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Introduction

This book was written, first and loremost. for the clini-
cian who is required to know, understand. and decide
efficiently about options for biological treatments. It is
also hoped that it will be useful to students in other lields.
e.g. pharmacology, psychology and neuroscience. The
purpose of this book is to give the reader a comprehen-
sive perspective ol existing knowledge. without engaging
in speculations or theories that are insufliciently
grounded. This book has been written in order to enable
the reader to reach clear decisions based on the most up-
to-date literature.
To this end. we present a number of topics:

1. Basic aspects related to mechanisms ol drug action,
including the spectrum of potential pharmacological
and biological treatments available in psychiatric
medicine; the qualitative and quantitative dilferences
between the optional treatments; their side effects and
the latest known data regarding their operative
mechanisms.

Treatments that are not biological in nature
(psychotherapies, for example) are often referred to
concisely, when they constitute the primary treat-
ment modality.

Treatment strategies regarding the main psychiatric
diagnostic entities, based on the bank ol rescarch
published recently. The focus is on providing the

I~

reader with guidelines based on the proven eflicacy of

the various treatment options, rather than prescrib-
ing a definite treatment algorithm.

3. Interactions. mainly  pharmacokinetic.  between
drugs/other substances and the aforementioned

biological treatments. We believe that this issue is of

utmost importance. in light of the fact that a substan-
tial proportion of psychiatric patients take a wide
range ol drugs concomitantly (including drugs
prescribed for non-psychiatric conditions). It has been
our clinical experience that information ol this tvpe is
insufficiently accessible to the clinician in the field.
and this book should serve to help the clinician make
better and more efficient decisions.

The majority of the information in this book is based on
evidence-based published literature during the last five
vears, with emphasis on the latest data. We have tried to
categorize the written and graphic data given by the
quantity ol the evidence:

Well-established data: is that which is based on a
number of research studies. at least some of  which
were well controlled (double-blind. cross over,
placebo-controlled); the size of the sample group was
significantly large, and the central message ol the
research was replicated for substantiation.

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

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

In order to simplily the reader’s use ol the mater-
ial, we have categorized the main subjects in psychi-
atry to extremely concise sub-topics. Each specific
issue is presented. at most, on a two-page spread, so
that all the material is set before the reader in a sell-
contained fashion. The majority of the text is aimed
to explain and expand on the graphic presentations.

Another consideration during the preparation ol
this book was its potential use in various academic
spheres. and we believe that the format adopted for
the book is the most efficient for such use as well.

This book is not a substitute for textbooks: supple-
mentary and more in-depth reading ol psychiatric
and pharmacological literature is, of course. required.
The concept and format ol the book have been
designed primarily for readers with a basic knowledge
ol psychiatry. Nevertheless. medical students. psvchi-
atric and neurological residents. as well as general
practitioners. should find this book useful in their
search for data on specilic issues.

Roni Shiloh
David Nutt
Abraham Weizman
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B Basic aspecits related to drug action

11 Principles of drug action - presynaptic nerve

Control and modulation of neurotransmitter release
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and
dendrites
of neuron

Autoreceptor

Located in the soma or dendrites.
Itis inhibitory by increasing the
threshold for an action potential.

Action potential
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A comprehensive understanding of neuronal functioning
and the various mechanisms of drug action is a key factor
for achieving proper mastery ol psychiatric pharma-
cotherapy. Practically all our ideas about the therapeutic
effects 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 as

Notes about the numbered items in the scheme

Basic aspects related to drug action m

nceurotransmitters that interact with postsynaptic recep-
tors Lo induce consequent intracellular changes. Follow-
ing their interactions with receptors. they are cither
metabolized or taken for re-use. Research in recent years
has focused on the better understanding of these recep-
tor interactions and the intracellular changes attribut-
able to drug administration.

1-3. In the central nervous system. information is transferred
via electrical impulses (action potentials) originating in the
soma of neurons and progressing along the nerve's axon and
up to its terminal regions, where it is translormed into chemi-
cal information in the form of neurotransmitters (1). Most
nerves release one neurotransmitter, although some nerves can
release two (generally a non-peptide and a peptide). They can
be modulated by numerous other neurotransmitters. Neuro-
transmitters are stored in intracellular vesicles (2). and follow-
ing the arrival of an action potential. they undergo exocytosis
(a calcium-dependent process) into the synaptic clelt where
they are available for postsvnaptic interactions (3 ). There are
several hundred known neurotransmitters; those most relevant
to psychiatric pharmacotherapy are listed in Table 1.1
4-7. The amount of neurotransmitters available for exocytosis
depends on several intact mechanisms.
a. Availability of precursor for the neurotransmitter and
proper [unctioning of its uptake site into the presynaptic
nerve (the precursor transporter ; Pr-TR) (4).
b. Proper reuptake of the neurotransmitters into the presy-
naptic nerve terminal by the plasma membrane transporier
(PLM-TR} (5) and intact transport of the neurotransmitter
from the cell's cytoplasm into the storage vesicle by the

vesicular monoamine transporter type 2 (VMAT2) (6).

c. An appropriate metabolism of the neurotransmitter by
enzymes such as mitochondrial monoamine oxidases (7).
8-12. There are several main modulatory systems that
together govern the rate of neurotransmitter release into the

synaptic clefi:
a. Autoreceptors (ARs) which interact with the neurotrans-
mitter produced by the same nerve, and consequently
suppress (8) or stimulate (9) the release of neurotransmit-
ters into the synaptic cleft. They are located in the presy-
naptic nerve terminals (8,9) or in the soma. dendrites and
axons of central nervous system neurons (10).
b. Heteroreceptors (HRs) which can either suppress (11) or
enhance (12) the release of the neurotransmitter. They are
termed heteroreceptors sinee they are activated by neuro-
transmitters different from those produced by the nerve they
arc on. There might be numerous dilferent heteroreceptors
which bind various neurotransmitters on a single nerve.
Table 1.2 summarizes some of the main modulating mecha-
nisms relevant to intact functioning of the presynaptic nerve.
Psychotropic medications can either enhance or suppress
many of the major processes or modulatory events listed in 4-7
and 8-12 above.

Table 1.1

Biogenic amines Amino acids Peptides Miscellancous

Acetylcholine Aspartate Angiotensin Oxeyvtocin Adenosine

Dopamine Glutamate Bombesin Prolactin Adenosine triphosphate (ATP)
Histaminge Glyeine Bradykinin Somatostatin Nitric oxide

v-Aminobutyric acid (GABA)
Homocysteate

Norepinephrine
(noradrenaline)
Serotonin

Endorphins
Melatonin

Cholecystokinin

Tachykinins Carbon monoxide

asoactive intestinal peptide

Table 1.2

Nerve type Inhibitory AR

Inhibitory HR

Stimulatory AR Stimulatory HR

Cholinergic Muscarinic type 2 (M)

o -adrenoreceptor:

Nicotinic N-methyl-p-aspartate (NMDA)

dopamine type DDy
serotonin type 5-HT,

Dopaminergic Dopamine type D,/1,

GABAergic (releases
y-aminobutyric acid)

GABA type B(GABA,)

Histaminergic Histamine type 3 (1)

Noradrenergic os-adrenoreceptor

Muscarinic type 2 (M.
serotonin type 5-HT, ¢

Dopaminergic type 1)

Nicotinic; N-methyl-
p-aspartate (NMDA)

[} -adrenoreceptor Nicotinic

histamine type 5 (H, )
muscarinic type 2 (M, ): opiate

Serotonergic Serotonin type 5-HT,,

o -adrenoreceptor:

Serotonin tvpe 5-HT,




W Basic aspects related to drug action

1.2

Principles of drug action - postsynaptic nerve
Postsynaptic interactions and consequent intracellular changes
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Postsynaptic interactions are one ol 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-effect profile. Most drugs in use are
non-selective, meaning that they have interactions with
multiple pre- and postsynaptic receptors or transporters.
Most current knowledge about the mechanism of drug
action is based on direct pre- and postsynaptic drug inter-
actions and the subsequent modulation ol intracellular
components such as sccond, third and fourth messen-
gers. Second messengers are specific intracellular compo-
nents that are indirectly stimulated by the first
messengers 1o aclivate certain enzymes called protein
kinases. The most studied second messengers are calcium
ion, inositol triphosphate (1P3), diacylglycerol (DAG),

Notes about the numbered items in the scheme

Basic aspects related to drug action m

cyclic adenosine monophosphate (cAMP) and cvclic
guanine monophosphate (cGMP). Protein kinases
modulate cellular activities by phosphorylating certain
inactive proteins. The protein kinases are named after the
second messengers that activate them (cAMP-dependent
protein Kinase for example). There are also other types of
protein Kinases that are not second-messenger-depen-
dent. They include protein tyrosine kinases, which
phosphorylate substrate proteins specilically on tyrosine
residues, casein kinases and numerous others.

Following protein kinase activities the phosphorylated
proteins (termed third messengers) are activated and
then bring about subsequent modifications in cellular
functioning,.

1. Normal neuronal activity requires intact pre- and postay-
naptic interactions between first messengers (1) (e.g. neuro-
transmitters) and their targel receptors or transporters located
on the extracellular membrane.

2,3. Neurotransmitters bind with high affinity to postsynap-
tic receptors that are linked to either protein complexes termed
G-proteins, or ion channels. G-proteins are so-termed because
of their ability to bind the guanine nucleotides guanosine
triphosphate (GTP) and guanosine diphosphate (GDP). G-
proteins serve to couple receptors to specific intracellular effec-
tor systems, Three major types ol G-proteins are involved in
signal transduction: G, G, and G, These protein complexes
differ from one another in their o subunits (see Sections
1.3-1.5 for further details), which, in turn, gives rise to differ-
ent and sometimes opposing effects on consequent intracellu-
lar functioning. Many of the drugs used in psychiatry can
either antagonize the receptors linked to specific G-proteins (2)
or stimulate them in a similar way to that of the endogenous
first messenger (3). Synaptic responses mediated by receptor-
gated channels and G-protein-linked receptors have consider-
ably dilferent time courses. The direct effects of ligand-gated
channels are rapid and transitory, usually ending in less than
one millisecond, whereas those mediated by G-protein-linked

receptors are slower in onset (requiring at least 100 ms 10
develop) and can be very long in duration (minutes). Some
established examples of brain G-protein-linked receptors are
presented in Section 1.5.

4-6. Some drugs or even the same drugs described previously
can interact with ion channels such as calcium ion channels
(4) or the sodium channels (5). They can allect membrane
pumps such as = sodium-potassium ATPase (6). In all of these
cases they can cither suppress or enhance the permeability of
these membrane structures,

7. Some drugs also bind with high aflinity to receptors whose
transmitters have not been identilied as vet (orphan receptors).
8-10. Pharmacotherapy that alters first-messenger activities
and interacts with various membrane receptors inevitably alter
the functioning of second-messenger components (8). These are
substances such as phospholipase C, adenylate cyclase, guany-
late eyclase (9), phospholipids and arachidonic acid (10). They
can also modily cellular functioning by changing the intracel-
lular concentrations ol major ions, especially calcium (4),
which is also considered a second messenger.,

11,12, The outcome ol the altered second-messenger activities
is o madilication of protein kinase functioning (11), which is
lollowed by enduring intra- and intercellular responses (12).



| Basic aspects related to drug action

1.3 Signal transduction (l)

Receptor-G,-protein interactions and activation of the second-messenger system

Typical receptor
coupled to the
G,-protein complex

=

Possible site that
determines the
specificity for ligands

Cellular
membrane

Intracellular
space
N
0-S complex
which binds to GTP
_#

[} subunit | ;

| [ —
¥ subunit I o |S |

§ = subunit E |

&

Legend

Stimulates
Aspartate residue

Cysteine residue

- -
Second
messenger
ar
—_—

AC Adenylate cyclase
ATP Adencsine triphosphate
cAMP Cyclic adenosine monaphosphate
GDP Guanasine diphosphate
GTP Guanosine triphosphate

Notes about the numbered items in the scheme

Receptors that are coupled to the G-protein complex have a

characteristic structure:

a. Seven transmembrane domains (numbered from 1 1o 7).
b. The NH, terminal at the extracellular site and the COOH
terminal intracellularly.
c. All have an aspartate residue at the third domain
(lettered A). This suggests that binding involves an ionic
interaction between the carboxylate side-chain of the aspar-
tate and the neurotransmitter amino group.
d. Receptors that inhibit adenylate cyclase (e.g. G) have a
longer third and shorter fourth cytoplasmatic loop. Stimu-
lating receptors are coupled to G, as in the scheme. have a
shorter third loop and a longer fourth loop.

All receptors have a cysteine residue at similar points in
the fourth cytoplasmatic loop (lettered C).

The sixth and seventh domains are important in deter-
mining the specificity for the binding ligand.

2-5. Mechanism of receptor requlation. When a ligand binds to
the receptor, the G-protein, which is in an inactive form [GDP
component attached to o, . 7 and S sub-units (2)]. is activated.
This induces an allosteric change in the o subunit that makes it
bind with much greater aflinity to GTP than to GDP (3). At the
same time, the activated complex dissociates into GTP plus an
oS complex (41, and a B~y complex, which remains attached to
the receptor. The active complex (the GTP plus an ¢S complex,
and especially the g-subunit) activates adenylate cyclase which
converts adenosine triphosphate (ATP) to cyclic adenosine
monophosphate (cAMP). which is a second messeneger (5) that
increases the activities of several intracellular protein kinases,
which in turn regulate many metabolic processes.



1.4  Signal transduction (ll)

Basic aspects related to drug action m

Receptor-G, protein interactions and activation of the second-messenger system

Typical receplor
coupled to the
G,-protein complex

~

Possible site that
determines the
specificity for ligands

B subunit

— —

Cellular
membrane

Intracellular
space

Second
messengers

+

Inactive PLC
-

- Active PLC

Dissociated
«-S complex
that binds to GTP

Note that this o
subunit is different
from the o subunit

of the G.-protein =

(see Section 1.3)

Stimulates

Legend
Aspartate residue “

Cysteine residue H

DAG Diacylglycerol
GDP Guanosine diphosphate
GTP Guanosine triphosphate
IP3 Inositol triphosphate
PIP2 Phosphatidyl inositol biphosphate
PLC Phospholipase C

Notes about the numbered items in the scheme

1. Typical receptors that are coupled to the G-protein complex
have a characteristic structure (see Sectionl.3 for details).

2-5, Mechanism of receptor regulation. When a ligand binds to
the receptor at the membrane binding site. the G -protein,
which is in an inactive form [GDP component attached to o,
B. v and S subunits (2)]. is activated. This activation induces
an allosteric change in the o subunit that makes it bind with
a much greater affinity to GTP than to GDP (3). At the same
time. the activated complex dissociates into GTP plus an -8

complex (4), and a B—y complex, which remains attached 10
the receptor. The active complex (the GTP plus an o-S
complex. and especially the o subunit) activates phospholipase
C. which converts phosphatidyl inositol biphosphate (PIP2) 10
inositol triphosphate (IP3) and diacylglycerol (DAG), both of
which are seccond messengers (5). DAG enhances the activities
of intracellular protein kinase C (which further regulates many
cellular processes). 1P3 stimulates the release of calcium ions
(stored in vesicles of the endoplasmatic reticulum) into the
cytoplasm.

7
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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

containing major receptors |
The presented intracellular and lon-gated channels
changes occur when the = ———————
receptors or ion-gated
channels are stimulated
by their corresponding
first messenger

Nicotinic

Cation channel (Na', K', Ca®)

Increases k ‘.
Na* C32+ / e Cellular membrane

? K* and attached
and decreases K receptoral complexes

Calcium
channel -
Increases C|

Alters Ca™
{NMDA increases and
a, and © opate decrease)

G-protein (?) x opiate

Calcium

channel

Decreases K¥
5-HT,g* (via activating an
5-HTm.n=__ ion-gated channel)

ACPDtype 2

o

Inhibits

cAMP

ia
G-protein

G-protein
|

e e e e e i e s e e e i

2

D,

=
5 (]
= L
o
1 5 Activates
= ‘
= | o cAMP
== ce Extracellular
G-protein space
R ? <
o+
- - Activates
: — ) IP3 and DAG
© g
s 2
- NO s
] (5 o0 4 G-protein-
m___ Activates > linked rec.
=" caMp | e >
STl yia M, and possibly M
G-protein d
AL &
n E]
Intracellular space and
secondary changes associated
with the stimulation of various
receptors or ion-gated channels
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Different receptors which interact with
corresponding neurotransmitters.

Receptors that are indicated with the

same color react with a specific

Receptors for vasopressin

Legend neurotransmitter.
(for both pages)
)
ACh. nicotinic receptor GABA type A and B receptors GABA,
- B ACh, Musc. receptors (type 1-4 “ g .
8 e Dopaminergi p: {(:we 1 5)) £8 Ay
opaminergic receptors (type 1- “ 5 )
g5 it et cd RltgEi oot T
B g 9 P g 2 for glutamate AMPA
E =2 B adrenergic receptors g E ACPD,.
- Serolonergic receptors Inhibitory postsynaptic
Histaminergic receptors “ glycine receptor
Receplor for substance P m] )
= P Endogenous adenosine receptors
= _Hé Receptor for neurokinin A E ‘3 5 (existence not established)
=% o ] s 2
i Different receptors for £ ;
8 a P =] Endogenous receptor for purines
g- B endogenous opiates I:I @ g (e.g. adenosine and guanine)
g8 59
= . ey
a Receptors for cholecystokinin CCK, 3 & a type 1 and 2 receptors | a -
Vi va @ (endogenous ligand not blished)

Stimulates — & ACh. Acetylcholine
Inhibits —# Ca®* Calcium ion
cAMP Cyclic adenosine monophosphate
Calcium ion o] c¢GMP Cyclic guanine monophosphate
Chloride ion [&] CI' Chloride ion
Nitric oxide @ DG Diacylglycerol
Potassium ion @ GABA y-Aminobutyric acid
Sodium ion L] IP3 Inositol triphosphate

K* Potassium ion
Musc. Muscarinic
Na* Sodium ion
NO Nitric oxide

* Found in animals only

Notes about the numbered items in the scheme:

Most brain receptors are either linked to G-proteins or located
directly on ion channels. The scheme on the left attempts to
simplily and integrate the current knowledge about the
secondary intracellular changes which follow the stimulation of
the various receptors.

There are two major ways in which to understand the scheme:
1. Il one needs to know which type of receptors can elicit a
certain response then one should look at the desired response
[activated eyclic  adenosine monophosphate  (cAMP)  for
example| and then notice which receptors are associated with
the stimulation of this second messenger. In this example it can
be seen that the serotonergic receptors 5-HT, . 5. the histamin-
ergic receptor H,, the D, and D, dopaminergic receptors, the A,
endogenous receptor for adenosine, the ACPD type 1 receptor
for glutamate, the B, ; adrenergic receptors and the V, recep-
tor for vasopressin can all activate cAMP, and they do so via
the G-protein mechanism.

2-5. If one needs to know what intracellular responses are
estimated to occur when an activity of a certain neurotransmit-
ter is altered (either enhanced or suppressed) then one should
look at the different colors of the receptors. All the receptors that

have high aflinity for a certain neurotransmitter are colored the
same. For example, all the different acctyvlcholine receptors
(nicotinic and the four types of muscarinic) are colored green.
Therelore, when one administers a cholinergic drug such as
pyridostigmine or tacrine. one expects an increase in the concen-
tration of acetylcholine in the synaptic cleft. The acetylcholine
will potentially interact with all the acetylcholine receptors, and
the secondary effects ol these interactions should be as follows:
a. Stimulated M, and M, receptors activate inositol triphos-
phate (IP3), discylglycerol (DAG) (2) and cyelic guanine
monophophate (¢GMP) (3 ).
b. Stimulating the M, receptors inhibits the activities of
cAMP and decreases potassium concentration in the intra-
cellular space (4).
c. Stimulating the M, receptors inhibits the activities of
cAMPD (5).
d. Stimulating the nicotinic receplors increases cation
(mostly polassium) concentrations via a direct action on ion-
gated channels (6).

These four responses are expected 1o occur, but there is little
data concerning which of the four predominates, if at all.
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1.6 Signal transduction (lll)

Second messenger—protein kinase interactions and consequent activation of third messengers

‘ (=]

The major
studied second
messengers

ostsynaptic
membrane

Intracellular
space
S—

Protein
kinases

cAMP-dependent PKs

Calmodulin °| ca**

- e e e

Ca**-DAG-dependent
PKs (PKC)

Ca®*-Calmodulin-
dependent PK

()

Catalytic domain
(covered - inactive)

-y

Regulatory

domain
Prototype

of an
inactive
protein kinase

" Catalytic
domain
{uncovered - active)

(third messenger)

Prototype of an
active protein kinase

Active
complex

tracellular functio
Lipid- protein- and glucose metabolism ;
cell division and differentiation ; permeability of
membranes ; secretory processes ; gene expression

Legend

Stimulates —

Metabolizes !
Second ]
messenger i Name / SM |

ADP Adenosine diphosphate
ATP Adenosine triphosphate
cAMP Cyclic adenosine
monophosphale
cGMP Cyclic guanine
monophosphate
DAG Diacylglycerol
PK Protein kinase
SM Second messenger

Notes about the numbered items in the scheme

1. Signal transduction refers to the cascade ol intraneural
interactions, beginning with extracellular first messengers
(neurotransmitters. peptides). which affect the cell membrane
receptors, the consequent activation of the second-messenger
system, which in turn activates more intrancural messengers,
leading to a specific cellular response. The major second
messengers involved in signal transduction are ¢cAMP. eGMP,
calcium as part of a larger complex that contains four calcium
molecules and a calcium-dependent regulatory protein called
calmodulin, and calcium with the second messenger diacyl-
glycerol.

2, Each of these second messengers has a specific aflinity lor
another type of intracellular protein called protein kinase (PK).

The PKs are named according to the specific second messenger
that stimulates them.

3-9. Most PKs have a similar mode ol action. The typical PK has
two major domains. A catalytic domain (3), when activated, can
transfer a phosphate group (PO,) from ATP (4) to a specific and
inactive intracellular protein (5). The PO, group converts the
protein into an active complex termed third messenger (6) which
induces a specific cellular response (7). The second major domain
of the typical PK is the regulatory domain (8). When the PK is
inactive, the regulatory domain covers the catalytic site and
suppresses its activities. When a second messenger binds to the
regulatory domain (9). it induces a conformational change that
uncovers the catalytic site and enables it to react with ATP,



1.7 Gene expression
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Transcription, protein synthesis and consequent cellular changes

[ cCellular

membrane

l—l

L4

~ Double-
stranded DNA |

Cell nucleus

PO Active TF Active TF

—p fac

Regulatory

element

Protein-
encoding gene

Transcription

RNA

potymearase Il

T

-

PO ActiveTF

A)
\
~
-~

(]

process

tANA T i

Protein

m + Inactive TF

|

Active
protein kinase

e B

Serves as / incorporates itself into / requlates:
Enzymes, hormones, ion channels,
neurotransmitters, peptides, receptors,
signal-transduction proteins,
cytoskeletal components, etc

Stimulates —_—

Legend

Transcribed region

[E—)

Notes about the numbered items in the scheme

1-5. The term “transcription” (1) refers to the process of trans-
lating genetic information from a protein-encoding gene (2)
located on a certain region of the single-stranded deoxyribonu-
cleic acid (DNA) into a messenger ribonucleic acid (mRNA) (3).
The mRNA is a template for a transfer RNA (tRNA) (4) which
has the capacity to translate coded information on the mRNA
into a protein chain (3). Specific tIRNAs transport distinet amino
acids to the protein-building site, where they bind to a comple-
mentary codon on the mRNA, thus directing the incorporation
of the appropriate amino acid into a growing protein chain,

6. Once a new protein is synthesized, it can modulate cellular
functioning via numerous ways. It can incorporate itsell into
various cellular structures, with consequent alterations in their

functioning. It can serve as an enzyme, neurotransmitter
peptide or hormone that governs cellular activities. It can alter
signal transduction mechanisms. receptor configurations and
activities, ion channel permeability, and practically almost all
ol the major processes related to normal cell functioning.
7-11. Protein synthesis begins when an inactive protein
termed a transeription factor (7) becomes activated by a certain
protein Kinase (8). The activated transcription lactor (TF) (9) is
then capable ol identifving a unique sequence ol the DNA,
termed a regulatory element (10), which lies adjacent to the
protein-encoding gene, Finally, the enzyme RNA polymerase 11
(11) binds to a site on the activated TF, where it begins
transcribing DNA information into mRNA coding.
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1.8

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

H I 5-OH-tryptophan ‘

Noradrenergic

nerve terminal

Tyrosine
hydroxylase
(rate-limiting

enzyme)

Tyrosine

Dopaminergic ‘

nerve terminal

Tyrosine
hydroxylase

I | Tyrosine I

'\.I

\i

Dopa
decarboxylase

(rate-limiting
enzyme)

DA
hydroxylase

Morepinephrine-
containing vesicle

Serotonergic
nerve terminal

Cholinergic
nerve terminal

ey -

Tryptophan
(availability is
rate-limiting)

Tryptophan

hydroxylase :

Amino acid
decarboxylase

Serotonin-
containing vesicle

Dopa
decarboxylase

Choline-TR

Acetylcholine
containing
vesicle

Acetylcholine esterase
(on postsynaplic membrane)

Dopamine-
containing vesicle

Choline acetyl
transterase
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| Adrenergic
b

. nerve terminal

hydroxylase
(rate-limiting =3

enzyme)
: Histamine-N-
IJb { methyltransferase

=

Histidine
decarboxylase

i
-3
o
-
o

Dopa | — >
decarboxylase

DA
hydroxylase

A

A

Epinephrine-
containing
vesicle

Histamine-
containing vesicle

H-AR ; possibly the
H, receptor

Legend

Stimulates Pr— 5-HIAA 5-Hydroxyindole acetic acid
Inhibits —_—F 5-HT Serotonin (5-hydroxytryptamine)
5-HT-AR Serotonergic autoreceptor
Enzyme | Mame ol enzyme | 5-HT-TR Transporter for seratonin
wuz~ADR-AR «,-adrenergic autoreceplor
Enzymatic ACh Acetylcholing
reaction —l Name ol enzyme }—» ACh-AR Cholinergic autoreceptor

AD Aldehyde dehydrogenase
Choline-TR Transporter for choline

Mame of Name of COMT Catechol-O-methyltransferase
substrate substrate DA Dopamine
DA-AR Dopaminergic autoreceptor

DA-TR Transporter for dopamine
E-TR Transporter for epinephrine
H-AR Histaminergic autoreceptor. Could

| Name of enzyme ]

Acetylcholine m be the H, receptor
H-TR Transporter for histamine
Dopamine m HVA Homovanillic acid
M Mitochondrion
Epinephrine E‘ MAO, Monoamine oxidase, type A
{adrenaline) MAOg Monoamine oxidase, type B
Histamine “ MHPG 3-Methoxy-4-hydroxy-phenylglycol
NE-TR Transporter for norepinephrine
Morepinephrine m PNMT Phenylethanolamine-
(noradrenaling) N-methyltransferase
Serotonin 5-HT
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1.9 Neurotransmitters

Glutamate; excitatory

Presynaptic

glutamatergic

nerve terminal

Pyruvate

Acetyl-coA

s

Postsynaptic
nerve

Phencyclidine (PCP)

"'_.—\

Mitochondrion

Glutamate
containing
vesicle

Postsynaptic
membrane

NMDA

Cellular response
(excitatory)

Intracellular
space

receptor

L—eﬂgﬂ—q Stimulates TR
Inhibits Tl
Glutamate O

ACPD Trans-1-aminocyclopentane-
1-3-dicarboxylic acid
u-KG u-Ketoglutarate
AMPA -Amino-3-hydroxy-5-methyl-4-
isoxazole proprionic acid
AP4-AR 1,2-Amino-4-Phosphono-butyrate.
Believed to be an autoreceptor.

Glut-TR Transporter for glutamate

MK 801 (dizocilpine) Synthetic antagonist

NMDA N-methyl-D-aspartate
NMDA-Receptor One of 5 main receptors
for glutamate; The others are AMPA,
KAINATE, AP4 and ACPD. The data
concerning these receptors is limited.
The NMDA-receptor is activated by 2
glutamate and 1 glycine molecules
SC Succinate
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1.10 Neurotransmitters
v-Aminobutyric acid (GABA); inhibitory

Presynaptic Glucose

GABAergic

nerve terminal

Pyruvate |

N

Acetyl-coA

Mitochondrion

[ SSAD
Glutamic acid
decarboxylase
(rate limiting)
( GABA-T +Vitamin B,

(as co-factor)

GABA
containing
vesicle

On Synaptic ‘
postsynaptic et
nerve

High affinity for the GABA receptor complex
(see benzodiazepines and agents which enhance
or suppress GABA activity; Seclions 4.2-4.3)

L_egid Stimulates ‘. u-KG o-Ketoglutarate
GABA vy -Aminobutyric acid
GABA @ 30-50% of brain synapses are
believed to be GABAergic.
Glutamate () The majority of them are short interneurans

GABA-T GABA ketoglutarate transaminase
GABA-TR Transporter for GABA. It is a sodium-
Enzyme dependent high affinity process
SC Succinale
SSAD Succinic semialdehyde dehydrogenase
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111 Vesicular monoamine transporter
Vesicular monoamine transporter type 2 (VMAT2)

Presynaptic 8
nerve terminal

Binding sites for
reserpine
and The biogenic amine undergoes
tetrabenazine degradation by specific enzymes
such as MAO, or MAOg

Other possible
inhibitors/requlators of VMAT2 activity:
cytotoxic compounds; verapamil;
tacrine; estrogen; progesterone

Cytoplasmatic
vesicle
containing a
specific biogenic
amine

Cell

membrane
Neurotransmitters in 1 y;
the synaptic cleft - 7

T T T T T e T e e e R

H® Proton
His-NMT Histamine N-methyltransierase
MAQ, Monoamine oxidase type A
MAOg Monoamine oxidase type B
PLM -TR Plasma membrane transporter
VMAT2 Vesicular moncamine transporter
type 2

Biogenic amine
Serine residue
Reserpine

A
A 4

Tetrabenazine
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Notes about the numbered items in the scheme
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1,2. A neurotransmitter, once released from the presynaptic
nerve into the synaptic cleft, can be involved in several
processes. Some [raction of the released neurotransmitter can
affect the corresponding post- or presynaptic receptors, with a
consequent secondary intracellular changes. Following this, it
disengages from the specific receptor back into the synaptic
cleft, ready for reuptake into the presynaptic nerve. or for
further receptor interaction (1). Some is then retransported
into the presynaptic nerve terminal by the plasma membrane
transporter (PLM-TR) (2).

o/

3. Once entering the presynaptic nerve terminal, about 30% of

the neurotransmitters are metabolized by specific catabolic
enzymes. Monoamine oxidase type A (MAQ,) is the main
enzyme responsible for metabolizing serotonin, norepinephrine
and epinephrine. Monoamine oxidase type B (MAO,) metabo-
lizes dopamine, and histamine-N-methyltransferase along with
MAO, metabolize histamine. Acetylcholine undergoes an extra-
cellular catabolic process by acetylcholine esterase.

