

Second-line drug/ therapy 
(some efficacy) 

ECT Eloctroconvulsive therapy Thlrd·flne d rug/ thoropy 
(efficacy not fully established) 
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Notes a bout the nmnbcred items in the scheme 

Clinicnl Aspects 
la. The diagnosis of schizoalTcctive disorder is based on the 
present of a major depress ive or manic episode a long \\'ith DSM­
IV criterion r\ for schizophrenia (al least once during the course 
of the disorder). 
h. For the diagnosis. delusions or hallucinations must be 
presc111 for a period of 2 weeks (or more) without a concomi­
tant major depressive or manic episode. 
c. There are 2 subtypes of schizoaffective disorder: manic type 
and depressed type. The manic type is characterized by criteria 
la and 1 b with repeated mood episodes. at least one of which 
was a manic episode. The depressed type is characte riied by the 
same criteria but all the mood episodes experienced by the 
patient were of the depressive type. 
d. Schizoaffective - manic type has a high family history of 
bipolar disorder. 
c. Schizoaffeclive - depressed type has a high family history of 
unipolar depressions and schizophrenia. 
f. It is believed that schizoaffective disorder is a heterogenous 
cluster of disorders. Some patients probably have schizophrenia 
with prominent mood symptoms. others might have a mood 
disorder with prominent schizophrenic symptoms. while some 
have a distinct clinical syndrome. 
h. The prevalence of schizoaffective disorder is between 0. 5% 
and 0.8% of the general popula tion. Women are at greater risk 
for developing the disorder. 

Treal111e11ls 
2. There is no signifi cant corre lation bet ween the predominant 
symptomathology (psychotic versus affective) and the efficacy 
of different agents. especially antipsychotic drugs (APOs) or 
lithium. Most st u<lies found a similar dlkacy in treating an 
acute manic episode (as pan of schizoaffectivc disorder) 
between APDs and li thium. and this is more significant when 
the patient is mild- moderately active. 
3. In highly active patients APDs have a somewhat beuer 
efficacy than lithium. 
4. t\ combined APDs- lithium regimen was found in several 
well-controlled studies to be more cmcacious than each agent 
alone in the treatment of an acute manic episode of schizoul~ 
feclive disorder. 
5. The doses of t\POs and lithium used for treating the manic 
episode of schizoatlective disorder are the same as for treating 
manic episode as part of bipolar I disorder or schizophrenia. 
Clozapine has been shown to be effective in ameliorating acute 
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manic symptoms as part of bipolar I d isorder (both t.reatment­
resistant and as a fi rs t-option regimen). Its use should be 
restricted due to its hematological and other potentially serious 
adverse side-ctlccts. The role of the other new-generation 
antipsychotics (rispcridonc. olanzapine. scr t indolc) has 
not yet been established in this disorder. but they should be 
considered as good candidates. 
6. The combined APO-lithium regimen probably has superior 
ellkacy in the treatment of the acute episode. 
7 . Carba mazcpinc. \•alproate and clectroconvulsive 
therapy (ECT) have proven efficacy in t.hc treatment of acute 
manic episode as part or bipolar I disorder. II is reasonable to 
assume similar emcacy in schizoaffective disorder- manic type. 
although large and controlled trials have nut been done to 
date using the DSM-IV criteria for the disorder. The role of 
lhese agents as possible augmentors to APOs is not fully 
established in schizoaffcctive disorder. If used as augmenta­
tion. note that carba mazcpinc is contraindicated as 
adjuvan! to clozapinc due to their synergistic e ffects on hone 
marrow suppression. 
8. Lithium was found to be an cincient modality for prophy­
lactic treatment in schizoaffectivc disorder. especially when the 
following factors exist: 
• Predominant mood symptoms. 
• Scrum levels above 0.6 mEq/I. 
• Better efficacy (as prophylactic agent) in schizoaffcctive disor-

der - manic type as compared with depressed type. 
• When a family history of mood disorder is evident. 
9. If the patie111 cannot tolera te lithium. continue mainte­
nance treatment. with the APD. Doses should be gradually 
decreased. ii' possible. 10 a 'lower effective' dose (equivalent to 
chlorpromazinc 300 mg/day or halopcridol 2-4 mg/day). 
JO. When the acute episode is controlled and the clinical state 
is stabilized. an allempt should be made to completely taper off 
the antipsychotic regimen and keep on lithium or carba­
mazepine maintenance treatment alone. because: 
• Lithium alone is as efficient as antipsychotics in the prophy­

lactic treatment of schizoaffective disorder. The role of carba­
nrnzepinc as a prophylactic drug is not yet established. but 
there arc accumulat ing data that it might prove to be quite 
emcacious. 

• Long-term anlipsycholic treatment should be avoided. if 
possible. due to possible serious adverse side-effects (for 
example. tardive dyskincsia). 
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• Psychotic disorders 

15.4 Delusional disorder (1) 

I 

r 

Treatment strategies (based on published data} 

Note that there are no large and well-controlled clinical trials of patients with delusional disorder. 
All data are based on case reports or open-labeled studies 

Especially if symptoms are of recent onset and If predominant anxiety 

a persecutory type delusional disorder: or tardive dyskinesia (4): 

/ 

Specific data (2) Not studied, but 
from open studies logically correct 

or anecdotal reports 

t ' 

/ 

Administer an pimozide (3) 
2-12 mg/d. 

Beneficial in about 65% 
(mainly in case reports, 

and most effective in 
somatic delusions). 

antipsychotic drug 
(other than the ones listed 

on the left). Choose on basis 
of side-effect profile 

Consider administering 

benzodiazepines (5) 

chlorpromazine 
Beneficial in over 90% 

(very small sample) 

thioridazine 
haloperidol 

2-5 mg/day. 

I clozapine I ~'---­
Mainly for 
anxiety or 
agitation 

-
Consider adding 
or switching to: 

Consider SSRls (6) as adjuvants to an APO or benzodlazeplne or as sole agents. 

Consider also ECT (7) or switch to clozapine or other atypical AP Os (3) 

Legend 
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If no response 

If partial response 

APDs Antipsychotic drugs 

ECT Electroconvulsive therapy 

SSRls Selective serotonin 
reuptake inhibitors 

.. .. Flrst·llne drug I therapy 

(well-established efficacy) 

Second-line drug I therapy 
(some efficacy) 

Third-line drug I therapy 
(efficacy 1101 fully established) 



Notes about the numbered items in the scheme 

Cli11icnl Aspecrs 
I a. Delusional disorder is believed to be a distinct entity. mainly 
due to specific genetics. course of illness and clinical fea tures. 
b. Core sympt0ms arc persistent delusions. nonbizarre in their 
nature. along with the absence of prominent halluc.:inations. no 
thought disorder or mood disorder. or a significant lla11ening of 
the effect. 
c. Most pnt.ienls suffer from one main delusional theme. 
d. There is a slight tendency fo r fema les LO be affec ted by the 
clisorder more than males. 
c. Onset is usually between ages 40 and 49 years. 
f. Prognosis is moderate. and data suggest that: 

• About 50% of patients arc employed. 
• About 80% get married. 
• Complete remmision and the elimination of the delusional 

themes are very rare. 
• Recent onset symptoms and spccilk subtypes (maiuly rhe 

persecutory type) may be more responsive to pharrna­
cothera py. 

Trcal111e11l 
2 . All data are based on anecdotal rcporis or relatively small 
open-label studies. Pharmacotherapy should be administered 
for at least 8 weeks. and if no response is evident then consider 
stopping the antipsyeholic medications (due to adverse side 
effects. either acute or chronic. which can further reduce rhc 
patients compliance). Jn such cases. bcnzodiazepincs (BDZs). 
especially if the patient is severely anxious. can have benclk ial 
effects. 
3. Pimozidc exerts beneficial responses in up to 65% of 
patients. although data arc based mainly on case reports. Some 
im•cstigators believe that somatic delusions may be most 
responsive. and cases of crotomanic and jealous types were also 
reported to be responsive to pimozidc. Other reports have 
shown the eflicacy of antipsychotic drugs (APDs) such as 
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halopcridol. lhioridazinc and chlorpromazinc in reduc.:ing 
some or the symptoms. mainly the anxiety and agitat ion. All 
ant ipsycl1otics should be given in low doses (halopericlol 
equivalents of 2- 5 mg/day usually). and if no response is 
observed within 6-8 weeks (with proper compliance) then the 
therapist should consider changing medications. Clozapinc 
has been reported. anecdotally. to improve resistant delusional 
symptoms while the role of the other al.ypica l APOs in 
delusiona l disorder is unclear as yc1. 
.J. Since the delusional themes are relatively resistant to 
pharnrncothcrapy and patient's compliance is usually lacking. 
if the predominant clinical symptoms are agitation or anxiety. 
or if the patient is prone to experience acute ach·erse side-effects 
(dystonia. parkinsonism) or has a history of/ongoing wrdivc 
dykinesia. the best regimen might be BDZs !Or the relief of the 
acute symptoms and for a relat ive immediate response that 
could improve compliance. 
5. Spec.:i llc BDZs have not been studied. in well controlled 
studies. Their role should be the relief of acute anxiety and 
agitation. and to enhance compliance. The abuse potent.ial of 
BDZs is usually not a major concern in these patients. 
6. Selective serotonin reuptake inhibitors (SSRls) arc anecdo­
tally reported to impro\'e some of the symptoms associated with 
delusional disorder (especially affective parameters). The role of 
antidepressants has been suggested due lo the incidence of 
affective disorders in fa milies of delusional disorder patients. 
SSRls or other antidepressants do not ameliorate rhe core 
psychotic themes. 
i. The role of clectroconvulsive therapy (ECT) in delusional 
disorder has not been studied. ECT has proven clncacy in 
psychotic disorders such as catatonia (as part of bipolar I disor­
der) or psychotic depression. and ii is \'cry cOkacious in affective 
disorders (ma jor depressive disorder. bipolar I). Since delusional 
disorder has psychotic and possibly affective components. ECT 
may be considered a good candidate in specilic cases. 
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• Anxiety disorders 

16.1 Panic disorder (1) 
Treatment strategies (based on published data) 

'I r 'I r 
If moderate symptoms. If there are no relative 
no prominent CVS or If there are severe. frequent and contraindications to SSAls. 
seizure disorder, and incapacitating symptoms: or if the patient is suicidal (2): 

cannot tolerate SSRls (2): 
'- '-

i 
Start with a TCA (3): Start with a Start with an SSRI (5). 

choose between high potency Usually choose between 

clomipramine benzodiazepine. fluoxetine , 
or imipramine Choose between fluvoxamine 
or choose one of alprazolam or or paroxetine. 

the following: 
clonazepam (4) Other SSRls are possible 

candidates: 

I 
desipramine, ( I Start, simultaneously. citalopram. doxepin , _: l an SSRI (5) or TCA (3) 

I ~ I - I - sertraline nortriptyline 

Consider combination therapy with: 

'i •• 

Treat for about lithium (7) 
a year, 

then try to 
taper off 

gradually. If this is 
not successful, 

continue for 
another year (6) 

Legend If good response 
If partial response 

If no response 

BDZ Benzodiazepine 
CVS Cardiovascular system 

MAOI Monoamine ox1daso inhibitor 
RIMA Reversible inhibitor of 

•• 

TCA (8) 

I 

monoamine oxidaso type A (moclobemide) 
SSRI Selective serotonin rcuptake mh1b1tor 
TCA Tricyclic antidepressant 
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I 

l 
,, ,, 

Change to a different class agent: (9): 

MAOI or TCA or SSRI 
Note: several of these are inelfective, 

or have not been properly tested 

i 
Try one of the following: 

carbam azepine, inositol, 
low-p otency BDZs, RIMA, 

va lproate, venlalaxine, 
verapamil (10) 

Flrst·llne drug or therapy 
(well-established elflcacy) 

Socond·llne drug/ therapy 
(some efficacy) 

Thlrd·llne drug I therapy 
(ellicacy not fully 

established) 

' 

II 



Notes about the numbered items in the sch eme 

Cli11ic:al tlspects 
1 a. About 50% of panic attacks. part of panic disorder (PD). 
begin with attacks consisting of 3 or less symptoms out of the 
13 possible symptom criteria eligible for 1 he diagnosis of l'D by 
the DS~l-lV. Four out of 13 arc required for the diagnosis of PD. 
b. t\bout 20% of all panic allacks appear "·ithout any sense of 
anxiety. 
c. Lifetime prevalence of l'D is about 1.5-3%. The women 10 

men ratio is about 4:1. 
d . Mean age of onset is about 23 years . Onset a t ages older than 
40 or younger than 15 is rare. 
e. First-degree relatives of patients with PD have a 25% lifetime 
risk of developing the disorder. 

Treaw1em 
2. Relative contraindications for administering a sclecti\"C 
serotonin reuplilke inhibitor (SSRI) arc SC\'crc gastrointestinal 
discomfort. specific sexual dysfunctions such as decreased libido 
or impotence. or a suspected sensitivi ty to these drugs. Modcr­
nlc symptoms a re diagnosed if only a few attacks arc presen t 
and the patient can tolernte the disorder without a marked 
impairment in his/her daily functioning. Clomipraminc and 
imipraminc are lricyclic antidepressants ('fCAs) which have 
significant anticholincrgic capacity and can cause numerous 
adverse cardiac side-effects. Patients with known seizure disor­
der should not receive these agents due to their ability to reduce 
the seizure threshold. They can also pro\•oke panic attacks early 
in therapy. 
3. TC/\s, high potency hcnzodiazcpincs (clo11azcpam . 
a lprazolam) and most monoaminc oxidasc inhibitors 
(MAOls) exert similar efficacy as antipanic agents (estimated 
to be around 70-80%). Clomipraminc 1\·as tradit ionally 
believed lo be the most cmcacious ;1111ipan ic agent. This has 
not been established in large. \\'ell-contro lled studies. 
lmipraminc is the most-studied medication in PD. There is no 
convincing evidence that it !ms superior emcacy over most 
other TCAs. except for a few ngents that were found to be 
practically ineffecth·e in treating PD (lrazodone. bupro1>ion 
and maprolilinc ). It is est imated that thei r possible impaired 
ability lo downregulatc the a 1-ndrencrgic receptors might play 
a role in their lack of anlipanic properties. Buspironc has 
sho\\'n some ellicacy in augmenting the antipanic effects of 
cognith•e-behavioral therapy. Ocsipramine. doxcpin and 
nortript)·linc were all shown also to possess antipanic 
capabilities. 

Anxiety disorders • 

4. Use bcnzodiazcpincs (UDZs). a lprazolmn and clonazcpam 
with caution due to their abuse potent ia l. dependence. possible 
cognitive impairments and rebound effects on abrupt stoppage. 
There is no tolerance to the antipanic effects of the BDZs. The use 
of UDZs is relevant \\'hen there is a contrnindication to use TCAs 
or SSRls. or when the disorder is incapacitating and a need for 
immediate anxiolyt ic relief is indicated. 
5 . SSIUs arc most clTcctivc in panic disorder. Meta-analysis of 
most double-blind placebo-controlled tria ls of panic disorder 
patients suggested the s uperior ellkacy of SSIUs (mainly 
reported wi th lluoxelin c, lluvoxaminc, and paroxe tlnc ) 
over other agents. induding T<.:As and alprazolam . SSHls 
ha\'c a wider therapeutic window. they arc usually be11cr to ler­
ated. and are considered. relative lo the TCJ\s or lelracycllc 
agents. safer in O\•crdosc. Therefore SSIUs are recommended as 
the drug of choice in panic disorder or for suicida l patients who 
have access lo the drugs and lack proper supervision. Other 
SSRls (sertraline and c italopram) hm•e not yet been studied 
in large and well-cont rolled trials of PD. but they arc assumed 
to exert similar effects. 
6. Panic disorder is a chronic disorder and about 50-70% of 
pntie;:nts who stop their pharnrncothcrapy experience n renewed 
exacerbation of the disorder. For this reason ii is recon11 11e11ded 
to continue the treatment for al least a year. fo llowing with ;1 

tapering-off attempt. 
7 .8. Lithium and TCAs could. in some cases. improve the 
antipanic response of certain individuals already recei\•in!! a 
TCAs or a SSRI. 
9. MAOls. especially phe ne lzinc. might hm•c superior efficacy 
over TCAs (tested versus imipraminc) in more se\•ere and 
chronic patients. and in patients unresponsive lo imipramine. 
It seems evident that patients receiving MAOls arc less prone 
to develop the 'overstimulat ion ' phenomena that is apparently 
more associated wit h TCAs. The role of moclobcrnide. a 
reversible inhibitor of monoamine oxidasc type A (ltlMA). 
has not been established. lo date. in panic disorder. 
JO. Anecdotal reports have shown that anticon ndsants (carba­
mazcpinc. valproatc) have some anlipanic properties. 
\'enlafaxinc can be beneficial. hut the data circ based on small 
open-label trials. Preliminary data \\'ilh inositol. a potential 
antidepressant agent. ha\'e shown beneficial results in reducing 
the frequency and severity of panic atlacks in PD patients. without 
inducing any major athocrsc side-effec ts. 1\ Low-potency BOZ 
(diazcpam) \\'as fou nd in a few cases and in predisposed pmicnts 
lo have antipanic properties when given in \'cry high dose~. 
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16.2 Simple phobia 

I 

I 

Treatment strategies (based on published data) 

If simple phobia (1 ): 

There is no evidence that any of the 
psychotropic agents are signilicantly 

effective in this disorder (3) 

Start with 

behavioral therapy (4) 

In severe cases, and to enhance exposure. 

consider adding 

a p-adrenergic antagonist 
or a benzodiazepine. 