4,5, About 70% of the neurotransmitters uptaken by the
PLM-TR are re-stored in intracellular vesicles locatled in the
presynaptic nerve terminal (4). Each ol these vesicles contains
only specilic biogenic amine: norepinephrine is accumulated
and stored in specific vesicles in adrenergic nerves, serotonin
in specific vesicles in serotonergic nerves, ete. All monoamine
neurotransmitters are transported from the cytoplasm into
their corresponding vesicle by a non-specific transporter
termed the vesicular monoamine transporter (VMAT). There
are two main isoforms involved in such processes: VMAT]I
and VMAT2. VMATI has, to date. been located exclusively in
adrenal tissue while the VMAT2 is found in brain tissue (5),
as well as in peripheral and enteric neurons. VMAT2 is
located on the membrane of the intracellular storing vesicle,
and it transports all biogenic amines (¢.g. serotonin, norepi-
nephrine, dopamine, acetylcholine, histamine) with practi-
cally equivalent aflinity. Regional localization of VMAT2 is
consistent with the known monoamine nerve terminal
density; highest in the striatum, lateral septum, substantia
nigra pars compacta, raphe nuclei and the locus ceruleus.
Lower density is evident in the cerebral cortex and in the
cerebellum. The VMAT transporter is a protein with 12 trans-

membrane segments and both of its extremities are located in
the cytoplasmatic side.

6,7. The mechanism of VMAT2 action is complex and only
partially understood. It is thought that the transport of the
biogenic amines is dependent on the pH gradient between the
cytoplasm and the intravesicular space. The cytoplasm is a
relative high-pH region (6) compared with the intravesicular
space (low-pH region: pH = 4-5) (7). This pH gradient provides
an essential driving force for 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 VMAT2 is the most important [actor for recognizing
the transported biogenic amine by the VMAT2, and that
hydroxyl groups on the different biogenic amines serve as
substrates that are recognized by the serine residues. Other
factors are also likely to be important.

8. The most studied substances that affect the VMAT2 are
reserpine and tetrabenazine. Both inhibit VMAT2 activity
with a consequent decrease in biogenic amine transport into
storing vesicles. This results in a reduced amount of biogenic
amine available for release into the synaptic cleft. Reserpine
and tetrabenazine have different binding sites on the VMAT2
and they are 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 tetrabenazine. This
means that when reserpine (or tetrabenazine) binds
VMAT2, it inhibits its capacity to uptake monoamines but at
the same time prevents the binding of the other antagonist
(tetrabenazine 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 VMAT2 activity are cytoloxic
compounds such as ethidium, isometamidium, tetraphenyl-
phosphonium and rhodamine, as well as agents such as
tacrine, verapamil and the hormones estrogen and proges-
terone. The way in which estrogen and progesterone aflect
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

i : >
Inhibited receptors Stimulated receptors Reuptake

Assumed effect

Central nervous system

CvVs

GIT

Genito-urinary | | Opht.

Misc.

Agitation
Akathisia

Delirium

EPS (induces)

EPS (protects from/reduces)

Headache (induces)

Headache (reduces)

Hyperthermia

Hypothermia

Insomnia

Memaory impairments

Prolactin secretion (increased)

Sedation

Seizure induction

Sleep architecture (enhanced stage 3,4)
Sweating (decreased)

Swealting (increased)

Tremor

Hypertension
Hypotension (postural)
Tachycardia
Tachycardia (reflex)

Appetite (decreased)

Appetite (increased)

Bronchial secretions (decreased)
Constipation

Diarrhea

Gastrointestinal discomfort
Nausea, vomiling

Nausea, vomiting (protects from)
Weight gain

Weight loss

Blurred vision
Narrow-angle glaucoma (exacerbates)
Photophobia

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

inhibition

5-HTz42c ™"

5-HT, **

ACh muscarinic type 1**
Histamine H, **
Dopamine type 2 **

oy ADR **

5-HT4 "

5-HT4p *

S'HTQA.Z'C =

5-HT,; **

GABA,

NE-reuptake inhibition*
5-HT-reuptake inhibition*
DA-reuptake inhibition*

S




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

Psychiatric
syndrome

Generalized anxiety

OCD

Panic attacks

g
x
=
<

disorders

Social phobia

Depression

Psychosis

Sexual dysfunctions
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Stimulation of the following receptors

induces Reduces or improves

* *

* *
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Legend
(for both Sections

Data are fairly established
1.12 and 1.13) ¥

Data are not well established
No data / no effects
Presynaptic receptor

Postsynaptic receptor

7@ ]| sHT
ACh

=) ADR
Cvs

] oA
EPS

Name* GABA,
NE

Name"* ocD
Opht.

Serotonin (5-hydroxytryptamine)
Acetylcholine

Adrenergic

Cardiovascular system
Dopamine

Extrapyramidal symploms
+Aminobutyric acid type A
Norepinephrine (noradrenaline)
Obsessive compulsive disorder
Ophthalmic
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1.14 Various receptor subtypes
Comparalive distribution in different brain regions

Receptor subtype
R
= - o
° Q
- O -n e 28
S & S e ENN
22-9-9 T = =
= = PP D o & oo m m
O 0 © © o 0 o o
£ £ ¢ c B £ £ & S .M
« a € 0 Q0 O o o EEEEq '&
oS cerrrrtoflisssss 38
Brain region 2z x § B 2SR E0 0 a =
s © £ L 3 8 =8 0808 80 M Z
Amygdala
Caudate
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 l

Subthalamic nucleus

Thalamus

Legend

High concentration BDZ Benzodiazepine
GABA -Aminobutyric acid
5-HT Serotonin (5-hydroxytryptamine)
NMDA
Low concentration KAINATE } Different receptors for glutamate

AMPA

No data or not detected I:l




1.15 Specific ligands for various receptor subtypes
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Various ligands
Receptor g
subtype | Agonists l Antagonists
5-HT ;4 5-CT 8-OH-DPAT buspirone ipsapirone gepirone Metergoline pindolol I
5-HT s RU 24969 [}-adrenergic antagonists
5-HT,p | Sumatriptan mCPP I j-adrenergic antagonists
LE“‘ g 5-HT, | 2-Methyl-5-hydroxytryptamine I ICS 205830 MDL 72222 ondansetron zacopride
@ ©
= -
o
.g § 5-HT,x 5-CT 8-OH-DPAT buspirone ipsapirone gepirone Metergoline I
i { = .
{?} 5-HT,p RU 24969 [i-adrenergic antagonists
5-HTax DOl LSD mCPP MK 212 Ketanserin ritanserin spiperone
5-HT,c mCPP MK 212 Methysergide ritanserin
5.HT3 | 5-?\.’.ethyl-5-DH I ICS 205930 MDL 72222 ondansetror
‘ | 0t | Clonidine lofexidine methylnoradrenaline || ldazoxan mirtazapine piperoxane yohimbine I
2]
D : - : T T R T
g 5 o Methoxamine phenylephrine APDs (see Section 3.4) prazocin TCAs (see Section 2.10)
2 I_ e — l
oo
5 ] Clonidine lofexidine methylnoradrenaline Fiuparoxan idazoxan piperoxane
o
i
g = Clenbuterol isoprenaline terbulaline Atenolol practolol propranolol
B | Clenbuterol isoprenaline terbutaline I ICl 118,551 propranolol l
| Foxi 3 Sulpiride
I D, | Roxindole I | Sulpiride l
2]
o = T
5 & D, Pergolide SKF 38393 1l SCH 23390
c =
E EJ- D, Apomorphine LY 141865 MK 458 pergolide RU 24526 APDs domperidone sulpinde raclopride
g e ,
§ 0, I
D, | ? I Clozapine Olanzapine I
o
o . . A . - -
5 - M, Arecoline pilocarpine RS 86 SKF 38393 Atropine pirenzepine * QNB scopolamine
<3
o M, Arecoline carbachol * pilocarpine RS 86 Atropine QNB scopolamine
Nicotinic Arecoline nicotine ” Mecamylamine I

Legend

Presynaptic
receptors

Postsynaptic
receptors

-

?

[———)
R

Does not cross the
blood-brain barrier
Not known as yet

5-CT 5-Carboxyamidotryptamine

8-OH-DPAT 8-Hydroxy-(di-n-propylaminojtetralin

ACh Acetylcholine
APDs Antipsychotic
DOI lododimethylo:

drugs
xyamphetamine

LSD Lysergic acid diethylamide
mCPP m-Chlorophenylpiperidine

QNB Quinuclidinyl benzilate
TCAs Tricyclic antidepressants
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1.16 Drug pharmacokinetics

Principles and major agents affecting the hepatic microsomal enzymes

Varlous drugs

entering the GIT 4-

i

I Systemic
e ] circulation
Barbiturates Ph
ase |
BCP ‘

(in some cases via =
oxidation, phase | )
Carbamazepine
Ethanol

{during chronic abuse)
Phenytoin
Pyridoxine '
Rifampin ‘

metabolism
(conjugation)

Smoking enzymes

enzymes

metabolism
[ Phase Il (oxidation ; reduction ; butyrophenones, and

Amiodarone

Antipsychotics
{Phenothiazines,

probably others).
Aspirin

BCP

(in some cases via
glucoronidation).
CCB

(diltiazem, verapamil)
Chloramphenicol
Cimetidine
Co-trimoxazole
Cytotoxics
Danazol
D-Propoxyphene
Dicoumarol
Disulfiram
Erythromyein

Portal
circulation

Ethanol

(during acute abuse)
Isoniazid

MAQIs

Qrphenadrine
Probenecid

Billary
tract

Renal
tubules

Glomerular
membrane

Excreted in
the urine

Propranolol

Ranitidine

SSRIs

TCAs

Tetracyclics

Excreted in (antidepressants)
the feces Valproate

Absorbed drug @ Active transport

Chelated or other complexed
adsorbed drug
Metabolizes
Drug metabolized by GWCE @

Albumin-drug complex m

—O— BCP Birth control pills
CCB Calcium-channel blockers
—(O—> GIT Gastrointestinal tract
GWCE Gut-wall catabolic enzyme
———iF MAQIs Monoamine oxidase inhibitors
S5RIs Selective serotonin
reuplake inhibitors
TCAs Tricyclic antidepressants.

Agents thal decrease

Gastric pH C) the serum levels of some
absorbed (blue) drugs

Conjugated drug @@= (via stimulation of liver

microsomal enzymes)

Agents that increase
the serum levels of some
absorbed (blue) drugs
(via inhibition of liver
Name microsomal enzymes) Name

Metabolites of drugs By '.“




Notes about the numbered items in the scheme
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Pharmacokinetic interactions are subdivided into absorption,
distribution, metabolism and excretion.

A. Absorption. Orally administered drugs can undergo a
number ol interactions or processing while passing through the
gastrointestinal tract, Most of these interactions interfere with
absorption, mainly aflecting the rate and total amount of drug
absorbed. The rate of absorption is important il a rapid response
is needed, It has little importance if the drug is given chronically
or in multiple daily doses. In the case of a drug given in a single
dose. with a need for an immediate response, altered absorption
might prevent the expected therapeutic response. mainly due to
inability to reach appropriate serum level. The most relevant
factors governing its absorption are as follows:
a. Gastrointestinal pH (1). Absorption from the gastroin-
testinal tract (mostly from the proximal parts of the ileum)
depends on the solubility of the agent (the more lipid-soluble,
the better is the dilfusion through the intestinal membrane)
and on the electrical charge of the agent (the non-ionized
form usually diffuses well through the mucus membrane).
The gastrointestinal pH may alter these parameters. with a
consequent impairment in the rate of absorption or the total
amount ol drug absorbed.
b. Adsorption - precipitation, Many agents may form a
larger complex - precipitates (2) with other particles such as
metallic ions (aluminum, bismuth, calcium. iron) while
passing via the gastrointestinal tract. These complexes are
sometimes poorly absorbed.
c. Gut motility. Some agents can alter gut motility (3).
which can have opposite elfects. Decreased gut motility. or
delayed emptying of the stomach, causes the drug to spend
more time in the gastrointestinal tract and can either
enhance absorption (with drugs for which prolonged time
enables better dissolution) or impair it (with drugs that are
metabolized by gut wall catabolic enzymes).
B. Distribution. Once absorbed from the gastrointestinal tract,
drugs pass through the liver via the portal circulation (4) and
are metabolized to various extents (the first-pass effect). Follow-
ing passage through the liver, the drugs are distributed to the
tissues by the systemic circulation. The major parameters
relevant to alterations in distribution are as follows:
a. The extent of perfusion to a target organ or tissue,
Initially, highly perfused tissues (central nervous system.
heart. kidneys. liver) exhibit a rapid blood-tissue equilibra-
tion of drugs. Then, the drug may be redistributed to less
perfused tissues (muscle, adipose). This redistribution can
mean that a drag with long elimination half-life might exert
a shorter therapeutic effect than a second drug with a
shorter elimination hall=life due to the former drug's greater
aflinity for adipose tissue (or a larger volume ol distribution).
b. Protein-binding properties. Most drugs are bound to
plusma proteins, particularly to albumin (5). The bound
fraction depends on the concentration of albumin and the

number of binding sites for the drug. The bound fraction is
pharmacologically inactive. Once some of the free drug has
been metabolized, a portion of the bound drug becomes
unbound and can exert its pharmacological activities and, at
the same time, is subjected to metabolic processing and
excretion, Signilicant drug-drug interactions are associated
with drugs that are more than 90% bound to plasma
proteins, Although potentially important, protein binding
interactions exert minimal effects on clinical response.
C. Metabolism, Metabolism is the biotransformation ol a drug
to another chemical and a less lipid-soluble form that is more
casily excreted by the kidneys, The vast majority of metabolic
processing is done by a group of enzymes located in microsomes
of the endoplasmatic reticulum of hepatic cells. There are four
main types of metabolic reactions: oxidation. reduction, hydrol-
ysis [termed phase [{6)] and conjugation [termed phase 11 (7)].
Phase | reactions change the parent compound into a more-
polar form., which may be still pharmacologically active,
partially active or inactive. Phase [ oxidation requires the
presence  of NADPH  and  the heme-containing  protein
cvtochrome P450. When a drug is metabolized by phase |
reactions it can further be metabolized by phase 1L or it can be
hyvdrophilic enough 1o be eliminated without further metabo-
lism (phase 1), Phase 11 reactions involve the conjugation
(coupling) of & drug with a polar substrate such as glucuronic,
acetic, sulluric or an amino acid, which generally leads to total
inactivation of the parent compound. Many drugs alter the
activities ol these metabolic processes by cither stimulating
some of the catabolic enzvmes (8) or inhibiting them (9). and
many drug-drug interactions are due to this.
D. Exeretion, Most drugs are excreted via the bile to be finally
climinated in the feces or the urine. Renal excretion is composed
of three major steps, cach of which can be a target for drug
interactions:
a. Glomerular filtration. Small compounds (water, salts.
a lew drugs. metabolites) diltuse relatively freely through the
glomerular membrane into the lumen of the renal tubules
(10). Larger compounds such as protein-bound drugs (5)
are not filtered and are retained in the systemic circulation
until they become unbound. Conjugated drugs are elimi-
nated either by renal (11) or biliary (12) excretion.
b. Active tubular secretion. Some drugs are actively
excereted (13). When two drugs using the same transport
mechanism are co-administered. one compound can impair
the excretion of the other leading to reduced excretion of one
or both of the drugs.
¢. Tubular reabsorbption. Following filtration into the
renal tubules, some drugs can be actively reabsorbed into
the systemic circulation, [especially lipid soluble compounds,
(14]]. Increased urinary pH enhances the excretion of weak
acids and decreases excretion of weak bases, while the
opposite happens il the urinary pH is reduced.
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117 The P450 microsomal enzymes (l)
Various psychotropic substrates of the P450 enzymes

Various substrates of
the P450 isoenzymes
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Amitriptyline
Clomipramine
Desipramine
Imipramine
Maprotiline
Nortriptyline

Citalopram
Fluoxetine
Fluvaoxamine
Paroxetine
Sertraline

Reboxeline

Venlafaxine

Mianserin
Mirtazapine
MNefazodone
Trazodone

Perphenazine
Thioridazine
Zuclopenthixol

Clozapine
Olanzepine

Alprazolam
Clonazepam
Diazepam
Midazolam
Triazolam

Metoprolol
Propranolol
Verapamil
Tacrine

The CYPIID6 and CYPIIIA4
isoenzymes metabolize more than
90% of the psychotropic agents
that undergo hepatic biotransformation

e
Specific P450 isoenzymes /

CYPIA2 CYPIIC CYPIIBG CYPIIIA4

=

L)

Legend

Maijor capacity for

metabolizing the listed drug

Minor capacity for metabolizing

the listed drug

Mo capacity for metabolizing
the listed drug or data is lacking

A

B

Atyp. Atypical
BDZs Benzodiazepines
MS Mood stabilizers

NARI Selective noradrenaline
(norepinephrine)-reuptake inhibitor

RIMA Reversible inhibitor of
monoamine oxidase type A

SNRI Serotonin-norepinephrine
reuplake inhibilor

CYP2DE6 is not, or is SSRIs Selective serotonin reuplake inhibitors

only to a minor extent, TCAs Tricyclic antidepressants

involved in reboxeline metabolism.

Sulpiride is not metabolized, practically,

by the P450 enzymes.
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1.18 The P450 microsomal enzymes (Il)
Psychotropic drugs or compounds known to inhibit or stimulate specific P450 isoenzymes

The CYPIlIA4 isoenzyme is the most
abundant metabolizing isoenzyme
in the intestinal mucosa. It usually
refered to as ‘gut wall metabolism'.

M

Affected P450 isoenzymes \\

Various inhibitors of

the P450 isoenzymes CYPIA2 CYPIIC  CYPID6  CYPIIA4

2 Amitriptyline
2} O Clomipramine
3 Desipramine
L
-
b= Fluoxetine

[72]
& o Fluvoxamine
17 7]
o %] Paroxetine
= Sertraline
B
—
e . Nefazodone

Q
% g Reboxetine A A

Venlafaxine

Moclobemide

Fluphenazine

I )
o 8 Haloperidol
o 0. 3
2 < Perphenazine
Thioridazine
Othirs Diltiazem
Verapamil
Various stimulators of
thelisujgenzymes CYPIA2 CYPIIC CYPIID6  CYPIIIA4
i Carbamazepine
£ | Cigarette smoking *
Phenobarbital
Legend
Most potent inhibitorfinducer of _ APDs Antipsychotic drugs
a specific CYP isoenzyme Misc. Miscellaneous

RIMA Reversible inhibitor of
Less potent inhibitor of monoamine oxidase type A
a specific CYP isoenzyme _ SSRIs Selective serolonin reuptake
inhibitors
TCAs Tricyclic anlidepressanis

Minor inhibitor of

a specific CYP isoenzyme
* Through the action of polyaromatic
No capacity for inhibiting hydrocarbons
the specific CYP iscenzyme
or dala is lacking

I

A Reboxetine appears to be devoid
of any inducing / inhibitory effects
on the major hepatic metabolism enzymes
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B Antidepressants and mood stabilizers

2.1 Antidepressant drugs - supposed mechanism of action (l)

Euthymic state; no treatment
Presynaptic L| 16

Hifsyapic serotonergic nerve
noradrenergic - Y/ g m

nerve terminal

Tryptophan

5-HT
reuptake
site

NE .. (excitatory effects;
reuptake located in cell body)

NE
AN

5-HT,g-AR

@ S5HT
~7
<z ’ €] =
® N7 PY ' Postsynaptic
membrane
@
i I ] 7 - |
PBraa"
ADR-R 5-HT467-R . | -
a .~ Postsynaptic
nerves
(mainly in the
¥ hippocampus and other
limbic regions)
. 24 Activated AC, cAMP _
Actwat;?{(}ar -_(tilependent and cAMP-dependent “‘\ =
activities PK (PKA) activities
l l 4 ) Intact signal transduction
and consequent gene
Proper >_ expresion (presumed to
production of CREB be associaed with
the conservation
Unknown}:nh;a-cellular ‘ of euthymic state)
mechanisms
(requiringing intact 5-HT Proper production of

—

activities) are crucial for neurotropic factors such
maintenance of the as the BDNF —
euthymic state 5

Euthymic state

Cenlral nervous system that can adapt properly to changing external stimuli along with intact
activities of intracellular messengers and various neurctropic factors
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Legend

Properly functioning
receptor or uplake site

Physiological feedback
inhibition

Stimulates or enhances
a process

Inhibits "

5-HT Serotonin (5-Hydroxytryptamine)
5-HTm 5-HT moduline
AC Adenylate cyclase
ADR Adrenergic
AR Autoreceptor
BDNF Brain-derived neurotropic factor
cAMP Cyclic adenosine monophosphate
CREB cAMP response element binding protein
HR Heteroreceptor
NE Morepinephrine (noradrenaline)
PK Protein kinase
R/Rec. Receptor
* By is the brain main [} receptor

Present knowledge about the biological mechanisms of
euthymic mood is limited. Recent advances in under-
standing signal transduction and consequent cellular

Notes about the numbered items in the scheme

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

1. Most current data on the biological mechanisms of mood are
based on the well-established eflicacy of agents that manipulate
the adrenergic and serotonergic systems to improve or reduce
mood (antidepressants, stimulants and reserpine respectively).
Further data show receptor and/or transporter modifications
that follow administration ol antidepressive drugs and corre-
spond chronologically to the resolution of depression. Practi-
cally all antidepressant drugs increase the availability of
norepinephrine (NE) and/or serotonin (3-HT) in the synaptic
cleft. In many cases (although not in all) this is evident immedi-
ately following antidepressant administration. but the initial
resolution of the depressive leatures takes between 10-20 days
to develop. This phenomenon made it clear that other mecha-
nisms, presumably gradual and intracellular, are involved in
the resolution of depression.

Recent research has emphasized the role of secondary intra-
cellular mechanisms in supporting cuthymic state. It is
assumed that to maintain normal mood the central nervous
system must be able to adapt itsell to changing external stimuli
through appropriate gene expression and the capacity to modify
or maintain certain synaptic connections. This capacity relies,
among other things. on the availability of NE and 5-HT for
synaptic transmission, on subsequent intact signal transduction
and on the succeeding production of certain neurotropic
factors. There are many factors under examination, and the
best known are brain-derived ncurotropic lactor (BDNF),
neurotrophin 3/4/5 (N'T-3/4/5), nerve growth factor (NGF)
and clinically neurotropic factor (CNTF),

2-7. The production of most neurotropic lactors, especially of
BDNF, is under the control of the adenylate cyclase (AC), eyclic

adenosine  monophosphate  (cAMP)  and  ¢AMP-dependent
protein kinases (PKs) system (2). It is well established that the
postsynaptic B, ,; adrenergic (ADR) and the 5-UT,, -
serotonergic receptors activate the AC-cAMP cascade (3).
One of the products resulting from this activation of the
AC—AMP cascade is the cAMP response clement-binding
protein (CREB) (4) which in turn induces the expression of
BDNF (5). CREB is also presumed to be stimulated by Ca®*-
dependent protein kinases (6) which are under the control of
postsynaptic o, ADR and 5-HT,, ,. receptors (7).

8.,9. There is accumulated evidence (mostly indirect) about the
important role of postsynaptic 3-1IT, , receptors in modulating
mood (8). It is presumed that most antidepressant agents that
antagonize the postsynaptic 5-HT,, ,¢ receptors (trazodone,
nefazodone. mianserin, mirtazapine) exert at least some of
their action by enhancing the activities ol 3-HT,, receptors
(stimulated 5-HT,, ,, receptors are presumed to suppress the 5-
HT,, receptors indirectly) (9). It is also reported that postsy-
naptic 5-HT,, agonists (buspirone in high doses) have
beneficial antidepressive effects.

10-16. All other components of the presynaptic nerve must
properly regulate the release and synaptic concentrations of NE
and/or 5-HT (10) in order to maintain the euthymic state. All
the inhibitory auto- or heteroreceptors (11,12), the excitatory
o, ADR receptors located in the presynaptic cell soma or
dendrite (13), the 5-HT moduline system (14; see Section 2.2),
and the reuptake mechanisms (15) must be intact, along with
the availability of important components such as tryptophan
(16; the precursor of serotoning see Section 2.2).
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2.2 Antidepressant drugs - supposed mechanism of action (Il)
Depressive state; no treatment

Presynaptic T
| ryptophan
FiRsynaptic | serotonergic nerve
adrenergic NN [ TR 7
nerve terminal | o

oy ADR-R (in cell body)
Itis downregulated, thus
loses its excitatory effects.

5-HT
reuptake
site

 Postsynaptic |
nerves

Q
- <9
(mainly in the W=y
; Diminished

hippocampus
“:md om:ru neurotransmission

_ limbic regions) |

Postsynaptic
membrane

Decreased AC, cAMP

i 24
Amwmli?((;;i\;i?izzendem and cAMP-dependent PK
K i ‘

(PKA) activities e

. transduction and

2 consequent gene

. i

.—’. .
producton of CHES associated with
Unknown pathological the onset/causation

and maintenance

intracellular mechanisms

of the

(due to relative inactive Diminished production of :
5-HT, 4 activities) neurotropic factors such depressive state)

as BDNF —_—

= 6
ey

g Jd4 =

\' 4 4

Depressive state
The central nervous system cannot adapt properly to changing external stimuli (interrupted gene
expression, abnormal 5-HT and probably NE synaptic homeostasis, loss of neural plasticity)




Downrequlated receptor
or uplake site

Legend

The receptor or uptake
site's regulations
are unknown

Upregulated receptor

Enhanced inhibition

Mild inhibition
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5-HT Serotonin (5-hydroxytryptamine)
5-HTm 5-HT moduline
AC Adenylate cyclase
ADR Adrenergic
AR Autoreceptor
BDNF Brain-derived neurotropic factor
cAMP Cyclic adenosine monophosphate
CREB cAMP response element binding protein
HR Heteroreceptor
NE Norepinephrine (noradrenaline)
PK Protein kinase
R Receptor
* i3, is the brain main [} receptor

The primary abnormalities that induce a major depres-
sive episode are unclear, and most of our present knowl-
edge about depression and the elfects ol antidepressive
agents is focused on apparent receptor changes (pre- and

Notes about the numbered items in the scheme

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

1,2. Dysregulation of the adrenergic and serotonergic systems
is thought to be a key factor in the causation or maintenance
of an acute depressive state. Some reports demonstrate
downregulation of the 3-HT reuptake site (transporter) in
untreated depressive episodes (1), while the activities of the NE
reuplake site (2) during acute depression is uncertain.

3.4. Stimulated o,-adrenergic (ADR) receptors suppress the
release of NE and 3-HT from presynaptic adrenergic and
serotonergic neurons (3). o,»ADR receptors may be up-
regulated during depression, leading to a relative shortage of
synaptic NE and 5-HT (4).

5. The postsynaptic receptor conligurations related to an acute
depressive episode are unclear. The B, ,; and 53-HT,, , recep-
tors might be upregulated and the «,-ADR receptors might be
downregulated. There are no data about the configuration of
the 5-HT, , - or 5-HT,, receptors. Under normal circumstances
the 5-HT, - and the B, ;-ADR receptors stimulate adenylate
cyclase (AC) and the production of cvclic adenosine monophos-
phate (cAMP). The presumed decreased availability of both NE
and 5-HT in the synaptic cleft in depressive episodes leads to
decreased activities of AC and cAMDP. Also under normal condi-
tions, the 5-HT,, ,c and the o,-ADR receptors indirectly stimu-
late the Ca**-dependent protein kinases (PKs). Thus, in
untreated depression the Ca*'-dependent PKs are likewise
repressed. The important role of intact AC, ¢cAMP, ¢cAMP and
Ca**-dependent PKs along with the postsynaptic 5-HT,, activ-
ities in maintaining a cuthymic state is discussed further in
Section 2.1.

6. Our understanding of the secondary intracellular changes
and global brain  abnormalities related to depression is

minimal. Some current research efforts are focused on target
genes such as brain-derived neurotropic factors (BDNF). These
factors influence the dilferentiation and growth of immature
neurons and have a major role in the maintenance and vital-
ity ol mature nerves along with the possible strengthening of
certain synaptic connections in the central nervous system (see
Seetion 2.1). A possible link between BDNF and depression is
that BDNF deficiency is found in the hippocampus ol stressed
rats, and chronic antidepressant treatment prevents this,
Furthermore, the time course for the resolution of a treated
depressive episode (about 10-20 days) conforms well with the
induction of CREB and BDNF (unlike the downregulation of
B adrenergic and serotonergic receptors, which usually occurs
more rapidly). Also, chronic administration of most anti-
depressive  treatments  (trieyelics,  selective  serotonin
reuptake inhibitors. monoamine oxidase inhibitors.
clectroconvulsive therapy) is also 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 made well
by antidepressant medication. Tryptophan depletion may
induce depressive symptoms in both drug-free and in patients
on serotonergic treatment,

8. Recent lindings in animals have demonstrated the existence
of an endogenous ligand termed 5-HT moduline that is
predominantly selective for the presynaptic inhibitory 5-HT,,
autoreceptors, and may be associated with stress-related condi-
tions. An over-active 5-HT moduline system could inhibit
serotonin release from  presynaptic nerve terminals. thus
leading to depression.,
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2.3  Antidepressant drugs - supposed mechanism of action (Ill)
Resolving depressive state; TCA, TeCA and SSRI treatment

site

Presynaptic i Presynaptic

adrenergic serotonergic nerve
nerve terminal - —
o-ADR-R

1 [> (excitatory effects;
located in cell body)
=7 reuptake site
’. @ 5-HT
5-HT ... reuptake

TCAs (CLMP) *
TeCAs (MaAPY)
TCASs (cLMP *)

Postsynaptic
membrane

Oy H 5-HT,4-R
ADR-R [ 5-HT 4.0
AT i 2C

cJy e

_ e Intact AC, cAMP
Acl:vaiie)clj{Car —I?ependem and cAMP-dependent PK
activities (PKA) activities

12

10

" Partial recovery of
signal transduction
and consequent
restoration of gene

Proper

production of CREB

4

Proper production of
neurotropic factors
such as BDNF
e

13
" s

expression

Partial restoration of

intracellular mechanisms
(reactivation of the
5-HT,-mediated reactions)

Resolving depressive state
Resumed gene expression, partial restoration of 5-HT and probably
NE synaptic homeostasis, regain of partial neural plasticity
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Downregulated receptor
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The receptor or uptake
site's regulations
are unknown

Upregulated receptor

Mild inhibition
Suppressed inhibition

Stimulates or enhances
a process

Unknown process/state
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5-HT Serotonin (5-hydroxytryptamine)
5-HTm 5-HT moduline
AC Adenylale cyclase
ADR Adrenergic
AR Autoreceptor
BDNF Brain-derived neurotropic factor
cAMP Cyclic adenosine monophosphate
CLMP Clomipramine
CREB cAMP response element binding protein
HR Heteroreceptor
MAP Maprotiline
NE Norepinephrine (noradrenaline)
NARI Selective noradrenaline (norepinephrine)
reuptake inhibitor
PK Protein kinase
R Receptor
RBX Reboxetine
SSRIs Selective serotonin reuptake inhibitors
TCAs Tricyclic antidepressants

Antagonized receptor | e |

I Drug B ]

TeCAs Telracyclic antidepressants (maprotiline,

or uptake site. Drug A

Drug A - greaer affinity m

Drug B - less affinity

=g

amoxapine)
* These agents have strong
antihistaminergic properties (sedative)
** 3, is the brain main [} receptor

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

Notes about the numbered items in the scheme

1,2, Tricyclic (TCAs) and tetracyclic antidepressants (TeCAs)
block the reuptake ol norepinephrine (NE) into presynaptic
nerve terminals (1), increasing the amount of NE in the synap-
tic cleft (2).

3. Reboxetine is a new selective noradrenaline-reuptake
inhibitor (NARI) that shows a high affinity [or the norepineph-
rine transporter and very low aflinity for other
transporters/receptors.

4. Sclective serotonin reuptake inhibitors (SSRIs) and some

TCAs (usually to a much lesser extent) block the reuptake of

serotonin (5-HT) into presynaptic nerve terminals (4) and thus
increase the 5-HT concentration in the synaptic cleft (2).

5. Some of the TCAs and TeCAs can antagonize the post-
synaptic o,-adrenergic receplors (5). The SSRIs are usually
the least potent at this activity and their antagonizing effects are
clinically insignificant. Mianserin, a TeCA that many consider
to be an atypical agent, antagonizes the postsynaptic 5-HT,,
and 5-HT,.receptors, thus enhancing the postsynaptic 5-HT,,
receptors. It also blocks the a,—autoreceptors (sce Section 2.4
for further details).

6-9. Several receptor modifications are evident following
chronic treatment with these antidepressive agents. These corre-
late, although not exactly, with the time course for the thera-
peutic effects of the antidepressants. The main ones are the
downregulation ol presynaptic o,-adrenergic receptors (6)

and postsynaptic B-adrenergic (7). and 5-HT,, 5. (8) recep-
tors and the upregulation ol postsynapltic o, -adrenergic recep-
tors (9).

10-13. These receptor effects of the antidepressants lead to
various secondary reactions that terminate the depressive
episode. The latest rescarch emphasizes the important antide-
pressive effects of a cascade of reactions initiated by the stimu-
lation of postsynaptic adrenergic and serotonergic receplors
(via the increased availability of NE and 3-HT in the synaptic
cleft). Stimulated 5-HT, - and B, ,;-adrenergic receptors
enhance the activities of adenylate cyclase (AC) and cyclic
adenosine monophosphate (cAMP), ¢cAMP-dependent protein
kinases (10) and c¢AMP response clement binding protein
(CREB) (11). CREB is also presumed to be stimulated by Ca*'-
dependent protein kinases (12), which are indirectly activated
by 5-HT,, ¢ and ¢, adrenergic receptors, All these stimula-
tory effects induce the production of BDNF (13). The potential
role of neurotropic factors and especially BDNF in the patho-
genesis of depression is discussed in detail in Section 2.1, It is
assumed that the final common pathway of antidepressive-
agent action is the enhanced activities of factors such as BDNF
and the subsequent resolution of the depressive state, The possi-
ble link between BDNF and depression is discussed in an earlier
section.
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24 Antidepressant drugs — supposed mechanism of action (IV)
Resolving depressive state; SNRI and atypical antidepressants treatment
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5-HTm 5-HT moduline
ADR Adrenergic
AR Autoreceptor
HR Heleroreceptor
mCPP Metabolite of both nefazodone

Drug B
Antagonized receptor | |

and lrazodone

or uptake site Drug A
Drug A - greaer affinity
Drug B - less affinity
Diminished inhibition

Stimulates

Inhibits

Drug A MRTZ Mirtazapine

NFZ Nefazodone
PK Protein kinase
R Receptor
TRZ Trazodone
VLFX Venlafaxine

* Strong antihistaminergic capacity
** [, is the brain main [} receptor

All antidepressant 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 reuptake
inhibitors (SSRIs) exert their eflects via reuptake inhibition
of either NE or 5-HT. These are direct effects. and it is well
established that there are also cross and indirect efiects
between the NE and the 5-HT systems. For example, the o,
adrenergic receptor serves as an heteroreceptor that
regulates the release of serotonin from presynaptic vesicles,
and stimulation of the o, adrenergic receptor (located in the
soma or dendrites of serotonergic nerves) serves as an
excitatory modulator that enhances the firing rate of the
serotonergic nerve. Serotonin—norepinephrine reuptake
inhibitors (SNRIs-venlafaxine) and atypical antidepres-

Notes about the numbered items in the scheme

sant drugs (AtypADs) such as bupropion, mianserin,
mirtazapine, nefazodone and trazodone, dilfer from the
other subclasses in two major aspects: firstly, their direct
mode of action is not aimed solely at inhibiting the reuptake
of NE or 5-HT. The SNRISs do exert their eflects via reuptake
inhibition but they manipulate both the 5-HT and NE
systems. The AtypADs might have NE or 5-HT reuptake
inhibition properties, but they also enhance NE transmis-
sion by ellecting the presynaptic o, adrenergic receptors.
Secondly. the SNRIs and the AtypAD have a unigue recep-
tor binding aflinity profile that might account for their
specilic beneficial effects such as mirtazapine's relative
lack of gastrointestinal adverse effects such as nausea or
vomiting (presumably due to its 5-HT; antagonistic proper-
ties) and the relative lack of sexual adverse effects (related
mostly to their 5-HT,, ,. antagonistic actions).

1-7. Both SNRIs and AtypADs manipulate the 5-HT and/or
NE systems via presynaptic mechanisms, and the initial result
of these actions is the increased availability of 53-HT and NE in
the synaptic cleft (1). Some of the AtypADs also exert postsy-
naptic effects (mainly 5-HT,, , antagonistic actions) which are
presumed to influence their therapeutic effects and at the same
time, reduce sexual adverse elfects (2). Nefazodone and
trazodone stimulate, at the same time and via their metabolite
mCPP, some serotonergic receptors (3). Bupropion has some
dopamine-reuptake inhibition properties but their clinical
significance is probably much less prominent than its NE-
reuptake inhibition capacity (via its metabolite OH-bupro-
pion) (4). There are two main presynaptic actions ol SNRIs
and the AtypAD. Mirtazapine, mianserin and (to a lesser
extent) trazodone antagonize the presynaptic os-adrenergic
receptors (5). and thus prevent its inhibitory effects on the
release of 5-HT and NE into the synaptic cleft. Venlafaxine
inhibits the reuptake of both NE and 5-HT (4,6) as its sole major
direct effect. Nefazodone has a somewhat dilferent and wider
antagonistic profile and it blocks both the postsynaptic 5-
HT,, .. receptors (2) and the reuptake of 5-HT and NE into the
presynaptic nerve terminals (4,6). Trazodone also inhibits the
o, -adrenergic receptors (7) and this effect probably accounts for

some of its adverse side-eflects (postural hypotension, reflex
tachycardia, sedation, ejaculatory difficulties and priapism).
Nefazodone has also some antagonistic effects on the o,-
adrenergic receptor (7) but its clinical significance is unclear.
8. The therapeutic role of antagonizing the postsynaptic 5-
HT,, . receptors is discussed in detail elsewhere (Section 2.1)
but it seems that blocking these receptors enhances the activity
of the postsynaptic 5-HT,, receptors, which in turn are
assumed Lo play a major role in the antidepressive action.

9. Pre- and postsynaptic receptor modifications (up- or down-
regulation) are observed following the chronic administration
of both SNRIs and AtypADs. Their signilicance is unclear.
10. The final common pathway of the described antidepressant
interactions are just beginning to be revealed. They involve and
probably necessitate the stimulation of the adenylate cyclase
and cyclic adenosine monophsphate (¢cAMP) systems (via
stimulation of postsynaptic 5-HT, - receptors) with a conse-
quent production ol certain neurotropic factors (see Section
2.1). It also requires the activation of the serotonergic trans-
mission via postsynaptic 5-HT,, receplors.

11. Mirtazapine antagonizes the postsynaptic 5-HT receptors
and it seems that this action reduces its capacity to induce
gastrointestinal side-effects such as nausea or vomiting.
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2.5 Antidepressant drugs - supposed mechanism of action (V)
Resolving depressive state; MAOIs and RIMAs treatment
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5-HT Serotonin (5-hydroxylryptamine)
AC Adenylate cyclase
ADR Adrenergic
BDNF Brain-derived neurolropic factor
cAMP Cyclic adenosine monophosphate
CREB cAMP response element binding protein
DA Dopamine
MAO, 5 Monoamine oxidases type A or B
MAOIs Monoamine oxidase inhibitors
MAOIs (T) Tranylcypromine
NE Norepinephrine {noradrenaline)
PK Protein kinase
R Receptor
RIMA (B) Brofaromine
RIMAs Reversible inhibitors of monoamine
oxidase type A
TR Transporter (reuptake site)
* f§, is the brain main [} receptor

Notes about the numbered items in the scheme

1-3. The monoamine oxidase inhibitors (MAOIs) and the
reversible inhibitors ol monoamine oxidase type A (RIMAs)
effect both the serotonergic and adrenergic systems, although
in a different way than the other antidepressants such as the
tricyclics. selective serotonin reuptake inhibitors. ete. The
MAOIs (isocarboxazid, phenelzine. tranylcypromine) are
non-reversible inhibitors of the monoamine oxidases (MAOSs)

type A and B, which are the main metabolizing enzymes of

norepinephrine (NE), serotonin (5-HT) and dopamine (DA)
respectively, The RIMAs (moclobemide, brofaromine) are
reversible inhibitors, which in clinical doses affect only the MAO
type A. Under normal conditions. the MAOs metabolize about
30% of the neurotransmitters uptaken by the plasma trans-
porter into the cytoplasm (the other 70% are stored in vesicles
to be released again when needed). When these enzymes are
inhibited, the fraction of the neurotransmitters that are stored
and available lfor future release is higher. Therelore. the concen-
tration of 3-HT (1), NE (2) and DA (3) in the synaptic cleft
increasces.

4-7. All MAOIs are relative non-selective and they inhibit the
activities of both MAO type A (MAO,) (4) and MAO type B
(MAO,) (5). Tranyleypromine has a weak action to block the
reuptake of serotonin (6) and norepinephrine (7) into the presy-
naptic nerve terminals. Brofaromine also blocks the reuptake
of serotonin (6).

8-13. Pre- and postsynaptic receptor modifications (up- or
downregulation) are observed following chronic administration
of MAOIs and RIMAs. The most consistant are the down-

regulation of the 5-HT,, . and the B, , -adrenergic receptors
along with the upregulation of the o -adrenergic receptors (8).
The exact role of these modilications is unclear but they
presumably influence the initiation of a cascade of reactions,
starting with the stimulation of the adenylate cyelase (AC) and
cyelic adenosine monophsphate (¢AMP) systems (9). One of the
products resulting from this activation of the AC-cAMP cascade
is the ¢cAMP response element binding protein (CREB) (10).
which in turn induces the expression of certain protective
neurotropic factors such as BDNF (11). CREB is also presumed
to be stimulated by Ca”*-dependent protein kinases (12), which
are under the control of postsynaptic ¢,-ADR and 5-HT,, ¢
receptors (13) (see Section 2.1 for further details).

I+, The inhibition of MAQ,, increases the availability of DA for
synaptic transmission. The antidepressive  effects  of  the
increased dopaminergic trimsmission are unclear and there are
mainly indirect data that links the dopaminergic system and
depression. One of these is the increased incidence of depression
in Parkinson's disease which is a good example of a state of
decreased dopaminergic activity. Some rescarch suggests that
the antidepressant effects of some antidepressant drugs are due
to their enhancement of dopaminergic transmission in limbic
structures (nucleus accumbens for example). This effect might
be secondary to increased serolonergic transmission; as stimu-
lation of 5-HT serotonergic receptors can enhance dopaminer-
gic activity.

15. The final common pathway of the mentioned processes is
the re-establishment of a euthymic state (see Section 2.1).
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2.6 Mood stabilizers - lithium
Supposed mechanism of action
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n Enhances 5-HT transmission

Enhances the release of 5-HT from presynaptic nerve terminals
by up-regulation of 5-HT;, »c receptors (following chronic use).

a Associated with lithium's adverse side-effect profile

Effective in a variety of psychiatric conditions:

As adjuvant treatment (for faster and/or better response

n in people already treated with
antidepressive, anti-OCD or antipsychotic regimens);
as anlimanic agent; as anlidepressive agent; as a mood stabilizer;
as an antibulimic agent.
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5-HT Serotonin (5-hydroxytryptamine)
DAG Diacylglycerol
K* Potassium ion

OCD Obsessive-compulsive disorder

P1,2,3,4 Number of phosphate residues
attached to inositol
PIP2 Phosphatidil inositol biphosphate
PLC Phospholipase C

Lithium (Li ; atomic number 3) is one of the group 1A
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 alter the adenylate cyclase
(AC) system and this action is probably related to toxic

Notes about the numbered items in the scheme

elfects. Many enzyme or other calcium-dependent
systems may be alfected by lithinum. Calcium-mediated
regulation of receptor sensitivity, parathyroid hormone
release and proper functioning of the intracelluar micro-
tubule structures are examples of some processes altered
by lithium.

1. Lithium is one of the most widely used drugs in psychiatry
since it exerts beneficial effects in many disorders both as an
adjuvant to another treatment modality and as a first-line drug.
Interestingly, lithium's beneficial effects as an adjuvant drug
are apparent only if it is administered to an already pharmaco-
logically treated patient. For example, in cases of unresponsive
major depressive disorder, the co-administration of lithium to
an ongoing antidepressant treatment increases the response
rate by up to 50% and, at the same time, it shortens the time
for achieving benelicial effects to about 10-14 days. In most
cases the response to lithium augmentation is either consider-
able or not at all (*all-or-none’ phenomenon). Lithium is most
cefficacious in the treatment of acute manic episodes (benelicial
in up to 80% of cases) but good results have been reported in
20-50% of other psychiatric entitics. such as maintenance
treatment of bipolar [ disorder (mood stabilizer), major depres-
sion and bulimia. Lithium also exerts antiaggressive ellects
independent of any mood disorder, and can reduce behavioral
dyscontrol and self-mutilation in mentally retarded patients.
2-8. Lithium's specific mode of action is not fully established.
These are two main theories:

a. Lithium has been found to alter intracellular building
stages (2) essential for the proper production of inositol (3)
and consequently phophatidy] inositol biphosphate (PIP2)
(4). PIP2 itsell serves as a substrate for the G-protein-
activated phospholipase C (PLC) (5), which, when activated,
stimulates the production of both diacylglycerol (DAG) and
inositol-1,4.5-triphosphate (1 1,.4,5 P3) from PIP2. Both
DAG and 1 1.4.5 P3 are second messengers (6) and under
normal conditions they regulate the activities of protein
kinases and intracellular caleium balance respectively (7).
b. Lithium also enhances serotonergic transmission (8). It
may enhance the uptake of trvptophan (the precursor of 5-
HT) into serotonergic nerves, it increases the presynaplic
release of serotonin (5-HT) and also upregulates postsynap-
tic 5-HT,, and 3-HT,. receptors following chronic use.
These effects of lithinum might explain its efficacy in several
psvchiatric disorders that respond favorably to serotonergic
agents (depression, obsessive—compulsive disorder, bulimia,
aggression).
9. The most commonly observed adverse side-effects of lithium
are gastrointestinal (weight gain, nausea, diarrhea), polyuria
and polydipsia, fine tremor and hypothyroidism. Lithium's
side-ellect profile is presented in detail in Section 2,14,
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2.7 Mood stabilizers - carbamazepine

Supposed mechanism of action
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Carbamazepine’s mode of action in psychiatric disorders
is not totally understood; figure shows some of the more
likely explanations.

Notes about the numbered items in the scheme

1. Limbic kindling is the repeated subthreshold stimulation of

limbic neurons that over time grow in response. and subse-
quent action potentials are generated with behavioural changes
following. Carbamazepine supresses these activities via, proba-
bly, inhibition of peripheral benzodiazepine receptors (pBDZ-R).
2. There is some evidence that carbamazepine may inhibit the

o -adrenergic receptors. This so causing an increased release of

catecholamines into the synapltic cleft.

3. Carbamazepine interferes with glial cell steroidogenesis via
inhibition of cholesterol transport into the mitochondria,
presumably by carbamazepine’s antagonism of the pBDZ-R,

4. Carbamazepine reduces calcium influx into glial cells, by an
antagonism of the pBDZ-R.

5. Carbamazepine blocks sodium channels in most brain regions,
6. Carbamazepine has consistantly shown to upregulate
adrenergic and the A, receptor for adenosine,



2.8 Mood stabilizers - valproate

Supposed mechanism of action
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Notes about the numbered items in the scheme

1. Valproic acid inhibits the activities of key catabolic enzymes
of GABA (GABA-T and SSAD).

2, Consequently, intracellular  GABA - concentrations
increased and more GABA is released to the synaptie cleft.

dare

3. When activated. the GABA, receptor induces a configura-
tional change in an adjunct chloride channel that makes it
more permeable for chloride ions. The increased intracellular
chloride concentrations hyperpolarize the neuronal membrane,
with o concomitant decrease in neuronal excitability.,
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2.9  Antimanic treatments
Supposed mechanism of action
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The most common manic symploms are cuphoria, inflated
sell-esteem, decreased need for sleep, talkativeness, hyper-
activity, irritability, low frustration tolerance, emotional
lability, pressured speech, llight of ideas. decreased concen-
tration, mood-congruent (c.g. grandiose) delusions,
impaired impulse control. excessive involvement in pleasur-

Notes about the numbered items in the scheme
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able activities and impaired judgment. Manic symptoms can
be cither primary (as part of bipolar 1 disorder), or
secondary (post-stroke, post-traumaltic brain injury, post-
clectroconvulsive therapy. or induced by drugs such as
antidepressants, amphetamines, cocaine. bromocrip-
tine. cimetidine, corticosteroids and disulfiram.

1,2. The limbic system is presumed to be a major region involved
in mania (1), since secondary mania is almost always the conse-
quence of lesions involving the orbitolrontal or basotemporal
cortex, or subcortical regions of the limbic system. Some of the
drugs ameliorating manic symptoms (antipsychotics. cloni-
dine, calcium channel blockers) suppress the adrenergic and
dopaminergic systems. so hyperactivity of these systems is also
implicated in the pathophysiology of manic symptoms (2).

3. The orbitofrontal and basotemporal cortex tonically inhibit
limbic activity. Hyperadrenergic or hyperdopaminergic states

Treatment effective for manic symptoms

could suppress this tonic inhibitory effect or be related to its
[ailure.

4. Limbic kindling is the process where repeated subthreshold
stimulations of limbic neurons lead eventually to generation ol
an action potential. The theory is based mainly on the eflec-
tiveness of carbamazepine and valproic acid in ameliorating
manic symptoms.

5,6. The consequence of the above lead to disinhibition of
limbic activity (5). and thus the emergence of most typical
manic symptoms (6).

Lithium. An estimated 60-80% ol patients with euphoric
mania respond well to lithium therapy. The enhanced stimu-
lation of adrenergic and dopaminergic receplors in manic states
initiates a cascade of intracellular reactions. among them the
activation of the second messengers diacylglyeerol (DAG) and
inositol triphosphate (IP3). Lithium exerts its therapeutic
elfects presumably via inhibiting the intracellular buildup and
activities of these second messengers (see Section 2.6), thus
opposing the presumed hyperadrenergic and/or hyperdopamin-
ergle activities,

Antipsychotic drugs (APDs). These suppress dopaminergic
overactivity. The use of APDs for manic symptoms should be
restricied to severe cases ol agitation, aggressiveness or purely
delusional  states, since other treatment modalities (e.g.
lithium, carbamazepine, valproate) are as effective and
much saler.

Calcium channel blockers (CCBs). Beneficial effects of CCBs
are reported in a few case reports. CCBs presumably act by
decreasing the release of biogenic amines from intracellular
vesicles into the synaptic cleft (these are caleium-dependent
processes), CCBs also have inhibitory ellects on  tyrosine
hydroxylase, the rate limiting enzyme for the synthesis of
dopamine, thus decreasing the availability ol dopamine for
neuronal transmission.

Clonidine. This stimulates the presynaptic o, adrenergic
autoreceptor (in adrenergic neurons) or heteroreceptor (in
serotonergic neurons). and so decreases the release of these
neurotransmitters into the synaptic cleft.

Benzodiazepines, These enhance GABAergic activity in many
brain regions, thus generating an inhibitory effect on neuronal
activity (including on adrenergic and dopaminergic neurons),

alproate. This enhances GABAergic activity, and thus, like
benzodiazepines, generates an inhibitory effect on neuronal
activities. It may also ameliorate limbic kindling, which might
be associated with the induction of manic symptoms.
Carbamazepine. This can reduce manic svmptoms via,
presumably, a couple of mechanisms:
a. [t might have suppressing effects on limbic kindling.
b. Carbamazepine has some agonistic activity on the
presynaptic o, receptors, which decreases the release ol
biogenic amines, especially norepinephrine, into the synap-
tic cleft. However, this capacity ol carbamazepine is
presumed to have only a negligible effect in clinically used
doses.
¢. Carbamazepine decreases sodium influx via a specific
action on sodium channels. This leads to an increase in the
neuronal threshold for developing an action potential, with
a consequent inhibitory effects on neuronal activities in
many brain regions.
d. Carbamazepine decreases calcium influx and alters
steroidogenesis via its inhibitory effects on the peripheral
benzodiazepine receptors. The role of these actions in
suppressing manic symptoms is as yet unclear,
Electroconvulsive therapy (ECT). This is used mainly lor
severe or life-threatening mania. Its various intra- and intercel-
lular activities are described in detail in Section S.1. lis
inhibitory effects on limbic kindling and on the coupling of
various neurotransmitters to their corresponding G-proteins.,
may explain its suppressing, antimanic properties.
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2.10 Antidepressant drugs
Comparative affinity for different receptorsftransporters

Receptor or transporter interaction
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Amitriptyline 4
TCAs - Clomipramine 5
Tertiary
amines Doxepin 15
Imipramine 2
TCAs - Desipramine 85
Socondary Nortriptyline 35
el L Protriptyline 25
i 25
TeCAs Amoxa.pfne
Maprotiline 450
Citalopram >400
Fluoxetine 15
SSRis Fluvoxamine 150
Paroxetine >200
Sertraline 150
Reboxetine izl | | | | | | | [>150 | |
SNRI Venlafaxine [Eraas] [ | | | ] [ | [ 5 |
Bupropion 7
Mianserin = i
Atypical Mirtazapine =
Nefazodone 3
Trazodone 25
Legend
5-HT Serolonin (5-hydroxytryplamine) * .
ximate IC5 values (nm
ACh Acetylcholine Approximate|Cesvailies (nM)

ADR Adrenergic receplor
H1 Histamine type 1 receptor Lowest (0.1-1)
NARI Selective noradrenaline (norepinephring)-reuptake inhibitor
NE Norepinephrine (noradrenaline)
SNRI Serotonin-norepinephrine reuptake inhibitor
SSRIs Selective serotonin reuptake inhibitors
TCAs Tricyclic antidepressants Highest (>100 000)
TeCAs Tetracyclic antidepressants

* IC50 is the concentration of a drug required to occupy
50% of the available receptors. Most data are based on animal sludies.
Lower values correspond to higher allinity of the compound lo the receptoritransporter.
* Mianserin does not signilicantly inhibit, in clinically used doses, the uptake of either serotonin or norepinephrine.
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211 Antidepressant drugs
Subclasses according to presumed mode of therapeutic action
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Minor mode of action is not solely via NE- or 5-HT-reuptake inhibition
(related to therapeulic action) DA Dopamine
‘J H, Histamine type 1 receptor
Other clinical significant receptor M, Acetylcholine muscarinic receptor type 1
antagnonism capacities NARI Selective noradrenaline (norepinephrine)-reuptake inhibitor (reboxetine)
{related mainly to side-effect profile) NE Norepinephrine (noradrenaline)

SNRI Serotonin-norepinephrine (noradrenaline)-reuptake inhibitors (venlafaxine)
S5SRIs Selective serotonin reuptake inhibitors

TCAs Tricyclic antidepressants
TeCAs Tetracyclic antidepressants




M Antidepressants and mood stabilizers

2.12 Antidepressant drugs
Comparative side-effect profile

Adverse side-effects

Anticholinergic |‘ Central nervous system |‘ Cardiovascular ‘l‘ Gastrointestinal |‘ Derm.

@
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name S o =2t o0 2 sc08 £ 55 E5E2>¢a 5323080 28
MOO®MmD <0 E = fERf sa0cahi> <o0EZ2=2 ac
Amitriptyline i Il - ]
TCAs | clomipramine 2 1 2]
Tertiary £ =
aminea’ || Doxepin 2 H : .
Imipramine (i ]E
TCcAs | Nortriptyline i
Secondary | Protriptyline -
amines Desipramine
Amoxapine
TeCAs ¢
Maprotiline
Citalopram
Fluoxetine
SSRIs | Fluvoxamine
Paroxetine
Sertraline

Reboxetine (7) |

L1 1

[ 1
[

Venlafaxine | HEE | 1T CT 1
Bupropion | 5
Mianserin
Atyp. Mirtazapine
Nefazodone
Trazodone
Legend Most significant Atyp. Atypical antidepressants

Clinically insignificant or there is
no suflicient data about adverse effects

PR, QTc, QRS Specilic intervals on the electrocardiogram recording

Derm. Dermatologic
EPS Extrapyramidal side-effects
LFTs Liver-function tests
NARI Selective noradrenaline (norepinephrine}-reuptake inhibitor

SNRI Serotonin norepinephrine (noradrenaline)-reuptake inhibitor
SSRIs Selective serotonin reuptake inhibitors
SVT Supraventricular tachycardia
TCAs Tricyclic antidepressants
TeCAs Tetracyclic antidepressants
VPBs Ventricular premature beats

Notes about the numbered items in the scheme

1. Higher incidence il doses = 250 mg / day.

2. Tardive dyskinesia is very rare. It is usually seen when TCAs
are given with a combined antipsychotic regimen, so it is diffi-
cult to dilferentiate the exact etiological cause,

3. Can also cause hypertension,

4. Agitation, in the case of imipramine (mainly in panic disor-
der), could reflect the overstimulation that appears, usually.
during the first few days or weeks of treatment.

5. Higher incidence if doses > 300 mg / day.

6. Higher incidence if doses > 225 mg / day.
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7. Reboxetine has no anticholinergic properties. Its anticholin-
ergic-like adverse effects may be related to its ability to block the
reuptake of norepinephrine in preganglionic neurons (in
salivary nucleus for example) and thus to inhibit the parasym-
pathetic output.

8. Higher incidence il doses > 450 mg / day.

9. It could also cause weight loss (rarely).

10. Also decreases heart rate (relatively rare).

11. I the patient suffers from a pre-existing cardiac disorder
the frequency of ventricular premature beats could exceed 10%.
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2.13 Monoamine oxidase inhibitors
Comparative side-effect profile

Monoamine oxidase inhibitors (MIAQIs)

Isocarboxazid
Moclobemide
Phenelzine
Tranylcypromine

Properties of MAOIs

Selective MAQO,, inhibitor

Mode Nonselective MAO .4 inhibitor
of action Non reversible inhibition
Reversible inhibition

Adverse side-effects

Anticholinergic-like effect (non-muscarinic)
Anti- Blurred vision

ACh-like Constipation

Dry mouth
effects Sweating

Urinary retention

Abdominal discomfort
GIT: Fatal heplotoxicity (rare)
) Impotence; anorgasmia
Sexual

possible weight loss

Weight gain

Cardiac arrhythmias
Cardio- Postural hypotension
vascular Tachycardia
Tyramine-induced hypertensive crisis

Headaches
Insomnia; severe in minority

CNS Possible anticonvulsant effects
Sedation
Seizure induction

Muscle twitching *

Drug-free time between MAOI and TCAs (days) ?
Time between TCAs (or diet) to MAOI (days) *
Overdose lethality

Misc.

Legend Most significant ACh Acetylcholine (muscarinic)

CNS Central nervous system
GIT Gastrointestinal tract
MAQ,, Monoamine oxidase type A
Clinically insignificant or there is MAQOy Monoamine oxidase type B
no sufficient data Misc. Miscellaneous
TCAs Tricyclic antidepressants

If yes | = * Termed reversible inhibitor

of monoamine oxidase type A (RIMA)

Notes about the numbered items in the scheme:

1. Sometimes reversible with cyproheptadine. 4. Following stopage of tricyclic antidepressant regimen, or
2. May respond to supplementation of pyridoxine (vitamin B,). time needed to elapse before starting MAOIs  following
3. Following stopage of MAOIs and before starting tricycelic consumption of tyramine-rich diet.

antidepressants. 5. Especially when given in the evening.
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2.14 Mood stabilizers
Comparative side-effect profile

1

Ataxia

Cognitive impairments (non-specific)
Diplopia

Dizziness

Dysarthria 1

EPS

Impaired motor functioning
Memory impairments
Nystagmus

Parkinsonism

Sedation

Tolerance to drug effect
Tremor

Neurologic

Agranulocytosis

Aplastic anemia

Leukocytosis

Leukopenia

Other hematological abnormalities
Thrombocytopenia

Alkaline phosphatase, SGPT, SGOT (elevated)
Diarrhea

Hepatitis (cholestatic) 13

Hepatotoxicity 14 15

Nausea or vomiting

Pancreatitis 18

Hematologic

Gastro-
intestinal

Acne, peritibial ulcers

Alopecia

Dermatitis (exfoliative) 21

Psoriasis (worsening or new)

Rash (benign)

SLE-like , Steven Johnson syndromes 21

Dermatologic

Cranial facial defects (CFD) 23
Developmental delay (DD) 23
Ebstein's anomaly
Fingernail hypoplasia (FH) 23
Spina bifida 25

AV block 26
Hypokalemic-like syndrome 27

Teratogenic

(9]
<

S

Excreted in breast milk 28

Intracranial pressure (increased ; benign)
Kidney damage 29

Polyuria

Sodium levels: significant hyponatremia
Sodium levels: insignificant hyopnatremia
Thyroid functions (impaired)

Weight gain

Miscellaneous

Legend
Most significant . AV Atrioventricular
CBZ Carbamazepine
CVS Cardiovascular system
Clinically insignificant or there is EPS Extrapyramidal side-effects

no suficient data SGOT ; SGPT Liver enzymes
SLE Systemic lupus erythematosus




Notes about the numbered items in the scheme

Antidepressants and mood stabilizers &

1. Ataxia and dysarthria are usually due to intoxication,

2. About 30% sulfer from some degree initially.

3. Tolerance is controversial, but stoppage of lithium can cause
‘discontinuation refractoriness ', which means that the patients
become unresponsive to other treatments including lithium,
following a ‘drug holiday'.

4. Responds well to B-adrenergic blockers.

5. Responds well to B-adrenergic blockers.

6. In about 5/10000 treated patients.

7. In about 2/10000 treated patients.

8. It is very common and practically always benign. It almost
never exceeds 15000,

9, Transient decrease in polvmorphonuclears (PMN) count is
found in about 10% of patients. Persistent decrease in PMN
count is found in 2% of patients. while 2% sufler [rom throm-
boeytopenia, and about 3% from decreased red blood cell
count.