If there are concomitant depressive symptoms. 

Legend 
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add: SSRI or TCA (3) 

If partial response 
II no response 

BDZs Benzodiazepines 
MAOls Monoamine oxidase 

inhibitors 
RIMA Reversible inhibitor of 

monoamine oxidase type A 
(moclobemide) 

TCAs Tricyclic antidepressants 

16.3 Social phobia 
Treatment strategies {based on published data) 

If social phobia (2): 

Start wi th 

cognitive-behavioral 
therapy (5) 

Consider adding: 

~-adrenergic antagonist (atenolol) (6) 

or an SSRI 
(fluoxetine, paroxetine, sertraline), 

or a MAOI (6) 

Stop p-adrenergic antagonist/MAO! 
and add: BDZ (clonazepam) (7) 

or a RIMA (moclobemide) (8) 
or fluvoxamine (9) 

Flrst·llnc drug I therapy 
(woll·ostablished ellicacy) 

Sccond·llno drug I therapy 
(some efficacy) 

Thlrd·llno drug I therapy 
(olhcacy not fully established) I 



Notes about the numbered items in the scheme 

Cli11ical Aspects 

Simple phobia 
1. The rule of thumb for diagnosing simple phobia is when the 
patient's fea r is of circumscribed stimulus. object or situation. 
One needs to exclude. mostly. the followi ng: 
• panic disorder (a fear of having another panic attack): 
• social phobia (a fear of socia l humiliation or embarrassment): 
• hypochondriasis (fea r of having a serious illness): 
• Obsessive-compulsive disorder (feared avoidance or an objcct 

or a situation due to obsessions). 

Social phobia 
2. The major aspect is the patients fear of getting into a social 
situation in which he or she could reel humiliated or embar­
rassed when acting in front of others. 

1'rentme11t 

Simple phobic lrealmenL 
3. A few regimens have been studied. without any definite 
success. in the trea tment of simple phobia: 

Ben:wdiaze11ines (mostly diazcpam) reduce the fear­
induccd avoidance. but have no effect on anxiety or autonomic 
symptoms. The use of these agents in simple phobia is usually 
aimed at helping patients to engage in exposure program. 

:\o significant efficacy was evident in the few studies with 
imipramine. other tricyclic antidepressants (TCAs) or selective 
serotonin reuptake inhibitors (SSRis) and simple phobia (in 
ameliorating phobic themes). Depressive symptoms associated 
with simple phobia have been shown to benefit from these 
medications. 

P-adrenergic antagonists were not found efficacious in 
augmenting behavioral treatments. In some cases. n sympto­
matic relief was observed. but was not sustained. 
4. The main goal is to provide a fear-reduction behavioral 
therapy. usually via systematic desensitization and controlled 
exposure. Cognitive and behavioral coping skills might be 
in1cgrated in the sessions. 
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Social phobia lreaunelll 
5. The major aspect of cognitive-behavioral therapy is the 
integration of cognitive and exposure components. Exposure is 
efficient. mainly. on short-term behavioral changes. while the 
cognit i\'e approach a ids more in long-term maintenance elTects 
and prevention of re lapse. Social-skill t raining could be very 
bcnelicial in people who lack those skills. and much of the 
person's discomfort is due to this delkiency. Relaxation train­
ing is usually effective in people whose predominant symptoms 
arc autonomic arousal. Exposure therapy as a sole modnlity of 
treatment is probably less effective. since it a ids mainly in the 
short-term relief of symptoms. 
6. P-adrenergic antagonists (best studied with atcnolol) and 
monoaminc oxidasc inhibitors (MAOls) were found to be 
effecti ve in the treatment of social phobias. P-adrenergic antag­
onists seem to reduce the autonomic symptoms (and so arc 
viewed as agents for treatment of 'specific social phobia'). l\.'IAOls 
affect both the autonomic arousal related to social phobia and the 
cognitive dysfu nction associated with the disorder. l\'L\Ols 
(especially phenclzine) arc considered to be better agents. 
compared with P-adrenergic antagonists. when compared on 
large populations. The role of selective serotonin reuptake 
inhibitors (SSIUs) in social phobia is quite established. SSRls 
seem to be as effective as MAOls or cognitive-behavioral therapy 
and the efficacy of lluoxetine. paroxetine and scrtralinc was 
demonstra ted in severnl well controlled studies. lnfonnation about 
most other SSIUs is still lacking. 
7. One controlled study showed good efficacy of clonazcpam 
in improving aru.:iety. avoidance and social phobic symptoms. 
Ot her anecdotal reports about different bcnzodiazepincs are 
contradictory. 
8. Recent studies have demonstrated the efficacy of the 
reversible inhibitor of monoaminc oxiclasc type A. 
moclobemidc. in social phobia. It was found lo be us effective as 
several of the SSRls. wbile producing fewer adverse side-effects . 
9. 1-'luvoxamine demonstrated some efficacy in social phobia. 
but to date it seems to be bcnclkial in fewer cases than the other 
SSRis. 
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16.4 Generalized anxiety disorder (GAD) (1) 
Treatment strategies (based on published data) 

If a. There are predominant 
psychic symptoms (2): 

b. It is possible to wait for 
gradual results (3): 

c . There is a known history 
of substance abuse (4): 

d. There is no need for 
major sedation, or 
sedation is 
contraindicated (5): 

Begin treatment with 

buspirone (6) 

1 ~ ' 

If a. Thore are predominant 
somatic symptoms: 

b. There is a need for 
immediate results (3): 

c. There is no history of 
substance abuse: 

d. There is a need for 
major sedation and 
sedation is not 
con traindicated: 

Begin treatment with a 

benzodiazepine 

·~ • 

Add or switch to another drug, from a class 
other than that of the present drug (7). 

Choose either an: SSRI or TCA or buspirone, 
or a benzodlazepine. 

Consider, as an alternative, administering 

~-adrenergic antagonist (8) 

Legend 
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II partial response _. 
II no response _. 

SSRI Selective serotonin 
reuptake 1nh1brtor 

TCAs Tricyclic antidepressants 

If there are depressive 
symptoms or relative/ 

absolute contraindication to 
buspirone or 

bcnzodiazepines: 

Begin treatment with 

SSRI 
or 

TCA 
or 

trazodone (7) 

·~ 

I I 

Add either 

If there are predominant 
cardiovascular 
symptoms (8): 

• Tachycardia: 
• Palpitations: 
• Performance anxiety: 

Begin treatment with 

~-adrenergic 

antagonist (8) 

buspirone or a benzodlazepine 
to the regimen (if not contraindicated). 

First-lino drug I therapy 
(well-established elficacy) 

Socond-llne drug / therapy 
(some efficacy) 

Third-line drug/ therapy 
(efficacy not fully established) 



Notes about the numbered items in the scheme 

C/i11ical Aspects 
l . In OSt\1-1\1. the diagnosis is based on several e lements: 
a. The experienced anxiety is not a manifestation of another 
major psychiatric disorder (mainly psychotidmood disorders or 
posttraumal ic stress disorder). 
b. Patients suffer from a t least 3 out of 6 symptoms of motor 
tension: restlessness: being easily fatigued: impaired concen­
trnt ion: irritability: muscle tension and impaired sleep. 
c . The anxiety has a duration of at least 6 months. and is not 
focused 011 one subject only. 
d . The di<1gnosis and the diffcrenlial diagnos is are based 011 the 
quanti ty of the anxiety. The anxiety in generalized amlety 
disorder (Ct\D) is not of: 

having a panic attack (panic d isorder with amicipaiory 
anxiety): 

• being embarra~-sed in public (social phobia): 
• being contaminated (obscssi\•e compulsi\·e disorder): 
• lrn\•ing multiple physica l symptoms I complaints tsomatiza­

tion disorder ): 
gaining weight (anorexiu ncrvosa): 

• having serious illness (hypochondriasis). 

Trent111e111 
2. Bu spironc has better cfllcacy. compared with hcn zo11i­
azcpines (130 Zs). in reducing psychic anxiety. while BDZs 
(studied mostly with diazepam) arc better in eliminating 
somatic <mxicty. 
3. The acute effects of huspiron e tend to build up gradually in 
2-l \\'Ccks. BDZs exhibit their effects more rapidly. Do not 
confuse this rapid effect of BDZs. which is targeted at dimin­
ishing somalic anxiety. from buspironc's quicker and bett er 
efficacy in ameliorating psychic anxiety. 

Anxiety disorders • 

~. To date. huspirnnc (unlike UDZs) has not been shown tn 
posse:.s significant ml verse effects such as abuse potential. tolcr­
ann:. withdrawal symptoms. rebound anxiety. sedat ion. signif­
icant psychomotor impairments or increasing the effects of 
other central nervous system depressan ts. 
5. Uuspir one is particularly attractive in individuals who 
ran not tolerate the sedative effects of BDZs (pilots. cab and truck 
drivers. students) or in patients cm central nen •ous system 
depressants. or in those with n history of drug or a lcohol abuse. 
Ci. B11s1>iro ne is s11pcrior to placebo in improving both anxiety 
a11d depressive symptoms assoc.; iat ed with G/\D. It was also 
fo 1111d to be as e ffec tive as scvcrnl hcn:wdiazcpines (studied 
mostly \\'i th lo razepa m ) in reduc ing anxiety symptoms (while 
producing fewer side-effects). 
7. t\ccumulating data suggest that tricyclic an tide pressant s 
(TCAs) and some of the a ty1>ical antidep ressanls arc also 
benelicial in GAD. although probably less so than bus pironc 
or bcmodiazepines . It is well es tablished that TCAs can 
reduce anxiety in ~evcral discmlers (panic disorder. anxiety 
symptoms as part o f a major mood disorder. anxiety related to 
post.lraumatic s tress disorder). l111i1>raminc. clo mi1>r aminc 
and t razodonc have shown some capacity to reduce anxiety 
related to GAD. The selccli \lc serotoni n reupta k e 
inhibito rs (SSRls ) have not been studied in well-rnnlrolled 
studies in GAD. though anecdotal and preliminary reports 
suggest that they might have beneflcial effects. 
8. P-adrcncrgic antagonis ts arc e ffective in reducing nonspe­
cifk anxiety that is predominantly manifested by cardio\•ascu­
lar complaints: palpitations. tachycardia. tremor and other 
peripheral manifestations of anxiety. They also possibly have a 
hcrn.:ficial effect in reducing performance anxiety. The P-adren ­
crgic a ntagonisls do no t exert heneflciHI results in GAD 
patients as a group. 
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16.5 Obsessive-compulsive disorder (1) 
Treatment strategies (based on published data) 

Begin pharmacotherapy with one of the selective serotonin-reuptake inhibitors (2): 

fluoxetine (3), fluvoxamine (4) , paroxetine or sertraline (5) 

i 
Switch to an alternative SSRI 

-~~ ., 0 u 
0 "' ., 

E ffi ~ 
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!11 N C 
~ ;; a 
;~~ ,.. 

Switch to 

MAOI (7) 

or to an SRI (clomipramine) (6) 
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Add APOs: 

I Risp. (8) I 
or 

haloperidol, 
plmozide (9) 
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Add 
buspirone 
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Add 

lithium 
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·~ 8. ~ 
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Augment with 

either: 
buspirone, 

fenfluramlne (?), 
pimozide or 

L·lryptophan (10): 

If the patient Is suicidal, or incapacitated, consider ECT (11 ) 

II the patient has failed 2 SRI treatments, 3 combination therapies, ECT, 

I 
.:: 
(.) 
w 

.2 .. ·c - .. g 'E = u 
0 
c ... 
:E 
u ·:; ., 

behavior therapy and incapacitating symptoms, consider stereotactic cingulotomy (12) 

Legend 

188 

If good response 
If partial response 

If no response 

APOs Antipsycholic drugs 
ECT Electroconvulsive therapy 

MAOI Monoamine ox1dase inhibitor 
Risp. Risperidone 

SRI Serotonin·rouptako inhibitor 
SSRts Selective serotonin 

reuptake inhibitors 

First-line drug/ therapy 
(well·established efficacy) 

Second·lfne drug I therapy 
(some efficacy) 

Thlrd·lfnc drug I therapy 
(efficacy not lully established) 



Notes about th e n umbered items in the scheme 

Cli11ical Aspects 
1. Obsessive-<:ompulsi\•e disorder (OCD) is the 41h mos1 
common psychiatric disorder. The mean age of onsc1 is 10 
years. Aboul i0% have their onsc1 before the age of 15 years. 
\\'hile only I 5% have their onse1 afler the age of 3 5. 

The e1iology of the disorder is not known. It is hypothesized 
1ha1 dysregula1ion of the sero1onergic system plays a major role 
in 1hc pathogenesis of the disorder. This 1heory is based on the 
efficacy of serotonin reuptake inhibilors . on 5-HlAA abnormal­
ilics found in CSF analysis of some OCD pa1ienl.s. and the rcduc­
lion in 5-HT transporler in plutclels of OCD palients 
(Inconsistent). 

1\boul 35% of first-degree relatives of OCD palicnts a rc also 
afflicted by the disorder. 

Between 5% and i% of OCD palients also meet the criteria 
for Tourette's disorder (TD). 1\bout 50- i0% of TD patients meel 
the criteria for OCD. 

The most frequent personality disorders associated with OCD 
arc avoidanl. dependent and his1rionic (more than 40% of all 
cases). Only 5% of OCD had an obsessive-compulsive personal­
ity disorderll rai ts prior to the e>nsc1 of the disorder. 

About 50-i0% ofOCD paiicn1s suffer. sometime throughou1 
their disorder. from concomi1a111 major depressive disorder. 

Tren1111e11t 
2. ~lc1a-analysis of all 1he \\'ell con1rolled slUdies over the last 
10 years suggested that only sclcc1i\·e serotonin reuptake 
inhibitors (SSRls) such as fl uoxctinc. flm·oxamine. sertra­
linc. or paroxetinc and 1hc tricyclic antidepressants \\'ith 
marked serotonin reuptakc inhibi1ion (SRI ) properties 
(clomipra minc) have shown any efficacy in eliminating OCD 
symptoms. Direct comparison. in well controlled studies, did not 
show any significant dilTcrenccs be1ween clomipraminc and 
fluoxctln c or lluvoxaminc. 

When a patient is given an anli-OCD regimen. one should 
expect lhe following: 
a. There is usually only a parlial reduc1ion in the quality and/or 
q11<111tity of the obsessions or compulsions (usually about 
30-50% decrease in various parameters). 
b. The response to treatment is usua lly evident in 4-12 
weeks. For that reason responsiveness should be properly 
monitored and evalua ted only fo llowing at least 12 weeks of 
treatment. 
c. The improvement in OCO parn mc1ers is independent of mood 
changes. 

Anxiety disorders • 

3 . Fluoxe Unc is considered equal in i1s efficacy for OCD to 
clomipraminc. and ii is usually be11er tolerated due 10 its 
much more ravorablc slde-clTcc t profile. 
-1. flm·oxaminc \\'HS sho\\'n 10 have superior efficacy O\'er 
placebo in OCD. Some repor1s ha\'c claimed superior efficacy 
O\•er tricyclic antidepressants (TCAs) that have no significant 
SRI properties. 
5. Paroxctinc and scrtr·alinc were shown to exhibit anti-OCD 
properties in well-con1ro lled studies. and their e ffi cacy is 
believed to be similar 10 tha1 ol' 1hc 01her SSRis. 
6. Clomipraminc is lhe mosl-studied agent and it is probably 
more eflkient I ha11 lmi1wamine, amitriptylinc or 
dcsipraminc. Clomlpramlnc is recommended at. a maximal 
dose of about 250-300 mg/day. Nortriptylinc and 
buspironc mighl have some efficacy for the treatment of OCD. 
7. Phcn clzinc and tt·anylcyprominc (to a lesser extent ) are 
considered effective in OCD. and phcn clzinc might be as effica­
cious as clomipraminc. 
8. Risperidone was reported in a small open-label trial to be effec­
tive as ;m adjuvant 10 lluvoxmninc in resistant OCD patients. The 
role of olher atypical a111ipsycho1ics is yet to be ascertained. 
9. The addi tion of ant.ipsydwti<.:s can help in some cases. 
especially in patienls wi1h coexisting chronic tic disorders. 
schizotypal personality disorder or psychosis. The addition of 
low-dose halopcrldol or pimozidc 10 an SSRI can be benefi­
cial in up to 65% of cases wil h comorbid tic disorder. 
10. Some data suggcs1 beneficial effects \\'ith the coadministra­
tion of Ouvoxaminc a nd cil her buspirone or pimozidc \\'ith 
fenlluraminc or halopcrldol . The use of fcnfluramine is 
contro\'ersial. and is not usually recommended due ro its poten­
tial serious cardiac adverse e1Tcc1s. There are some reports on 
the beneficial effects of augmenting anti-OCD agenrs (especially 
clomipramine) with 1.· I ryplophan (a precursor of serotonin). 
or fcnfluraminc (a scrownin releaser). or buspironc (a 
serotonergic t ransmission modulator) or 1>imozidc (a 
mlopaminergic anlagonisl). 
11. Elcctroconvuls ivc therapy (ECT) is e1Tec1ive in only 20% 
of nonresponders to pharmac.:o1herapy. and most of 1hese 
patients had concomilant depressive symptoms. 
1 2. The long-term prognosis is rela1ively poor. with only 35% 
of patients achieving full or subs tantial remission. Current data 
suggest that cingulotomy docs not s ignillcanlly alter cognitive 
or motor functionin g and may help 50'){, of drug resistant 
patients. II is well accep1cd Iha! some patients respond better to 
pharmacotherapy following surgery. 
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16.6 Posttraumatic stress disorder (PTSD) (1) 
Treatment strategies (based on published data) 

/ ' 

Consider psychotherapy (2). 
It is usually considered the mainstay in PTSD treatment although 

there is no consistent evidence about ils efficacy 

/ 

I 
Treat a predominant 

comorbid condition (3) 

I 
' / ' / 

If thoro aro predominant 
If thorc is predominant If there Is predominant 

Intrusive If there are predominant 

'\.. 

thoughts, 
hypcrarousal, 

hostility or 
lmpulslvlty: 

' 

Administer either 

carbamazepine 

or valproate (8), 
lithium (9), 

propranolol (10) 
or clonidlne (10) 

,.. \.. 

anxiety without 
marked depression. 

intrusivonoss or 
avoidance: 

Administer either 

buspirone (11) 

or 

alprazolam (12) 

,.. \. 

depressed symptoms 
without marked 
avoidance (4): 

·~ 

Administer 
either 

amitriptyline (5), 

desipramine (6), 
imipramine (6), 
phenelzme (6) 

or an 

SSRI (7) 
(fluoxetine, 

fluvoxamine or 

sertraline) 

.. \.. 

If there are concomitant sleep disturbances, add or use sedative medications: 

trazodone, nefazodone or cyproheptadine (13) 

Legend 
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If partial response 

If no response 

SSRI Selective serotonin 
reuptake inhibitor 

First-line drug I therapy 
(well established efficacy) 

Second·llne drug I therapy 
(some efficacy) 

Thlrd·llne drug/ therapy 
(efficacy not fully established) 

psychotic or 
severe 

aggression 
or agitation: 

Administer an 

anti psychotic 
drug 

' 

.. 



Notes about the numbered items in the scheme 

C/i11icnl Aspects 
1. The diagnosis of the disorder is based 011 several main 
fi ndings: 
a. Exposure IO a significant stressor that is a threat to the physi­
cal integrity or self or others. 
b. The trauma is reexperienced by means of recurrent dreams. 
perceptions. thoughts. illusions. hallucinations. dissociati\•e 
flashbacks. and an intense physiological response when 
exposed to either internal or external stimuli. 
c. Persistent avoidance of stimuli that remind the patien t of the 
trauma. 
d. Persistent symptoms of increased arousal: i11sorn11i;1. irritabil­
iry. impaired concentration . alertness. exaggerated startle 
response. 

The disorder may develop mon ths or even years following 
the trauma. The prognosis is variable: 30% recover ;1 Jmost 
completely. -!0% continue to suffer from mild symptoms and 
reduced daily func tioning. 1\bout 20% exhibit moderate 
symptoms and up to l 0% suffer from chronic. disabling condi­
tion. Lifetime prevalence is about I% ( I. 3% for women and 
0.5% for men). The prevalence increases in populations exposed 
to long-term and severe trauma. More than 50% or cases of 
posttraumatic stress disorder (PTSD) due l o combat traurna do 
not remmit in 3 years. Most other rnscs of PTSIJ tend to remit 
in 6-8 months. 

Trea£111enL 
2 ,3. Psychotherapy is aimed al helping the patien t to absorb 
and understand the trauma. and it is the most ellcctivc moda l­
ity for the treatment or PTSD symptoms (2). Psychotropic 
agents arc given on ly to help in the sy111pto11wlic relicJ' or certain 
comorbid conditions. especially when other major psychiatric 
disorders (from axis I) exist (3). These drugs lack the capacity 
lo greatly reduce PTSD symplorns such ns avoidance. isolation 
and emotional numbness. 
4. The avoidance is considered unresponsive to pharmacothcr­
apy and much more responsive to psychotherapy. 
5. i\mitriptylinc. in doses or up to 300 mg/day. \\'il S fo und to 
reduce PTSO symptoms in about -HJ% of' patients. The drug 
reduces mainly the depressive symptoms. but ii ulso has a 
significant elTect on anxiety. int rusiveness and. to a much lesser 
extent. avoidance. 
6. Dcsipramine, imipraminc and phcnclzinc arc more elTec­
ti\·e than placebo in antidepressant activity (related to PTSD 
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symptoms). but have a lesser capacity to reduce intrusiveness. 
arousal and avoidance than amitriptyHne. 
i. A few con tro lled studies are available concerning the efficacy 
of selective serotonin rcuptakc inhibit0rs (SSRfsJ in PTSD. fl is 
assumed that SSRrs have a beneficial potential \•ia similar 
mechanisms by which tricyclic antidepressants (TCAsl induce 
their beneficial effect. Fluoxetine \\·as shO\\'n to exert beneficial 
effects on arousal and numbing. particularly in patients 
\\'ithout chronic treatment histories. Flu\'oxamine \rns found 
to be benclkial for intrnsive thoughts. avoidance. and arousal 
as part of combat-related PTSD. An open trial suggests the 
ellkac:y of serlraline in PTSD. :\ot enough data are currently 
available concerning the efficacy of clomipramine in PTSD. 
8. Preliminary studies suggested the benellcial effect of carba­
mazcpine in impro,·ing intrusion. hostility and impulsi\•ity in 
up to 70% of PTSD patients. and a few anecdotal reports found 
valproate LO be eflccti\•e in reducing impulsi\•e and arousal 
related to PTSD. 
9. Lithium has some potential for improving intrusion and 
arousa l in PTSD patients. 
IO. Some data support an hyperadrenergic state as a major 
associated fac tor with PTSD. Propranolol and clonidinc 
reduce the total adrenergic tone. and a few reports describe the 
beneficial effects of these agents in reducing the autonomic 
hyperstimulation observed in PTSD patients. 
11. 13uspirone may help in PTSD. mainly by reducing the 
<1ssociated anxiety. Iluspirone is known to be an effective 
augmenlor in obsessive-compulsive disorder (OCD). and since 
OCD and PTSD share some overlap features. it is possible that 
huspironc exerts its ellccts in l'TSD by similar rneclrnnisms to 
its activi ty in OCD. 
12. Alprazolam is effective in the treatment. of non-specillc 
anxiety and is not specifi c for symptoms associated with PTSD. 
It should be administered with caution. since it has a significant 
dependence potential. 
13. The use of sedative antidepressants with aivdolytic 
lcaturcs is rnostly recommended for patients with predominant 
sleep disturbances. Drugs such as trazodone and nefazodonc 
are anecdotally reported to be ellkient for such indicat ions. 
Cyprohcpladinc is a 5-HTz serotonergic and H1 histaminer­
gic antagonist with prominent sedative effects. and its benell­
ciul effects in reducing sleep disturbances in PTSD has also 
been reported. 
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17.1 Paranoid personality disorder (1) 
Treatment strategies (based on published data) 

I' 

Pharmacotherapy is not usually the first-line modality. 
' 

Firstly, consider individual psychotherapy (2) 

\.. 

/ ...., 

If there is delusional 
ideation and severe 
agitation (need for 

sedation): 
\. .... 

Consider treatment with 

low-dose APO (4). 
Best-studied: 

thioridazine; 
some efficacy for: 

note basic, widely agreeable common objects 

- ------- .... 

Inform the patient and get approval 
for pharmacotherapy (3) 

r ' I' 
If there is acute or severe 

If there is predominant agitation/ anxiety (less 
delusional ideation: prominent delusional 

ideations): 
\. .... ' 

• •r 

Consider treatment with 

pimozide (5) 
Consider treatment 

with a 

' 

haloperidol 
benzodiazepine (6) 

Legend 
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If delusional ideation is 
not improved following 
6·8 weeks, consider 

switching to a 
benzodiazepine 

If partial response 

If no response 

APO Antipsychotic drug 

First-line drug/ therapy 
(well-established etticacy) 

Second·line drug I therapy 
(some efficacy) 

Third-line drug/ therapy 
{efficacy nol fully eslablishcd) 



Notes about the numbered items in the scheme 

Cli11im/ 1\spcc1s 
I a . Paranoid personality disorder (Pl'Dl is diagnosed. mainly. 
when there is a li felong suspiciousness. hypersensi tivity 10 crit i­
cism and a tendency to ascribe malicious intents 10 the action 
of others. 
b . The patients tend to quc:.tim1 wit hout reasonable justifica­
tion. and to sec hidden meanings in others intentions. 
c. The prC\•alence of l'PD is es timated to be between 1 % and 3% 
of the general populat ion. 
d . Several risk fact ors (men. elderly. impaired hearing. and 
being a prisoner) arc associated wi th developing the disorder, 
although none of them have been found to elate. to be statisti­
cally signilicant. 
c. PPD tends lo nm in fam ilies. i\ family history of schizoplm:­
nia is not a characteristic feature in Pl'D patients. 
f . 1\bout 7 5% of l'l'IJ patients meet the criteria for another 
psychiatric disorder. 

Treatml'lll 
2. Psychothe rapy is the main cllccti\•e modality lor the treat­
ment of Pl'D. The thcrnpy is quitc <linlt:ult due to the patient's 
basic mistrust and frequenl denial of having any mental disor­
der. The most basic approm:h to psyd101herapy s hould include 
the following: 

• Trust s hould be experienced and learned. 
The therapist should introducc the patient 10 cogn1m·e 
and behm•iornl tcchniquc:. that will encourage the patielll 
and make ii easier for him or her 10 interact with the 
surroundings. 

• Some of the p<1ra noid idcations could be tested by the 
paticnl with the propcr supcrvision and assurance of the 
thernpist. 

3. The palients. its a result or I heir basic mistrus1 and denial of 
illness. an: usually noncolllpliant. It is advisahle 10 bu ild up ii 
trus1ing relalion and w lry improve compliance. This might be 
done if medicatio ns arc offered as a way to cope with s uch 
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symptoms <1s anxiety and insomnia and as a tool that gives the 
patient a better coping mechanism with the 'hostile' surround­
ings. The need 10 inform the patient and get apprO\'al for the 
treatment is essential due tu the po:.sible side-effects related 10 

antipsychotic drug (J\PD) treatment : nrninly parkinsonism. 
anticholinergic effects and tardive dyskinesia. 
~. J\ntipsychotic ugents might have a beneficial effect in PPD. 
but to date there arc very few estnhlished data about lheir 
ac tual eflicacy. Some unco111rollcd studies showed the efficm;y 
of Al'Ds s uch as halope ridol :111d thioridazinc in improving 
delus ional ideation. especially in agitated patients sufferin g 
from l'l'D. The doses used arc usually low (less than 5 mg/day 
of halopcridol or the equiva lent). Even though there arc no 
conclusive data about other 1\l'Ds. it is a reasonable assump-
1 inn that they would exhibit similar effects . No apparent cl ini­
cal guidelines arc a\•ailahle rnnccrning PPD treatme nt. i\losl 
clinicians do not administer 1\l'Ds at doses of more than 10 
mg/day equivalent of halopcridol. The APOs are usually 
gi\'cn for brief periods only. and 1hcy arc aimed at relieving 
some of the acute syn1ptolllS and not the chronic personality 
charnclerislics. 
5. Pimozidc was s hown in scveral s tudies to have signilkanl 
benclkial effects in improving parnnoid ideation in PPD 
patients . i\ lorc trials nccd to he donc since these data arc based 
on a few cases a nd small unrnntrolled swdics. 
6. Bc nzodiazcpincs c:ould be be neficial in the treatment of 
ac ute anxiety states rela ted to l'PD. PPD patients tend much 
less than cluster 13 personality disorder patients (borderline. 
narcissistic. histrionic a nd antisocial personality disorders) to 
nbuse hcm:odiazcpincs. a nd their prompt effects can aid in 
building a trusting re lation with the therapist. The use of 
hcnzodiazepincs is espccliilly prompted in cases of an acu1e 
stress-related anxiety. in w hich event the patienl"s complinnce 
is usually improved. The re is no evidence about the superior 
ellkacy of a specilk hc n zodiazcpinc in such circumstances. 
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17.2 Schizoid personality disorder (1) 
Treatment strategies (based on published data) 

Supportive psychotherapy (2) 
(may add cognitive and behavioral techniques) 

1 1 
If there is predominant hostili ty, anger, paranoid ideation, 

suspiciousness, ideas of reference and overt psychotic symptoms: 

Administer a 

low-dose 
antipsychotic (3) 

Legend 
If yes 

If no ---- • 

II partial response 

II no response 
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I 
I 
I 
I 
I 
I 
I 

• 
If there are predominant 

depressive or anxious symptoms: 

Administer an 

antidepressant agent 
ora 

benzodiazepine (4) 

First-line drug/ therapy 
(well-established efficacy) 

Second-line drug/ therapy 
(some elficacy) 

Third-line drug/ therapy 
(elficacy is not fully established) 



Notes abou t the numbered items in th e scheme 

Cli11ical Aspl!cts 
I. Schizoid personality disorder (SPDJ is characterized. mainly. 
by indifference to social and familial relationships and a 
res tricted rnnge of emotions. DS~!-1\/ specifies 7 criteria. of 
which at least ·1 shou ld be present in order to make the diagno­
sis of SPD. The cri teria arc as fo llows: 

a. The individual neither desires nor enjoys close relation­
ships. including being a part or a family. 
b. SPD people almost always engage in solitary activities. 
c. SPD people take pleasu re in few. if any. activities. 
d . There is diminished desire to have sexual experience with 
a partner. 
c. Thcre is intlincrcnce lo praise or criticism by others. 
f. The person has no close fri ends. 
g. Constricted allccl. 

The prevalence or the disorder is not known. but is estimated lo 
be between l '){, and .16%. and males arc probably more prone 
lo bc affccted. The etiology o f" the disorder is unclear, and 
current data suggcst the inlluencc or both genetic and psycho­
logical factors in the cvolvement or the disorder. Patients wit h 
SPD are al no greater risk of developing schizophrenia. but if 
they do get a diagnosis of schi:wphrcnia at a later stage. 1hcir 
prognosis is poorer. This is consislcnt with some of the other 
axis I disorders. which have worse prognosis ii' there is a 
concomitant comorbidily with other personality disorders. 