10. Could be with a normal count along with dysfunctional
platelets.

11. In 5-40%. It is persistent and asymptomatic. It usually
resolves following discontinuation of valproate.

12. If diarrhea or abdominal discomfort occurs, try to adminis-
ter lithium after the meals. Give smaller doses and more often,
try slow-release form or lower dose.

13. It is very rare and idiosyncratic. Can be fatal.

14, Idiosynceratic. Early in treatment. 25% fatal.

15. The hepatotoxicity of valproate can be fatal. Is always in
the voung (2-10 years), on multiple anticonvulsants and with
another neurological disorder. It is rare (incidence is about
1/120000).

16. It is usually dose-related and transient. Can be reduced by
administering with meals.

17. Nausea is evident in about 25% of treated patients and
vomiting in about 5% and it is usually experienced during the
first month of treatment (generally transient).

18. It occurs almost always during the first 6 months of treat-
ment. It is rare, but latal,

19. Il acne is treated with tetracyeline antibiotics, lithinm
retention may occur (with consequent toxicity).

20. It might occur in about 5-10% of treated patients. 1t is
probably unrelated to genetic predisposition.

21. Benign rashes appear in about 3% of treated patients.
Starting with low doses and increasing slowly can minimise the
risk.

22, Lithium can cause an exacerbation in known psoriatic
patients or can provoke psoriatic episodes in people not known
to sufter from psoriasis. Psoriasis is usually refractory while on
lithium, so, if on lithium, consider switching to carba-
mazepine.

23, Cranial facial defects (most are minor) are observed in up
to 10% of newborns. Fingernail hyperplasia might occur in up
to 25% and developmental delay in about 20% of newborns.
24, Barly studies suggested an incidence ol major congenital
malformation in about 10% of lithium treated mothers. The
present data suggests a much lower incidence.

25, Occurs in up to 1% of newborns,

26. Lithium depresses the endogenous pacemaker activity.
causing, possibly, sinus arrhyvthmias and syncope. Lithium is
contraindicated in Sick Sinus Syndrome.

27. Lithium displaces intracellular potassium, causing T-wave
inversion or flattening.

28. The concentration in the milk is about 50% ol its plasma level,
29, Pathological. nonspecilic renal interstitial - fibrosis s
observed in some chronic lithinm users. The clinical signifi-
cance of this finding is considered negligible.

30. Lithium reduces the ability to concentrate urine due to
antagonism of the antidiuretic hormone (ADH). Polyuria
oceurs in about 25-35% ol patients and is not always
reversible when lithum is discontinued.

31. About 20% of patients develop hyponatremia, which is
practically always mild. In these cases the plasma levels of
sodium do not decrease bevond 130 mEqg/L.

32. Most of the patients suffer from @ minimal (average 2
mkEq/l) and transient decrease in plasma sodium levels (relative
to their baseline).

33. Lithium causcs clinical and/or laboratory hypothyroidism
in 7-9% of treated patients. The plasma levels of thyroid stimu-
lating hormone (TSH) are increased in up to 30% of treated
patients. There is also an abnormal thyroid releasing hormone
(TRH} response in about 50% ol patients on lithium therapy.
34. It is due to a poorly understood effect on carbohydrate
metabolism  and/or due to increased cdema.  Appetite is
sometimes reduced on lithium.
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3.1 Antipsychotic drugs - supposed mechanism of action (I)
Schizophreniform psychosis; no treatment

Ventral | Substantia
tegmental area nigra (A9)
(A10)

Postsynaptic
nerves in
specified

regions

Impaired reality testing 'Negative Intact 7
('positive symptoms') symptoms' exirapyramidal system

Legend
_____Q__ Enhanced

DA transmission

5-HT Serotonin (5-hydroxytryptamine)

3 5-HT;46-R Serotonergic receptor type 2A or 6

A9 Dopaminergic fibers from the substantia

Intact DA transmission l:> nigra to the basal ganglia
A10 Dopaminergic fibers from the VTA to

:> limbic regions and to the prefrontal cortex

DA Dopamine
—_— DA, ;-R Dopaminergic receptors type 2 or 4

VTA Ventral tegmental area

Decreased DA transmission

Intact 5-HT transmission

Measured activities
of DA and 5-HT

Normal activities
at a specific region

{in non-psycholic state) Inhibits ——P Dopamine O

Serotonin @




The term ‘schizophreniform psyvchosis® refers to the clini-
cal symptoms observed during the chronic course or as
part of the psychotic exacerbation of schizophrenia.
There are many possible etiological factors in schizo-
phrenia including genetic components. infectious origins.
environmental  factors, abnormal autoimmune
responses, socio-economic status, seasonal modifications
and neurotransmitter abnormalities. Among these. some
of the hypothesized necurotransmitter abnormalities
(especially the overactive dopamine hypothesis) are
widely accepted as directly inducing or at least mediating
certain symptoms. There are four major empirical obser-
vations concerning the role ol abnormal neurotransmit-
ter functioning in schizophrenia:

1. Evidence of dopaminergic (DA) overactivity

The most widely accepted and consistant abnormality

relies mainly on the following findings:
a. Psychotic symptoms. indistinguishable from the
characteristic symptoms lound in schizophrenia, can
be induced by the use of dopaminergic agents such as
amphetamines. bromocriptine, cocaine, 1-dopa
and phencyclidine (PCP).
b. The eflicacy ol almost all antipsychotic drugs
(APDs) has been found to be correlated with their
ability to antagonize dopamine receptors.
¢. The plasma levels of homovanillic acid (HVA). a
metabolite of dopamine, are correlated with the sever-
ity of the psychotic symptoms, and with the conse-
quent response to APD treatment.

Notes about the numbered items in the scheme

Antipsychotics

2. Possible serotonergic (5-HT) overactivity

5-HT involvement in schizophrenia and other psychotic

disorders is based on the following:
a. Psychotic symptoms (mainly hallucinations) can be
induced by the administration of the partial 5-HT
agonist lysergic acid diethylamide (LSD).
b. The beneficial role of the atypical APDs in amelio-
rating psychotic symptoms. These agents and
especially clozapine. have been proved superior to
typical antipsychotic drugs in treatment-resistant
schizophrenic patients. Many possible factors might
explain clozapine's enhanced efficacy but its seroton-
ergic antagonism (along with its dopamine inhibition
properties) is one of the most widely accepted.

3. a,-adrenergic overactivity
This is based on lew studies that suggested that the thera-
peutic ellects of several APDs are associated with their
antagonistic aclivities at adrenergic receptors. and with
findings of increased cerebral spinal fluid norepinephrine
levels during an acute relapse ol psvchotic episodes.
This possibility is lurther supported by several studies
that found that a chronic use of APDs can decrease the
norepinephrine firing rate from the locus ceruleus.

4. y-Aminobutyric acid (GABA) hypoactivity
GABAergic neurons are inhibitory and a loss of these
inhibitory effects can produce, at least in part, the overac-
tivity seen with other neurotransmitter systems (dopamin-
ergic, serotonergic, and adrenergic). Some findings, mainly
the loss ol GABAergic neurons in the hippocampus of
schizophrenic patients, are consistent with such a notion.
Furthermore, addition ol benzodiazepines to APDs may
augment their therapeutic activity.

1-3. The presumed neurotransmitter abnormalities  are:
enhanced dopaminergic transmission in the mesolimbic
pathway (from the VTA to limbic regions) (1) and the decreased
dopaminergic transmission in the mesocortical pathway (from
the VTA to the prefrontal cortex) (2). At the same time, the
serotonergic transmission from the raphe nuclei to these
regions is unaltered (3).

4. The dopaminergic transmission in the nigro-striatal pathway
(from the substantia nigra to the basal ganglia) is unaffected.
Extrapyramidal side-cflects (EPS) are a consequence of inhibited
dopaminergic transmission in these regions.

5. The clinical consequences of increased dopaminergic activity
in limbic areas are positive psychotic symptoms (delusions.
hallucinations. bizarre behavior, thought disorder).

6. The decreased dopaminergic activity in the prefrontal cortex
is thought to induce the characteristic negative symptoms
(affective flattening, anhedonia, avolition, alogia, asociality).
7. The extrapyramidal system is unaltered by the primary
pathological mechanisms that induce the tvpical schizophreni-
form psychosis and there are no evident EPS.

8. Postsynaptic 5-HT,, and 53-HT, receptors are also located on
the soma and dendrites of the dopaminergic pathways origi-
nating from the VTA (1,2) or the substantia nigra (4). Under
normal circumstances when these receptors are stimulated by
serotonin they exert inhibitory eflects on the firing rate of these
dopaminergic neurons.
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3.2 Antipsychotic drugs - supposed mechanism of action (ll)
Schizophreniform psychosis; treatment with typical antipsycholic drugs

Ventral Substantia
tegmental area nigra (A9)

nuclel

Postsynaptic
nerves in
specified

Limbic regions

4 Improved reality testing 5 Worsening of Extrapyramidal 6
(‘positive symploms’) ‘negalive symptoms' side-effects
Legend Enhanced a 5-HT Serotanin (5-hydroxytryptamine),
DA transmission 5-HT;56-R Serotonergic receptor type 2A or 6
A9 Dopaminergic fibers from the substantia
Intact DA transmission l=> nigra to the basal ganglia
A10 Dopaminergic fibers from the VTA to
Decr d DA tr ission '—'} limbic regions and to the prefrontal cortex
DA Dopamine
Intact 5-HT transmission — DA; 4+-R Dopaminergic receplors type 2 or 4

Typ. APDs Typical antipsychotic drugs
VTA Ventral tegmental area

Inhibits ——%
Measured activities 3 Effects of Typ. APDs — &
y : Normal activities
of DA and 5-HT (i et seyeho o tate) Dopamine O
at a specific region P Serotonin @

B



Typical antipsychotic drugs (APDs) are believed to work
via antagonizing dopamine receplors. The clinical
potency is closely related with the drugs' affinity for D,
dopamine receptors. Although the antagonism of the D,
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’. Virtually all APDs
are non-selective. They possess a wide range of receptor-
antagonizing capacities, particularly dopaminergic,
adrenergic, serotonergic, cholinergic and histaminergic.
Most of the neurological and endocrinological adverse
side-effects associated with the use of APDs can usually
be related to their antagonistic effects at these receptors.

Notes about the numbered items in the scheme

Antipsychotics m

Many different typical APDs are in use (see the
following sections); and practically all have a high aflin-
ity for D, dopamine receptors. PET scan studies have
shown that therapeutic elfects are evident if more than
70% of D, receptors are bound with an APD. Many
APDs have some aflinity for serotonergic (5-HT). o,-
adrenergic, cholinergic and/or histaminergic receptors.
All typical APDs are equally efficacious. although they
exert their maximal antipsychotic effects in various doses
(different potency). Hence, APDs are further divided as to
their potency — high, intermediate and low-potency
agents and — for convenience, they are usually related to
a chlorpromazine equivalence of 100 mg.

1-3.  All typical APDs block (at least to some extent) all
dopamine receptors except sulpiride which is relatively selec-
tive for D, All typical APDs affect all major dopaminergic
pathways. The major dopaminergic pathways which are most
relevant to schizophrenia and APDs treatment are as follows:
A. Mesolimbic and mesocortical. These are dopaminer-
gic neurons that project from the VTA to [rontal and other
cortical areas (1) and to limbic structures such as the nucleus
accumbens, amygdala, and the olfactory tubercle (2).
B. Nigrostriatal. These are dopaminergic neurons that
project from the substantia nigra (pars compacta : A9) to the
basal ganglia (caudate nucleus. putamen and globus
pallidus) (3). Extrapyramidal side-eflects are mostly related
to the antagonistic effects of APDs on this dopaminergic
pathway,
C. Tuberoinfundibular (not illustrated in the scheme),
These are dopaminergic projections from the posterior
hypothalamus to the median eminence and the posterior
and intermediate lobes of the pituitary. Prolactin secretion is
enhanced following this blockade, since dopamine inhibits
prolactin secretion.
4. At the mesolimbic pathway, typical APDs block mainly the
D, component, whereas atypical APDs like clozapine block
other dopamine receptors (D, for example) so perhaps vielding
better eflicacy (in treatment-resistant populations:; see next
section). The D, blockade induces a subsequent improvement,
of ‘positive’ psychotic symptoms (delusions, hallucinations,
bizarre behavior, thought disorder).
5. Decreased dopaminergic transmission in the mesocortical
pathway might induce ‘negative’ symptoms (aflective flatten-
ing. anhedonia, avolition, alogia. asociality). Typical APDs
further decrease these dopaminergic activities and so poten-
tially worsen these symptoms,

6. Typical APDs decrease dopaminergic transmission in the
nigro-striatal pathway. Normal functioning of the extrapyra-
midal system relies on intact dopaminergic and associated
cholinergic (see section 6.1) activities in this pathway. Hence,
extrapyramidal side-effects (EPS) are induced especially by
high-potency agents (significant D, blockade without concomi-
tant anticholinergic capacity). The main EPS are as follows:
A. Dystonia. This occurs usually during the first few hours
or days of treatment to about 10% of patients. Risk factors
associated with dystonia are: men: age < 40 vears: high-
potency antipsychotic agents and intramuscular adminis-
tration. Dystonic reactions are presumed to be the
consequence of dopaminergic hyperactivity in the basal
ganglia, which occurs when central nervous system levels of
the antipsychotic agent begins to fall between doses (see
Seetion 6.1).
B. Parkinsonism. This usually occurs during the first 3
months of treatment, and affects up to 10% of treated
patients. It is characterized by muscle stiffness (lead pipe or
cogwheel rigidity). shuflling gait. stooped posture, drooling.
regular and coarse tremor, bradykinesia, and masked face.
The associated risk factors are: women (twice as common as
in men) : age > 40 years: and high-potency antipsychotic
agents (without significant anticholinergic properties).
C. Akathisia. This is a subjective feeling of muscular
discomfort which leads 1o restless pacing, agitation and
dysphoria, It reflects a possible imbalance between the
noradrenergic, serotonergic and the dopaminergic systems.
It occurs in up to 90% ol patients during the first 10 weeks
of treatment.
7. The activities of the serotonergic system seem to be unaltered
by the use of typical APDs.
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3.3 Antipsychotic drugs - supposed mechanism of action (lll)
Schizophreniform psychosis; treatment with atypical antipsychotic drugs

Ventral Substantia
tegmental area nigra (A9)

nuclei

Postsynaptic
nerves in
specified

regions

Improved reality testing Improved No extrapyramidal
(‘positive symptoms') ‘negative symptoms' side-effects

DA transmission 5-HT..5-R Serotonergic receptor type 2A or 6

Legend : _
Greatly enhanced % 5-HT Serotonin (5-hydroxytryptamine)

A8 Dopaminergic fibers from the substantia

Mildely enhanced DA transmission % nigra to the basal ganglia
A10 Dopaminergic fibers from the VTA to
Intact DA transmission ———pd limbic regions and to the prefrontal cortex
Atyp. APDs Atypical antipsychotic drugs
Enhanced 5-HT transmission ~———f& DA Dopamine

DA, +-R Dopaminergic receptors type 2 or 4
VTA Ventral tegmental area
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at a specific region {&hon-psychiotic.staie) (or black and while arrows)
Dopamine 0
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The ‘atypical’ antipsychotic drugs (atyp. APDs) are a
class of new antipsychotic agents that share a diminished
capacity to cause extrapyramidal side ellects (including
tardive dyskinesia) and a minimal effect on serum
prolactin levels. Some researchers believe that having
some ellicacy on ‘negative’ symptoms is a necessary crite-
rion for an ‘atypical’ drug. This criterion is controversial
because only clozapine and risperidone have been
shown to improve negative symptoms in some large and
well-established studies.

Clozapine, olanzapine, quetiapine, risperidone,
sertindole, amisulpiride and ziprasidone are new-
generation antipsychotic drugs designated as atypical,
and are cither marketed or just on the verge of being
marketed. All these agents possess at least some of the
listed atypical features.

There is no one specific receptor interaction responsible
for atypical propensities, but a few have been postulated.

Notes about the numbered items in the scheme

Antipsychotics m

The first is a high affinity for antagonizing the postsynap-
tic 5-HT,, 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 1. Atyp. APDs vary greatly with respect to
how big this ratio is. Quetiapine, the atypical agent with
the smallest ratio, exhibits a 5-HT/DA blocking ratio of
about 2 to 1 while sertindole, at the other extreme, has
a 110 to 1 ratio. 5-HT blockade is not a specific enough
criterion as chlorpromazine, for example, has a 5-
HT/DA blocking ratio of about 15 and still exerts many
‘typical’ eltects [induces tardive dyskinesia, elevates serum
prolactin and can cause extrapyramidal side effects (EPS)].
Thirdly, there is a high affinity for blocking other
subclasses of receptors, particularly the D, dopaminergic
and/or the newly cloned 3-HT, serotonergic receptors.
and the noradrenergic o,-adrenoceptors.

1-4. Most atyp. APDs (sertindole, clozapine, olanzapine
and ziprasidone) are potent blockers of both 5-HT,, and 5-HT,
receptors (besides their mild-moderate capacity to antagonize
the D, receptors)(1). Clozapine. and to a lesser extent olanza-
pine are also potent D, dopaminergic blockers (2). 5-HT,,
antagonism increases dopaminergic (3) and serotonergic (4)
transmission in limbic regions. and it is hypothesized to happen
in prefrontal and other brain regions as well. It does 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, serotonergic activity is increased,
counterbalancing, perhaps, the increased dopaminergic activity
observed in schizophrenic patients. This may explain a superior
cfficacy in improving positive symptoms in some cases (treat-
ment-resistant psychosis for example).

5. Atyp. APDs antagonize the D, receptors in the mesolimbic
regions: this explains their equal efficacy in ameliorating
positive psychotic symptoms compared with typical agents.

6. The increased dopaminergic firing rate in the mesocortical
pathway (lollowing treatment with atyp. APDs) converts the
relatively delicient dopaminergic 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 clozapine. Accumulating data
suggest that other atyp. APDs likewise have at least some
capacity to improve negative symptoms. Another possible
explanation for this action is that some atyp. APDs (clozap-
ine, risperidone, quetiapine) block o, adrenoreceptors and
so increase norepinephrine levels in prefrontal cortex.

7. Atyp. APDs are relatively selective for the mesolimbic and
mesocortical compared with the tuberoinfudibular and/or
nigro-striatal dopaminergic pathways. This helps explain
especially their diminished potential to increase serum prolactin
levels or to cause EPS.
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Antipsychotic drugs
Comparative affinity for different receptors

Affinity for receptors

* 1Cs; = the concentration of the drug
required to occupy 50% of the available

Approximate ICsq values (nu)*

receptors. Most data are based on animal

studies. Lower values correspond to higher

Lowest (0.1-1)

affinity of the compound to the receptor

5-HT, Serotonergic receptor type 2
ACh Mus. Acetylcholine muscarinic

ADR Adrenergic

APDs Antipsychotic drugs

Highest (=100 000)

D, - D4 Different dopaminergic receptor subtypes

H, Histaminergic receptor type 1

No conclusive data
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a £ = Thiothixene 40:1
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S g Clothiapine 15:1
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3 & Loxapine 7:1
g Molindone 8:1
Pimozide 51
Clozapine 30:1
Olanzapine 50:1
R Quetiapine = 1:1
= 0O s _
Sa Risperidone 81
% Sertindole 100:1
Sulpiride 50:1
Ziprasidone 3:1
Legend
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3.5 Antipsychotic drugs
Subclasses according to presumed mode of therapeutic action

Other
Presumed mode significant
. - receptor
of therapeutic action antagonism
capacity
-] @ (-] @
° = o] a
33| (s8] (s3] |=¢% 2 g e ||l &
29 o © o9 2 o @ 3 o« = o
g o 82 g2 B2 5 2 21z || £
T g =) ) S s o N 5
Sy g g = & < 2 e sl=|ls
i ':'3 al f - = T = o = b . o e
A = I I B =
o a "] 1
/ Vs rs
Phenothiazines Y | |
Haloperidol v

Atypical drugs
/ /

Clozapine Y| | # v
/ /
Y] [

Olanzapine

Quetiapine

L
<] (/] [&]
| (& [_] [«

A

Risperidone

/ =
Sertindole V # 4

<] [«
g

Ziprasidone V v

Legend

5-HT Serotonin (5-hydroxytryptamine)
ADR Adrenergic
DA Dopamine
H; Histamine type 1 receptor
M, Acetylcholine muscarinic receptor type 1
* Sulpiride is claimed by many to be an atypical agent because
Other clinical significant receptor its low propensity to cause extrapyramidal side-effects
antagnonism capacities or tardive dyskinesia
(related, mainly, to side-elfect profile)

Main mode of action
(related to therapeutic action)

Minor mode of action
(might be related to therapeutic action)

o S
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3.6

Antipsychotic drugs
Comparative side effect profile

Class

Generic name

Phenothiazines

Typical antipsychotic drugs

Miscelaneous
APDs

Atypical
APDs

Chlorpromazine

Fluphenazine

Levomepromazine
Perphenazine

Thioridazine

Trifluoperazine

Chlorprothixene

Thiothixene

Zuclopenthixol

Clothiapine
Haloperidol
Pimozide
Molindone
Loxapine

Clozapine
Olanzapine
Quetiapine
Risperidone
Sertindole
Sulpiride
Ziprasidone

Adverse side-effects

I AAChH |

CNS

" CvVs Il GIT |

Derm. II Misc.

[ T[T

é

.. .H.. Anticholinergic effects

Insomnia , agitation

c
S
9
Q
p= |
2
c &
3 8
Q @
w wu

EPS(1)

.
2
5
]
=
<

Dystonia

Parkinsonism

Prolonged QT, PR ; blunted ST/T (2)

Orthostatic hypotension

Tachycardia

Elevated liver enzymes
3)

Jaundice
Weight gain

Allergic dermatitis , rashes
Skin photosensitivity

Abnormal WBC counts

| Sexual dysfunction (4)
Therapeutic window (5)

| Ophthalmic

mis B B

11

10

o

13

14

15

N
16

Legend

Occurs very frequently

Insufficient data

 S—

A.ACh Antichelinergic

APDs Antipsychotic drugs

CNS Central nervous system
CVS Cardiovascular system
Derm. Dermaltologic

EPS Extrapyramidal side-ellects

GIT Gastrointestinal tract
Misc. Miscellaneous
'WBC White blood cells

56
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1. Extrapyramidal side effects (EPS) (see Section 6.1): these are
mainly due to D, blockade and are more common with the use
of high and intermediate-potency antipsychotic drugs. The
main EPS encountered while using antipsychotic agents are
dystonia, parkinsonism and akathisia (see Section 3.2 for
details).

2, QT, PR. ST/T are specific intervals of the ECG.

3. The mechanism of weight gain on antipsychotics is unclear.
although H,; antagonism in the hypothalamus is likely to be
relevant. Clozapine and low-potency phenothiazines usually
cause a greater weight gain than other agents. Amantadine is
sometimes used successfully to reverse the weight gain. Molin-
done and loxapine have the least weight-gaining properties,
perhaps none at all.

4. See Section 7.7 for further details.

5. The term therapeutic window refers to an n-shaped plasma
concentration-eflicient relationship. Monitoring of plasma
levels of such drugs can be beneficial in enhancing the respon-
siveness of fast metabolizers or reduce the risk of toxicity in slow
metabolizers. The most studied agent associated with therapeu-
tic window is haloperidol. and data (albiet inconsistent)
suggest a therapeutic window around 30-100 ng/ml. Chlor-
promazine and perphenazine are also well studied. and
perphenazine might have a therapeutic window between
0.8-2.4 ng/ml (data are less well established than with
haloperidol).

6. The phenomena resembles severe sunburn tan. Patients
treated with phenothiazines, and especially with chlorpro-
mazine, should be advised to use protective sunscreens and to
limit their exposure to direct sunlight to periods not longer than
30-60 minutes per day.

7. This is a benign and reversible whitish-brown pigmentation
which appears as granular deposits mainly in the anterior lens
and posterior cornea. The lesions are visible only by slit-lens.
Vision is almost never impaired. The occurrence of these lesions
is almost entirely in chronic users of chlorpromazine with a
lifetime user of 1-3 kilograms (about 6-18 vears of treatment
with daily doses of about 500 mg.

8. Irreversible pigmentation of the retina can occur in high
doses (800-1600 mg/d). Impaired or lost night vision along

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 thioridazine administra-
tion does not reverse the damage, which can even progress.

9. Seizure disorder is evident in 1-2% of patients on clozapine
if doses up to 300 mg/d are used. Above 600 mg/d the
frequency increases to about 3-5%. Lowering the dose to a
previous tolerable one is generally effective.

10. Clozapine causes agranulocytosis in about 1-27% of
treated patients, which can often be fatal, Female gender and
increased age are possible risk factors, The incidence is much
higher than in patients treated with typical antipsychotics
festimated to be 0.05-0.3%). About 73% 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 0.06%. The adverse reaction is not dose-related. The
incidence of agranulocytosis with other atypical antipsychotic
drugs is not known. Available data suggests that the use of
quetiapine, risperidone or sulpiride does not increase the
risk of developing agranulocytosis (compared with placebo)
while there is no sufficient information for olanzapine, sertin-
dole or ziprasidone.

11. Olanzapine induces akathisia in doses equal to or higher
than 10 mg/day, Other EPS are rare, and usually occur for
doses higher than 15 mg/day.

12. Weight gain is reported in 6-29% of patients. The average
weight gain is about 3 kg in 6 weeks. There are no well-
established data about the more chronic effects of olanzapine
on weight.

13. Benign cosinophilia occurs in less than 0.3% of patients
treated with olanzapine. Thrombocytopenia and leukocytosis
have been reported to occur, but they are very rare.

14, Quetiapine 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 therapeutic doses
(2—4 mg/d) but it might significantly rise for higher doses.

16. Prolongation of the QT interval is observed, infrequently
and seems to be clinically insignificant,
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4.1 Drugs effective in anxiety disorders

Potential mechanisms involved in anxiolylic effects; empirical findings

GABAergic nerve.
Locus 5

ceruleus

action potential on the
postsynaptic adrenergic neuron

A

When stimulated, it releases GABA,
which increases the threshold for an

Serotonergic
nerve

e m———y

5-HT;o-R

Adrenergic
nerve

Tyrosine
hydroxylase

Buspirone

Benzodiazepines

MAOIs TCAs

B-ADR antagonists

Regulation status is unknown [0

Stimulates ——=
Upregulates ———-- >
Inhibits/antagonizes ——&
Downregulates ==--- Ll

Increased LC firing rate ‘

Central Peripheral
manifestations 4y manliastations
of anxiety of anxiety
{via peripheral nerves)
Postsynaptic
nerves in most
brain regions
Legend Upregulated receptor [l Action potential —\ﬂf\—b
Downregulated receptor [0 Data is not established 72

5-HT Seratonin (5-hydroxytryptamine)
5-HTa102420-R Various types of serotonergic receptors
ADR Adrenergic
up-and -ADR-R Various types of adrenergic receptors
GABA Aminobutyric acid
GABA,-R GABA receptor type A
MAOIs Monoamine oxidase inhibitors
SSRIs Selective serotonin reuptake inhibitors
TCAs Tricyclic antidepressants




The pathophysiology of anxiety probably differs between
the various anxiety disorders. Thercelore, pharmacologi-
cal agents that suppress one sort ol anxicty do not neces-
sarily exert the same anxiolytic eflects 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 of
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anxicty disorders have been lirmly established. but the
adrenergic, GABAergic, and serotonergic systems are
widely accepted as the major determinants of anxiety,
The following findings are encountered in anxiety disor-
ders (usually when panic attacks are evident) and there-
fore are assumed to be involved in the pathophysiology
ol anxiety.

1. Increased locus ceruleous (L) firing rate. This is seen in
most of the anxiety disorders, and agents that do not suppress
the LC firing rate (e.g. trazodone) do not suppress panic
attacks. Benzodiazepines (BDZs) exerl agonistic activities al
the GABAergic neurons, and consequently decrease the LC
firing rate.

2. Hypersensitive B-adrenergic receptors are often found in
brain, Isoproterenol. a peripheral and selective B-adrenergic
agonist can provoke panic attacks in patients suffering from
panic disorder, presumably via stimulating the already hyper-
sensitive f receptors. Trieyelic antidepressants (TCAs) which
downregulate the B-adrenergic receptors, are beneficial in the
treatment of panic disorder. They were also found to suppress
isoproterenol-induced panic attacks, which suggests that the
mechanism of panic induction is via the stimulation ol hyper-
sensitive B-adrenergic receptors. Bupropion, an antidepres-
sant that does not downregulate the -receplors. is not effective
in panic disorder.

3. Subsensitive GABAergic receptors. The data are not conclu-
sive. Flumazenil, a benzodiazepine-receptor antagonist,
provokes panic attacks in patients sullering from panic disorder.
Patients with panic disorder are often lound to be less sensitive
to dinzepam administration suggesting a bascline subsensitive
GABAergic system.

4. Upregulated o, adrenergic receptors. It is possible that, in
response 1o the increased LC firing rates, there is a compen-
satory upregulation of the presynaptic o, receptors in order to
counteract the increased norepinephrine (NE) neurotransmis-
sion, Up to 70% of panic disorder patients diagnosed as suffer-
ing from panic disorder experience yohimbine-induced panic
attacks. Yohimbine is an o, antagonist that reduces the
inhibitory effects of the presynaptic o, receptors on the release
of NE so increasing their synaptic concentrations and resulting
in panic attacks. Other evidence for dysfunctional o, receptors
in panic disorder is the blunted growth hormone response to
administration of clonidine (an o, agonist).

5. Alterations in the serotonergic (5-HT) system are evident,
and are most apparent in the raphe nucleus and hippocampus.

When ipsapirone (a selective 5-HT,, agonist) is administered
to patients with panic disorder, a blunted response of ACTH,
and cortisol secretion is evident, which suggests a basal
downregulation of the 5-HT, , receptors.

6. 5-HT,, receptors. 3-HT stimulates the LC activity and 5-HT
agonists mCPP and fenfluramine (a 5-HT-releasing agent)
provoke anxiety in panic disorder patients; thus it seems that in
panic disorder there is a hypersensitivity of the inhibitory 5-HT,,,
receptors. This leads to decreased GABA release and consequent
stimulation of the LC.

Specific and relative established effects of anxiolytic
agents on different brain systems:

TCAs Downregulate  postsynaptic  B-adrenergic  and

and presynaplic o -adrenergic receptors (evidence

MAOIs: is inconsistent about the alterations in the a,-
receptors).

Decrease LC firing rate.

Inhibit tyrosine hvdroxylase (in chronic use ; the
rate-limiting enzyme lor NE synthesis).

Decrease the peripheral manifestations of anxiety.

SSRIs: Downregulate postsynaptic P-adrenergic recep-
tors.
Stimulate and upregulate 5-HT, , receptors in the
raphe nucleus. which in turn reduces LC firing
rates.