Trent111e111 
2. There arc very few controlled studies 011 the treatment of 
Sl'D. Current data prompts the use of supportive psycho­
therapy as the main treatmen t modality in Sl'IJ. The aim of the 
psychotherapy is to enable the patient to tolerate shifts in li fe 
circumstances. and to engage in some social behaviors. using 
the relationship between the patient and the therapist as the 
role model for relationships outside the therapy. The therapist 
might make use of some cognitive and behavioral techniques in 
order to reduce isolation and to strengthen social behaviors. 
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The use of classical psychoanalysis is virtually contraindicated. 
since the patient with SPD cunnot. usually tolcrntc the inten­
si ty of such a treatment. The prognosis of SPD is relatively poor. 
and the observed symptoms arc noi usually responsive to 
therapy. However. when the patient. through psychotherapy. 
becomes involved in more social activilies. the surrounding 
people respond better to the patient. and the overall effect could 
be benefi cial both for the paticnt and society. 
3 . The use of pharmacotherapy in SJ'I) is lilllited to the relief of 
ncute sympioms. These arc usually the symptollls that prompt 
the patient to receive medical assistance. and oft en include 
depressive or anxious states. In such a case the patient often 
agrees to become involved in psychotherapy. Symptoms such as 
agitation. hosti lity. anger. assaultiveness. suspiciousness or 
overt psychotic symptoms do not usua lly bring the patient to 
ask for medical help. and in those cases the patient is usually 
persuaded by family members to engage in the therapy. In such 
a case it is quite difficult for the patient to relate favorab ly to 
psychotherapy. Some data suggest the elllcacy of low-dose 
antipsychotics in relieving symptoms such as hostility. suspi­
ciousness, anger and psychotic-like features associated with 
SPD. In some of these cases. the use of :mti1>sychotics leads to 
an illlprovcrncnl in social fun ctioning and willingness to toler­
ate psychot herapy. There arc no specific agents that proved to 
be more ell1cacious in this disorder. and at this stage. it is up to 
the clinician ·s personal judgment and experience to choose an 
antipsychotic agent. 
-!. There arc no large and 11·e ll-controllcd s tudies of antide­
pressants or anxiolytic pharmacothcrapy in SPD. 1\ trial of 
antidepressants or bcn:wdiazc1>incs might be warranted for 
SPD patients with concomitant depressive or anxious 
symptoms. Current data suggest the use of these agents for 
symptom relief and for a relatively short duration. and the use 
of psychotherapy as the main modali ty for improving overall 
social and personal functioning. 
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17.3 Schizotypal personality disorder (1) 
Treatment strategies (based on published data) 

I 

,1 

, - -- ' 
Pharmacotherapy is usually not the first-line modality to use. Firstly, consider 

individual and social-skill-oriented psychotherapy (2) I 

' 

1lr 

Consider 

low-dose APDs (4). 
Best studied: 

haloperldol, thloth ixene 

If the patient is anxious, 
consider adding buspirone 

' 

-- .II 

Inform the patient and 

get approval for pllarmacotherapy (3) 

If there are predominant ideas of reference, odd communications and 

social isolat ion and the patient can tolerate APDs: 

If the patient cannot tolerate APDs 
or if there Is marked anxiety: 

I 
I 
I 
I 

' 

If the patient cannot tolerate 
APDs or has predominant 

anxious or depressive features: 

I 
I 
I 
I 
I 

' 
Consider either a: 

Consider buspirone (5) SSRls (f luoxetine) or 

MAOls (6) 

Legend 

196 

II yes .. 
II no _____ .,.. 

II partial response .. 
APDs Antipsychotic drugs 

MAOls Monoamine oxidase 
inhibitors 

SSRls Selective serotonin 
reuptake inhibitors 

First-line drug/ therapy 
(well·established efficacy) 

Second-line drug/ therapy 
(some efficacy) 

Third-line drug/ therapy 
(efficacy not fully established) 



Notes about th e number ed items in the sch eme 

Cli11iarl tlspl'cls 
l a. The d iagnosis of schizolypal personality disorder (PU) is 
based mainly on pervasive deficits in interpersonal relatedness 
and peculiari ties of ideas. appearance and behaviors. 
b. There is an increased prevalence of schizotypal PD in 
relatives o f schizophrenic patients. T he prevalence of' the disor­
der in the general population in not known. 
c. Up lo 25% o f the people di<1gnoscd as having sd1izotypal PD 
eventually (following a couple of years) get the diagnosis o f' 
sch izophrenia. 
d . There are some similarities between the abnormal physio­
logical parameters that arc fo und in schizo lypal PD a nd those 
found in schizophrenia. The main o nes arc eye movement 
dysfunctions and a decreased scrum amine oxidasc levcb. 
e . The main characte ristics o f schizotypal PD arc represented by 
the following diagnostic cr iteria. a t lc.:ast S o f' whic h must be 
present in order to m ake th e: diagnosis (by DSM-IV): 

• Ideas of reference (de lusions of refere nce a re not included ). 
• Odd beliefs or magical thinking that arc not co11 sis1<.:nt 

with cultural norms. 
• u nusual perceptual experiences (bodily illusions arc 

included). 
• Odd thinking or speech (vc1gue. metaphoric. stereotyped . 

circumstantial). 
• Paranoid ideation or s uspiciousness. 
• Inappropria te or constricted aflect. 
• Odd. eccentric or pecul iar behaviors or appeara nce. 
• Lack of close interpersonal relatio ns except wiih firs1-

degrec relatives. 
• Excessive socia l anxiety . re lated mostly 10 paranoid 

themes. 

Trent 111e111 

2 . Sch izotypal PD patients do not usually seek psychiatric help. 
When they finally do so. this is mostly whe n su ffering from an 
acute crisis. so their main target is to gel some symptom relief 
and not to engage in therapy aimed at changing their dlronic 
psychopathology. Therefore the most relevant a nd beneficial 
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measure is io provide the palic rt l an in dh•idua l and s kill 
orie nte d psychotheraf)y. Support ive measures with an 
emphasis on the reduct ion or social isola tio n and concomitant 
behaviora l techniques aimed at acquiring better adaptive 
behaviors might be addc.:d. 
3 . The patients. as a result o f' their basic mist.rust and denia l of 
illness. arc us ually no m:ornpliant. 11 is advisable to build up a 
trusting rc laliort a nd to try 10 improve compliance. This might 
be don<: ii' medica tions arc offered as a way or coping with such 
symptoms a s art xicty and insomnia. and as a tool that gives the 
patient a better coping mechanism with the "hostile" surround­
ings. The need to in form the patient artd get approval !'or the 
tr<.:atmcn t is c.:ssc.:ntial due to the possible s ide-effects related 10 

antipsychot.ic drug (APD) trca1111c nt: mainly parkinso11is111. 
anticholincrgic effects and wrdivc dyskin c.:sia. 
-l. ~!any studies have shown the el11cacy of APDs in reducing 
some of the basic features of schizotypal PO. APDs were given 
in relatively low doses (best studied with halopcrido l at doses 
of between 2 a nd 12 mg/day). and the symptoms that had some 
response LO therapy were the followi ng: 

• ideas or reference: 
• odd communicutio n patterns : 
• socia l isolation. 

It should be noted tha t the tota l gain of sehizotypal PD patients 
from pharrnac:othcrnpy is modest. a nd inconsistant a t best. 
5 . 1\ necdotal da ta suggest the e ffi ca cy of bus pirone in reduc­
ing both anxiety and ·soft' psychotic symptoms associated wi th 
schizotypal PD. The clinical significance of these effects in the 
treatment of schiw typal PD is unclear. and wcll-co111rolled 
studies s hould he made in order 10 further establish the efficacy 
o f bus pirnnc. 
6. There arc a few open-label st udics and anecdotal reports 1ha1 
demonstrated the benefi cia l effects of h igh -dose nuoxctine or 
monoamine oxidase inhibi1 ors (m ostly reported with 
phe nclzinc ) in reducing anxiety or depressive features associ­
ated with sch izoty pal I'D. along with somc of the core fea tures 
or the disorder itsel f. 
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17.4 Borderline personality disorder (1) 
Treatment strategies (based on published data) 

/ 

Pharmacotherapy is usually not the first-line modality to use. 

Consider long-term individual psychotherapy (2). 
Note basic, widely agreeable common objects 

Consider pharmacotherapy. 

A. Avoid benzodiazepines (3). 
B. Note that tricyclic antidepressants were found in many cases to have similar efficacy, 
compared with placebo, in borderline personality disorder patients with depressive symptoms 
(not major depressive disorder), and are capable, in some cases, of exacerbating symptoms 

such as irritability. impulsivity and aggressiveness 

""' 
r " / 

If there is atypical depression (4). 
If there is a predominant 

If there is predominant combination of impulsivity, 
a depressed or labile mood, or 

behavioral dyscontrol: assaultiveness and mild psychotic 
an impaired self-image: 

symptoms: 

' ' 

Consider 

low-dose APDs (9). 
Consider either Best-studied are 

Consider either I carbamazepine (7) flupenthixol , 
MAOls, RIMAs (5) 

or 

SSRls 
I 

(fluoxetine) (6) 
I 

Legend 
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If partial response 

APDs Antipsychotic drugs 
MAO!s Monoamine oxidase 

inhibitors 
RtMAs Reversibile inhibitors of 

monoamine oxidase type A 
SSRls Selective serotonin reuptake 

inhibitors 

or 

lithium 
or 

valproate (8) 

haloperidol, 
thiothixene, 
or consider either 

I 

I 
clozapine (10), 

risperidone, olanzapine 

First-line drug/ therapy 
(well-established efficacy) 

Second-line drug/ therapy 

(some efficacy) 

Third-line drug/ therapy 

(efficacy not fully established) 

' 

.... 

! 
I 



Notes about th e n umbered items in th e scheme 

Cli11irnl Aspects 
la. Borderline personality disorder (BPO) belongs to cluster B -
the 'dramatic cluster' - which consists of narcissistic. border­
line. histrionic and antisocial personality disorders. There is 110 
pharmacotherapy of choice for any of the personality disorders 
associated with this cluster. i'dos1 of the treatments to lw 
discussed \\'ere found etTective in the shori-lerm outcome only. 
and are based on small. open-label studies. 
b. The disorder is characterized by stormy interpersonal 
relations. unstable affect and behavioral dyscontrol. The pre1•a­
lencc of BPD is about 2% of the general population and up to 
20% of psychiatric inpatients. 
c. Comorbidi1y with other axis I or II disorders is frequent: 

• 25- 75% sutTer. sometimes during the disorder. from 
major depressive disorders. 

• 5-20% suffer from coexisting bipolar mood disorder. 
• There arc many 01·erlaps with other cluster B personality 

disorders. 
• About 50-70% meet the criteria for one or more of the 

substance abuse disorders. 
d. The prog11osis is most ly invariable: many of the patients 
exhibit persistent morbidity. impaired occupational achic1·c­
me111s. unstable interpersonal life and multiple hospital izations. 
AboUL 6 5% of BPO patients tend 10 improve somc11·ha1 with age 
in parameters such as working performance and interpersonal 
relations. 
e. Some biological abnormalit ies are assumed 10 be related 10 
BPD characteristic symptoms: 

• Serotonergic dysrcgulation is oft en correlated ll'ith impul­
si1·i ty. suicidality and aggression. 

• t\n abnormal dexmncthasone suppression test (DST) is 
seen in up to 60% of BPDs. 

• An increased frequency. compared with controls. of non 
specific EEG abnormalities (especially slow-wave acti\'itics 
and spike phenomena). 

Treat111elll 
.2. Some basic sommon objects arc accepted as part of individ­
ual psychotherapy in BPD: 

• Create a stable framework and address any deviations 
from it. 

• Confront and direct patient's behaviors during sessions LO 

minimize transference distortions. 
• The therapist must tolerate negative transference without 

retaliation/ withdrawing. 
• Make the patient aware that he/she communicates nffccl 

vi<1 behaviors. 
• Set limits to behaviors that endanger the therapeutic 

process. 
• Focus on clarillcations and interpretations of transference 

in the here and now basis. Developmental reconstruc­
tions. especially early in the therapy arc not likely to yield 
benelkial results. 
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3. Ucnzodiazcp incs arc bcnellcial in reducing m1xiety in 
many psychiatric disorders. The use of ben:wdiazcpincs. 
especially a lprazolam. shou ld be avoided as much as possible 
in 13110 patients due to their abuse potential./\ couple of major 
studies even found alprazolam to worsen the clin ical status of 
111'1) patients by aggravating suicidality. behavioral dyscontrol 
and assauli iveness. 
~. 1\ typiral depression is characterizacd mainly by hypersom­
nia. hyperphagia. anxiety and absence or autonomic symptoms. 
This form of depressive state is nft cn less scr ere than major 
depressive disorder and. in few cases at least. resembles ihc 
depressive states experienced by BPD patients. 
5. I\ few. uncontrolled studies and case reports demonstrated 
the efficacy of monoamine oxidasc inhibitors (MAOls) in reduc­
ing the impulsivit y. chronic emptiness. loneliness and mood 
lnhility of BPD patients. Ph cnclzinc was found ID be belier. in 
these aspects. compared with trlcyclic antidepressan ts such 
as amilriptyline. Tranylcypromine was also reported 10 be 
benclk ial in improving depression. anxiety. rage. impulsivity. 
rcjcctio11 sensitivity and suicidality in Bl'D patients. The 
reversible inhibitors or monoaminc oxiclasc type t\ (RJMAs) 
(e.g. moclobcmidc) might also be cmcacious. although well 
cont ro lled studies have not. as yet. been published. 
6 . Some BPI) patients hm·c responded well 10 the selective 
serotonin rcuptake inhibitors (SSHls: mostly studied 11·ith 
fl uoxetinc ) in parameters such as depressed mood. aggressil•e­
ness and impulsivity. The role of SSHls is promising due LO their 
enhanced stimulation or the serotoncrgic system (sero10ncrgic 
dysregulation is often correlated 11·ith impulsivity. suicidality 
and aggression). There arc practicnlly no signilkant studies 
concerning the emcacy of other SSRls in BPD. 
7. Small uncontrolled studies. some anecdotal reports and small 
double-blind placebo-cont rolled studies fo und carbamazcpinc 
to be effective in improving dysco11trollcd behaviors of nonpsy­
chotic Bl'() patients. In these studies. at least some beneficial 
results were reported in up to 90% of patients. The main behm·­
ioral dyscontrnl symptoms tha t responded 10 carbamazcpinc 
were impulsi1•ily and aggressiveness. 
8. There arc no reports about the cllkacy of other mood stabi­
lizers (lithium or \'iilproatc) for this entity. 
9. 1.oll'-dose antipsychutic agents. especially llupenlhixol. 
halopcridol and lhiolhixene. were fo und Lo be cllcctive in 
improl'ing specific symptom combinat ion (minor psychotic 
symptoms. somatic compla ints. impulsivily and depressive 
symptoms). The minor psychotic features that can respond 
relatively ll'cll 10 these agents arc impulsivity. ideas of reference. 
odd thinking/communications. social withdrawal and suspi­
ciou:mess. 
I 0 . Cloz;1pinc has been shown to reduce tota l brief psychiatric 
rating scale (BPRS) scores in IWD paients in a small open-label 
tria l. Its use in IWD should be carefully weighed due Lo its poten­
tial hazardous adverse effects a11d the lack of confirmed 
substantial elHcacy. The ot her atypical ant psychotic drugs hal'c 
not yet been studied in ill'D. 
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17 .5 Histrionic personality disorder (1) 
Treatment strategies (based on published data) 

Psychoanalytically oriented psychotherapy (2) : 
Aimed at bringing the patients to become consciously aware of their unrealistic 

gratification of dependency needs. 

' r 

If there is predominant attention-seeking behavior, rejection sensitivity, constant 
need for approval from others to maintain self-esteem and mood. 

and the patient is predisposed to atypical depressive episodes following frustration: 

If there are acute depressive 
or anxious symptoms: 

I 
I 
I 
I 
I 
I 
I 
I 

' 
Consider adminstering a 

monoamine oxidase inhibitor (3) 

Consider administering 

antidepressants 
or 

benzodiazepines (4) 

Legend If yes ~ First-line drug/ therapy 
(well-established efficacy) 

If no ----· Second-l ine drug I therapy 
If partial response _..... (some efficacy) 

Third-line drug/ therapy 
If no response ~ (efficacy is not fully established) 
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Notes about the numbered items in the scheme 

Cli11irn/ ilspcct s 
1. Histrionic PD (personalily disorder) is characteriied mainly 
by colorful a nd dramatic appearance. self-centeredness. 
seductiveness. and labile emotional expressions . DSM-1\1 
specifics 8 criteria. at leasl 5 of which should be prescnl in 
order to make 1he d iagnosis of histrionic PD. The cri teria arc 
as follows: 

a. The person feels uncomfortable if' nol al the cen1er of 
attention. 
b. The person is sexually seductive and/or provorntive. 
c. The person displays labile and shallow expressions of 
emotions. 
d. The person uses physical appearance to draw allen1io11 10 
self. 
c. There is an impress ive and detail-lacking style of speak­
ing. 
f. There is self-dramatization. theatricality and exaggerated 
expression of emotions. 
g. The person is easily influenced by others. 
h. The person concch·cs relationships to be more intimate 
than they are . 