BDZs: Stimulate GABAergic receptors in all major brain
regions, and inhibit LC firing rate.

Buspirone: Stimulates and upregulates (during chronic use)
somatodendritic 5-HT,, receptors in the raphe
nucleus (see Section 4.4),

Beta Antagonize the hypersensitive  B-adrenergic
blockers:  receptors. Decrease the peripheral manifestations
of anxiety.
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4.2 Benzodiazepines and agents that enhance y-aminobutyric acid type A (GABA,) activity
Supposed mechanism of action

Full and partial
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t
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Barb. Barbiturate
BDZ-R Benzodiazepine receptor
BDZs Benzodiazepines
GABA -Aminobutyric acid
GABA, GABA receplor type A

—_—
Inhibits —— THDOC Tetrahydrodeoxycorticosterone

Direct stimulation of chloride channel
(not via the GABA,, receptor)

Agents that enhance
GABA, activities




There are two types ol y-aminobutyric acid (GABA) recep-
tors. The GABA, is a postsynaptic macromolecular
complex that includes a chloride channel. These GABAer-
gic receptors are most abundant in limbic regions
(amygdala. hippocampus), cerebellum, striatum and
cortex. When GABA, receptor is activated, it increases the
chloride influx with a consequent decrease in neuronal
excitability (thus exerting an overall inhibitory eflect).
GABA,, are presynaptic and when stimulated inhibit the
release of GABA and several excitatory amino acids, and
monoamines. Baclofen is the most studied synthetic
agonist for the GABA,, receptor. Its antispasticity effects
are presumably mediated by inhibiting the release of
endogenous excitatory amino acids.

The GABA, receptor is composed of live different
subunits out of a potential pool of 16 dilferent units
each coded by a separate gene. The different subunits
are {urther divided into classes according to similarities
in their amino-acid sequences (¢, B, v. and €). Most
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benzodiazepines bind to the benzodiazepine receptor.
which is located on the o subunits of the GABA , recep-
tor. though recently developed benzodiazepines
(quazepam, zolpidem) show a high affinity only to o,
subunits.  Even so, for exerting GABA enhancing
effects, all benzodiazepines are dependent on the co-
existence of an intact y subunit as well. There are two
types of benzodiazepine receptors (type 1 and 2). Type
1 receptors are located mainly in the cerebellum and
are mostly related to induction and maintenance of
sleep. Type 2 receptors are abundant in limbic regions
and are more associated with anxiolytic and anticon-
vulsant effects ol benzodiazepines. The large number
of different GABA, subunits, and especially a recent
finding that some of these subunits are selectively
located in distinet brain regions, may lead to the devel-
opment ol new anxiolytics or sedative agents with
diminished or significantly reduced adverse side-effect
profile.

1-5. Most anxiolytics or sedatives directly enhance GABA |
activity (1). The GABA, receptor serves an intermediate compo-
nent that governs the permeability of a chloride channel. Some
are agents that directly bind to the GABA , receptor (GABA.
muscinol, isoguavacine and ethanol, which is probably
selective to distinet y subunits) (2). Others, indirectly enhance
the GABA , receptor, by binding 1o various sites on the complex
and enhance the function of the GABA, receptor. None of these
agents can exert anxiolytic or sedative ellects if the GABA,
receptor is substantially impaired, or il there is not enough
GABA available for neuronal transmission. Among the indirect
enhancers of GABA , receplor arce the benzodiazepines, zolpi-
dem and the cyclopyrolone zopiclone. The former two bind to
the benzodiazepine site while zopiclone binds to another
distinet site on the benzodiazepine receptor (3), Zolpidem is a
hypnotic agent without a signilicant anxiolytic, anticonvulsant
or muscle relaxant effects. This is due presumably to its relative
selectivity to the benzodiazepine type 1 receptor. The barbitu-
rates (4) and various neurosteroids (5) also have distinct
receptors. Neurosteroids are derivates of progesterone and
cortisol, and some of them exert enhancing effects on the
GABA, receptor [5-a-3-a-pregnalolone, tetrahydro-deoxy-
corticosterone (THDOC) and alphaxalone]. while other
derivatives (pregnalolone sulfate) exert the opposite elfect.
The existence of these neurosteroid modulators can potentially
explain at least some psychiatric clinical manifestations related
to pregnancy or to the menstrual cycle.

6. Some agents e.g.. barbiturates and alcohol in high doses
and neurosteroids are capable of directly stimulating the
chloride channel, independent of the presence of GABA ,. This
explains their toxicity in overdose as excessive inhibition of
respiratory neurones leads (o respiratory arrest,

7.8. All the GABAergic agents share a common final pathway
in which they increase the permeability of cross-membrane
chloride channels (7). As a result, chloride influx increases and
intracellular chloride concentration rises. The increased intra-
cellular chloride hyperpolarizes the neuronal membrane, with
a subsequent increase in the threshold for reaching an action
potential (8).

9. The eflects of enhancing GABA activities can meet either
physiological or clinical needs. The physiological availability
and an intact lunctioning of GABA has major roles in almost
all normal brain funetions. These include limiting and directing
sensory inputs, governing motor outputs, modulating memory
and possibly regulating anxious attitudes. The role of GABAcr-
gic transmission is most evident either in modulating anxiety
(benzodiazepines are potent anxiolytic agents) and in
memory. Enhanced GABA activity (as with the use of benzo-
diazepines) induces amnesia, and it is speculated that memory
acquisition may require, at least in part, the loss of certain
GABAcrgic inhibitions.

The physiological role of the GABA receptors is not fully
understood since no endogenous ligand has vet been found to
modulate their activities in humans. Even so, benzodiazepine-
like susbstances are naturally present in various plants, and it
could be that they have a natural role in humans.

The most prominent therapeutic and adverse side-effects of
benzodiazepines are:

Hypnotic. They lacilitate onset and maintenance of sleep.
Sedative. They decrease daytime anxiety and excitement along
with a concomitant calming effect.

Adverse effects. Cognition and attention impairments,
Drowsiness: 10%. Ataxia: < 2%. Enhance effects of alcohol.
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4.3 Agents that suppress y-aminobutyric acid type A (GABA,) activity
Supposed mechanism of action
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There are several classes of compounds. which either
suppress GABA, activity or act directly on the chloride
channel to decrease its permeability to chloride ions (see
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Section 4.2 for further details on the GABA macromole-
cular complex).

I-4. There are several types of GABA, receptor inhibitors:
GABA -receptor  antagonists  (2),  benzodiazepine-receptor
antagonists and inverse agonists (3) and neurosteroids (4). The
GABA, receptor antagonists act by directly suppressing the
activity ol GABA , (e.g. bicuculine, SR 95531 and R 5135),
The most well known and clinically used benzodiazepine-recep-
tor antagonist is flumazenil. It inhibits the binding of both
benzodiazepines and cyclopyrolones to their corresponding
binding sites on the benzodiazepine receptor, as well as possible
compounds that have not yet been identified. The latter effect
can be demonstrated as flumazenil can partially reverse
endogenous symptoms of hepatic encephalopathy. Flumazenil
has two major clinical applications: it shortens the postopera-
tive anesthetic adverse effects of benzodiazepines (mainly
sedation and recall) and for diagnosing and treating benzodi-
azepine overdose, In benzodiazepine-intoxicated patients
flumazenil is commonly administered intravenously (due to
predominant first-pass metabolism), and full benelicial eflects
are seen in a few seconds to minutes. Flumazenil is also widely
known for its panic-attack-provoking capacitics in untreated
patients suffering from panic disorder (70-90% will exhibit a
panic attack). These ellects are not observed when it is
administered to healthy subjects implying that in normal
physiological functioning there is no apparent activity associ-
ated with the benzodiazepine receptors. Flumazenil has no
significant adverse effects except for occasional nausea and

vomiting. More infrequent though serious  side-effects  of

flumazenil are seizure induction including status epilepticus,
and induction of acute psychosis il it is given to benzodiazepine-
dependent individuals.

Inverse agonists are substances that produce elfects at a
specilic receptor that are opposite to those produced by the
usual agonist to the same receptor. The most studied of the

benzodiazepine-receptor inverse agonists is the f-carboline-3-
carboxylic acid ethyl ester (B-CCE). B-Carboline’s effects are
evident both in animals (it increases serum cortisol levels and
causes tachycardia in monkeys) and in humans, where they
induce anxiety resembling panic attacks.

Pregnalolone sulfate is a neurosteroid (Section 4.2), but,
unlike the other neurosteroids. it exhibits antagonistic effects on
the receptor for neurosteroids thus decreasing chloride influx ().
5-7. Pregnalolone sulfate (5) and the two convulsants
picrotoxin and pentylenetetrazole (6) can decrease chloride
influx via directly blocking the chloride channel (7). The recep-
tor for picrotoxin and pentylenetetrazole is termed the
convulsant receptor or the picrotoxin-binding site. Picro-
toxin is a convulsant agent derived from the shrub anamirta
cocculus, Pentylenetetrazol was used since the late 19405 to
produce convulsions in psychiatric patients. Later it was
replaced by electroconvulsive therapy due to its profound
anxiogenic actions.

8. All the mentioned agents share a common final pathway in
which they decrease the permeability of cross-membrane
chloride channels. As a result, chloride influx decreases and
intracellular ion concentrations are lowered. This decreases the
threshold for reaching an action potential.

9. There is insuflicient data about the clinical effects on humans
of the various agents described. Most of our knowledge comes
from animal and human studies with flumazenil and some
from picrotoxin and pentylenetetrazole. Flumazenil's
effects were described earlier. and the most prominent clinical
effects of the latter agents are their anxiogenic and convulsant
activities, Pentylenetetrazole was used as convulsant for
treating depression before electro-convulsive therapy was intro-
duced and its predominant disturbing adverse effect was the
provocation of anxiety reactions,
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4.4 Buspirone
Supposed mechanism of anxiolytic effect

Acute anxiety
I \ Baseline findings;

GABAergic nerve. not on buspirone treatment

Locus When stimulated, it releases GABA, :

ceruleus which increases the threshold for an
(LC) action potential on the

postsynaptic adrenergic neuron

Decreased GABA
release, with a
consequent decreased
inhibition of adrenergic
neurons

Excess
5-HT activity

Net effects:
1.Increased LCFR

2. Baseline anxiety
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GABAergic ' Acute anxiety
GABA release '

Acute buspirone treatment

Buspirane also binds to
postsynaptic 5-HT,,
receplors, thus serving
as a partial agonist that
reduces the net effect of
the excess 5-HT

More excessive
5-HT activity

Ll 12

Net effects:
1.Increased LCFR
(similar or higher levels than before buspirone treatment)
2. Anxiety still exists

~

Increased
GABA release

GABAergic Resolved anxiety
nerve Chronic buspirone
: treatment

Buspirone still inhibits
(partially) the binding
of 5-HT, thus further
decreasing
postsynaptic 5-HT
receptor stimulation

Adrenergic
nerve

Net effects:
1. Decreased LCFR
(back to 'normal’ pre-anxiety levels)
2. Anxiety is resolved

Decresaed
5-HT activity

64
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5-HT Serotonin (5-hydroxytryptamine)

GABA y-Aminobutyric acid
GABA,-R GABA receptor type A
LC Locus ceruleus
LCFR Locus ceruleus firing rate
PFC Prefrontal cortex

O Buspirone
@ Sserotonin

Buspirone is a partial agonist to the 5-HT,, receptor. A
partial agonist is an agent that has certain agonistic
capacities at a specific receptor, but less eflicacy (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 receptor with consequent suppression of its

Notes about the numbered items in the scheme

intracellular elfects. The 5-HT,, receptors can be either
presynaptic (termed somatodendritic autoreceptors, -
SDARs) or postsynaptic. The SDARs serve as regulatory
receptors that, when stimulated by synaptic 3-HT
(serotonin), inhibit the lurther release of stored 3-HT
from intracellular vesicles located in the presynaptic
nerve terminal into the svnaptic cleft, leading to
decreased serotonergic transmission.

A major element in understanding the role of buspirone as an
anxiolytic agent is the presumed primary excessive serotoner-
gic activity, which affects several brain regions, especially the
locus ceruleus (LC). in anxiety. The excessive serotonergic
activity increases the LC firing rate. with a consequent increase
in adrenergic activities in most major brain regions. The
mechanism involved in buspirone's anxiolytic eflfects is
presumed to be via the following substeps:

1,2. Unknown intracellular (or extracellular) events (1)
increase the 5-HT concentrations in the synaptic cleft, leading
to excessive serolonergic activity (2) in many brain regions.
3,4. The presynaptic 5-HT,,-AR is assumed to be down-
regulated (3) in the baseline condition of an acute untreated
anxiety. Although downregulated, it still exerts some
inhibitory eflects on the release of 5-HT from presynaptic
nerve terminals into the synaptic cleft (4).

5. Synaptic 5-HT serve as feeback mechanism by inhibiting
the SDARs but it is not sullicient enough to inhibit the exces-
sive release of 5-HT properly. The net result is an excess of 3-
HT.

6,7. This increased serotonergic activity stimulates various
postsynaptic 3-HT receptors located in many brain regions
(3-HT,,. 53-HT,. 3-HT,. 53-HT, and 5-HT,,). Especially
relevant to anxiety is the stimulation of serotonergic recep-
tors in the frontal cortex, which in turn suppress GABAergic
projections from the cortex to the LC (6). This results in
increased LCFR (LC firing rate), with a consequent increase
in adrenergic activities, which induce the primary symtoms
ol anxiety (7).

8-10. Buspirone binds to the presynaptic 3-HT,,-AR so
inhibits the excessive binding of 5-HT to that receptor, leading
1o less stimulation ol these receptors, and less inhibitory effects
on the release of 5-HT into the synaptic cleft (9). During the
acute phase of buspirone treatment (usually less than 2
weeks), the 5-HT-AR are still downregulated and the decreased
stimulation of the 5-HT-AR causes a further increase in the
release of 5-HT into the synaptic cleft, leading to a further
increase in 5-HT availability for synaptic transmission (10).
11,12, The increased 5-HT availability in the synaptic cleft is
not translated into an increase in postsynaptic 5-HT stimula-
tory ellects since buspirone also binds to postsynaptic 5-HT, ,
receptors with consequent partial inhibition of endogenous 5-
HT binding to these receptors (11). The net elfect of acute
buspirone treatment is little change in the LCFR. and anxiety
does not resolve (12).

13-17. Chronic buspirone treatment causes upregulation of
the 5-HT,,-AR (13). The postsynaptic 5-HT,,-R are not
modified by such treatment. The upregulated 5-HT, ,-AR exert
an enhanced inhibition on the release of 5-HT from the presy-
naptic terminal ( 14), which leads to a significant decrease in 3-
HT concentration in the synaptic cleft (15). The serotonergic
activities arc further decreased since buspirone binds to the
postsynaptic 5-HT, ,-R (16). with a consequent decrease in the
already-diminished effects of 5-HT on postsynaplic receptors.
The net effects of these reactions decrease the LCFR to 'normal’,
pre-anxiety levels. which in turn modulates the resolution of
the anxiety state.
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4.5

Treatments for OCD (obsessive-compulsive disorder)
Supposed mechanism of action
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5-HT Serotonin (5-hydroxytryptamine)
5-HT,a2c-R Postsynaptic serotonergic receptors type
2A or2C

inhibits the release of DA
from DA nerves (when stimulated)
DA Dopamine
RN Raphe nuclei
SN Substantia nigra
SSRIs Selective serotonin
reuptake inhibitors
SRIs Serotonin-reuptake
inhibitors (non-selective)

There are accumulating data indicating that the basal
ganglia (BG) and the serotonergic and dopaminergic
systems are involved in obsessive-compulsive disorder
(OCD). The best evidence for serotonergic involvement is
the beneficial elfects ol non-selective serotonin reuplake
inhibitors (SRIs). Clomipramine, a tricyclic antidepres-
sant drug, was shown early in the 1960s to ameliorate
OCD. Double-blind, placebo-controlled studies with sclec-
tive serotonin reuptake inhibitors (SSRIs) such as fluoxe-
tine. fluvoxamine, sertraline, citalopram and
paroxetine have confirmed this. The SSRIs and SRIs
increase the availability of serotonin in the synaptic cleft.
with a consequent increase in postsynaptic serotonergic
transmission.

The best evidence for DA involvement in OCD is the
link between OCD and Gilles de la Tourette Syndrome
(GTS). As many as 50-90% ol GTS patients have also
obsessive behaviors, and many have OCD. Other evidence
includes the observation that OCD patients may benefit
from the addition of various antidopaminergic agents

Notes about the numbered items in the scheme

(neuroleptics) to SRIs. Cocaine. which increases
dopaminergic transmission, can aggravate OCD in
patients suffering from GTS. Dopamine agonists such as
amphetamines, cocaine, 1-dopa, apomorphine or
bromocriptine, have been shown to induce purposeless
and repetitive activities, resembling OCD, in previously
healthy subjects.

Various structural and functional abnormalities, mostly
in BG, have been demonstrated in patients with OCD.
Computed tomography (CT) scans have demonstrated
reduced caudate volumes, and cavitation of the basal
ganglia. Association between OCD and several neurological
disorders that involve basal ganglia dysfunction (Syden-
ham's chorea, postencephalitic parkinsonism) is evident in
epidemiological studies. Positron emission tomography
(PET) studies have demonstrated increased brain metabo-
lism in the caudate nuclei, cingulate regions, frontal lobe
and orbital gyri. Symptomatic improvements in OCD have
been found to correlate with restoration of metabolism to
normal in the basal ganglia and lrontal regions.

1. Decreased serotonergic activity is presumed to be involved
with the emergence of OCD. It is unclear if this hyposerotoner-
gic state is primary or secondary.

2—4. Under normal conditions. serotonin  stimulates  5-
HT,;,.0-HR - (heteroreceptors  for  serotonin)  located  on
dopaminergic nerves (2), with consequent inhibition of DA
release from the presynaptic nerve terminal into the synaptic
cleft (3). The hyposerotonergic state assumed in OCD decreases
the inhibition so increasing DA concentration in the synaptic
cleft (4). The 5-HT,,.. 20-HR may also be hypersensitive in OCD
which could serve as compensatory mechanism to decrease DA
release.

5. The imbalanced 5-HT/DA system in the basal ganglia is
reflected in other brain regions. by efferent projection fibers
through the cingulate gyrus.

6. Inputs from the basal ganglia to the frontal cortex are
assumed to produce the symptoms encountered in syndromes
such as OCD and GTS.

7. The most efficacious pharmacological treatments for OCD are
the SRIs or the SSRIs which work in between 30% and 70%
of patients but only on chronic administration. There are some
preliminary data that this therapeutic effect is associated with
the downregulation of postsynaptic 5-HT,,, .. .~HR. Surgical
procedures that interrupt the pathways from the basal ganglia
to the frontal cortex are also eflective in ameliorating OCD,
Cingulotomy is the most often used, and long-term remissions
are achieved in up to 30% of patients, Adverse side-effects 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 hypnot

Comparative clinical and side-effect profiles
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Notes about the numbered items in the scheme

1. The more protein that is bound, the more the agent is
affected by pharmacokinetic interactions.

2, Faster rate causes more immediate anxiolytic effect (il given
acutely and on a short-term basis).

3. Associated with higher doses and being elderly.

4. Hyperexcitability phenomena: daytime anxiety, early insom-
nia, tension, panic and development of tolerance (from 1 to 4
weeks).

5. Potent benzodiazepines (BDZs) are associated with more
memory impairments (mostly anterograde amnesia).

6. All BDZs decrease REM and stages 3 and 4 of sleep to
various extents. Zopiclone and zolpidem do not.

7. Mostly rebound insomnia and anxiety. Associated, predom-
inantly, with agents that have short Ty,,.

8. Only if stopped quickly.
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4,7 Benzodiazepines
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5.1  o,-adrenergic antagonist — yohimbine
Supposed mechanism of improving erectile dysfunction
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Yohimbine has been used for many years as a possible
treatment for erectile dysfunction (impotence). Most of the
favorable data are case reports or small open-labeled
studies. The exact mechanism ol action is unclear. but
data indicates a major role for the peripheral autonomic
nervous system in regulating the yohimbine-induced
improvements in erectile dysfunction, Yohimbine is an
o-adrenergic receptor antagonist, which causes a net
increase in norepinephrine (NE) availability in the synap-
tic cleft. via the inhibition of the presynaplic o.-autore-
ceptor (which regulates and inhibits the release of NE from
intracellular vesicles into the synaptic clelt). Yohimbine

Notes about the numbered items in the scheme

is given in doses of approximately 12-22.5 mg/d for the
treatment ol impotence (divided into three). At doses
above this there are increased frequency of adverse side-
effects. The most common side-effects of yohimbine are
related to stimulation of the adrenergic system: increased
blood pressure, tachycardia, tremor, irritability and
headaches. Other commonly observed adverse effects are
decreased urinary output (which is probably mediated via
the release of antidiuretic hormone). impaired renal
function. nausea. vomiting, sweating and flushing. as well
as emergence of anxiety or panic attacks (especially in
predisposed individuals).

1. The erectile mechanism of the male penis is mediated by the
autonomic nervous system, both the sympathetic (pregan-
glionic cholinergic fibers from T12 to L4, and postganglionic
adrenergic fibers) and parasympathetic (cholinergic fibers from
S2 to S4). The corpus cavernosum has to be filled with an
appropriate amount of arterial blood via the penile vasculature
to achieve penile erection. The blood supply to the corpus caver-
nosum is regulated by these autonomic fibers.

2, Sympathetic stimulation of the o, adrenergic receptors
located in the penile vasculature results in vasoconstriction and
reduced blood flow into the corpus cavernosum.

3. Parallel sympathetic stimulation of §,-adrenergic receptors,
at the same vascular beds, induces vasodilation. It is also
believed that cholinergic (parasympathetic) stimulation induces
asodilatory effects in the penile arterial vasculature.

4.5. At baseline state. when the male is not sexually aroused,
and the penis is not erect, the net effect of the adrenergic (both
o, and P,) and cholinergic innervations causes significant
vasoconstriction, leading to reduced blood flow into the corpus
cavernosum. The reduced blood flow is not sufficient to induce
erection.

6,7. It is not clear whether or not the major effects of yohim-
bine are via peripheral or central mechanisms, although most
data suggests that the peripheral nervous system has the major
role in yohimbine-induced improvement in erectile dysfune-
tion (6). The medial septopreoptic and the medial dorsal
nucleus of the thalamus are presumed to be involved in the
generation of yohimbine's centrally mediated effects (7).
8-10. Yohimbine causes a net vasodilatatory effect on the
penile vessels. It is assumed that either yohimbine causes a
preferential increase in the [3,-adrenergic tone (8) compared
with the o, stimulation (9), or that it causes a relative increased
cholinergic stimulation (10). This latter effect might be associ-
ated with increased release ol nitric oxide (NO) and subsequent
activation of cyelic guanine monophosphate (¢cGMP) which is a
potent vasodilator.

11.12. The net effect of yohimbine treatment is vasodilation
(11). which increases the arterial blood flow into the corpus
cavernosum, leading eventually to erection (12).
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5.2 oy-adrenergic agonists - clonidine/lofexidine

Therapeutic mechanisms in opioid withdrawal. Mechanism of adverse side-effects
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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.
It can also induce anorexia and
decreased libido (in about 1-5%)
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Adverse effects of clonidine
(most are peripheral):

Frequent (> 15%) = Dry mouth, tiredness, dizziness,
constipation, weakness, redness of skin, bradycardia, hypotension.
Less frequent (1-5%) - Skin pigmentation, dry eyes,
nausea, vomiting, nervousness, mild orthostatic hypotension.
Evident only in animals - Retinal degeneration.




Stimulates
Upregulates
Inhibits

-

————

o

Upregulated H
receptor

Legend

| Regulation status
is unknown

ADR-R Adrenergic receptor
ADR-AR Adrenergic autoreceptor

w-opioid-R }i-receptor for opioids

Selected adrenergic drugs m

ACh Acetylcholine
ACh-R Acetylcholine receptor

LC Locus ceruleus
LCFR Locus ceruleus firing rate;
parameter of adrenergic transmission
NE Norepinephrine (noradrenaline)

NTS Nucleus tractus solitarius (in the medulla)

Clonidine and lofexidine are selective o,-adrenergic
agonists. The o, receptor serves as an autoreceplor in
presynaptic nerve terminals, where it regulates (via inhibi-
tion) the release of norepinephrine (in adrenergic nerves)
and serotonin (in serotonergic nerves) into the synaptic
cleft. Clonidine was initially used as a nasal decongestant,
but it is currcnlly and muslly used as an unlih}-‘pcl'lunsivc
agent. often as an adjuvant to a diurctic. Clonidine and
lofexidine's predominant use in current psychiatric
practice is lor treating opioid, and to a lesser extent alcohol
and nicotine withdrawal symptoms. It is also used as a
second-line drug for the treatment of Tourette’s disorder

Notes about the numbered items in the scheme

and attention-deficit hyperactivity disorder (ADHD) when
stimulants are ineflective or contraindicated. It may also be
useful in the treatment of stuttering in children, and some
reports demonstrate its various efficacy in treating anxiely
symptoms related to generalized anxiety or panic disorder,
Clonidine is also used as a challenge test of the adrener-
gic system; it stimulates growth hormone release,
decreases blood pressure and peripheral 3-methoxy-4-
hydroxyphenylglycol (MHPG). Blunted responses in these
have been seen in some psychiatric disorders (mainly affec-
tive) and it usually indicates favorable response to anti-
depressant therapy.

Mechanism of action

The following are the main elements in clonidine and lofexi-
dine's mechanism of action and consequent adverse side-cllect
profile. The data correspond to those drugs activity in opioid
withdrawal, but are assumed to be relevant to withdrawal from
other substances as well.

1,2. During chronic use of opioids. a decrease in total norepi-
nephrine (NE) activity is found. This is presumably a conse-
quence of suppressed adrenergic transmission originating from
the locus ceruleus (LC)(1). The o,- and B-adrenergic receptors
located on postsynaptic neurons are upregulated — possibly as a
compensatory mechanism (2). When a subject withdrawals
from opioids the adrenergic receptors are still hypersensitive but
the adrenergic transmission from the LC is no longer suppressed
and usually overshoots as the locus ceruleus firing rate (LCFR)
is substantially enhanced. This leads to enhanced adrenergic
stimulation which causes the typical withdrawal syndrome
which is characterized mainly by autonomic instability. irritabil-
ity. anxiety, lacrimation. rhinorrhea, and dilated pupils.

3. Clonidine and lofexidine, via o, agonism, inhibit NE
release from presynaptic vesicles into the synaptic cleft, leading
to a decrease in NE availability for postsynaptic receptors.

4. These drugs reduce withdrawal symptoms such as irritability,
anxiety and headaches, The ability of clonidine to reduce
craving for opioids is also relatively well established. Tolerance
develops to the ellects of clonidine, which is why it is impracti-
cal to use this agent lor various anxiety disorder (panic disorder,
obsessive-compulsive disorder. generalized anxiety disorder) due
to the relatively chronic treatment necessary in these cases.

Side effects

5. Clonidine has a troublesome side-effect profile. Most cloni-
dine-induced adverse side-effects are mediated via its central
agonism at the o, receptors in the nucleus tractus solitarius
(NTS) in the medulla. Lofexidine has less side-cflects especially
less hypotension.

6. The decreased NE transmission from the NTS results in
suppressed  preganglionic sympathetic activities (note that
acetylcholine serves as a mediator in these nerves).

7.8. As a consequence, diminished sympathetic activity is detected
in postganglionic nerves (7). resulting in symptoms such as fati-
gue, dizziness, bradycardia, constipation, hypotension, anorexia,
naused, vomiting and decreased libido (8). Skin pigmentation or
redness are usually only seen with transdermal preparations.

Dosing strategies for clonidine (oral, for opioid withdrawal syndrome)

A. Day 1: 0.005 mg/kg body weight (about 0.3-0.4 mg/d for a
60-75 kg patient).

B. On days 2-10 (if no adverse side-eflects are evident):
0.017 mg/kg body weight (about 1.2 mg/d for a 60-73 kg patient).

C. Ondays 11, 12, and 13: reduce dose by 50% cach day.

D. On day 14: no treatment.

E. Clonidine should be stopped immediately if blood pressure
is less than 90/60 mmiig.
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5.3

B-adrenergic antagonists (J blockers) - pindolol
Supposed mode of accelerating and augmenting the antidepressant effects of SSRIs
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Various -adrenergic antagonists have a potential use in
psychiatric pharmacotherapy. The main agents are
atenolol, metoprolol. nadolol. pindolol and pro-
pranolol. There are three distinct B-adrenergic receptors
(B,. Bs. B;) and two are widely studied: 3, which is located
mainly in the central nervous system and heart. and 3,
which is located predominantly in peripheral tissues such
as the liver, pancreas, pulmonary tree, blood vessels and
gastrointestinal tract. Some  f-adrenergic antagonists
(metoprolol, pindolol and propranolol) are lipid-
soluble and cross the blood brain barrier (BBB) with
relative ease, while atenolol and nadolol are more
hydrophilic, and so do not cross as easily.

Use of B blockers in psychiatry

Four conditions have been postulated to benelit from
B-adrenergic antagonists, namely akathisia, lithium-
induced tremor, impulsive or aggressive behaviors, and
there is also the recently introduced indication lor
pindolol as an adjunct treatment to a selective serotonin
reuptake inhibitor (SSRI).

Akathisia. It is believed that a hyperactive noradrener-
gic activity plays a major role in inducing the disorder.
-adrenergic antagonists (especially propranolol and to
a lesser extent nadolol) are first-line drugs for treating
akathisia, via, presumably, reducing adrencrgic hyperac-
tivity.

Lithium-induced tremor. A {inc tremor is a necessary
component of maintaining posture or making a volun-
tary movement in normal subjects, rellecting unfused
motor unit contractions. Agents that increase muscle
twitch contractions will exacerbate this physiological
tremor. Most of these eflects are mediated by increased
adrenergic activities. thus B antagonists, via reducing the

Notes about the numbered items in the scheme
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effects of circulating norepinephrine (NE), are most
beneficial in reducing lithium-induced tremor,
Impulsive and aggressive behaviors. Small controlled
studies suggest the effectiveness of f-adrenergic antago-
nists in controlling impulsivity and aggression in patients
suffering [rom organic brain syndromes or schizophrenia
(less effective). It could be that these patients suffer from
increased adrenergic activities which is blocked by these
agents.

Pindolol as an adjuvant to an SSRI for accelerating
and augmenting the antidepressant effect.
Pindolol is a nonselective, lipid-soluble B-adrenergic
antagonist with some intrinsic sympathomimetic activ-
ity. At the same time, it is also a selective antagonist to
the 5-HT,, autoreceptors (it does not interact with the
postsynaptic 5-HT,, receptors) — a phenomenon that
might explain pindolol's unique potential lor accelarat-
ing and augmenting an antidepressant activity. A few
open-label and double-blind studies have been performed
to date. In most studies the addition of pindolel to an
SSRI (fluoxetine, paroxetine) resulted in a substantial
shortening ol the time needed to achieve at least 50%
reduction in depressive parameters (average 14 days
with the combined pindolol-SSR1 treatment and 26
days with the S8RI alone or with placebo). Other studies
have demonstrated the capacity of pindolol augmenta-
tion to an SSRI to achieve therapeutic responses both in
treatment-resistant — patients  and  in  non-resistant
patients. In these cases augmentation with pindelol has
improved the response rate by 25% in the non-resistant
group and by about 400% in the treatment-resistant
agroup. Even so. all these data are preliminary and more
research is needed to accurately assess pindolol’s poten-
tials at these indications.