The prevalence of the disorder is between 2'){, and 6%. a nd 
women are more prone to be affecled. The et iology of' the disor­
der is unknown. and there arc no data regarding the genetic or 
neurobiological basis of the disorder. }.!any histrionic PD 
patients also meet the criteria for other personality disorders. 
especially from clusters H a nd C (antisocial. borderline. narcis­
sistic. avoidant and dependent). 
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Trl'll/1111•111 

2 . There arc very f'cw controlled studies on the treatnwnl of 
histrionic l'D. The present data prompts the use of psycho­
analytically o riented psych o1hern1JY as lhe main trea tment 
modality in h istrion ic l'LJ. The aim o l' psychotherapy is to bring 
the patient to consciously be aware of his/her needs for constant 
gralifica lion th rough intcrpre1ations of transference . Some 
believe that the right approach should focus on a balanced fulllll­
mcnt and withhnlding of gratification as the correct route lO 

achieve the best results in this disorder (to diminish 1hc risk of 
severe acting-outs with a possible terminat ion of the therapy). 
3 . Studies on the use of pharmacot hcrapy in histrionic l'D arc 
limited. and c urre nt ly the only relevant data arc lhc beneficial 
results achieved wilh monoaminc o :-;idasc inhibit ors (MAUis ~ 

for the treatmcnl of hysteroid dysphoria. I lys icroid dysphoria is 
characte rized by recurrent depressive episodes triggered by 
interpersonal rejections . which arc oflcn romantic in nature. 
The person is ol'len seducti\'c. sclf-cc1Hcrcd and \'Cry demand­
ing. a nd makes a grca1 cfforl to draw aucn1io11 tO 1hcmsclves. 
The depressed episodes resemble DSl'l>l-IV's entily of major 
depressive disorder wilh a typical fca1urcs. and is characlerizcd 
by hyperphagin. hypersomnin and mood reactivity . i\lcohol 
abuse is associa1cd with these pa licnls . 
-1-. Fo r depressive or anxious symptoms. a tria l with (respectively I 
antidcprcssanls or bcnzodiazcpincs might be warranted. 
although 1hcrc arc no large or well con1ro llcd studies aboul their 
ellkacy in histrionic PD. Curre111 da ta suggest the use of 1hesc 
a gen ls for symplOm relief a nd for a re l a l i\'cly short duration. a nd 
to use psycho1herapy as the main modality fo r imprO\•ing 1hc 
overall social and personal functio ning. 

201 



• Selected personality disorders 

17.6 Avoidant personality disorder (1) 
Treatment strategies (based on published data) 

Start with behavioral therapy (2) . 
Tailor the therapy with an emphasis on 
social skills training and desensilization. 

Cognitive techniques might be added if appropriate 

r ,. 
-

[ If there is a partial or no response and the following are present (3): } 

If there is predominant 
social phobia: 

•Ir 

Consider 
administering : 

MAOI 

(phenelzine) (4) 

moclobemide 
or an 

SSRI 
(fluoxetine, 
paroxetine, 
sertraline) 

or 

buspirone 

Legend 

If there are predominant autonomic symptoms 
(blushing, palpilalions): 

Consider adminstering a 

p-adrenergic antagonist 

(atenolol) (5) 

propranolol (?) 
I I .._ ____________________ _. 1 

If yes 

If partial response 

If no response 

First-line drug I therapy 

(well·established elficacy) 
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MAOI Monoamine oxidase 

inhibitor 

SSRI Selective serotonin 

reuptake inhibitor 

Second-line drug I therapy 

(some efficacy) 

Third-line drug I therapy 

(efficacy is not fully established) 

If there are associated 
panic attacks: 

r 

Consider 
adminstering a 

benzodiazepine (6) 



Notes a bout the numbered items in the scheme 

Cli11 ica/ 1\sµec1s 
l . The core leatures of avoidant personality disorder (a\'C1idant 
PD) are the avoidance of activit ies that require inlerpcrsor1al 
comacts, and nn exaggernted hypcrse11si1i\•i1y lo rejections by 
others. DSM-IV specil1es 7 main criteria. at least -1 of \\'h ich 
should be present in order to make the diagnosis of avoidant I'D. 
The main aspects pointed out by the DSM-IV criteria arc as 
follows: 

a. There is avoidance of occupa tional activit ies thai involve 
significant contacts with other people. This is clue to fear 
from rejection. disapproval or cri ticism. 
b. There is an unwilli11g11css to get i1wolved \\'il h other 
people unless there is a certainty of being liked. 
c. Intimate relationships arc characterized by numerous 
restraints due to the fear of being concci\•cd of ns ridicu­
lous. 
d . There is a preoccupation with being rcjcctccl or criticized 
in social situations. 
e. The person is inhibited in new interpersonal si tuations 
because of feeling inadequate. 
f. The person views self ns socially unfitted. unappealing. 
and tnfcrior 10 others. 
g. The person is usually rcluctnnl to engage in new activi­
ties clue lo the fear of being embarrassed i11 fro11l of others. 

The prevalence of avoidant PD is not known hut is estimated lo 
be between l % and 10%. t\voicla11 l l'D is often assodatecl wit h 
axis I disorders such as social phobia. and. lo a lesser exlenL 
obsessive- compulsive disorder (OCD). Patients with avoida11t 
PD oft en exhibit trail symptoms from ot her c.:luslcr C disorders. 
namely dependent and obsessivc-co1npulsivc. The genetic.: 
component of avoidanl PD is unclear. The cnviro11111e111al inllu­
ence might be. in certain instances. a key etiological factor. 
especially when early childhood traumas sucl1 as incest. 
parental cruel ty or sexual abuse arc evident. The prognosis is 
variable. and many avoidanl PD palie11ls arc able to func.:lion 
properly. provided they are in an appropriate fami lial and 
environmental setting. 
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Trcat111mt 
2. Behadora l therapy is the most commonly practiced 
modality in avoidant PD. ll is nimed at encouraging the patient 
to get involved in tasks thm are perceived. firstly. as potentially 
humiliating or embarrassing. The therapy should be specifically 
tailored fo r the patient. while focusing on social skill training. 
desensitization and cognitive techniques. 
3. Avoidant PD is frequently nssociated \\·itb social phobia. 
autonomic symptoms such ns pnlpitations. tachycardia. sweat­
ing and panic attacks. \Vhen these symptoms are incapacita t­
ing. and cause a significant or an acute distress. a trial of certain 
pharmacological agents might be warranted. 
-1-. i\ !onoamine oxidase inhibitors (l\lr\Ols) have a proven 
cflkac.:y in ameliorating both the nutonomic arousnl related to 
arnidant l'IJ and also the cognitive dysfunction associated with 
the disorder. Phcnclzinc is the best-studied. but other Mr\Ois. 
as \\'Cll as the reversible inhibitors of monoamine oxidase type 
1\ (Hll\IA) such as moclobemicle. might prove to be benellcial. 
Some data suggest the eflkacy of certain selective serotonin 
reuptake inhibitors (SSltls. especially lluoxctinc. paroxctinc 
and scrtralinc). in ameliorating predominant phobic 
symptoms associated with avoiclnnt PD. One study even demon­
strated the elllcacy of SSRls in reducing the core cognitive 
misinterpretat ion of reality. 
5. Atcnolol. a relative selective P1-adrcnergic anrngonist !ms 
an established emc.:acy in reducing the autonomic arousal 
associated wit h avoidant PD tlrnt is manifested by symptoms 
such as blushing. palpitations or increased heart rate. Other 
13-anlagonists. such as propranolo l might also prove 10 be 
be11clkial. although systematic studies of these agents in 
avoich1111 PD are lacking. 
6 . Brief episodes of panic attacks arc relatively common in 
avoida111 PD. and bcnzodiazepines often exert benellcial 
results in reducing the frequency and intensity of these auacks. 
The role of lric.:yclic antidepressants (TCAs) in avoidanl PD has 
not been studied systematically. and currently there are no 
reports ofTCAs' elllcacy in ameliornling panic or anxious stales 
related 10 avoidant PD. 
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• Selected personality disorders 

17.7 Obsessive-compulsive personality disorder (1) 
Treatment strategies (based on published data) 

Start, if proper indications exist, with 

Psychoanalytically oriented psychotherapy , psychoanalysis 
aimed at identifying, clarifying and countenng the characteristic defences of undoing, isolation, 

and reaction formation, while encouraging behaviors associated with some uncertainty 
consider also 

cognitive-behavioral therapy (2): 

" . 
If the patient can tolerate tricyclic antidepressants or SSRls: 

Note that these regimens have 
proven efficacy in OCD, but their efficacy 

in improving obsessive or compulsive 
symptoms as part of OCPD has only 

been reported anecdotally 

"'-;,----------------~ .--~~~~~~~~~-~ir·~~~~ -~~~~~~~~~~~~~ 

I 
I 

I 

Consider administering a 

serotonin reuptake 
inhibitor (3) 

(clomipramine, SSRls) 

Legend 
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lfyes ~ 

If no ----• 
If partial response ~ 

If no response ~ 

OCO Obsessive-compulsive disorder 

OCPD Obsessive-compulsive 

personality disorder 

SSRls Solec1ivo serotonin reuptake 

inhibitors 

Consider administering a 

benzodiazepine (4) 
(clonazepam) 

First·llne drug I therapy 

(well-established efficacy) 

Second-line drug I therapy 

(some efficacy) 

Third·line drug/ therapy 

(elhcacy is not fully established) 



Notes about the numbered items in the scheme: 

Cli11ic11/ AsJ!ects 
1. Obsessive-compulsive persona li ty disorder (OCPD) is cha rac­
terized by mulilple impairments in main aspects o f psychia tric 
functioning: behavior. thought and mood. The beliaviora l 
component includes compulsive preoccupation with details. 
rules. orderliness. indecisiveness and overemphasis on work. 
The cognitive component is usua lly associated with moral rigid­
ity. intrusive worries and overconsciousness. The abnormal 
mood relat.ed to OCPO is the inability of the patient to 
adequa tely express emotions. DS~il-IV specifies 8 criteria, at 
least 4 or which should be present. in order lo make the diagno­
sis o f OCPD: 

a. The person is preoccupied wilh details. lists and rules to 
the extent that the main point of the activity is not achieved. 
b . This is perfectionism that interferes with task formation 
and emciency. 
c. There is overworking accompanied by withdrawing from 
leisure ac tivit ies and friendships. 
d. There is moral rigidity. 
c. The person reta ins worn-out objects (even if they do not 
have sent imental value). and is un able to get rid of them. 
f . The person is unwil ling to work with others unless they 
comply exactly to his/her way of doing th ings. 
g. The person adopts a close-fisted spending style with 
money. 
h. There is obstinacy. 

The prevalence o r OCPLJ is estimated lo be bet ween 1 % and 2%. 
and males arc a ffected 1.5- 2 times more than females. There is 
a possible genetic component to the disorder. as rcnected by the 
increased occurrence of OCPD in ll rst-degrec relatives of people 
with the disorder and t.hc h igher concordance rate for OCPD 
found in mono;1,ygotic twins compared with diiygotic twins. 
Some of the psychoanalytic schools refer to OCPD and OCU 
(obsessive-compulsive disorder) as a continuum of entities. 
However. current data . based on very few controlled studies. do 
not support this assumption. People with OCD might have a 
number of underly ing persona lity disorders. including OCPD. 
but the la tter is not considered as a risk factor for developing 
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OCD. On ly 4- n<Yc, of OCD pat ients have the diagnosis of OCPD. 
In fac t. avoidant. dependent and hist rionic personality disorders 
arc the most frequently associated with OCD. The prognosis of 
OCPLJ is variable and unpredictable (significant statistical da ta 
nrc lacking). 

'fre11w1e 11 1 

2. People with OCPD often seek psychiatric treatment because 
of their intact reality testing. the awareness or their pleasurelcss 
behaviors and interac tions . and the emergence of social or 
occupational problems that they conceive as necessitating 
acute interven tions. Such psychotherapies arc indicated if the 
patient exhibits intact. reality testing. and relatively good and 
mature ego fun ctions. Cognitive psychotherapy has also 
been used with fa vorable results . Tbc therapist should esta blish 
prio rities as to which or the patient's problems should be dealt 
with first. focusing on the patient"s emotions and feelings. 
encouraging behaviors associated with an uncerta in outcome. 
and advocating changes in da ily life circumstances. 
3 . There arc no well-controlled studies a bout the efficacy of 
clomipnuninc (a non-selective serotonin reuptake inhibitor) 
or selecti \•C serotonin reuplakc inhibitors (SSRis ) in OCPD. The 
emcacy of these agents in obsessive-compulsive disorder (OCD) 
is well cstnblishcd. and they have a lso been shown tO exert 
bencllcia l results by ameliorating obsessive or compulsive 
behaviors associated with schizophrenia . These agents were 
also reported. anecdota lly. to reduce obsessional thinking or 
compulsive behavio r in various other psychiatric disorders (e.g. 
in impulse-control disorders such as kleptomania and 
tr ichotillomania ) although rarely in OCPD. Therefore a trial 
with SSHls (e.g. lluoxctinc, lluvoxantlue) or clomi1>raminc 
is warranted. especially if the patient's symptoms become 
acutely worse and inca pacitating. 
4. /\nccdotal data suggest the efficacy of benzocliazcpincs in 
reducing obsessive and compulsive symptoms besides their 
anxiolytic elfocts. The use or such bcruodiazepincs (reported 
with clonazcpam) is especially recommended if the patient suflers 
from overwhelming anxiety rela ted Lo a specillc stressogenic event. 
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• Eating disorders 

18.1 Anorexia nervosa (1) 
Treatment strategies {based on published data) 

Cognitive·behavioral and family therapies (2) 

Hospitalize if weight < 70% 
of expected value for 

age and height, and start a 
comprehensive inpatient 

program 

If there is comorbid 
major depressive disorder 

Especially in cases of 
binge/purging type 

Consider adrninistering 
one of the following (as adjuvant to psychotherapy): 

chlorpromazine, cisapride, 
cyproheptadine, domperidone, 

lithium, pimozide, SSRI, TCA (3) 

Consider switching (or adding) one of the 
following (continue psychotherapy): 

Consider administering an 

SSRI or a TCA (4) 

clonidine, naltrexone, zinc sulphate supplements (5) 

Legend 
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If partial response 

If no response 

SSRI Selective serotonin 
reuptake inhibitor 

TCA Tricyclic antidepressant 

First-line drug I therapy 

(well -established efficacy) 

Second-line drug I therapy 

(some ellicacy) 

Third·line drug I therapy 
(efficacy is not fully established) 



Notes a bout the numbered items in the scheme 

C/i11irn/ 1\SJlt'Cls 

1. Anorexia nen•osa (1\N) is c harncterized by a disturbance in 
body image. acrnmpanicd by an intense rear or becoming fat. 
atlccting. primarily. young rcnrn les. T he prevalence is 0. 'i - 1 % 
or girls aged I 2- 1 8 years. The prognosis is variable: some 
exhibit ~pon t ancous recovery. some respond fovorably to 
psychotherapy and/or pharmacotherapy. but a rela tively major 
su bgro up exh ibits a chro nic deteriorating cou rse that often 
leads to starrntion and dea th. ,\lonal ity ra tes arc estimated to 

be a bout 5- 20%. 1\norectic patients oft en take compensator~· 

measures to loose weight (self-induced rnmiting. laxHli\·e or 
diuretic abuse. engaging in excessive exercising). ~Jany patients 
often have symptoms o f bulimia nervosa (BN). especially binge 
ea ting. DS~·l - IV points out two types of 1\ N: restric ting and 
binge eating/purging type (sec Table 18 . l ). and it specifics 4 
main cri teria needed for the diagnosis. The main aspecb (DS~·l-

1\1 criteria) arc as follows: 
a. Significant weight loss (body weight <85% or that expected 
for height and a l!e). 
b. Intense fear of gaining weight. 
c. Distorted body image (impaired perception of one's body 
weight or shape) plus denial of the potential hazardous conse­
quences or /\i\. 
d . 1\me11orrhea. 