1-5. SSRIs block the reuptake of serotonin (5-HT) into presy-
naptic nerve terminals (1), and thus increase its availability for
further synaptic transmission (2). However, al the same time,
the increased concentration of 5-HT stimulates the 5-HT,
autoreceptors (3), which in turn inhibit the release of further 3-
HT into the synaptic cleft (4). All in all, the concentration of 5-
HT available lor synaptic transmission is not as high as it could
be if the 3-HT,, autoreceptors were not so active (5).

6-8. As a result, the postsynaptic modifications (6) and the
consequent intracellular changes (7) that are evident lollowing
chronic treatment with SSRIs are not evident during the acute
treatment and the depressive state is not resolved in these early
stages of treatment (8).

9-14. When pindolol is combined with an SSRI, the latter still
blocks the uptake of 5-HT (9), and thus increases its availabil-
ity for further transmission ( 10) but at the same time pindolol
antagonizes the 5-HT, , autoreceptors (11), which diminishes
their function to suppress 3-I1T release from presynaptic termi-
nals (12). The net effect ol these actions is a prompt and
substantial increase in 3-HT concentration in the synaptic clelt
(13). with a consequent enhanced serotonergic activation of
postsynaptic receptors (14).

15,16. The exact intra- and intercellular mechanisms involved
in the following stages arc unclear (15). but preliminary
evidence suggests that depression resolves more quickly and
possibly more effectively with a combined pindolol-SSRI
regimen than with an SSRI alone (16).
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6.1

Suggested mechanisms that induce EPS and relevant drug treatments
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5-HT Serotonin (5-hydroxytryptamine)
ACh Acetylcholine
ADR Adrenergic
APDs Antipsychotic drugs
BDZs Benzodiazepines
DA Dopamine
GABA -Aminobutyric acid
NE Norepinephrine (noradrenaline)
MAOg | Monoamine oxidase
inhibitors (type B)
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Antipsychotic Drug Effects

The lollowing cascade ol reactions lollowing antipsychotic drug
(APDs) administration is thought to lead to extrapyvramidal
side-cllects (EPS),

1. Normally and with no APD treatment, the basal ganglia,
-audalte, putamen and globus pallidus (one of the major regions
governing motor activity), get a balanced cholinergic versus
dopaminergic neural inputs.

2.3. APDs antagonize dopaminergic transmission in the
nigrostrintal pathway (from the substantia nigra to the basal
ganglia) so causing imbalanced  dopaminergic-cholinergic
neurotransmission. This relative hypercholinergic state (3), is
believed to be a major factor in drug-induced parkinsonism.
4,5. The dopaminergic receptors, following chronic APD treat-
ment (probably as a compensatory mechanism), are up-
regulated and become hypersensitive (4). This phenomena is
partially effective in recovering the baseline balanced choliner-
gic—dopaminergic activity (31

6-8. Normal administrations of APDs is characterized by
fluctuating serum drug levels (6). When APD serum levels are
temporarily decreased (7) and while the dopaminergic receptors
are still hvpersensitive (4). a relative hyperdopaminergic neuro-
transmission occurs (8).

9. A possible compensatory cholinergic receptor hypersenstitiv-
ity occurs, leading to enhanced cholinergic transmission and,
in some individuals, to acute dystonic reactions.

10. As a parallel reaction to the relative dopaminergic hyper-
sensitivity. a noradrenergic (which may be serotonergic also)
compensatory hyperactivity occurs, leading to akathisia.

1 1. Drugs effective for the treatment of EPS:
Benzodiazepines (BDZs). These. via enhancing GABA | recep-
tors, have an inhibitory effect on most brain areas. including on
the hyperexcitability of the noradrenergic. serotonergic and
cholinergic systems.
B-adrenergic  (ADR)  antagonists.  These  (atenolol,
metoprolol. nadolol. propranoclol) are beneficial in the treat-
ment ol akathisia by blocking the presumed hyperadrenergic
activity., They are regarded as first-line agents for this entity.
and are considered 1o be superior to all other anti-akathisia
modalities.
Clonidine (sce Section 5.2). This is a selective ¢ -adrenergic
agonist that suppresses the release ol norepinephrine from
presynaptic vesicles into the synaptic cleft, thus reducing
akathisia.
Anticholinergic drugs. These agents block the acetylcholine
muscarinic receptors, centrally and peripherally. so decreasing
cholinergic activity and, alleviating adverse effects such as
acute dystonia and parkinsonism. The main drugs used for such
purpose are benztropine. biperidine, procyclidine and
trihexphenidyl.
Dopaminergic agents. These exert their effects via enhancing
dopaminergic transmission.
MAQ,, inhibitors (c.g. selegiline). These inhibit the degra-
dation of dopamine, thus increasing its availability for synap-
Lic transmission.
Amantadine. Exact mechanism is unknown. May act as
dopamine-reuptake inhibitor and/or dopamine releaser.
Bromocriptine. Acts as a postsynaptic dopamine agonist.
Miscellaneous drugs. Various drugs. most with prominent
antihistaminergic and/or GABAergic agonistic properties exert
some beneficial effects when treating extrapyramidal symptoms
(see Section 6.2 for details).
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6.2 Drugs effective for the treatment of extrapyramidal symptoms (EPS)
Comparative profile

Mechanism of action Benificial for Onset and duration
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Amantadine upto48h 11-15
Benztropine 60-120 24
Biperiden 10-30 1-8
Clonazepam 60-240 18-50
Cyproheptadine upto48h 24
Diazepam 15-60 20-70
Diphenhydramine 15-180 6-8
Lorazepam 30-120 10-12
Mianserin . . upto72h 24
QOrphenadrine ~ 60 14-25
Procyclidine ~ 60 ~4
Propranolol 60-90 3:5
Trihexphenidyl . ~ 60 6-12
Legend Receptor affinity profile Beneficial in about:
Strongesl .
affinity > 50%
20-50%
0-20%
No effect

Weakest affinity

Effect not fully established
No evident interaction or no data |:|

* Following an oral dose

5-HT, Serotonergic receptors type 2A and 2C

ADR Adrenergic

resulting in inhibitory effects on various brain funclions
H,; Histaminergic receptor type 1
NE Norepinephrine.

ACh M, Muscarinic receptors type 1. Five different subtypes have been identified so far (M ;-Ms); all of
which are present in the brain. M, 5 ¢ activate G-proteins that stimulate phospholipase activity.
M . activate G, and G, proteins that modulates adenylate cyclase activity

GABA, v-Aminobutyric acid type A. Stimulates chloride influx into the intracellular space,

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




6.3  Antihistamines
Comparative profile

Cyproheptadine

Comparative parameters

Histamine type 1(H,)

Acetylcholine muscarinic

Antagonizes
receplors

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

Anticough
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Appetite stimulator
Dystonic (induces)
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Promethazine

Diphenhydramine Hydroxyzine

Dystonic (reduces)

Glucose serum levels (alters)

Hepatotoxic (potentially)

Pregnancy test results (alters)
Sedative (7)

Clinically significant effects

Vascular headaches (suppresses)

Legend

Most significant effect

Significant effect

Weak effect

Diminished effect / insufficient data

The role of antihistaminergic drugs in psychiatry is
limited. The only well documented indication is the i.v.
use of diphenhydramine for the treatment of acute
dystonic reaction. The usc ol antihistamines for their
sedative effects has diminished since benzodiazepines
are much better tolerated and have fewer adverse side-

effects. As hypnotics, benzodiazepines are more effec-
tive than antihistaminergic agents in inducing or
maintaining sleep. Specific and relative indications for
the use ol antihistaminergic agents should be limited for
patients who are sensitive to or who abuse benzodi-
azepines.

Suggested mechanisms involved in the therapeutic effects of antihistamines

1. Cyproheptadine can reverse anorgasmia caused by selec-
tive serotonin reuptake inhibitors (SSRIs), by 5-HT, blockade.
2. Diphenhydramine suppresses the cough reflex more than
other antihistamines. The mechanism is unknown,

3. Data are consistent with the role of cholinergic transmission
in the induction of motion sickness and vertigo, Diphenhy-
dramine and hydroxyzine can suppress some of these elfects.
4. It is not known how antihistamines. mainly hydroxyzine,
are anxiolvtic. Data suggest a modulating role of the H, recep-
tor system in anxiety.

5. Cyproheptadine, via its antiserotonergic properties, has a
much greater stimulatory ellect on  appetite since  5-1HT
{serotonin) might serve as an inhibitory mediator of appetite at
the level of the hypothalamus. Cyproheptadine may be used
for the treatment of anorexia nervosa,

6. Acute dystonia is believed to be a consequence of a hyper-
sensitive  cholinergic  system.  Diphenhydramine, by its
anticholinergic properties, relieves the dystonic reaction,

7. The sedative effects ol all antihistaminergics are believed to
be mediated by their antagonistic properties at the postsynaptic
central H, receptor. The exact mechanism is unknown, but it is
possible that histamine cause neural depolarization and conse-
quent arousal states.

Peripheral side-effects of antihistamines:

The most common peripheral side effects of antihistamines are:
bronchodilation, dried and thickened mucus, tachycardia,
hypotension, urinary retention, abdominal distress, diarrhea.
constipation, and suppression of allergic 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
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Dementia ol the Alzheimer type (DAT) is clinically
diagnosed by a characteristic decline in multiple cogni-
live functioning, along with a significant impairment in
social, occupational or other major areas ol daily activ-
ity. Some neurological pathological abnormalities have
been identified in DAT. though none are pathognomonic,
Some cases of DAT are [amilial. and genetic analyses
suggest non-allelic genetic heterogeneity in both early-
onset (age<63) and late-onset (age>65) DAT. Linkage to

Notes about the numbered items in the scheme:

Miscellaneous drugs m

chromosomes 14 and 21 has been found in early-onset
DAT. while late-onset DA'T might be linked to chromo-
some 19 and associated with the gene for apolipoprotein
I (APOE). There are 3 major APOE alleles: APOE-¢2,
APOE-¢3 and APOE-e4. The risk of developing late-onset
DAT is more than 8 times greater for individuals with
two APOE-e4 alleles than that for persons without these
alleles and the mean age ol onset decreases in these
individuals by about 16 vears (from 84 to 68 years).

Pathological lesions in Dementia-Alzheimer Tiype

1. Major and consistent observations in DAT are the changes
seen in the cholinergic system, mainly in projections from the
Nucleus Basilis of Meynert (NBM). The main pathological
findings are the loss of cholinergic neurons and of acetylcholine
muscarinic receptors —both M, and M,, but mainly the M2 type
(probably a presynaptic autoreceptor that regulates acetyl-

choline release into the synaptic cleft). There is also a loss of

acetylcholine nicotinic receptors, Note that smoking, which
stimulates the nicotinic receptors, has some beneficial effects in
DAT. Other hindings are the reduced activity of choline acetyl
transferase (ChAT), the major and rate-limiting enzyme for the
synthesis of acetylcholine. The reduction in ChAT and associ-
ated neuronal loss in the basal forebrain. are the most consis-
tent associations with the cognitive impairments seen in DAT
patients.

2, Senile plaques (or amyloid bodies) are composed of f A4
deposits (encoded on chromosome 2 1) and are most prominent
in the amygdala, hippocampus and neocortex. They are the
most specilic findings of DAT (at least in carly-onset type). bul
are also seen in normal aging and in Down’s syndrome.

3. Neurofibrillary tangles. These are probably the most specific
indicator of neuronal damage, because they are found in
neuronal populations that dysfunctions and eventually dic.
They are formed presumably [ollowing modilications in the
microtubular associated proteins, mainly Tau.

4. Granular degeneration and pyramidal cell loss. mainly in
cortical and hippocampal regions.

5. Some inconsistent findings suggest serotonergic cell loss
(projecting [rom the raphe nucleus) and adrenergic neuronal
loss (projecting from the locus ceruleus).

6. The most consistent finding is the deficient cholinergic trans-
mission seen in DAT.

7. Treatment strategies (at present, all are aimed at increas-
ing cholinergic transmission):

Donepezil and tacrine (tetrahydroaminoacridine, THA)
are reversible inhibitors of acetvicholine esterase (donepezil
and tacrine). butyrylcholine esterase and cholinesterase

(tacrine) though tacrine also has other effects such as block-
ade of potassium channels, increasing duration of action
potentials, augmenting the release of acetylcholine from presy-
naptic neurons, inhibition of monoamine oxidase (MAO) type
A and type B (less). and inhibiting the reuptake of norepi-
nephrine. serotonin and dopamine into presynaptic neurons.
Both drugs have beneficial effects in about 40% of DAT
patients both in clinical parameters and by improving scores
in several cognitive tests. All these improvements were evident
with doses of tacrine between 120-160 mg/day and between
5-10 mg/day of donepezil. The major adverse side-effects of
tacrine are elevated serum transaminases (TA) in about 50'%,
of patients. which usually appear during the first 12 weeks of
treatment.  Twenty-five percent of patients (women are at
greater risk) will experience an increase of up to 3 times the
normal baseline levels of TA. When TA increases between 3
and 5 times the normal levels, a reduction of 40 mg/day in
tacrine dosage should be made, until the TA levels return to
within the normal range. I TA levels increase by more than
5-10 times, tacrine should be stopped. Other relative frequent
adverse  effects  are  ataxia, gastrointestinal — discomfort,
anorexia, nausea, vomiting and diarrhea. Donepezil has
fewer side effects, the main ones are GI upsets. Monitoring of
liver [unction tests is not required.

Physostigmine. This is an acetvlcholinesterase inhibitor
which is impractical for clinical use due to its short half-life and
significant peripheral adverse side-effects.

Piracetam. This is a paminobutyric acid (GABA) derivative
that accelerates the release ol acetylcholine from the presynap-
tic neurons into the synaptic cleft. It has been shown 1o
improve attention and agitation but not cognition in DAT.
Lecithin and choline, Both of these are dietary cholinergic
supplements. They have not been found, to date, to exert benefi-
cial effects on cognition in DAT patients.

Arecholine. This is a cholinergic agonist. It has shown some
inconsistent benelicial eflects on cognition in DAT.
Bethanecol. This is a cholinergic agonist. It has not shown
any beneficial results in DAT and it also has significant periph-
cral adverse side-effects. which prevent its clinical use.
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Male sexual behavior
Suggested modulators
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Hormones and sexual functioning

1,2. Testicular steroids are essential to maintain sexual behav-
ior. Testosterone is probubly the most important hormone
modulating male sexual behavior, and it is assumed to exert its
elfects on the central nervous system following aromatization
to estradiol (1). Note that following castration, a gradual
decline in male sexual activity is cvident in most mammals,
Testosterone affects multiple central nervous system sites,
particularly the preoptic arca in the hypothalamus (2). In
rodents. testosterone has also been shown to interact with
both dopaminergic and opioid systems, where it enhances the
recognition of various incentive cues emitted by the female.
Furthermore, testosterone scems o have a role in maintain-
ing normal dopaminergic activity in  limbic  structures
(especially in the nucleus accumbens) since levels ol both
dopamine and dihydroxyphenylacetic acid (DOPAC, a major
metabolite of dopamine) are decreased following castration and
increased when testosterone replacement is administered.

Brain mechanisms

3-6. The preoptic area and possibly other hypothalamic
regions integrate sensory data from external and internal
environments and send impulses to reward centers [mainly to
the ventral tegmental arca (VI'A) and other midbrain struc-
tures such as the substantia nigra (3)]. These are brain regions
containing dopaminergic cell bodies that further project to
limbic structures such as the nucleus accumbens and amygdala
or pass through the striatum (4). The reward svstem is stimu-
lated by an increase in dopaminergic activity in A9 and
especially in A10 which are dopaminergic pathways from the
VITA to limbic regions (5). with a consequent increased in
sexual desire. Dopaminergic agents injected into the nucleus
accumbens of rodents stimulate male sexual behavior, These
dopaminergic projections project further to the brainstem and
spinal cord. where they are presumed to translate sexual desire
into motor activity. It is not known if dopamine has a direct
sexual role in modulating these sexual parameters or whether
it acts via other neurotransmitter systems. The hyperdopamin-
ergic state suppresses opioid and/or noradrenergic activity, and
it also stimulates the secretion of several endogenous
hormones, such as adrenocorticotropic hormone (ACTH) and
a-melanocyte stimulating hormone (e-MSH) which induce
penile erection in rats. The net effect of the enhanced dopamin-
ergic activity is an increase in sexual behavior which is evident
in two main parameters: desire (sexual arousal) and stimulated
penile reflexes (erection and ejaculation) (6).

7. In rodents, dopaminergic agonists (e.g. apomorphine) or a
relative increase in dopamine type 2 receptor transmission
versus dopamine type 1 activity (D./D, ratio) have been shown
to reduce cjaculatory latency (thus stimulating ejaculation).
This is frequently achieved with a parallel suppression of penile
erection. Dopamine's effects on sexual parameters are complex,
and although its major effect is estimated to be via central
mechanisms, its effect on penile crection might also have a
peripheral component. since dopaminergic agonists have been
shown 1o induce penile erection in spinally transected rats,

8. Chronic hyperprolactinemia suppresses all aspects of human
sexual behavior, This effect is not due to inhibition of steroid
activity, since serum levels of testosterone are not altered by
chronic hyperprolactinemia. It is also not due to direct alter-
ations in dopaminergic transmission since it does not influence
enhanced sexual behavior triggered by dopamine agonists.
There is some evidence that it enhances y-aminobutyric acid
(GABA) and opioid activities. which might explain its inhibitory
effects on sexual behavior.

9,10. Serotonin (3-HT) has an inhibitory effect on male sexual
behavior which is mediated, presumably, via the 5-HT,, and
5-HT,. postsynaptic receptors (9). However, stimulation of the
serotonergic system can exert different and sometimes opposing
elfects according to the specific region which is stimulated,
Enhanced sexual behavior can be evident following stimulation
of presynaptic 5-HT,, autoreceptors in the dorsal or medial
raphe ol rodents where it apparently decreases the endogenous
release of serotonin from presynaptic nerve terminals (10).
This leads to a consequent decrease in serotonergic inhibition
on the striatum (projections from the dorsal raphe) or on the
nucleus accumbens, hippocampus and cortex (projections from
the medial raphe).

11. Evidence from clinical trials in humans using various
adrenergic agents and data based on lesions ol adrenergic
regions (in animal studies) suggest that norepinephrine
increases sexual arousal, probably via stimulating the central
postsynaptic o,-adrenergic receptors located in adrenergic cell
bodies of neurons originating from the locus ceruleus. However,
it might also have a peripheral and opposing effect where it
inhibits penile reflexes (mostly erection: see Section 7.2 for
details).

12. Data about the central role of the cholinergic system in
male sexual behavior are limited. Some evidence suggests that
enhanced muscarinic activity reduces the threshold for ejacu-
lation, but at the same time it exert a parallel reduction in
sexual 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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Physiology of penile blood flow

1-3. Penile erection is regulated by both central and periph-
eral mechanisms. This section discusses mainly the peripheral
mechanisms, especially [actors controlling the blood supply of
the penis. Factors that control the exit of blood from the penis
might also be important but current data are insufficient to
establish their exact role. For erection to take place, the corpus
cavernosum has to be filled with arterial blood (1). The arter-
ial vessels supplying the corpus cavernosum are under the
predominant innervation and control of the adrenergic system
[via o-adrenergic (ADR) and B,-ADR receptors| and cyclic
guanine monophosphate (¢cGMP) activity (2). Stimulation of
o,-ADR receptors induces vasoconstriction, and stimulation of
the B,-ADR receptors and/or enhanced cGMP activity brings
about vasodilatation. In a bascline, non-erectile state. the
arterial vessels supplying the corpus cavernosum are relatively
vasoconstricted due to the predominancy of the o,-ADR tonus
over the B,-ADR activity on these vessels. At the same time,
the ¢cGMP activity is not sullicient enough to vasodilate the
vessels. The cholinergic system has a modulating role on the
o,-ADR activity. It seems that an enhanced central choliner-
gic activity stimulates the peripheral o -ADR activity, with a
consequent increase in vasoconstriction, leading to suppressed
crection (3). The central cholinergic influence on peripheral
o,-ADR activity is mostly evident when the adrenergic activ-
ity is altered and it seems that it has less influence on an intact
adrenergic system.

4-6. The tonus of the sphincter between the urinary bladder
and the urethra (4) is regulated. mainly, by o,-ADR activity
(enhanced a,-ADR activity contracts the sphincter) (5). When
the penis is non-erect, the o,-ADR activity is mild and the tonus
on the sphincter is not effective enough to fully constrict it. In
such a case, the sphincter between the urinary bladder and the
urethra is dilated (e.g. enabling urination). At the same time,
and as long as ejaculation is not induced, the vas deferens (6).
which 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 inactive.

Mechanisms of Erection

7.8. For an erection to take place, the B,-ADR and/or the ¢cGMP
activities on the arterial vasculature supplying the penis have
to predominate over the o,-ADR activity. In clinical practice,
this effect is achieved. mostly. by the administration of various
drugs with a significant o,-ADR antagonistic effect (7). Sponta-
neous erections can be induced in human males with o,-ADR
blocking agents such as seclective o-ADR Dblockers (e.g.
phentolamine, phenoxybenzamine), or non-selective drugs
that have a predominant o -ADR blocking effect (c.g.
trazodone). As mentioned carlier, cholinergic activity has
some role in modulating and enhancing o, -ADR activity. This

means that agents that exert a dual action of suppressing both
a,-ADR activity and also decreasing cholinergic transmission
(agents with anticholinergic properties) might also induce
spontaneous erections, as has been reported for chlorpro-
mazine and thioridazine.

The role of ¢cGMP in inducing erection is well established
following the observed success of the recently introduced selec-
tive phosphodiesterase 5 (PDES) inhibitor sildenafil (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, with a
consequent decreased smooth muscle tonus and vasodilatation
that leads to penile erection. Sildenalfil is reported to be benefi-
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-
nafil’s most troubling side effects are usually transitory and
include: headaches (15%}); heatwaves (10%): nasal congestion
(49%); and insignificant color blindness (3%). Sudden death is
rare and it is invariably associated with the simultancous use
of other vasodilators (e.g. nitrates).

9,10. During erection, the sphincter between the urinary
bladder and the urethra is fully constricted (9). The constricted
sphincter prevents passage ol urine into the urethra (from the
bladder) and passage of semen (during ejaculation) from the
urethra into the bladder. The tonus of the sphincter is enhanced
by o,—ADR activity (10). It is confusing how increased o,~ADR
activity suppresses erection and, at the same time, enhances
sphincter closure (which is essential for normal ¢jaculation). It
is obvious that there are more parameters involved in this
complex mechanism, but current data about other modulators
ol erection are limited.

1 1. The effects of dopamine on sexual parameters are complex,
and although its major ellect is estimated to be via central
mechanisms., its effect on penile erection might also have some
peripheral component since dopaminergic agonists  (e.g.
apomorphine in low concentrations. bromocriptine,
levodopa, LY163502) have been shown to induce penile
crection in spinally transected rats.

The role of B,-ADR agonists or antagonists in erection has
not been studied well enough, and therefore no conclusions are
so far available. There are some data that B,-ADR agonists (e.g.
clenbuterol) have a role in regulating arousal and ejaculation
but not erection. However, the data are limited and often
contradictory. Propranolol (a non-selective B-ADR antago-
nist) can also inhibit penile reflexes in animals and in humans.
This mechanism is unclear. since. besides its dual antagonistic
activity on adrenergic receptors, it has some 5-HT,, blocking
effects (which induce the release of serotonin from serotonergic
nerve terminals into the synaptic cleft with a consequent
increased inhibition of major neuronal activities).
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7.3 Ejaculation
Supposed mechanism and various agents that can affect retrograde ejaculation
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1-5. Ejaculation, as erection, is also regulated by both central
and peripheral mechanisms. This section discusses mainly the
peripheral mechanism of ejaculation. For ejaculation to take
place, the penis has to be, at least partially, erect. For proper
erection Lo take place the arterial blood vessels supplying the
corpus cavernosum must be dilated, allowing blood to enter and
fill the corpus cavernosum. For such vasodilatation the B,-
adrenergic tonus (1) must predominate over the o,-ADR activ-
ity (2). For [urther details concerning the mechanism of
erection see former pages. A normal ejaculatory process is based
on transporting the semen from the testis (3), through the vas
deferens (4), into the proximal (5) and then to the distal urethra
(6), to be finally ¢jaculated extraurethally (7).

8. During ecjaculation the sphincter between the urinary
bladder and the urethra is fully constricted. This inhibits the
passage of urine from the bladder to the urethra. and at the
same time. prevents the contents of the ejaculate to
retrogradally enter the bladder (when this happens it is termed
retrograde ejaculation).

9. The sphincter between the urinary bladder and the urethra
is innervated predominantly by adrenergic fibers and both clini-
cal and animal studies suggests that it is mostly regulated by
o-adrenergic (ADR) activity. The sphincter is under the tonic
stimulation of  o,-ADR activity, which in non-erect and not
during ejaculatory process, is dilated enough to enable urine to
pass distally into the urethra. Further stimulation of o,-ADR
receptors located on adrenergic nerve fibers innervating the
sphincter (during erection, ejaculation or due to effect of
various agents) leads to full sphincter constriction, with a
consequent inability of the ejaculate to pass retogradally into
the urethra.

10. Another process necessary for 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 deferens (10). Most data
suggests that the vas deferens is innervated predominantly by

sympathetic nerves which are under the primary control of o, -
ADR activity.

11-13. Retrograde ejaculation is almost always the consequent
ol surgical procedures or following the use various drugs (11)
acting on and altering the sympathetic tonus of the sphincter
between the bladder and the urethra (12). The common elfect
ol such agents, which most of them are non-selective drugs, is
their ¢,-ADR antagonistic properties (c.g. thioridazine, chlor-
promazine, perphenazine, imipramine in relative high
doses, clomipramine). However, a selective o,-ADR antago-
nist such as phenoxybenzamine has also been reported to
induce retrograde ejaculation. All these drugs reduce the
sphincter’s tonus, allowing semen Lo pass retrogradally during
ejaculation and into the urinary bladder. Even so. some of the
cjaculate’s content may still pass anterogradally 1o be finally
expeled outward of the urethra (13). Clinically, an individual
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
ultimate diagnosis is based on finding sperms in the first urine
sample collected  following an  ejaculatory process. The
incidence of retrograde ejaculation is unknown but several
reports suggest that it could affect about 20-50% of individuals
treated with antipsychotic agents and especially with thiori-
dazine.

14. Few agents have been reported Lo reverse retrograde ejacu-
lation caused by drugs (mostly by thioridazine, see Section 7.4
for further details) or by surgical procedures which demaged the
sympathetic fibers innervating the genitalia. Among these
agents are imipramine (see Section 7.4) and sympathomimet-
ics (e.g. ephedrine) which enhance the adrenergic transmis-
sion including the o,-ADR activity. Other agents which have,
beside their adrenergic properties. a signilicant anticholinergic
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
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Chronic treatment with antipsychotic drugs is olten
associated with various svmptoms of sexual dysfunction
that might affect all domains of sexual activity, Among
the antipsychotic drugs, phenothiazines, and especially
thioridazine, are the most commonly associated with
adverse sexual side effects. Thioridazine can cause
various ejaculatory dyslunctions including retrograde,
painful or delaved ejaculation in 20-30% ol men treated
with this agent. How thioridazine induces its adverse
sexual side effects is unclear. There is no one specific inter-
action which could account for such impairments, and it
presumably involves multireceptor interactions and
probably via both central and peripheral mechanisms.
Thioridazine's profile and the possible mechanism by
which it induces retrograde ejaculation are brought in
order to provides a schematic and logical approach to
further understanding similar phenomena which might
be evident with other psychotropic agents.

There are only few reports aboul drugs that can restore
anterograde ejaculation following phenothiazine-induced
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retrograde ejaculation. Ephedrine and imipramine (=30
mg/day) have been shown to restore anterograde cjacula-
tion in 14-43% of cases where retrograde ejaculation was
caused by diabetes mellitus or following retroperitoneal
lymph node dissection. Other preliminary data demon-
strated the good eflicacy of imipramine in restoring
anterograde ejaculation following thioridazine- induced
retrograde ejaculation. About 60% of patients receiving
imipramine (23-50 mg/day) described full restoration of
anterograde ejaculation within a few days ol adding
imipramine to thioridazine. Both imipramine and
ephedrine seem to exert their effects via. mainly, enhance-
ment of the adrenergic activity that regulates the tonus of
the bladder-urethral sphincter. Imipramine’s eflect on
retrograde ejaculation is explained in order to provide
detailed information about a drug which is the most
commonly associated with restoration of this phenomenon
and to present a rational approach that can aid in seeking
other pharmacological agents for the treatment of antipsy-
choties-induced retrograde ejaculation.

1. Thioridazine binds with various allinitics to several recep-
tor complexes. It has the highest alfinity for blocking various
adrenergic (e.g. o, adrenergic), D, dopaminergic, acetylcholine
muscarinic, various 5-HT serotonergic and  histaminergic
receptors (see sections 3.4-3.5 for further details).

2-5. Up to date, there is not enough data which can associate a
specific receptor interaction of thioridazine with the induction of
retrograde ejaculation, It is assumed that the ultimate eflect of
thioridazine that causes retrograde ¢jaculation is the decreased
muscle tonus which constricts the sphincter between the urinary
bladder and the urethra. Consequently, the sphincter dilates and
it enables contents of the cjaculate to pass retrogradely into the
bladder during sexual activity, The sphincter’s tonus is regulated,
mainly. by ,-adrenergic activity, thus it is assumed that the net
effect of thioridazine is associated with the suppression of such
activity. Thioridazine can allect o -adrenergic activity both
directly (as a central o,-adrenergic antagonist) or indirectly via its
other receptor interactions which might serve as central or periph-
eral modulators of o;-adrenergic activity. The weight of cach
receptor interaction and its total contribution to the decreased o,-
adrenergic activity is, as of vet, a matter to speculations. We could
only relate to the fact that thioridazine's antagonistic properties
of the -adrenergic, 5-HT, , serotonergic and various subtypes of
dopaminergic receptors has been proposed (see further details in
Section 7.1) to suppress various types of sexual behaviors and that
it might likewise decrease the peripheral sympathetic tone of the
sphincter between the bladder and the urethra (e.g. via reduced
o-adrenergic activity), with a consequent evolvement of retrao-
grade cjaculation. Thioridazine antagonizes, also, the 5-HT,,
and 5-HT,. receptors, It is believed that this activity might have a
net stimulatory ellect on several sexual behaviors and it probably
increases central and peripheral o-adrencergic activity, Hence,
even though the latter effect might oppose the induction of retro-
grade ejaculation, it seems, empirically, that the other receptor
interactions of thioridazine predominate, eventually, at the level
ol the bladder-urethral sphincter, It is not clear how thiori-
dazine's anticholinergic properties allect the ¢, -adrenergic activ-
ity. One possible explanation is that thioridazine blocks the
peripheral postganglionic cholinergic receptors which are part of
the sympathetic nerve fibers which innervate the bladder-urethral

sphincter. These fibers, under normal control, are stimulated by
acetylcholine to produce and release norepinephrine, which is
then released to the synaptic cleft at the nerve terminal. When
thioridazine interferes with such cholinergic stimulation it can
cause a net decrease in norepinephrine release with a consequent
suppression of the o -adrenergic activity at the level of the bladder-
urethral sphincter. The net effect of thioridazine's multireceptor
interaction is the inhibition of the «,-adrenergic activity (2) which
controls the tonus of the bladder-urethral sphincter. As a result,
the tonus is reduced (3). allowing some (4) or all of the ¢jaculate
to pass retrogradely into the bladder instead of anterogradely into
the urethra. In case when only part of the ¢jaculate passes retro-
gradely, the rest might advance anterogradely (5) and the individ-
ual could experience a “wet’ ejaculation.

6,7. Imipramine has the highest allinity for blocking the
o -adrenergic receptor and the norepinephrine (NE) and
serotonin (3-HT) transporters (6) (Its other receptoral inter-
actions are described in Sections 2.3, 2.10 and 2.11).
Altogether, imipramine increases the availability of NE and 3-
HT in the synaptic clelt with a consequent increased adrenergic
and serotonergic activities. Consequently. central and peripheral
o,-adrenergic and 3-HT,, serotonergic receptors are stimulated
and this can be associated with enhancement of certain sexual
behaviors (see Section 7.1). Since the tonus of the bladder-
urethral sphincter is regulated, mainly. by o,-adrencergic activ-
ity. it is assumed that net effect of imipramine is associated with
the enhancement of such activity (7) and the consequent
constriction of the sphincter, preventing some or all of the ejacu-
late to pass retrogradely into the bladder. Instead, most of the
ejaculate passes anterogradely into the urethra. Imipramine
can affect o,-adrenergic activity both directly (as a central
adrenergic stimulator) or indirectly via its other receptor inter-
actions which might serve as central or peripheral modulators
of ¢,-adrenergic activity. Imipramine also blocks, directly, the
central and peripheral o, -receptors, it has major anticholinergic
properties  (similar to  thioridazine's) and it stimulates,
indirectly, the 5-HT,, and 5-HT,; receptors. These activities
might bring about an inhibitory effect on certain sexual behav-
iors. however. they are. presumably. less signilicant in the case
of restoring anterograde ejaculation.
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7.5 Female sexual behavior
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I-4. In human females, baseline estrogen (mainly) and
progesterone levels are essential to maintain adequate sexual
behavior. Furthermore. no pharmacological agent has been
shown to stimulate female sexual behavior in the absence of
estrogen. The role of progesterone is somewhat more
complex. There is some  cevidence that  progesterone
modulates the effects of estrogen while exerting dual effects,
depending on the timing of secretion or administration. It
might enhance estrogen-dependent sexual behavior in some
instances while suppressing sexual behavior at other times.
Nevertheless, it seems that progesterone has diminished
effect on sexual behavior when given without the presence of
estrogen. Estrogen’s clfects on sexual behavior have been
demonstrated, mainly, in animal studies, where two major
activities are evident: it stimulates protein synthesis at the
genomic level [such as preproenkephalins, gonadotropin-
releasing hormone (GnRH) and E170 proteins] and it alters
membrane clectrical activity of central nervous system (CNS)
neurons (1), Estrogen’s capacity to regulate sexual behavior
is due to its aflinity for multiple CNS sites, particularly
hypothalamic regions such as the ventromedial nucleus
(VMN) (2) and the midbrain central gray (MCG) (3). These
areas are 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 VMN to the MCG. or originating
from the MCG itself. In other regions. such as the preoptic
(POA) or septal areas, estrogen exerts inhibitory effects on
sexual behavior (4), The E170 protein whose synthesis estro-
gen stimulates, has been shown to stimulate sexual behavior
by enhancing axonal transport and the by stimulating the
secretion of metenkephalin in VMN neurons projecting to the
MCG (in rodents, metenkephalin stimulates lordosis). The
exact mechanism ol estrogen-induced stimulation of sexual
behavior in humans is still unclear,

5. Dopamine has been shown to both increase and decrease
sexual behavior in females, depending on its site of action and
administered dose. It appears that it has stimulatory effects in
the VMN (51, but opposite effects in areas such as the arcuate
or median eminence. However, increased dopaminergic activity
has consistently been shown to stimulate sexual arousal in
human females.

6,7. Norcpinephrine (NE) stimulates female sexual activity
possibly via activating the o,-adrenergic receptors in the VMN
(6). 1t is possible that NE mediates the efiects of estrogen and
progesterone on sexual behavior, since it was found to
increase estrogen- and progesterone-receptor densities in the
hypothalamus ol various animals (7). The role of o, -adrenergic
receptors is based mainly on animal studies. where prazosin, a
relatively seleetive o -adrenergic antagonist. has been shown to
inhibit lordosis. The role of the B-adrenergic receptors in sexual
behavior is unclear since there are a few contradictory reports
of both inhibitory and stimulatory effects when these receptors
are activated,

8,9, Serotonin probably has inhibitory effects on female sexual
behavior, The activation of 5-HT, , receptors in the VMN (it is
unclear whether these are predominantly presynaptic or
postsynaptic) presumably inhibits sexual behavior (8). and
activation of 5-HT, receptors might exert similar properties on
sexual behavior, since 5-HT, antagonists (ondansetron. MDL
7222) have been shown to stimulate receptivity in animals,
while mirtazapine exerts fewer sexual adverse effects than
other antidepressant agents in humans. Even so. 3-HT.,,,
activation might exert stimulatory effects when it affects the
VMN or regions such as the median eminence (9).

10,11, Acetylcholine stimulates sexual behavior, probably via
activating M, muscarinic receptors in the VMN, with a conse-
quent increased firing rate of neuronal projections to the MCG
(10). Acetylcholine may also increase the sensitivity of
hypothalamic regions to estrogen since cholinergic agents
(e.g. bethanecol) have been shown to upregulate estrogen
receptors in the hypothalamus (11).

12, y-Aminobutyric acid (GABA) inhibits female sexual behav-
ior via. presumably. both GABA , and GABA, receptors located
mainly in the POA. Most studies have shown that the POA has
inhibitory elfects on female sexual behavior. GABAergic activ-
ity, as well as increased estrogen binding o estrogen recep-
tors in the POA, have been shown to attenuate the normal
inhibitory ellects of the POA on the VMN,

13. The role of oxytocin and gonadotropin-releasing hormone
(GnRH) is not well established. However. they have all been
shown to increase sexual behavior (especially by stimulating
lordosis in rodents). Their mode ol action is assumed to be via
an increased neuronal firing rate in the VMN.
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7.6 Sexual dysfunctions (I)
Antidepressants-induced sexual dysfunctions
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Data about antidepressant-induced sexual adverse effects
are limited, and consist mainly of case reports and small
open-labeled studies. Practically all cyclic antidepressants
(tricyclic and tetracyclic) have been shown to cause
sexual adverse side-effects, as well as the selective
serotonin  reuptake inhibitors (SSRIs) and the
monoamine oxidase inhibitors (MAOIs). The most
commonly reported side-effects are as follows:
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Decreased libido,

Impotence.

Inhibited ejaculation in men.

Anorgasmia or decreased orgasmic capacity in
women.

1. Clomipramine is the tricyclic antidepressant (TCA) most
commonly asssociated with the induction of sexual adverse
effects. Between 33% and 95% of patients treated with
clomipramine complained of some sexual adverse effects.
2. The incidence of sexual adverse effects with the SSRIs is
unclear, as is their relative incidence compared with the cyclic
antidepressants. As a group, all the SSRIs can cause sexual
adverse cflects, especially anorgasmia in women and delayed
ejaculation in men. Among the SSRIs, paroxetine seems to be
the most commonly associated with these adverse eflects.
3. Preliminary data with mirtazapine and relatively well-
established data with bupropion indicate that they are compa-
rable to placebo in inducing sexual adverse effects. Up to 95%
of people who suffered sexual adverse eflects due to various
antidepressant drug treatments (tricyclics, SSRIs or MAOIs)
reported complete or near complete resolution of their dysfunc-
tion following the substitution of their drug with bupropion.
Several reports suggest that nefazodone is also comparable 10
placebo in causing sexual adverse effects. Other data imply that
it might cause minimal sexual adverse effects. though much less
than TCAs or SSRIs.
4. MAOIs cause sexual adverse ellects in about 3-30% of
treated patients. As a group, MAOIs cause more sexual adverse
effects than the cyclic antidepressants or the SSRIs.
Phenelzine causes more sexual adverse effects than the other
MAOIs. Its main effects are decreased libido, impotence and
anorgasmia in both men and women. The estimated incidence
of sexual adverse ellects is about 20-30% with phenelzine,
5-10% with isocarboxazid and 2-3% with tranyl-
cypromine. [t seems that the reversible inhibitor of
monoamine oxidase type A (RIMA) moclobemide is less
associated with sexual dysfunctions.
5. Lithium is considered to be a relatively benign agent
concerning its sexual adverse effects. Even so, a few reports of
lithium induced decreased libido and reversible orgasmic
dysfunction in women have been published.
6. Carbamazepine can cause decreased libido and impotence
in about 10-135% of patients treated for seizure disorders. This
might be due to carbamazepine's capacity to decrease free
serum lestosterone levels.
7. Many suggestions concerning the mechanisms involved in
antidepressant-induced  sexual  dysfunctions  have  been
proposed in the literature. and some contradict the others. The
following mechanisms are mostly accepted:
a. Erectile dysfunction. Several neurotransmitler interac-
tions are believed to induce erectile dysfunctions in men. The
most frequently encountered and presumably one of the
major causes of erectile dysfunction induced by antidepres-
sants is their capacity to stimulate central and peripheral

o -adrenergic receptors (indirect stimulation via enhance-
ment of adrenergic transmission). Stimulated o,-adrenergic
receptors impair the antagonizing ratio between o;-adren-
ergic versus f,-adrenergic and cholinergic antagonism of
the peripheral vasculature supplying the penis, This followed
by peripheral vasoconstriction and the consequent erectile
dysfunctions (see Sections 7.1 and 7.2 for further details).
b. Anorgasmia. There are scveral possible etiological
mechanisms that might impair orgasm in women:
1. o,-adrenergic antagonism. Since all TCAs share the
capacily to antagonize (to some extent) the o,-adrenergic
receptors, and all TCAs have been reported to cause orgas-
mic dysfunctions, this leads to the assumption that «,-
adrenergic blockade might play a role in impairing orgasm
capacity.
2. Anticholinergic properties. Clomipramine, which
has one of the most potent anticholinergic capacities of all
antidepressants, is the agent most frequently associated with
anorgasmia.
3. Enhanced serotonergic (5-HT) and/or reduced
norepinephrine activities. An agent that causes relatively
less orgasmic dysfunction is desipramine, especially when
compared with antidepressants that are less potent agonists
of 5-HT or less potent reuptake inhibitors of norepinephrine.
This suggests that enhanced 5-HT activity and/or reduced
norepinephrine activity might cause orgasmic dysfunction.
Note that cyproheptadine, a potent 5-HT and histaminer-
gic antagonist, has been shown in a few cases to reverse
anorgasmia related to the use of several antidepressive
agents,
c. Priapism. The mechanism that induces priapism is
unclear. It is speculated to be via very similar factors that
cause erectile dysfunctions. mainly a high ratio of o,;-adren-
ergic versus cholinergic antagonism, Such an antagonizing
profile is characteristic and a relative unigque property of
trazodone, which might explain why this agent is mostly
associated with priapism (compared with the other antide-
pressants).
8. The incidence is between 1:1000 and 1:10 000 and usually
within the first month ol treatment. It is almost always associ-
ated with the use of doses above 150 mg/day.
9. Causes anorgasmia in about 8-16% of patients. Cyprohep-
tadine and mianserin  (both of which are non-selective
5-HT,, .. blockers) have shown beneficial effects in treating and
reversing anorgasmia in some of these patients,
10. Isolated cases ol ‘anhedonic ejaculation’ (ejaculation that is
not accompanied by the unique feeling of orgasm) have been
reported with desipramine.



m Drugs affecting sexual functioning

7.7 Sexual dysfunctions (ll)
Antipsychotics-induced sexual dysfunctions
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As in the case ol most psychotropic agents, data about the
role of antipsychotic drugs (APDs) in inducing sexual
dysfunctions are limited and based mainly on case reports
or small open-labeled studies. There are many method-
ological dilliculties associated with most of the relevant
studies and it is diflicult to distinguish in many cases
between the role of the antipsychotic medication and that
of other parameters such as the the primary psvchiatric
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%

T

P

of people treated with APDs exhibit some sexual impair-
ment related directly to the drug they receive. The incidence
of some specilic adverse effects (partial or complete
impotence. decreased amount of ejaculate or retrograde
ejaculation and priapism) varies according to the APD in
use and the study performed. However, these adverse ellects
are quite abundant, and are estimated Lo occur in 20-65%
of APD-treated patients. Other adverse effects (painful
ejaculation, spontaneous ejaculation and anorgasmia) are
considered less [requent, and are evident in less than 20%
of APD-treated patients. Altogether, it secems that the
phenothiazines (especially the aliphatics) have the biggest
capacity to cause sexual adverse eflects. followed by the



thioxanthenes and butirophenones (haloperidol). The
atypical APDs might prove to be the most benign in terms
of inducing sexual adverse effects although current data are
only partially established and mainly concern clozapine.

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

A. All APDs act as dopamine type 2 antagonists, and
since inereased dopaminergic activily in central nervous
system regions (especially in the hypothalamus) is a
major contributor to intact sexual behavior, it is likely
that antagonizing such eflfects could cause sexual
dysfunctions. Clozapine, a relatively weak dopamine
type 2 antagonist, has fewer sexual adverse clfects than
the other APDs, presumably due to this unique receptor-
antagonizing profile.

B. All APDs. except clozapine and possibly the other
atypical agents, induce chronic hyperprolactinemia
secondary to their dopamine receptor blockade in the
tubero-infundibular pathway. Chronic hyperprolactine-
mia suppresses all aspects of human sexual behavior,
especially libido and erection (see Section 7.1). Neverthe-
less. hyperprolactinemia itself is not usually sullicient to
induce sexual dysfunctions (mainly decreased libido) and
there has to be another coexisting abnormality in order to
induce full impairment.

C. APDs that have a substantial o,-adrenergic blocking
capacity (trifluoperazine) cause erectile impairments,
including spontaneous erections and/or priapism.
Cholinergic activity has some role in modulating and
enhancing the o,-adrenergic activity. This means that

Notes about the numbered items in the scheme

Drugs affecting sexual functioning =

agents that exert a dual action of both suppressing the
a,-adrenergic activity and decreasing the cholinergic
transmission (agents with anticholinergic properties)
might also induce spontaneous erections and/or
priapism. The wvalidity of this hypothesis was further
strengthened when agents with combined anti-o,-adren-
ergic and anticholinergic effects were found to induce
spontancous erections (e.g. chlorpromazine, thiori-
dazine). There are no reports, to date. ol agents with
predominant anticholinergic properties without a
concomitant anti  o,-adrenergic activity thal cause
spontancous erection,

D. Some APDs have a known capacity to either decrease
serum lestosterone levels (thioridazine) or to increase it
(haloperidol). The incidence of this effect is not known,
although it is estimated to be about 13% ol APD-treated
patients. It is not clear if these alterations in testosterone
levels are centrally or peripherally mediated, although
there is some evidence to support the view that the
dominant mechanism is peripheral. Testosterone is proba-
bly the most important hormone modulating male sexual
behavior, and it is assumed to exert its effects on the
central nervous system following aromatization to estra-
diol (see Section 7.1 for details). Thus. the fact that thior-
idazine is the drug mostly associated with sexual
dysfunctions might be attributed to its unique capacity to
decrease serum testosterone levels (along with its other
effects such as dopaminergic and o -adrenergic blockade,
anticholinergic effects and the chronic hyperprolactine-
mia il causes).

1. Thioridazine is the neuroleptic most commonly associated
with sexual adverse eflects. These effects are believed to be
present in about 60 - 85% of treated patients. Only about 25%
of patients on other antipsychotic agents are reported to have
sexual adverse side effects.

2. Thioxthienes usually cause fewer sexual adverse effects
than phenothiazines.

3. Clozapine usually cause fewer sexual adverse effects than
other antipsychotic drugs. It is assumed to be the result of its

relative low antagonism capacity of the D, dopaminergic recep-
tors and/or to its diminished capacity to increase serum
prolactin levels.

4. Haloperidol usually cause fewer sexual adverse effects
than phenothiazines.

5. In about 35% of patients.

6. Up to 50% have ejaculatory difficulties or changes in
orgasm qualities.

7. In very rare cases,



m Other biological treatments

8.1

Electroconvulsive therapy (ECT)
Supposed mechanism of action

linked to
G-proteins

Cemdnd Decreased
T
ca?* PLC
influx i Ac
activities

¢ \J ¢

Intracellular
space

Increased release of
5-HT and NE from
intracellular vesicles
into the synaptic cleft

Increased production
of neurotropic factors
(BDNF for example ;
see Sections 2.1-2.3)

Specilic effects
on cellular
functioning

General effects
on brain functioning

Cellular
membrane

A. Restores hemispheric imbalance
B. Acts as zeitgeber: resynchronizes
abnormal endogenous rhythms

C. Alters several sleep parameters
D. Increases cerebral blood flow
E. Increases permeability of the BBB

Increases
seizure
threshold

Suppresses
limbic
kindling

Unknown
endogenous

anticonvulsant

8 U ) J\_,L

Most efficacious in the following disorders:
major depressive disorder with psychotic features;
acute manic episodes; major depressive disorder with melancholic features;
acute psychotic exacerbation of schizophrenia/catatonic state;
treatment-resistant depression

Legend

Stimulates

Inhibits

Upregulates
Downregulates
Upregulated receplor

Downregulated receptor

Speculated to exist

— AC Adenylate cyclase
—_— ACh. mus-R Acetylcholine muscarinic receptor
——— [-ADR-R [}-adrenergic receplor
el BBB Biood brain barrier
EAA Excitatory amino acids
“ NE Norepinephrine (noradrenaline)
NMDA-R Receptor for
T i N-methyl-D-aspartate
PLC Phospholipase C
5-HT;-R Serotonergic receplor

K94




Electroconvulsive therapy (ECT) is one of the most effec-
tive treatments in psychiatry. It is assumed that 80-90%
of depressed patients respond to it (compared with
60-80% response rates with tricyclic antidepressants or
selective serotonin-reuptake inhibitors). The mortality
rate for ECT is estimated to be about 1:10 000 of treated
patients, and is almost always associated with preexisting
cardiac disorder. Both anterograde and retrograde
amnesias might occur following ECT, but are usually

Notes about the numbered items in the scheme
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transient, and cognitive capacity is fully restored within
a few months at the most (6-9 months). Seizure induc-
tion is the most relevant and necessary event that has to
take place in order to achieve the therapeutic effects of
ECT (studied with depressive episodes. but presumed to
be so with other clinical entities as well). The exact
mechanism of action of ECT is unclear, although much
data are available regarding its secondary intra- and
intercellular effects.

1.2, ECT alfects both intracellular (1) and intercellular (2)
functioning, and changes are induced either directly or
indirectly following ECT.

3-9. The most consistent alterations in intracellular functions
following ECT are certain modulations of receptor functioning,.
ECT has been shown to increase calcium influx (3). This is due
to stimulation of the N-methyl-p-aspartate (NMDA) receptor for
glutamate. It is unclear how ECT stimulates the NMDA activity,
although it presumed to be via the increased production of an
endogenous excitatory amino acid that binds with high affinity
to the NMDA receptor (4). At the same time. ECT downregulates
postsynaptic B-adrenergic and acetylcholine muscarinic receptors
(5) and upregulates the postsynaptic 5-HT,,,. (serotonergic)
receptors (5). ECT inhibits the coupling of various neurotrans-
mitters to their corresponding G-proteins, with a consequent
decrease in phospholipase C and adenylate cyclase activities (6).
ECT might also induce the production of an endogenous anticon-
vulsant (7) that, when released into the synaptic cleft. might
increase the seizure threshold and/or suppress limbie Kindling
(see Sections 2.7 and 2.9).

Animal studies support the observation that ECT stimulates
the release of various cathecholamines (especially norepineph-
rine and serotonin) into the synaptic cleft, with a consequent
increase in their availability for neuronal transmission (8).
Chronic ECT treatment, as with most other of the various
antidepressive modalities [tricyclic antidepressants (TCAs),
selective serotonin reuptake inhibitors. monoamine
oxidase inhibitors| is associated with the increased and
continuous expression ol certain factors, such as brain-derived
neurotropic factor (BDNF) (9). The role of these factors in
depression is discussed in detail elsewhere.

10. Alterations in global brain  functioning or with
interncural transmission are also evident following ECT (2).
Some data, based mainly on neuropsychological testing.
suggest that major depressive disorder might be associated
with right-hemispheric dysfunction. ECT has been shown to
enhance right-hemispheric functions and it could be relevant
to its antidepressive effects (10A). Mood disorders are usually
associated with desynchronization of certain circadian
rhythms (such as the "24-hour biological clock’). ECT has
been shown to normalize such dysregularities, thus serving as
an exogenous zeitgeber (10B). Several abnormal sleep
parameters are normalized following ECT. especially the short
rapid-eye-movement sleep latency. the reduced slow-wave
sleep and the high nocturnal temperature associated with
depressive disorders (10C), Other and less consistent evidence
suggests that ECT is associated with increased cerebral blood
flow (10D) and increased permeability of the blood brain
barrier (10E).

11. ECT has been shown to possess superior efficacy over TCAs
or other regularly indicated drugs in several psychiatric disor-
ders. The most benelicial effects of ECT (compared with other
agents) are in major depressive disorder with psychotic features
(eflicacious in 80901 of cases, versus only about 30% efficacy
of the TCAs). In acute manic episodes, ECT is elficacious in
about 80% of cases versus only about 60% efficacy of lithium.
Other disorders respond relatively well to ECT, although well-
established data concerning the response rates are lacking
(major depressive disorder with melancholic features, acute
psychotic exacerbation of schizophrenia/catatonic state and
treatment-resistant depression).
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8.2

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

Secretes melatonin

Normal
circadian rhythm
and its response to Additional artificial light
artificial light [© | during the dark hours.
| stimulates the SCN to a

~ 'phase-delay’

"Phase-delay"
: i == | lew (S 22 circadian rhythm:
24'-"9“" s eI | = (hormones, sleep, are
clock | Darl : _ | B 1 secreted / induced at a
: | later time of day)

"On time"
circadian rhythm:
| (hormones, sleep, are
secreted / induced at a
specific time of day |
for example: 18:00)

circadian rhythm:
(hormones, sleep, are

| Additional artificial light | ' secreled / induced at an

Addition of

artificial light during the day hours [ m—  carlier time of day)

stimulates the SCN to
a "phase-advance”

Circadian rhythm in
MDD-SP and its
response to L I — _| Lighttherapy | _
artificial light 3 (during day hours)

MDD-SP with light therapy
Basic state of "phase-delay”
but light therapy causes
‘phase-advance’, so
the net effect is
“on-time" circadian rhythm

\ . DD-SP
Normal state Basic state of
“phase-delay”
circadian rhythm

"On-time"
circadian rhythm

Leaend Stimulates =~ ——p MDD-SP Major depressive disorder
Inhibits with seasonal pattern

SCN Suprachiasmatic nucleus
Timing of (in hypothalamus)
circadian rhythms

{hormones are secreted,

specific stages of wake-sleep cycle are induced,

body temperature changes elc...)




Major depressive disorder with seasonal pattern (MDD-
SP) is characterized, clinically, by a depressed mood
which occurs at the same time each year, virtually every
vear since the disorder was first experienced. These
depressive states are often termed “winter depressions”
since it worsens as the duration of light hours is reduced
during the year (which extremes in the winter, usually
during January and PFebruary). The mood change is
usually 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), latigue. increased appetite and weight gain,
negativism and an impaired social. occupational and
other daily functioning. The prevalence of MDD-SP is
estimated to be around 3% in the US and women are
alfected 5 times more than men. As the population is
located further from the equator. more people are affected

Notes about the numbered items in the scheme
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by the disorder. This has to do, probably, with shorten-
ing of the light hours in the 24 hours day cycle. The role
of melatonin in MDD-SP is under intensive research.
Present data suggests that it does not have a direct part
in inducing the disorder and it may only serve as a
marker associated with changes related to MDD-SP.

Major aspects of light therapy in MDD-SP

1. MDD-SP patient should be exposed 2 hours to light
(2500 lux) immediately upon awakening.

2. Significant response should be observed in about 3
days and a full response in 1-2 weeks.

3. Maintenance treatment should be given all winter, 30
minutes of 2500 lux per day or every 2 days.

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

1. Basic circadian rhythms are regulated by several pacemak-
ers which can be either endogenous or exogenous. The major
endogenous pacemaker is located, probably, in the suprachias-
matic nucleus (SCN) of the hypothalamus. One ol the major
exogenous pacemakers is the light-dark cycle, in which difler-
ent durations of light or dark hours affect the timing of sleep
induction. hormone secretion and many more  biological
rhythms. Normal status. in a person without MDD-SP. is associ-
ated with a specific duration of light hours and dark hours
during a 24 hour cycle. This ratio of light to dark hours triggers
the SCN to induce certain activities, including sleep, hormone
secretion and the secretion of melatonin via stimulating the
pineal gland.

2. The normal state, described above, triggers the SCN to induce
certain activities at a specific time of the 24 hour day cycle. For
methodological reasons, the specilic time is termed: ‘on-time’.
3. Empirical data suggests that when a person is exposed to
bright light during the dark hours. the SCN is stimulated to
induce its activities at a later time in the 24 hour cycle. This is
termed ‘phase-delay’ circadian rhythm (3a). This exposure to
light was found to suppress the secretion of melatonin by

inhibiting, probably, the necessary stimulus of the pineal gland.
4. Empirical data suggests that when a person is exposed to
bright light during the light hours, the SCN is stimulated to
induce its activities at an earlier time in the 24 hour cycle. This
is termed C‘phase-advance’ circadian rhythm (4a). This
exposure to light does not aftect the secretion of melatonin by
the pineal gland.

5. As mentioned above. a normal status is characterized by
certain activities triggered by the SCN in a specific time in the
24 hour clock cvele ("on-time’ circadian rhythm’),

6. MDD-SP is characterized. among others, by a basic state of
‘phase-delay” circadian rhythm, This means that the same
triggered activities (by the SCN) are induced at a later time in
day (24 hour clock) than in non-MDD-SP patients.

7. When light therapy is administered (during the light hours
of day) a ‘phase-advance’ is triggered. 1 it is administered to a
MDD-SP patient, the ‘phase-advance’ is superimposed on a
‘phase-delay’ status, which. in many cases. brings the system
(the SCN) 10 an equilibrium. causing a net effect of ‘on-time’
circadian rhythm. This could have a role in ameliorating the
depressive symptoms of MDD-SP,
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@ Commonly abused substances — general comparisons

9.1 Abused substances
Direct effects as first messengers

Direct effect as first messenger
(on membrane receprors / ion channels / transporters)

Abused substances

Opioids
Amphetamines
Cocaine

PCP

Alcohol
Cannabis

LSD

BDZs

DA

NE

5-HT

Glut.

ACh

Neurotransmitters involved

Misc.

Stimulate the 'reward system' (1)

DA-reuptake inhibition

Direct postsynaptic DA agonism

Inhibit DA autoreceplor (presynaptic)

Inhibit MAO

Inhibit the release of DA into the synaptic cleft
Stimulate the release of DA into the synaptic cleft
Decrease NE firing rate

NE-reuptake inhibition

Inhibit the release of NE into the synaptic cleft
Stimulate the release of NE into the synaptic cleft
5-HT-reuptake inhibition

Inhibit the release of 5-HT into the synaptic cleft
Postsynaptic 5-HT, agonism

Inhibit the release of glutamate into the synaptic cleft
Postsynaptic NMDA antagonism

Inhibit the release of ACh into the synaptic cleft
Postsynaptic nicotinic ACh agonism

Postsynaptic GABA, agonism

Inhibit calcium influx

Inhibit MAQ ,

Inhibit tyrosine hydroxylase

Postsynaptic opiate (i, 8) agonism

Stimulate calcium influx

Stimulate canabinoid receplors (CB,)

l Nicotine

E=| ?

Legend

Presumed - 5-HT
main effect ACh
BDZs
DA
GABA,
Glut.
Possible MA'E,i:
mechanism L Misc.
NE

NMDA

PCP

VTA

Presumed
secondary effect

Serotonin (5-hydroxytryptamine)

Acetylcholine

Benzodiazepines

Dopamine

-Amincbutyric acid receptor type A

Glutamate

Lysergic acid diethylamide

Monoamine oxidases type A or B

Miscellaneous

Norepinephrine (noradrenaline)

N-Methyl-D-Aspartate

Phencyclidine

Venlral tegmental area. Gives rise lo the mesolimbic/cortical
pathways (arises from the subslantia-nigra, terminates in
the ventral striatum, amygdaloid body, frontal

lobe, and some other basal forbrain areas)

Notes about the numbered items in the scheme

1. The dopaminergic projections [rom the ventral tegmental
area to major cortical and limbic structures,

2. Possibly via stimulating the opiate receptors.
3. Via stimulating the benzodiazepine receptor.
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9.2 Abused substances - acute effects
Frequently encountered non-psychiatric symptoms

Abused substances

(7]
g8 9 % 5 8 -
2 & 3 o 5 £ o 5 z
Symptoms a £ 8 3] 8 g 7] fa} S
(o] < ] o < O - M =
Amnesia (anterograde) | | i 1 |
E Ataxia; dysarthria; disonentation 2
1) Delirium
—
7} Drowsiness; stupor; coma
a‘ Dyskinesia; dystcnia
7] Gait (unsteady)
g Incoordination
E Numbness [ reduced responsivengss to pain / muscle ngi{juty
Q Psychomotor agitation or retardation 2
c Seizures
E Slurred speech; impaired attention / memory _‘—
- Transign! ischemic attacks: noenhemorrhagic infarctions
5 Tremor
(&) Triad: ataxia, dysarthria, hyperacusis
Wernicke's syndrome 4 |
Bradycardia |
Ches! pain; arrythmias |
g Hypertension
0 Hypotension |
Palpitations
Tachycardia
Appetite (decreased) | | | [
Appolite (increased) 6
Chills: sweating
= Diarthea
a Dry mouth
{asal congestion
Nausea / vomiting
Weight loss |
e Blurred vision
L Color vision (distorted: seem brighter and richer)
E Canjuctival infection (red eyes)
© Nystagmus
.‘=.- Ptosis (bilateral)
'g_ Pupillary constriction
o Pupillary dilation 5
Wernicke's syndromae - ocular manifestations 4
Dyspnea
Hyperthermia
I Hypoglycemia |
o Joint aches
= Muscle weakness
Rhabdomyolysts
Steep architecture (decreased rapid eye movements) | | | |
Legend Present symptom Amphet. Amphetamines
(included in DSM-IV ctiteria far intoxication) BDZs Benzodiazepines
Frequently observed symptom CVS Cardiovascular system
{not included in DSM-IV critaria for intoxication) GIT Gastrointestinal tract
Absent symptom LSD Lysergic acid diethylamide
PCP Phencyclidine

Notes about the numbered items in the scheme

1. Relerred to as ‘blackouts’.

2, Could be also part of ‘idiosyncratic alcohol intoxication”. It
is characterized by severe behavioral and psychotic symptoms
following ingestion of very small amounts of aleohol.