T rt'lll 111t'111 

2. Cognith•c-he ha\'ioral psychotherapy is considered the most 
cflcctive treatment of 1\N. a lthough large and well -controlled 

Table 18.1 Parameters characteristic of the two types of AN 

Eating disorders • 

s1udies arc lacking. Family thc rnpy is ofien indicated to support. 
to reduce anxie1y. and 10 evaluate specific familial interac1ion~ 

that might promote the tlisorder. Ir the patient's weight is reduced 
to under 70'J:, or the expected weight. an inpa tient program is 
required. t\ ta rgc1 weight and the nite of \\'eight gain arc set. If 
these arc not met. 1rn~ol!astric feedi ng can be used to save life. 
Anorectic pa1ic111s arc dcnit:d the use of the batJ1room for 1- 2 
hours rollowing their mea ls 10 decrease self-induced vo111it i11g. 
Daily \\'eighing. <111d rcrnrcli 11g of food intake and urine ou1put. 
while adminbtcring a preprogrammed diet (about 500 calorics 
over tha1 required for age and height) is used. 
3. Pharmncotherapy of t\N has limited rnlue. Some benellcial 
effects - usually clemons1rated \'in small open-labeled studies or 
case reports - arc ~ccn wilh c hlorpromazinc and pimozidc 
(amipsychotics that induce weight gain). lithium. cyprohep­
ladinc (an antihista111i11crgic and a nliserotonergic agent that 
su ppresses the inh ibitory effects of the seroto nergic transmis­
sion on appeti te). cisapl'idc or dom1>cridone (gastric proki­
netic agents that reverse the delayed gastric e mptying observed 
in AN) and selective serotonin re uptake inhibitors (SSRls) or 
lricyclic anlid cpressants (cspccinlly the binge/purging 1ype). 
and where there is comorhid depression. 
~. These agent!> ha\'c been proven to be elfecrh•e in B:\ and thus 
might be beneficial in the treatment of A:-.! (especially the 
binge/ purging type). 
5. Early reports of hcncficiiil results with clonidinc. naltrcx­
o n c . or zinc s ulphat e supplements ha\·e not yc1 been 
con llrmcd in well-cont rolled studies. 

lli11gc/1111rgi11g type It es t rlct ing type 

Ob~cssi vc-co111 pu lsi 1•c feat ures 

Comorhidi1y ll'il h other personality disorders 

Dccrca>cd ><·xual inlcrcst 

Dcprcssil'c 'y111pto111s and fcil r of obc)i ly 

Patient or familial hbtory 

Impaired impulM: con1rol 

Social holation 

Sub)lancc abuse 

Suicidali1y 

- 'ccn more often: r::=I seen Jess often. 

r::=i -- 1= 1 - -- --- c - -- L -
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• Eating disorders 

18.2 Bulimia nervosa (1) 
Treatment strategies (based on published data) 

Cognitive-behavioral therapy (2) 
A focus on some or all of the following is required: 

education. self-monitoring, trigger-response control . and addressing irrational beliefs, including body image 

Regardless of past or 
current depressive disorders 

-------\ r--' ,, 

Legend 
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~ Consider adding to psychotherapy one of the following: 

MAOI, SSRI (high dose fluoxetine), TCAs or TeCAs (3) . 
Best-studied: amitriptyline, desipramine, fluoxetine, imipramine, 

isocarboxazide, phenelzine, trazodone 

l ,, 

Discontinue former pharmacological agent and consider adding to 
the psychotherapeutic process one of the 

anticonvulsants (4). 
Some efficacy wilh 

carbamazepine, phenytoin 
Less-established efficacy with 

valproate 

Discontinue former pharmacological agent and consider adding to Iha psycholherapeutic 
process one of the following: 

fenfluramine, fluvoxamine , lithium, 
L-tryptophan (5), light therapy (6), naltrexone 

If partial response 
If no response 

MAOI Monoam1nc oxidase inhibitor 
SSRls Selective serotonin 

rcuptakc inhibitors 
TCAs Tricyclic antidepressants 

TeCAs Tetracyclic antidepressants 

First-line drug I therapy 
(well·establlshed efhcacy) 

Sccond·llnc drug/ therapy 
(some efhcacy) 

Third-line drug I therapy 
(ofl1cacy is not fully established) 



Noles abo111 the numbered items in the sch eme 

( '/i11irn/ t lsJll'l'I s 
I. The core fea tures of bulimia nervosa (BN) arc rec11rn:11t 
episodes of binge ea ti11g accompanied by the fccl i11g uf he i11g 0111 
of co11trol. Bingc eating is overly excessive eati11g. 11sually 
during short periods of time. tha1 is accompan icd by a11 i11ahil­
ily to slop 011ce starred. Even so. and mainly due to co111pc11-
satory measures to reduce weight. about 70% of affected 
persons rcmai11 wit hi11 the normal range of body \\'eight. Tia: 
prcrnle11cc of BN is cslimated to be bell\'ccn 10::. a11d 1·:: .. and ii 
almost exclusively affects fe males. There arc few axis I and II 
disorders associat ed with Bl\. The lifetime pre\·alcnce ol' ;1 
co11comitant ma jor depressi \'C disorder is about 60%. Cluster II 
personality disorders (borderline and histrionicJ arc co111111oi1 
among B:\ patic11ts. while some other pcrso11ality disorder~ 
from duster C lob~essin.'-Compulsi\·e or an>idant) arc abo 
a~ociated with 11:\ but to a much lesser extent. There i~ an 
increased rbk of alcohol abuse and some data suggcs1 a fomil­
ial rela1ionship hcl1\·ccn these two disorders. 

The prog11osis or B is variable and ii is usually rcgardl!d ils 
ii chronic disorder with a waxing and \\'a11 i11g course. 1\ hou1 
3 ~% of BN patients ilrc functioning well after ii 3-yc;ir l'ollow­
Uf> period. and 3 3% exhibit some improvement in symptoms. 
while the remainders have a poor outcome. DSM-IV spcl'ilks 
the follow ing (1 main criteria for the cliilgnosis of BN: 

a. Earing large ;1111otmts of food in a discrele period of 1i111l' 
(usually ll'i thin 1 hours). The amount ol' food is dispropor­
tioniltc c:omparcd wit h what other people co11su11ic i11 
~imilar time.· frame!oo or circumstances. 
b. Lack of control O\·cr the binge eating (cannot stop cati11g 
or control the amount or kind of food eaten I. 
c. Hecurrcnt compensatory beha\'iOrs to pre\·ent wcii!l11 
gain llaxal i\•e or diuretic abuse. self-induced vomit i11g. 
cxccssi\•e exercising. enemas or fasting). 
d. The binge ca ling and the associa1ccl rnmpe11sa1ory hclrnv­
iors occur at least twice a week for 3 months. 
c. Self-e\•aluation ls strongly inOuenccd by body shape a11d 
weigh I. 
f'. The above-mentioned clinical characteristics do not otTllr 
exclusively during episodes of anorexia nervosa (1\ N). 

'f'r<'lll llll'lll 

2. l\lrn1y psychotherapeutic approaches have been successfully 
employed in Bi'\. Cognitin ."-beh <H'ioral lcchniqucs arl' most 
frequently employed. They emphasize education. self-mm1i1or­
ini.: of eating heha\·ior!> and associmcd thoughts. n:la1i11g 
bet\\'cen specilk 1riggering e\·ems and the induction of hi11gt• 
eating (u11d learning to al'oid lhcse events). mid addressi rtg and 
dial lt:nging the irrational beliefs. includi ng the pati<.: 11 1 's 
dislorll!d body image. 
3. Xl;111y \\'ell-con1rollcd studies have sho\\' 11 cllkacy of a111icll'­
prcssants in Bl'\. regardless of past deprcssi\'c disorder. or 111;1ior 
dcprc~~ivc disorders in the family. The sclccti\'e ~crotu11i11 
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Table 18.2 Parameters to help in differentiating between BN and AN: 

ll11li111hr llCr\'OSa i\norcxia ncrvosa 

1\ 1Tec1i1·c lahilily - I 1 

Alcohol <1h11 ~c - 1::=,1 

Ego dystonic - I I 

I lypothyroiclism C::I -t111pubi1·i1 y - c::J 
~kns1rua l ab11onmrli1ie' 1-=1 -'nrrnal body ll'Cight - c::J 
Seeks for lwlp - c::J 
St•xtial <k•,irc - [:=:J 

Shoplifling - [:=:J 

- seen more often: c::J ~cell '"'' oflc11. 

rcuptakc inhibitor lluoxclinc a11d tricydic agents such ;1s 
amitriptylinc . imiprmninc and dcsi1>r:11ninc have been 
emcacious in reducing lhc frequency or the bulimic episodes. 
and ihe intensity or some of !ht· ;1ssociatcd symptoms. Other 
agents. such as lrazodonc. phc11clzi11c and isocarhoxazlcle. 
probably ha\'c similar emcary. Tltc doses used arc approxi­
mately the same as for tre<11i11g tkprl·ssi\·c episodes. and some 
response is usually obscn·cd within 2-1 \\'eeks. 1\s there is 
c\"idencc of reduced serotonergic t nt11M11b~ion in B:-\ (especially 
of subsensiti\'c postsynaptic 'i-1 IT ren•ptors in the hypothala­
mus). antidepressants cxerr 1heir antihulimic effet:ts presumably 
\'ia the en hancement of sero10111.:rgic trnnsmission. 
-l. r\nticom·ubanb such as carha111azcpinc and phcnytoin 
have shown. in some case reporl!oo or small opcn-labckd studies. 
sli!!ht cmcacy in reducing sy111p1oms of BK The use of t hesc 
agents is theoretically \\'arra11tcd following ;mccdoral data that 
suggest non-specific electroencephalographic (EEG) abnormali­
ties in BN. To date. valprnat c has 11t>I been shown to have 
significant dlkncy in BN. 
5. Fcntluraminc. lithium. t111voxa111i11c and 1.-lryptophan 
have been anecdotally rcportl!d to exert some beneficial results 
in Hi\ . .'lla lt rexonc was studied hl'rnu~e of its opiatc-ant;1go­
nism capacily. The opiate sy:-.tcm is presumed to be in\'oh·ed in 
stress-mcdiall!d feeding bcha\'ior!oo. I l<>11'e\·cr. n altrcxonc \\'aS 

found to be emcient only if admini:-.1ered in rery high doses. 
ll'hich greatly increase the rbk or dcl'eloping hepatotoxicity. 
Ci. t\n anecdotal report suggt•sl!> 1 he eOlcacy of light therapy 
l I 0 000 lux in the early morni11g for 1 11·ccksl. The B:\ ll'ttS not 
associated \\'ith any seasonal pii ll l'l'llS but the subgroup of 
patients ll'hO did Suffer from ~UCh Seasonal OuctuatiOllS 
bencli1ecl more from this therapy. 
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• Attention deficit hyperactivity disorder (ADHD) - adult type 

19.1 Attention-deficit hyperactivity disorder (ADHD) - adult type (1) 
Treatment strategies (based on published data) 

I 

Is there a history of substance abuse I antisocial behavior (2)? 

Start with stimulant therapy (3) 

I 
I 
I 

' 
Consider administering 

methylphenidate (4) 
0.3·0.6 mg/kg/dose. 

No single dose should exceed 20 mg. 
Maximum suggested daily dose: 60 mg 

dextroamphetamine (5) 
0.15·0.3 mg/kg/dose 

,, 
Wait 2 weeks for effectiveness 

(3 weeks with pemollne) 

l 

Switch to another stimulant 

methylphenidate, pemoline 
or to 

dextroamphetamine (5) 

Legend 
II yes 

• 

I 

If no ----• 

If partial response 

If no response 
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Switch to 
or add (8) 

- B §: 
.t: 'O 
B -o 

- ·~ ~ 
(f) 0 

-

f---+-

f---+-

Choose one of the following: 

Consider administering 

pemoline (6) 
once daily ; 0.5·3 mg/kg, 

the usual dally dose is 
between 18.75 and 112.5 mg 

or one of the following (7): 

desipramine, 
fluoxetine, 

imipramine, 
nortriptyline, 
venlafaxine 

(especially If there is comorbid 
depressive disorder), 

or 

bupropion 
or 

propranolol 
or 

clonldine 
(especially if there is 

comorbid tic disorder) 

Fi rst-line drug I therapy 
(well·estabhshed efficacy) 

Second·line drug I thernpy 
(some efficacy) 

Third-line drug 
(efhcacy not fully esiablished) 



Attention deficit hyperactivity disorder (ADHD) - adult type • 

No tes about the numbered items in Lh e sch e me: 

C/i11irnl 1\s111•c1s 
I . :\llcntion-dcllcit hyperacli\'ity di:.order (:\DI ID) \\'a~ bdiered 
until recently. to anccl mainly d1ildre11 and ;1dole~t·e11l~. 

Ho\\'c\·cr. screral prusperl i\'l' long-term follm\·-up st uclies ha\'l' 
shown that the disorder crnllinues into adulthood in abou t 
I 0- 60% of prcriously 1\DI ID-diagnosed childn:n. Thus l he 
incidence of the clisorder in ;1dults is estimated to he between J •:;, 

and 3 ~:, . Tiu.: core features of ADI ID arc tla: dc\·clopmcnl of 
inappropriate poor attention sp;111 or age-rcl ;11ecl irrnppropriale 
hypcrnctivily or impulsivity. or both . It has to begin hdon.: the 
age of 7 years and last al lea~l (1 111on1 h~ whik causing ;1 signi f­
icant impairment in daily functioning. 

Three subtypes arl' rerng11i i1ed by IJS.\1-1\': inatienli\•e. 
impulsi\'c-hyperacti\•e amt combined. The symptoms must he 
evident in at least two different si tuations (home. school/acade­
mic. occupational. socia l). The disorder affects about 1- 5'! .. or 
prepubenal schoolnge children. and males arc ;10cc1ed 3- 'i 
times more than fem;1le. (mostly li rst-horn boysl. 

The etiology of 1\DllD b unknown. Some genetic factors arc 
nssociated with 1 he cli~ordcr: I here is a greater concordance rate 
in monozygot ic 1 win~. and siblings ha\'C an increased risk of 
de\·elopini,: :\DI ID. The genetic correl<11cs bcl\1•een children and 
adults \\'ith 1\DI ID arc quite similar. Some soft neurological 
signs are obsen·ed more oficn in 1\Dl ID d1ildren: ambidexter­
ity. right- left discrimination and rcllcx asyn11netrics. Socioeco­
nomic status was not fo und to be a factor associated \\'ilh the 
de\'clopmcnt o f' 1\IJI ID. 

The most common clini t« tl symptoms oh:-.crved in adults with 
r\IJI ID nre inattention. impulsivity. inlrusi\·cness. distrartihility. 
low fru stration tnlcrarH.:c. impatience. daydreaming. forgetful ­
ness. and frequent shifts in ur livities. I ligh divorce rates rnid 
poor academic.: or occupational J'unc1io11ing arc co111111011ly seen. 
Adults \\'il h 1\IJI ID have. li kl' childre11. a high incidc11rc nf 
comorhid s11 hstanc.:e uhuse. and depressive or anxiety disorders. 
Adults with 1\Dl II) n:sponcl less lo pliarmacot hcrapy (t'.g. 
stimu lants) than childre11 do. The response.: r; rle fo r adults is 
estimated lo be about 50%. as compared \\'i lh around 70- 80% 
in children and adolescents. The long-term adverse cllccts rn 111 
efficacy of stimulan ts in adults with 1\DI ID hus not been studied 
in well controllccl trials. 

'/'n•1111111•111 

2-6. l'sychostimulants (mainly me t hylphcnidate. dcxh·o­
amphetamine ancl pc111oli11e ) that ;ire used for treatment of 
r\DllD arc 'indirectly acting' amines. They act by increasing the 
release of biogcnic amines ( norcpinephrine. sernto11in a11d 
dopamincJ from presynaplic ne1'\'e terminals into the synaptic 
cleft. Some of them also exhibit a caparity lo block the rcu1>1Hkc 
of biogenic a111 i11cs into prcsynaptic nerves. These stimulants. 
especially melhylphc11ida1e and dcxtroam1>hc1amine h<ll'c 
an abuse potential. so patients with a known history of s11hsla11n: 
nbusc should. if possihk. 1101 receive I hesc agents ( 1. ). t\ fell' open­
labcl ancl some c:ont mlled studies ll'ith 111c1hylphe11ida1c li;11·c 
sholl'n hcnc11cial results in about 2 5- 75% <Jf ;1dult t\1)111) 
patients. It should be noted that lo date rw rnscs of s1i111ula1ll 

ahu~e hm·c lwcn rcported in ll'cll-rnntrolled studies on adult 
patit.:nls with 1\DI ID. ~lcth}'lphcnidatc prestunnbly has a linear 
dosc-re~pon-;c n1rve. and inrrenwntal impro\·ements hm·e been 
reportcd using do~es of 0. ). 0. 7 5 nnd l mg/kg/dny. Currently. 
thl'fl' al'l' 11t1 claw about dcxtroamp hctmnin e in adults with 
1\Dl II). Thus. in cases where thcre arc no signilkant abuse poten­
tial ( 3). ;ind rm comorbid tic disorder is apparent. 
111cthylphe11i1la te (4 ) should be considered lirst ly due 10 its 
relatively well-eswhlishcd elllcacy in adults \\'ith ADHD. The use 
of clextroamphctaminc in adults might be warrnnred based on 
its well-cst ahlishccl clllrncy in children !5). Dcxtroamphcta­
minc has a Si!!nifirnnt ly higher incidence of cardiac adverse 
effel' t:-. (1111>stly 1;1cl1ycardi;1 and hypertension) compared ll'ith the 
othcr ~1 imu la111s. 1\ lcll' rontrollcd st udies hm•e found pemolinc 
(61 to Ill' as elllcarirnrs as mc th)·lphcnidate in adults ll'ith 
1\Dl ID. Thl' rl'ported re~pon~e rate is about 50 %. Pcmoline has 
a Ion;: half-li fe. thw. cnahling once-a-day dosing. and ii has much 
k·s.' ahmt• pcllt'rllial than the other stimulants. It takes at least 3 
ll'Cek~ IO rcach full therapeutic enect. compared \\'ith about l 
\\'t'('"' \\ ith thl' othl'r ~timulants. I IO\\'e\·er. pcmoline cnn cause 
fictal hl'pal ir nccro~i' and ~o :.hould he reser\'ed for patients ll'ho 
ha\'l' failt"d olhl'r t rl'atme111~. 

l'syrho~1i11111lanb ha\'c been found tin both children and 
acl111t~ 1 to i111pro\'e <1tten1 ion and decrease hyperacti\•ity and 
impubi\'enc~~. They lwvc not been sho\\'n to hm·e benelicial 
elhb in i111pro\'i 11g the specific learning disabilities le.!!. 
clyslcxia I 1 hat are oft en a~~oeia tcd with r\DHD. 
7. 1\ number of 11or1 -s ti111ulant agents ha\•e been reported 10 

have Solll l' benelil'ial effects in adu lts with r\DI ID. The data 
arc ha~cd mainly 011 case reports or small open-label studies. 
Solll L' a 11 l idcpressa111 ai.:cnts ( d csipramine. nuoxctinc, 
imipraminc. 1111rtri1>t yli11c. \lenlafaxinc ) were reported to 
cxcr1 henclki;d c lTecls in adu lts. but exact data on closing 
s t ral< '!! it·s or d'flt ·<rcy rates arc current ly not establishccl. The 
ra tionall' for using lhcsl' agents is based on their ability lo 
itlC'l'CilSI' lh t" avail; rbil ily of biogenil' illllines (O the Synaptic 
cleft - a s imilar capacity lo that of stimulants. Bupropion. a 
11orcpi11ephri11e- and clopamine-reuptake inhibitor. was 
rcportl'd lo he dlCctive in about 7'i% of trcnted adults wi th 
1\l>l II> (in an opt·11-lahcl study). but a high dropout rate (about 
15'!:.) li111i 1s the l'linil'al significa nce of these findings. P ro1>ra­
n olol has abo been li11111d to be beneficial in nduhs with 
1\DI II> (in ~mall open-label studies). Clonidine might hnve 
~omc eflkary in children with t\DI ID (especially if there is 
cor1co111i ta11l lit' clisorcler). but its efficacy in adults has not yet 
been ~ t11clied. \\'hen 11secl at night it can reduce the insomnia 
that sli11111lants M11neli 111es produce. 
S. The cllkacy and sal't·ty of polypharmacothcrapy in 1\DHD 
has 1101 been studied systematirnlly in adul ts. Combination 
treatment should be considered if there is an inadequate 
rl'SponM' to a single agcnt. or when there is a comorbid psychi­
;1 tric clbonler le.i.:. dcpressi\'c states. lies). Dnta in adults are 
l<i <.:k irt!!. h111 Sl'\'l•r<tl successful combinat ion 1herapics ha\'e been 
rc.:port ccl in r hilclren or adolescents (mct.hylphcnidatc and 
cl1·sipra111i111'. me t hylphenidalc and propranolol). 
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• Disorders associated with iatrogenic causes 

20.1 Neuroleptic malignant syndrome (NMS) (1) 
Treatment strategies (based on published data) 

( 

/ 

If suspected NMS, rule out major causes of NMS-like syndromes (2): 
malignant hyperthermia, lethal catatonia, 

vi ral encephalitis, heat stroke 

a. Withdraw the offending agent (e.g. an antipsychot ic) lmmedlately 
b. Institute supportive measures: cooling blankets. ice-water enema. oxygen 
c. Monitor serum electrolytes. renal. hepatic and cardiac functions 
d. Consider administering low·dose heparin (due to the patient's immobilization) 
e. Continue the antlparklnsonlan agent (ii the patient receives one) 

I 

Start with the following regimens; choose either one or a combination of these: 

• ~ I 

dantrolene (4) [ and/or ) [ and/or l 

I 

) 

Initiate with 
bromocriptine (5): amantadine (5) IV 0.8-2.5 mgfkg x 4/d. 

or PO 50-100 mg x 2/d initiate with PO 2.5-10 mg initiate with PO 

and/or three times per day; 100-200 mg 

benzodiazepine increase up to a I 
two times per day 

(lorazepam) (up to 5 mg) maximum of 60 mg/day 

1 1 
Consider electroconvulsive therapy (6) or add nifedipine (7) 

• 

When fully remitted (wait at least 2 weeks) consider the following: 

a. If the diagnosis is bipolar disorder, use lithium, valproate or carbamazepine 
II psychotic, add low-dose antipsychotics 

b. II there is psychosis as part of schizophrenia (or other psychotic disorder), 

use low-potency anti psychotics and a different class of agents; 

ii possible, use an atypical antipsychotic drug: clozapine, olanzapine, risperidone, 
c. Consider prophylactic treatment with bromocriptine for several weeks 

Legend 
If good response 

If partial response 

II no response 
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.. First-line drug/ therapy 
(well-established efficacy) 

Second-line drug/ therapy 
(some efficacy) 

Third-line drug/ therapy 
(efficacy not fully established) 



Notes about the numbered items in the sch eme 

C/i11 iml 1\sp1·r1s 
I . The diagnosis of neurnlcptic malignam syndrome (N~ IS J is 
problc.:malic as m;111y diagnoslic crileria h;we been proposed bu! 
11 0 sin gle sci of' criteria has been adopted for general use. The 
et iology of :'\J'vtS is trn known ah hough lwo main theories (1101 
necessari ly rnnlrndiclory) are proposed. One assumes a 
neuroleplic-induced ahcrnlion in dopamine-mediated hypolhal­
amic lhermoregulal ion. The anlagonized dopamine receptors in 
the hypollrnlamus lead. probably. 10 impaired heal dissipalion. 
while im:rcased musdc rigidity accompanied by enhanced 
genern1io11 or hcal is 111etli;1tcd by the blockage of dopamine 
reccplors in lhe strialllm. The se(.'011d theory assumes an abnor­
mal rca(.' lio11 of prcdisposcd skdelal musdes and il sugge.s ls that 
antipsychot ic drugs (,\l'Us) aher ca lcium mobilizalion in 
muscle cells (l'or example. impaired calcium ion 1ranspor1 across 
the sarcoplas111ic reticulum) with a consequent impairment in 
conlra <: lili1y. The clwractcrbtic lcalures of neurolcptic malig­
n;mt syndromc (:\l\IS) arc as follo\\'s: 

a. It usua lly appears ea rly in the course of neuroleplic treai­
ment (in 80 1

::. of cases i\.\IS appears wi1hin 1hc ll rst 2 weeks 
or lreat111e111). 1\ ll classes of APDs can cause N.\lS !including 
;11ypirn l clnigsl. Other drugs (tc trabcnazin c. tricyclic 
antidepressants and sclccti\'c serotonin reuptakc 
inhibitors) have also bct:n sho\\'n lO cause ?\ l\JS (although 
very rarely). Thc i11 <: ide11ce is bc1wce11 0.7-2.2%. and 111orc 
1hrn1 -HJ'){, or N,vlS pa tic111s a rc diagnosed as a having mood 
dison lcr. The 111ale-to-lc 111ale ratio is about 3:2. 
h. The assodated risk fac tors arc organic brain disorder. 
dchydrntinn. high dosc and rou te of administration (depot 
more risky ). use of concurrenl li thium. high-1>otcncy 
anlipsychoCics. young adult male, alcoholic patient during 
deli rium. 111ulnutritio11. exhaustion. concurrent medical 
illness or a prior hislOry of Ni\IS. 
c. Death is usually associated wi th r lrnbdomyolysis and 
acute re rwl fa ilure. 1\ to r1ali1y. wi1hou1 trca1mcn1 is esli rna ted 
lo be a rnu11d 20%. 
d. I ligh fc\·e r. usu;1lly bctwccn 38 . 5- IO"C 
e. Sc\'cre musd c rigidity. usually lcad pipe and not 
cog\\'hce l. 
r. 1\h ercd <:onsciou~ness. 

g. t\11 to110mic instabil ity tdiaphoresis. hypen ension). 
h. l.aborawry ab11or111al i1ics: elevated CK (crealinc phospho­
kinase). usually between 2000 and 1 5 000: Jeukocytosis. 

Disorders associated with iatrogenic causes • 

usually bcl ween I :; 0 00 and .30 000: ele\·a ted li \•cr enzymes 
(1\ ST. :\LT. I.DI I). 

2 . . \lalig11ant hypt:rlhcrmia is a disorder associated wi th 
exposure lO inhala tion anesthetic agents and succi11ylcl10li11c 
on ly. The increase in 1e111peralure progresses \•cry rapidly - up 
lo I "C l'Very :; minutes. The disorder has <1 strong heredi<1lery 
co111po11t·111 related lo chromosome 19. 1\boul 80% of fa111i ly 
members an: also susceptible to the disorder. The patl10ge11esis 
is assumed lo be related to ;1 muscle mcmbrnnc defecl thal lcads 
lo increased inlrncellular calcium and a conscque11l severe 
111t1sd c rontrar lions. 

Trm t111<·111 
3. 1\111iparki11sonia11 agenls. a111icho lincrgi<:s and/or clopa111i n­
ergir drugs 111igh1 have suppressing. benelkial cllCcts 11 11 lht: 
evoln:111c111 of NMS. 
~- Dantrolene is a muscle relaxant \\'hich inhibits calcium 
relcase from the sarcoplasmic re ticulum with u subscquc111 
decreased availabili ty or calcium for muscle con1rnc1ure. Do 
1101 administer more than 10 mg/ kg/day due lo possible 
hepa lotoxici ty. Follow 1he I. \' . 1n:a tmcn1 \\'ith 1'0 doses of 
50- 1 ()l) mg twice dai ly. It can be increased lo a lolal of/()() 
mg/day. 
5. Bromocriptinc and nmantadinc arc dopamine agonisls 
that opposc the ac tion of neuroleplics al the dopamincq.:ic 
receptor sile. They can be administered a long with dantro­
len c. Their e llk a<:y is not \\'Cll established and on ly ane<:dotal 
case reporls have been published concerning their benellcial 
cffects. 
6 . Eleclrnrn11vulsive therapy (ECT) is effec livc fo r lrcali11g 
calatm1ic stales - mainly I hose related to bipolar mood disorder 
arul schizophrenia. lls ellkacy in i\i'.'IS is not proven. and ii is 
quite controversia l. There are small studies lhill suggest ils 
overwhelmi ng superior elfocls in ); f\ IS (compared with support­
i\·e nu:asurcs a lone) but other reports point ou l lhe increased 
<.:hancc of de\•cloping fa tal rnrdiac arrhyt hmias whcn ECT is 
used in N1\ IS. 
7. Nifcdipine's cmcacy was reported in a few <:ases. 
Con1ro lled trials wi th this agenl hm·e not been done to dtlle. 
The possible mode of action is based on its calciu111-clw1111cl­
blockin i,.: ac livilies. with a consequenl reduction in illlraccllu­
lar ca lcium. 

Table 20.1 Some of the features (nonspecific) that can aid in differentiating NMS from lethal catatonia 

Possible iliffrrcnlialini; feature 

1\ppears whik <>11 a11 i ipsychoti<:S 

t lypcrl hermia • 

,\ l11sdc rigidily 

Elcrn lcd 11·h i1c hk1od n 'll count 

Elcv<i!cd scrum o: lcrca1inc plt'"phokinasc) 

Ui1Tcrentiati11g symp lO rns 

NMS 

l'radkally always 

Often prior lo lhc sl11poru ~ s1a11· 

Evident 

Yes 

Yes 

The ca tatonic symptoms (lisll'd in 1hc 
right column) appea r n:ry rarely 
Iii' al alll in '\ .\ IS 

Lethal catalonia 

t\ol nrcessaril~· 

Often pr ior lo or during the 
cxd1c111c11t phase 

Evidl'111 

Yes 

Often obscrn.'d: echo phcno111cn;1: 
bizarrr postures: ambilcntlcncy 
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• Disorders associated with iatrogenic causes 

20.2 Tardive dyskinesia (TD) (1 ) 
Treatment strategies (based on published data} 

Lower doses of anti psychotic drugs (2) and anticholinergic agents (2) 
Achieve minimum effective dose to provide adequate control of psychosis and of adverse motor side-effects. 

I 

/ 
If the residual symptoms are severe. 

If tho residual symptoms are well tolerated, incapacitating, or hie-threatening. 
and 111al with the tollowing agents is relatively temporarily 

con11aind1cated. wait: 
raise the dose of TD tends to improve in time: 

30% ol TD patients expenenoe a spontaneous antlpsychotlc drug 
remission oach year. 50% ot people suffering 

\. 
(for Immediate rehet) 

trom TD exhibit a meaningful 
improvement in a 5-year follow-up 

~ Administer. simultaneously, one 
of the following. Gradually taper-off 

tho antipsychotic agent 

r r 1• 

Consider treatment Consider treatment Consider 
with dopamine with either treatment 

depletor agents: benzodiazepine (5), with dopamine 
tetrabenazine (3) vitamin E (6), agonists: 

propranolol (7), bromocriptine, 

reserpine ( 4) clonidine (7) L-dopa (8) 
I • 

I 

I I 

" 
If the condition is severe, incapacitating and non-responsive to other regimens. consider treatment with 

ECT (9) or 

Legend 
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clozapine (10) 

If no response 

ECT Electroconvulsive 

therapy 

or atypical anti psychotics (11) 

First-line drug I therapy 

(well-established etfioacy) 

Second-line drug I thcrnpy 

(some elhcacy) 

Third-line drug I therapy 

(efficacy not fully established) 

'\ 

... 



Notes about th e numbered items in th e sch eme 

C/i11im/ t h/lc'CI:\ 

1 il. Tardive dyski 11 t:s ia ITD) is late onst: t of im·o luntary. 1Tpl'li­
tive w1d purposclt::-.s 1110\'t:lllt:ll ts Ihm occur. presunwbly. in 
predisposed people. The pn:1·; tlencc is abo ut 5-20% of c hronic 
neuroleplirs treated. The pre1·alt:nce is a bou t 70% in the high­
risk populalion: 

• Elderly. 
• Female ( 1.7 lo I over male). 

• Co111orbid it y or mood d isorder. 
• Diabeles 111ellil us. 
• Concurrent hrai11 injury. 
• l11creascd total duratio11 and dosage of neuroleptic 1rea1-

111e11t. 
• Concomita 111 ai11id10lincrgic treatment. 

TD ca11 appear al a 11y time following the administration of 
ncurolqJtks - usua lly within weeks lo u few years. The mean 

time for appearance is 7 years. 
b . Tu date. on ly dozapinc (and perhaps other new a l)'p ical 
antipsychotics or s ulpiridc l han~ minima l or diminished 
capacity to caus1.: TD. 
c. It is estimated tlrnt c hro nic antagonis m of the dopamirwq4ic 
receptors in the nigrastriainl pathway causes the receptors w 
become hyperst:n si tive. Therefore the main treatment ra tionale. 
in many cases. is to downregulatc.: lhe supposed u prcgu latcd 
receptors (\'ia a drninislralio n of dopamine a gonislsJ or to 
suppress dopaminergk transmission in presyn aptic nerve 
tcr111i11als by depicting t he dopaminergic stores. 

Trm/111('11/ 
2. Increased a 11 tipsychotk dose is henclkial in lhe short tenii 
only. since later worse dyskinesias m ay appear. Therefore lower 

the <.1 nlipsychotk close to the m inimum effective dose tha t will. 011 
the one hand. rnntrol thc psychosis. and. on the other hand. \\'il l 
suppress or nol aggravate the TO. i\ntic holinc r gic agents tcrnl 
to enhance the dyskincsi<1. a nd should be avoided if possibli;. 
3 . .J. Tc tra hcna zinc is a biogcnic-aminc deplctor agen t 
(including dopami ne) (st:e Section l..U ). Both t e t rnb c n a zin c 
and rcscq 1inc anlagon i:t.e the vesicular monoamine trnns­
porter type 2 (\11\1 1\ Tll and inhibit the uptake or biogenic 

Disorders associated with iatrogenic causes • 

;11 11int:s into intraL·ellular \'Csidcs. 1\ consequent reduction in 
biogcnic amii1e av;1ilabil i1y fo r cxocy1 osis is eviden t. and lhl· 1w1 
ronn·111 rn 1io11 of biogcnir amines in thl' synapt ic deft b 
decrl·<1Sl'<I. Tclrabc nazinc is probablv t he most ellkicnl agc111 
for th l' trt:<ll111e11l of TD 13 ). Bcnclkial effects arc rcpor tl'd in 11p 
10 50 % of pu til'nts. Hs mechanism or action is 1101 lo t ally ril'a r. 
b111 is probably d ue lo its suppression or dopa111inergk 1n111s­
Jll issio11 in prcsy naplic nc rl'C ter111i n a ls in the 11 igrastrialal 

pat hway. Hcscrpinc has a similar mode of action. h111 its 
dlkary is no t well established (4 ). 
5 . 011e o r the theories regarding the palhoge11esis of TU is or 
y-a 111i1wb111yrir ac id (Cr\Ht\) hy pofunclion which leads lo 
e11 hanccd dopuminergic transmission in l"<irious rt:gio11s. 
llc n zmliazepines. as CABt\ agonists . hal'e been reported to 
i111pron· SOllll' or the dyskinctic mo1•ements in T D. 
6, Vil am in E was reported in several reports to ha1•c hcnclkial 

dkcts in TD. maybe due to its actil·ity as an antioxida111. To 
date . tht:se lindings hal'e nol been rcplicalcd in large well­
contro llcd studies. 
7. Thl' 11~e of adrcncrgic agents such as prop ran olol or don i­
dinc has bt:e n suggested. but onlv ancnlota l rc·ports hm'l' 
shown tht'ir hcnl'lk ial effects and there arc 110 repli cation~ of 
t Ill's(' lindings. 

8 . lJprcgulatcd and o\•crsensitive dopa111i11ergic recl'ptor~ are 
bel ieved to bl' a111ong the frtelors associa ted with the produrtio11 of 
TD. l>opa111inc agonists such as 1.-do p a a nd hromocripl inl' 

downregu la te lhc postsynapiic rcceplrn~~. Their dinirnl elllcacy b 
11ot well established and sometimes contrad ic tory. It see111s 1ha1 1.­
dopa is 111osl ellkienl if gil'en early in the cou rse or the disordc.:r. 
9. Electrornn vu lsivc therapy !ECT) has been a11l-rdo1ally 
reportt:d 10 improve dyskinclic movements . 
IO. Clozapinc docs not cause TD. and in n few cases changi11g 
the a nlipsydwtk drug to clozapinc sign ilkanlly rl'duccd 
dyskinl'lic illOl'l'llll'nts. I lowe1·cr. the use or cloza p ine in TD 

should he rcsen•cd liir sc1·erc a nd non-responsil·e ca~cs due lo 
its possible st:rious acll·cr~c sidc-cllccts. 
I I . Tlw l'lliracy of the other atypical antipsychotic drug~ 
(ola 11z;1pi11c . ris perido n c. scrli n dolc l has 1101 bee11 studied 
10 date. i11 this disorder. 
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20.3 Akathisia (1) 

I 

I 

Treatment strategies (based on published data) 

Lower dose of antipsychotic drug or change to a low-potency drug (2) 

Administer an 

Does the patient sutler from premorbid hypotension 
or unstable diabetes or drug-induced parkinsonism? 

I 
I 
I 
I 

' 
Administer propranolol (3) 

anticholinergic drug (5) Start with 30 mg/d. 

(benztroplne, benzhexol, biperidin, 
orphenadrlne, procyclidine, trihexyphenid yl) 

Most therapeutic responses are evident 
with the use of 30-120 mg/d. 

Other [\-antagonists are 

Add or change to 
(a combined regimen is 
probably more efficient): 

benzodiazepine (6) 
(ctonazepam, diazepam, lorazepam) 

Change to: 

probably less effective: 

betaxolol, pindolol (3) 

atenolol, metoprolol (4) 

" 

If predominant anxiety/agitation and not hypotensive: consider clonidine (7) 
Other possible elfective drugs are 

amantadine, buspirone, piracetam (8) 

Legend 
If yes 

If no - - ---. 

If partial response 

If no response 
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First-line drug I therapy 
(well-established elficacy) 

Second-line drug I therapy 
(some efficacy) 

Th ird-l ine drug 
(efficacy not fully established) 



Notes CJbout the numbered items in the sche me 

C/i11ica/ 1\spec1s 
I. t\kathisia is a side-effect caused mostly by the use of anlipsy­
chotic drugs (APDsl. \i\lhilc a ll APDs can cause akathisia. the 
incidence is increased with the use or high-potency agents. 
The exact incidence of akat hisia due to the use of atypical 
antipsychotics is not k11ow11 (dozapinc has been shmvn to 
cause akathisia. but data about the other newly den:loped 
a typical antipsychotks arc lacking). There is no wcll­
accepted definition of akathisia. all hough most di11idans agree 
on the fact I bat there two main componcrtls to I.he disorder: 

a. ,\ subjective ICeling of inner rcstlesness tlrnt results in <1 
need lo engage in a motor activity. usually of the loll'cr 
extremities. 
b. ,\n objective component witnessed by the examiner that 
consists of characteristic movements such as pacing 
constantly or inability to stand still. sit or lie at the same 
position for more that few minutes. The pathophysiology of 
akathisia is not yet full y understood. 
The dopam inergic and adrenergic systems arc presu1 11cd to 

have a key role in the evolvement of akath isia. particularly due 
to two observations: 

a. i\lost drugs capable of inducing akat hisia have at lcasi 
some capacity to antagonize the central D~ dopamincrgi<.: 
receptors. 
b. The best treatment results for akat his ia arc achk•\•cd wi th 
the use of cen t ml ~-adrcncrgi<.: antagonists. 
Noradrcnergic project ions from the locus <.:eru lcus to limb it: 

structures and the dierH.:ephalo-spinal-cord pathway arc 
presumed LO be the most important path ways asso<.:iated with 
the pathophysiology of akathisia. The suppressed dop<rminergi<.: 
system along wit h an 01·erac1ivc norndrcnergic syswm. b 
belie1·ed. at least by some im·estigators. to be the rnnscquc11ce 
of inhibited presynaptic D2 dopaminergic receptors located on 
noradrcncrgic nerve lcnnirrnls iduc to the use or antipsy­
chotics). These are hcteroreccptors that suppress the release of 
norpincphrine from presynaptic ner\'e terminals: hence their 
blockage by antipsycholic drugs increase the amount of norcp­
inephrinc released into the synaptic cleft. Other proposals ha\'c 
been made to explain ihe evolution of akaihisia such as an 
imbalanced clopaminergic-cholincrgic transmission that causes 
a compensmory increase in either norepinephrine or serotonin 
release (sec Sect ion 6. 1 fo r fun her details). 

The association between loll' serum iron and akathisia. low 
serum ferrilin concentrations and akathisia. and significant 

Disorders associated with iatrogenic causes • 

inverse correlation betll'ecn ~num iron le1•els mid akathisia 
rating have ;di been implicated. Even so. otlwr ~tudies have not 
been abk· lo replicate thc~e l1 mli11 gs. and contradictory results 
have often been obtained. 

Trc•rll r m•111 

2. Since akathisia is associated with the u:;c of high-pote ncy 
antipsychotics. and higher doses 111ight incrensc the risk of 
developing the disorder. ii is presumed I hat lowering the dose 
of the APOs or <.: hangi11 g to a lo\\'· p<>lcncy drug might suppress 
the symptoms. I lmve\•cr. lhe crtlcacy of sud1 pra t:lice has not 
been studied enough. 
3.4-. 13-adren ergic anlagonisl s ;ire often helpful and usually 
well tolerated for !he trea tmcnl of akathisia. Their elllcucy ra te 
is not known. but they arc assurned lo be the most benellcial 
drugs for treating akathbia. 1\lost data suggests that the rnorc­
lipophi lic drugs (propranolol. pindolol. l>ctaxolol ) ( 3 l arc 
the rnost cllcct ive. while the mosl-hydroph i lie ( mctoprolol. 
nadolol ) arc practically inellkic.: nl (4 ). Since p<rssagc through 
the blood- brain barrier is probably directly rnrreh11ed \\'ilh tht' 
lipophilicity or (1 drug. these ohsernrl ions imply that a t'Cll lral 
111cdrnnis111 is ;1 predo111in;1111 factor in inducing akuthisia. 
These dru g~ shou ld be arnidcd . as much as possible. in patients 
with diabetes mcllitus or known hypotcnsion IP-<ulrcncrgic 
anlagonisls can impair scrum glucose regu lation and fu rther 
lo\\'er blood pressure!. 
5. t\11 or the listed anlicholincrgic drugs have been reported 
io exert bencl1cial effects in treating akathisia. and they an· 
most ellk:ient ll'hcn there is com:omil<l nt APD-i1Hl11ced p;rrkin­
sonism. The overall cllkacy or these drugs is u11satisf;1ctory. 
6. 13cnzodiazcpincs (BOZs) haw been only a11ecdot;1lly 
reported l<l improve akat hisia. and in most of these cases they 
ll'erc co-administered with an an t icholinergic dru g. For th al 
reason it secrns that a combined 13DZ-anticholincrgic drug 
is a more clllrient regimen tlwn 13DZs alone. E1'cn so. the 
overall cnl rncy of this combination is u11sa1isf<r c1ory. 
7. Clonidinc has 11 01 been well invest igated in this disorder. 
hut there arc a fc\\' reports I hat suggest tlrnt it has a substan­
tial capacity io imprn1·e akathisia. Clonidine is a scdati\•e drug 
and it might also cause hypo1ensio11. it should only be used for 
agi1ated or anxious patients without knoll'n hypotension. 
8 . r\mantadinc and piraccta m ll'erc anccdot;rlly reported to 
be ellkicnt for aka1 hisi;1. Buspinmc \\'as shown to either 
imprm•c or aggrenrte akathisia. 
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20.4 Delirium (1) 
Treatment strategies (based on published data) 

Is there any apparent underlying cause ? 
Acute intoxication or wilhdrawat from pharmacological agents I substances. systemic infections. cardiovascu lar diseases. 

trauma. post-operative, central nervous system diseases. endocrine dysfunctions, electrolyte imbalance 

I 
I 
I 
I 
I • 

Start an 
'organic work-up' 
in order to find the 

underlying etiological factors. 
Perform the following basic 

procedures and screening tests: 
complete physical exam, 

complete chemistry panel, 
complete blood count, 

urinalysis, 
serum levels of 

vitamin 8 12 and folic acid, 

electrocardiogram 
(EKG), 

thyroid functions, 
urine test for 

substance abuse, 
blood and urine cultures 

If the cause is not found 
and the patient is still delirious: 

Further continoe the 
'organic work-up'. 
Use the following 

tests/procedures on 
the basis of their 
clinical relevance: 
brain/other CT, 

chest radiogram, 
EEG, 

carotid doppler UIS, 
VDRL, 

Serum levels of: 
ACTH, 

paratyroid hormone, 
ammonia, 

antinuclear antibodies, 
cortisol, 

magnesium. 

If and when 
the causalivo 

etiology 
is found: 

Treat, if possible, the underlying cause: 
discontinue the olfend1ng agent, administer a proper 

wolhdrawal program, treat rnfec11on. rebalance 
electrolyte abnormahtoes. compensate for deficient nutrotion 

or chemicals. administer antodotes when relevant 

Provide the patient with proper supportive care (2) 

Is the delirium due to subslance abuse ? 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

see Sections 9 and 1 O 
for delailed 

treatment options 

' Is anticholinergic toxicity the apparent cause (3) ? 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 
If lhe patient is psychotic or agitated: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' If there is insomnia 

Administer IV or IM 

physiostigmine (3) 
1 ·2 mg: can repeat 

doses after 

A(:lmlnlster IM or PO 
high-potency 

APO (4) 
(haloperldol 
2-10 mgfd) 

Administer a 

benzodiazepine (5) 
(lorazepam, 

rnldazolam, oxazepam) 
or hydroxyzine 

20 minules 
(IM if needed) 



Legend 
If yes 
If no 

.. _____ .,... 

ACTH Adrenocor11cotropic hormone 
APO Antipsychotic drug 

CT Computed tomography 

EEG Electroencephalographia 
UIS Ultrasound 

VORL Venereal disease research 
laboratory (syphilis) 

Notes about the nurnbcrcd items in the scheme 

Cli11irnl r\spccts 
la. Delirium is a clinical syndrome. knmrn hy a variety or 
different names: ·acute confusional state'. "loxic/ rnctabolic 
encephalopathy" or ·acute brain syndrorrn.:'. Its core l'e<1tures arc 
as follows: 

• Impaired consciousness. with reduced abi lity to focus. 
sustain or shift attention. 

• .Vlultiple cogn itive impairme nts (111e111ory. orientation. 
language). 

• Perceptual dis turbance that cannot be accounted for by 
another mental disorder. including dementia. 

• Psychiatric symptoms. including mood disturbances. 
anxiety and behavioral abnorm;11i ties. 

• Ncurologir symptoms (tremor. nystagmus. impaired 
coordination. urinary incont inance). 

• The above-mentioned symptoms tend to develop over a 
short. period of time. 

• Symptoms tend to lluctuatc during the course of the day 
(worse al night). 

• There is evidence that the delirium is mused by a direct 
physiological consequence of ii gcncrnl medical condi­
tion. 

b. Delirium can be caused by nunicrous e tiologies. about 8 5% 
of which arc extracranial. The mechanism is unclear. hut the 
final common pathway may be decreased cholincrgic activity. 
especially in the dorsal tcgmcnlal area or the brainstcm 's rct ic­
ular formation (belived lo be o ne of the major hrni11 sites i11 
charge of regulating attention and arousal). Even so. other 
neurotransmitter abnormalities have been suggested lo he 
involved in delirium. 
c. About l-20% of general hospital in pat ienls suffer fro111 deli r­
ium during their hospitnliwlion periods. The ntajor r isk factors 
for developing the syndrome are 

• advanced age (at ages over 65. the incidence in gencrnl 
hospital inpatients rises to -1:0%): 

• prcxisting brain disorder: 
• malnutritio n: 
• previous history o f delirium: 
• concomitant systemic disorders (mainly diabetes and 

cancer). 
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First-line drug I therapy 
(well-established ellicacy) 

Second·llne drug I therapy 
(some efficacy) 

Th lrd·line drug I therapy 
(elt1cacy not fully established) 

d. The prognosis is usually poor. since the 3-month mortality 
rate or these patients is cstimaicd a t about 25-35% while the 
I -year morta lity rates of patients who had a delirious episode 
cot1ld rise up to 50%. 

'/'1"1'/l ll1li'lll 

1.. The key aspect of treating delirium is the prov1s10n of 
adequate support ive care while administering specilk therapy 
for the t1nderlying cause. Take safe ty measures to ensure that 
no acc idental falls or damages to important ntedical procedures 
are made by the patient. l{cstraints might be needed. The deliri­
o us patient sho uld not be sensory-deprived or scnsory-ovcr­
s1imt1lated. Provide the patie nt ll'ilh familia r surroundings that 
includes well-known people. familiar objects. meals and daily 
m:l ivil ics. 
3. The possibli ly or an anticholincrgic toxicity s hould be ruled 
out. especially if I.he patient has been using pharmacological 
agents with an anticholincrgic capacity (low-potency 
anti1lsychotics, spccilk anticholincrgic agents. tricyclie 
antidepressants. digoxin. thcophyllinc. warforin. nifedip­
inc. d m c lidinc). When an antichol incrgic toxicity is evident. 
lhC USC of the aectylcholineCSl.Cr<tSC inh ibitor physios tigminc 
might be indicated. Physiostigminc raises the amount of 
acctylcholinc available for synaptic transmission and thus 
reduces the anticholincrgic symptoms - a core feature of delir­
ium. It can be gi\•cn cit.her IV (2 mg: effect:; arc evident in about 
2 minutes. and can be repeated i11 20 minutes) or IM with 
repeated doses every 30- 60 minutes. 
~. For psychotic or very agitated patients. use high-potency 
ant ipsyehotics such as halopcridol clue to their relative lack of 
a11tid1o li11crgic effec ts along with no prominent cflects on the 
cardiovascular system . and especially the ir minimal hypolen­
sivc capacity. In the elderly. doses of0.5 mg bid might be suffi­
cient. while younger people might require higher doses. 
5. To treat inso mnia the use of benzodiazepines such as 
lorazc11a111. oxazcpam or midazolam is recommended. These 
agents have s hort half-lives and no active metabolites and are 
metabolized by glucuronidation. a relati\·ely well-preserved 
mechanism in the elderly . 1.orazepam also has the advantage 
of being administered. if needed. 1.\1. 
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