3. Cocaine is the number one seizure inducer among the
described substances. [ollowed by amphetamines.

4. Wernicke's syndrome - cluster of acute  neurologic
symptoms, such as gait ataxia, conlusion. horizontal nystag-
mus, lateral rectal palsy, gaze palsy. anisocoria and impaired

reaction to light. It is, in part, due to thiamine deflicieny
(secondary to malabsorbtion or poor nutrition) which serves as
i co-factor for major enzymatic reactions. The cardinal feature
is the evident impairment in short-term memory.,

5. Also termed ‘'munchies’.

6. Accompanied by weight gain.

. Vertical or horizontal.

. Pupillary dilation can be secondary to severe anoxia.

), In up to 2%.

*x£
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9.3 Abused substances - acute effects
Frequently encountered psychiatric symptoms

Abused substances

ds

ioi

Observed symptoms

Amphet.
Cocaine
Alcohol
Cannabis
LSD
BDZs
Nicotine

op
PCP

Affective blunting
Dysphoria 1
Euphoria !
Manic-like stale
Mood lability

n

Affective

Depersonalization / derealization
Formication

Hallucinations (non-specilic auditory, visual or lactile)
Ideas of reference

Impulsiveness, unpredictability
Inappropriate sexual [ aggressive behaviors
Judgement (impaired)

Paranoid delusions 6

Paranoid ideations

Space / lime perception (distorted)
Stlereotyped behavior

Synesthesias

Panic-like attacks 8 9
Phobias 8

Psychotic

|

Anxiety

No obvious symptoms are apparent

Belligerence, assaulliveness

Flashbacks 10

Hypervigilance

Social, occupational functioning (impaired)
Interpersonal sensitivity

Psychomolor agilation / retardation
Tension, anger

Miscellaneous

Legend

Present symptom

(included in DSM-IV critéria for intoxication)
Frequently observed symptom

{not included in DSM-IV criteria for intoxication)
Absent symptom

Amphet. Amphetamines
BDZs Benzodiazepines
LSD Lysergic acid diethylamide
PCP Phencyclidine

Notes about the numbered items in the scheme

1. About 35% suller (sometimes during the disorder) from
mood disorders, mostly bipolar I. Women are more prone Lo
experience unipolar depressions.

. Termed ‘amotivational syndrome’.

. Often marked.

. Often followed by apathy.

. Especially a sensation of slowed time.

6. Resembles schizophrenic delusions. The dilferential diagnosis
is based on the absence of other schizophrenia-like signs (disor-
ganized thought, inappropriate aflect auditory hallucinations).
7. Usually transient (resolves within a week).

8. About 25-50% of alcohol abusers suffer (sometimes during
the disorder) from anxiety disorders. mostly phobias and panic
attacks.

I = W

104

9. Termed ‘bad trip’. Resembles the panic attacks experienced
with cannabis abuse.

10. Controversial. Was found to exert these effects when co-
administered with phenyclidine.

11. Flashbacks are usually evident following abstinence from
hallucinogen abuse. They are the re-experiencing of perceptual
symptoms that were experienced during intoxication: geomet-
ric hallucinations, flashes of colors. moving objects are seen
with trails behind them, colors might seem intense, objects are
surrounded by halos, macroscopia, microscopia.

12, Only psychomotor agitation is part of DSM-IV criteria.
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9.4 Abused substances
Frequently encountered withdrawal symptoms

Abused substances

)

@ £ ]

= ] c = e ) 5

5 8 8§ a E o 8 3

Observed symptoms 2 E o o @ a =) k)
o < (4] o [&] -1 m =

Anxiety [ |
Appetite (decreased)

Appetite (increased)
Autonomic hyperactivity (sweating or pulse > 100)

Autenomic hypoactivity

Concentration (impaired)

Delirium

Depression (postintoxication - crash), or dysphoria
Diarrhea

Dreams (unpleasant)

Fatigue

Fever

Hallucinations (transient auditory, visual or tactile)
Hypersomnia

Insomnia

Irritability, frustration

Lacrimation, rhinorrhea

Bone and muscle aches

Nausea, vomiting

Photophobia

Psychomotor agitation

Psychomotor retardation

Pupillary dilation

Seizures

FS I l Alcohol

No major withdrawal symptoms are evident
No major withdrawal symptoms are evident

No major withdrawal symptoms are evident

Tremor

Tremulousness

Yawning -

Legend

Frequently observed symplom
(not included in DSM-IV criteria for infoxication)

Present symptom
(included in DSM-IV criteria for intoxication)

Absent symptom

Amphet. Amphetamines
BDZs Benzodiazepines
LSD Lysergic acid diethylamide
PCP Phencyclidine

Notes about the numbered items in the scheme

1. Withdrawal symptoms are evident only in animals.

2. Withdrawal symptoms are rare and usually very mild. The
syndrome might include decreased appetite, gastrointestinal
discomfort, nausea. vomiting. diarrhea. hyperthermia, sweat-
ing. and insomnia.

3. Anxietv or depressive episodes are sometimes reported
following hallucinogen (or LSD) withdrawal, but hallucinogen
abstinence has not been shown to be the direet cause of these
episodes.

4. Delirium tremens (DT) is the most severe form. and it is a
medical emergency due to its high rate of mortality (up to 20%).
Death  wsually  results  from  concurrent  medical  illness
(pulmonary. renal or hepatic), DT is almost always preceded by
withdrawal seizures. It occurs within the first week of alcohol
abstinence. and its main features are autonomic hyperactivity.
and visual, auditory or tactile hallucinations (transient, lasting
less than a week). DT follows, almost always. at least 10 vears
ol chronic alcohol consumption.

5. Usually precedes the delirium.
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10.1 Abused substances - opioids
Supposed mechanism of dependence, withdrawal symptoms and treatment options

Heward
1 L) 2 - L)
1 ' et " DN and
Mesolimbic and Aependence
Drugs that amlagonize mesocndac&_ll pa!l_‘lways
the opioid receplor A (dopaminergic)
2
Naloxone Activated
Decreased chlonde influx -3 rewarc
receptor —
© E-
Net effect following
Drugs that stimulate opioid intake:
the oploid receptor : {ierenmed
dopaminergic
[ Methadone activities
10 Gploid ?
receplor

LAAM

7 c:’:““' °;"d Acute opiaid
other major Net effect during - - %
Adrenergic brain regions aculte opioid intake: intoxication
decreased NE
rojections
P ) firing rate

Locus
ceruleus

Chronic opioid

abuse upregulales

intracellular AC, Acute opioid
potassium and cAMP, e P

with consequent Net effect of withdrawal
increase in adrenergic withdrawal from
firing rate chronic opioid abuse:
increased NE
firing rate

Locus
ceruleus

g-adrenergic =
receplor

Clonidine; lofexidine

Legend

Stimulates (agonizes) ——
Upregulates = e el

Inhibits (antagonizes) ——p=

Diminished inhibition ---—-p=

AC Adenylate cyclase
cAMP Cyclic adenosine monophosphate
DA Dopamine

GABA, -Aminobutyric acid receptor type A
LAAM L-u-Acetyimethadol

Opioid receptors : NE Norepinephrine (noradrenaline)
(1 and to a lesser extent 4) VTA Ventral tegmental area

GABA (y-Aminobutyric acid) O




Opiates  [heroin  (diacetylmorphine), morphine.
codeine. hydromorphone| are derivatives of the
naturally occuring compound opium. They have high
alfinity for receptors that are most abundant in limbic and
cortical regions and termed u, 8 and x. Opioids (meperi-
dine. methadone, pentazocine, propoxyphene) are
synthetic narcotics with opiate-like properties. A number
of endogenous ligands (endorphins. enkephalins) have
also high alfinity to the opiate receptors but their exact
physiological role is as yet unclear. Substance dependence
refers to a compulsive drug-seeking behavior that is
characterized by a withdrawal syndrome when the
abused substance is abruptly discontinued. The charac-

Notes about the numbered items in the scheme
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teristic symptoms lead to a significant impairment in
daily. occupational. recreational and social functioning. It
is assumed that no single element or brain region is
responsible for the production of the tvpical substance-
dependence  svndrome. although enhanced reward
mechanisms, triggered by opioids and most other abused
substances, are key factors. Tolerance is a state in which
an increasing amount of a substance is required to
achiceve the same elfect. Tolerance can result, mainly,
from reduced absorption, increased metabolism. downreg-
ulation ol receptors with high affinity to the specific
substance, and/or impaired distribution of the specific
substance,

1,2. Dopamine (DA) is viewed as the most important neuro-
transmitter mediating substance dependence and it is believed
to exert its effects mainly via stimulating a reward mechanism.
The mesolimbic and mesocortical — (MLMC) dopaminergic
pathways are relatively well-established elements involved in
reward induction (1). These pathways constitute dopaminergic
projections from the ventral tegmental area (VTA) to certain
cortical and limbic regions. The main limbic regions involved in
reward induction are the nucleus accumbens, olfactory bulb.
striatum and the amygdala, while the frontal cortex is the main
cortical region involved (2).

3. Opiates bind predominantly to the 1., & and x receptors. The
i and, to a lesser extent the & receptors mediate the reward-
inducing and reinforcing properties of opioids. These receptors
are abundant in both limbic and cortical regions, a similar
distribution to the dopaminergic projections from the VTA.
Stimulation of the x receptors does not generate reinforeing
properties and the distribution of these receptors is quite differ-
ent from that ol the g and the & receptors. Stimulation of p and
8 opiale receptors decreases (via G-protein) adenylate cyclase’s
(AC) activity, with a consequent decrease in intracellular eyclic
adenosine monophosphate (cAMP) concentrations and GABA
release rom GABAergic interneurons. This latter effect results
in diminished stimulation ol GABA receptors located on
dopaminergic neurons, increased excitability of these neurons.,
and consequent increased release of DAL

4-6. The exact mechanism of reinforcement or reward induc-
tion is unknown. but, practically all substances with a signifi-
cant dependence potential were found in animal studies and in
human clinical trials to stimulate the MIMC dopaminergic
pathways (4). This leads to substance dependence, manifested
mainly by rewarding properties, compulsive self-administration
and withdrawal svmptoms (5). Even so. it is quite clear that
dependence induction is a complex phenomena, and other
intra- and interneural interactions, as well as behavioral.
psychological and different modulating variables such as genet-
ics, social and environmental factors, are probably vital and
contribute to the typical substance-dependence symptoms (6).
7.8. During acule opiate intoxication, opiate receptors located
on noradrenergic projections from the locus ceruleus (LC) to
almost all brain regions are stimulated,  with consequent
secondary intracellular changes, mainly decreased adenylate

cvelase (AC) and cyelic adenosine monophosphate (cAMP)
activities and potassium concentrations (7). These changes
induce a decrease in LC firing rate. The chronic abuse of opiates
upregulates certain intra-cellular components, especially the
AC. along with a significant reduction in potassium conduc-
tance (8).

9. The upregulated compounds increase the NE firing rate to
normal while opiates are consumed. When opiates are
withdrawn and the opiate receptors are not stimulated. the
upregulated components are still active and they exert a net
increase in neuronal NE firing rate. leading to a hyper-excitabil-
ity state with a concomitant withdrawal syndrome.

10. Methadone is a relatively long acting orally administered
synthetic opioid (1,,, about 24 hours). with less dependence
potential than heroin, which can be used once per day.
L-c-acetylmethadol (LAAM) is a derivative of methadone,
with a longer duration of action (up to 3 days). It is less abused.
and less sedative than methadone. LAAM is particularly
appealing for individuals who can not attend a clinic on a daily
basis.

11. Naloxone is a short-acting p receptor antagonist (ty 2
hours). 1t is mostly used intravenously to reverse the effects of
opiate agonists, In opioid-dependent subjects, small doses (0.4
mg) of naloxone can precipitate 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 clefts and its greater availability for neuronal
transmission. Naltrexone is a long acting, orally administered
u receptor antagonist (half-life up to 2472 hours). It is used to
maintain abstinence in already detoxified persons, 7-10 days
following a documented abstinence, or alternatively following a
negative naloxone challenge test. If naltrexone is adminis-
tered before abstinence is completed. profound aversive
reactions can appear, which is very difficult to reverse due to
naltrexone's high affinity for the p receptors, along with its
long duration of action.

12. Clonidine and lofexidine are o -adrenergic agonists that
decrease NE release into the synaptic cleft. They have been used
with some success in reducing the characteristic hyper-adren-
ergic withdrawal symptoms.
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10.2 Abused substances - amphetamines
Supposed mechanism of dependence, adverse effects and treatment options
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DA-AR Dopaminergic autareceptor
DA-R Dopaminergic receptor
DA Dopamine
MAQ, g Monoamine oxidases type A or B
MHPG 3-Methoxy-4-hydroxyphenylglycol
NE Norepinephrine (noradrenaline)
SSRIs Selective serotonin reuptake inhibitors
VTA Ventral tlegmental area

Amphetamines are synthetic psychostimulants. which are
subdivided into ‘classic amphetamines’ (dextroampheta-
mine. methamphetamine, and methylphenidate) and
‘designer amphetamines’ (Adam, MDEA, MDMA,
MMDA, DOM, XTC), which have, besides their euphoric
ellects, some hallucinogenic properties. Amphetamines,
like cocaine, are though to exert rewarding eflects via
stimulating the mesolimbic and mesocortical dopaminergic

Notes about the numbered items in the scheme

pathways (see Section 10,1 for details). They are less addic-
tive than cocaine. Amphetamines also block the reuptake
of norepinephrine (NE) and, at high doses. serotonin (5-HT)
(designer amphetamines’ have more effects on SHT). All
amphetamines increase the availability of catecholamines
[or synaptic transmission. Typical amphetamines are often
termed by street names such as crystal, ice and speed,

1-3. Amphetamines induce their rewarding and reinforcing
effects via stimulating the mesolimbic and mesocortical
dopaminergic pathways (1), These are dopaminergic projec-
tions originating from the ventral tegmental area (2) to differ-
ent limbie (nucleus accumbens, amygdala, olfactory tubercle)
and cortical regions, especially the frontal cortex (3). Amphet-
amine's adverse effects (other than its stimulatory/rewarding
elfects) are induced by its similar cathecholamine-enhancing
properties in other major brain regions.

4-11. The main stimulatory effects of most amphetamines
are achieved by stimulation of dopamine release from presy-
naptic vesicles into the synaptic cleft (4) and by inhibiting
dopamine reuptake by its transporter at the presynaptic nerve
endings (5). They also block the reuptake of NE into presynap-
tic vesicles (6) and some, mostly ‘designer amphetamines’,
also block the reuptake of serotonin at its transporter site (7).
Amphetamines may also exert direct agonistic activities al
postsynaptic serotonergic receptors (8). Most amphetamines
have a relatively minor capacity to block monoamine oxidases
type A and B (9) and thus further increase the concentrations

of catecholamines in the synaptic cleft. The net effect of

amphetamines abuse is the increased concentrations ol
dopamine (10). norepinephrine and serotonin (11} in the
synaptic cleft, with their subsequent increased availability for
neuronal transmission.

Treatment options

Amphetamine intoxication and withdrawal share many
similarities  with symptoms ol cocaine intoxication and
withdrawal. Intoxicated persons should be under careful

cardiovascular and respiratory  monitoring.  Antipsychotic
drugs (APDs) should also be administered very carefully
especially in cases with hyperthermia (due to the increased risk
ol developing neuroleptic malignant syndrome) and seizure
disorder (APDs lower scizure threshold). When APDs are
administered, low doses should be used due to their possible
adverse side-effect profile (mainly extrapyramidal) and the
addict’s usual unwillingness to experience such adverse ellects
in order to suppress their craving for amphetamines. The
treatment of amphetamine abuse is much less studied than
that of cocaine. Because the many similarities. both in
pharmacological effects and in the overall clinical syndrome.,
most treatment regimens for amphetamine abuse are based
on established treatment strategies for cocaine abuse (sce
Section 10.3). These treatments are aimed at either decreasing
the acute withdrawal symptoms (by increasing dopaminergic
and other biogenic amines activities) or blocking the effects of
the psychostimulant at the receptor site. and thus reducing the
rewarding or reinforcing properties of the amphetamines,

Drugs that decrease reward and reinforcing properties of ampheta-
mines

12a. Selective serotonin reuptake inhibitors (SSRIs).
Fluoxetine was found 1o decrease self-administration of
amphetamines in animal studies and is often taken by users
to prolong the “high' and decrease the “crash’ from Ecstacy.

1 2b. Pimozide has shown inconsistent antagonistic effects on
cuphoria  and drug-sceking induced by amphetamines.
Flupenthixol has been shown to reduce some of the reward-
ing and reinforcing properties of cocaine.
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10.3 Abused substances - cocaine
Supposed mechanism of dependence, adverse effects and treatment options
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DA Dopamine
DA-R Dopaminergic receptor
DA-RIs Dopamine-reuptake inhibitors
MAQgls Monoamine oxidase inhibitors type B
NE Morepinephrine
SSRIs Selective serotonin-reuptake inhibitors

VTA Ventral tegmental area

Cocaine is an alkaloid derived from the shrub Erythrox-
ylon coca. It exerts its rewarding effects via stimulating
the mesolimbic and mesocortical dopaminergic pathways
(see Section 10.1 for details). Cocaine also blocks the

Notes about the numbered items in the scheme

reuptake of norepinephrine (NE), and serotonin (3-HT),
leading to increased availability of these substances for
synaptic transmission. Cocaine is referred to by several
streel names such as coke, crack, girl, lady and snow.

1. Cocaine induces its rewarding and reinforcing eflects via
stimulating the mesolimbic and mesocortical dopaminergic
pathways. These are dopaminergic projections originating [rom
the ventral tegmental arca (VTA) to different limbic and corli-
cal regions, especially to the nucleus accumbens, amygdala,
olfactory tubercle and the Irontal cortex. Cocaine's adverse
effects (other than its stimulatory/rewarding effects) are
induced by its similar catecholamine-enhancing properties on
other major brain regions.

2-5. The main stimulatory eflects of cocaine result from
inhibiting dopamine reuptake (2). It may also act as a direct
agonist at the postsynaptic dopaminergic receptors, where
cocaine preferentially stimulates the postsynaptic DA, and DA,
dopaminergic receptors (3). Cocaine also blocks the reuptake
ol both norepinephrine (4) and serotonin (5) into presynaptic
nerves. Some data suggests that it might also inhibit the uptake
of acetylcholine into the presynaptic nerves.

Treatment strategies — intoxication

Acute cocaine intoxication commonly resolves quickly due
to the drug's short duration of action. Thus intoxicated
individuals can be usually handled by careful monitoring
(especially  cardiovascular), supportive and  symptomatic
treatments. B-adrenergic antagonists should be avoided in
cases where acute myocardial infarction or angina are
suspected to be the result of cocaine intoxication, as they
might [urther intensily cocaine-induced ischemia by allow-
ing greater unopposed a-adrenergic stimulation. Antipsy-
chotic drugs (APDs) should also be administered very
carefully, especially in cases of cocaine-induced hyperther-
mia (due to the increased risk of developing neuroleptic
malignant syndrome) and seizure disorder (APDs lower
seizure threshold). If APDs are to be given, they should be
administered in low doses due to their possible adverse side-
effect profile (mainly extrapyramidal side-clfects) and the
addict’'s usual unwillingness to experience such adverse
effects in order to suppress their craving for cocaine.

6a-6c. Withdrawal. Most treatment regimens are aimed at
cither decreasing the acute withdrawal symptoms (by increas-
ing dopaminergic activities) or blocking the elfects of cocaine
at the receptor site. and thus reducing its rewarding or reinforc-
ing properties at the mesolimbic and mesocortical pathways.
Drugs that decrease withdrawal symptoms. Agents that
increase DA activity have shown some capacity to decrease
cocaine-withdrawal symptoms (6a). The effect is presumably
mediated by their ability to compensate for the lost cocaine-
induced dopaminergic stimulation. Among the agents that
have been reported to exert some beneficial effects are the DA
reuptake inhibitors (bupropion), DA precursors (L-tyrosine
and r-dopa), DA agonists (bromocriptine), monoamine
oxidase inhibitors type B (MAO,Is ; selegiline and to a lesser
extent phenelzine), DA releasers [amantadine (also a
dopamine reuptake inhibitor)] and stimulants (methamphet-
amine, methylphenidate. pemoline ; mainly due to their
dopamine reuptake inhibition properties and some dopamine
releasing capacities).

Norepinephrine-reuptake inhibitors (NE-RIs; desipramine,
imipramine. maprotiline) and selective serotonin reuptake
inhibitors (SSR1s; fluoxetine) have also shown some benelficial
effects in reducing cocaine-induced withdrawal symptoms,
The effect is presumed to be associated with their capacity to
enhance adrenergic and serotonergic transmission. but the
exact mechanism of action is unclear (6b).

Drugs that decrease reward and reinforcing properties
(6c). These agents suppress dopaminergic transmission. thus

opposing the enhanced dopaminergic transmission associated
with the reward-inducing properties of cocaine. Among these
are antipsychotic drugs (flupenthixol) that are direct DA
antagonists and calcium-channel blockers (CCBs ; nifedipine.
nimodipine). Increased intracellular calcium concentrations
following numerous stimuli enhance the activities of tyrosine
hydroxylase, with a consequent increased in dopamine synthe-
sis and transmission. CCBs inhibit such effects and suppress
dopaminergic transmission.
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10.4 Abused substances - phencyclidine (PCP)
Supposed mechanism of dependence, adverse effects and treatment options

Net effect following

PCP intake: Dopamine receptors
Masolimbic and increased (mainly type 2 and 1(less)]
mesocortical
R dopaminergic on posisynaplic nerves
do::im ergic activities

Activates
reward
mechanisms
I (which lead to

'l-ﬂ;' a full substance-
dependence

] Dopamme s B | syndrome)
transporter \— and

possible

induction of

Tyrosine

e ¢ ) =3 U= psychosis
._ i i yiegl
Cortical and limbic .
regions

NMDA
receptor

Postsynaptic
nerves

-

Induces
characteristic
adverse
X Amygdala, hippocampus, oiteen
Serotonergic locus ceruleus, basal
m I‘rom_ ganglia and cortex (including
raphe nuclei to major i i ~ confusion, delirium,
brain regions i e psychosis, stupor,

coma, seizures,

central nervous
system depression,
thabdomyolysis)

Raphe

nuclei A
— ~ L Net effect following
PCP intake:
Most major | | increased
brain regions — 5-HT activities

Postsynaptic
nerves

J

r_'i
)
| Only symptomatic treatments are relevant

Ammonium
APDs BDZs hoAE




Legend
Stimulates ——*
Inhibits ——#
Possible effect

Commonly abused substances — specific profiles m

5-HT Serotonin (5-hydroxytryptamineg)
5-HT;» Serotonergic receptors type 1A,1D,2A,2C
APDs Antipsychotic drugs
BDZs Benzodiazepines
DA Dopamine
DA-R Dopaminergic receptor
VTA Ventral tegmental area

Phencyclidine (PCP) is a synthetic psychoactive
substance that was originally developed as a general
anesthetic. The medical use of PCP is presently
contraindicated due to its severe adverse side-effect profile
— mainly delirium (in about 33%). agitation, hallucina-
tions and rhabdomyolysis (in about 2%). PCP exerts its
elfects via several neurotransmitter systems, especially
the glutamatergic, dopaminergic and serotonergic. PCP
can induce a clinical syndrome quite similar to schizo-
phreniform psychosis and, at the same time, it greatly

Notes about the numbered items in the scheme

increases the risk of schizophrenic patients to develop
prolonged psychotic episodes. Even so, It often causes
nystagmus and cardiovascular or renal complications
that are distinct and are not usually present in other
psychiatric disorders. Physical dependence with PCP is
less common than with other abused substances
(opioids, amphetamines, cocaine, alcohol), but it can
occur. Withdrawal symptoms are rare. possibly due to
the lack of a direct elfect of PCP on the adrenergic
system.

1-8. PCP has an enhancing effect on the dopaminergic system
including on the mesolimbic-mesocortical pathways (1) thus
playing a major role in activating the brain reward mecha-
nisms. PCP increases the dopaminergic transmission in
neuronal projections from the ventral tegmental area (VTA ; 2)
to major cortical and limbic regions (3). PCP exerts its effects
via several main mechanisms:
a. It 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-
naptic vesicles into the synaptic cleft (5).
c. It inhibits tyrosine hydroxylase (6). the rate-limiting
enzyme in the synthesis of dopamine. This effect opposes the
enhancing effects described previously., However, the net
effect of PCP on the dopaminergic system is stimulatory by
increasing dopamine concentrations in the synaptic cleft (7).
The dopaminergic stimulation induces the typical rewarding
properties of PCP. and is possibly associated with the
emergence of characteristic schizophreniform psychotic
symptoms (8).
9. PCP antagonizes the N-methyl-p-aspartate (NMDA) subtype
of glutamatergic receptors by binding with high aflinity to a
site within the coupled cationic channel, PCP’s binding to the
ion channel reduces sodium and calcium influx and decreases
the intracellular concentration of these compounds. The gluta-
matergic neurons are mostly excitatory: thus PCP's antago-

nistic properties induce inhibitory effects. which are spread to
major brain regions, causing central nervous system depres-
sion.

10,11. PCP has been found to exert complex effects on the
serotonergic system. It blocks the uptake of serotonin into the
presynaptic nerves (10) with a consequent increase in its
synaptic concentrations (11) and its availability for further
neuronal transmission. On the other hand, several studies have
demonstrated the capacity of PCP to reduce the firing rate of
serotonergic nerves, with a consequent suppression of the
serotonergic transmission. PCP's effects on the serotonergic
system might explain the similarities in clinical symptoms often
found 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. Activated charcoal is indicated
il the patient reaches the hospital soon enough. The use of
antipsychotic drugs (APDs) in cases of psychotic episodes or
severe agitation should be limited as much as possible due to
their capacity to lower the seizure threshold and induce convul-
sions. If the patient is severely psychotic or aggressive, use high-
potency APDs, which have a reduced potential to induce
seizures compared to the low-potency agents. Benzodi-
azepines are used to treat autonomic instability, muscle
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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The psychiatric and neurological symploms associated

with ingestion of ethaneol (the most common form of

alcohol) arc related both to the last-consumed drink and
to the total amount of alcohol consumed over a lifespan.
Characteristic symptoms are often observed at blood
alcohol levels (BAL) of 0.01-0.1%. although parameters
such as the chronicity of alcohol consumption, concomi-
tant drug intake, hepatic insulliciency, genelic predispo-
sition and rate of absorption (an empty stomach
enhances absorption) might greatly aflect the clinical

presentation.  For a non-tolerant person, BAL of

0.01-0.1% olten cause a mild decline in coordination.
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decreased anxiety. disinhibited behavior, euphoric mood
and anterograde amnesia. Moderate intoxication (poor
coordination, 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 coordination). At BAL of 0.3-0.4% conscious
alternates between stupor to coma. At BAL higher than
0.5%. fatal coma. cardiac and respiratory collapse could
predominate. Alcohol exerts its effects via numerous
neuronal mechanisms, and the apparent clinical picture
is usually the consequence of many interactions.

1-5. Alcohol's effects on neuronal functioning are quite
different during an acute intoxication from when superim-
posed on chronic abuse. Alcohol intercalates itsell into the
cellular membrane (1), and acule intoxication brings about
membrane modifications (fluidity), including an impairment
in ion-channel or receptor functioning. The exact intra- or
extracellular effects of alcohol are unclear, although some
receptor modifications are evident, especially decreased sensi-
tivity of  N-methyl-p-aspartate  (NMDA)  receptors  and
increased sensitivity of the y-aminobutyric acid (GABA) recep-
tors (2). Downregulation of calcium-channel activities (3) and
upregulation of sodium-ion channels activated by nicotinic
acetylcholine receptors (4) are also evident. All these changes
exert a net significant inhibitory effect on most major brain
regions (5).

6-8. Alcohol withdrawal syndrome can be scen, even in
people only recently abusing alcohol, but is usually more
pronounced if the abuse is chronic. Chronic alcohol abuse
causes the cell membrane to be more rigid (6. it upregulates
NMDA receptors and downregulates GABAergic receptors (7).
These receptor changes exert an excitatory effect, but as long
as aleohol is consumed its inhibitory effects counteract the
excitatory tendencies. When alcohol is withdrawn. the
excitatory elfects predominate (8) and a characteristic
‘hangover’ is scen, manifested by tremulousness (6-8 hours
following cessation), mild autonomic hyperactivity, irritabil-
ity, photophobia, headaches and gastrointestinal discomfort.
Perceptual disturbances, including psychosis. are classically
evident within 8~12 hours. Scizures can complicate the clini-
cal picture within the first 24 hours and delirium tremens can
be evident during the first 3-7 days following acute absti-
nence from alcohol.

9-12. Alcohol metabolism is primarily hepatic (9). Alcohol
dehydrogenase (10) converts aleohol into acetaldehyde and
aldehyde dehydrogenase (11) metabolizes acetaldehyde into
acetic acid. Acetic acid is further metabolized. to be finally

excreted. Acetaldehyde (12) is toxic when accumulated and il

alcohol is ingested along with an aldehyde-dehydrogenase
inhibitor, the characteristic ‘disulfiram reaction' appears.

13. No specilic agent has shown significant beneficial effect in
suppressing symptoms of acute aleohol intoxication. Partial-
inverse agonists of the benzodiazepine receptor have shown
beneficial effeet in animal studies. Their application lor alcohol
intoxication in humans is currently unclear,

14. Benzodiazepines (BDZs) suppress autonomic hyperactiv-
ity and reduce scizure potential. Long-acting BDZs with active
metabolites are prelerred (chlordiazepoxide, diazepam).
They allow less-frequent dosing and induce less drug-seeking
behavior. Lorazepam, which has an intermediate hall=life and
no active metabolites, is often advantageous because it is less
sedative and it can be given parenterally (better dose monitor-
ing). Clonidine, an o,-adrenergic agonist that decreases
norepinephrine transmission has also shown some beneficial
ellects. Propranolol, a B-adrenergic antagonist, improves the
anxiety, tachycardia and tremor associated with withdrawal.
Carbamazepine has a similar elficacy to BDZs in improving
withdrawal symptoms when given in doses of 800 mg/day. It
has much less abuse potential than BDZs.

15. Several drugs have some limited capacity to prevent
alcohol intake. Disulfiram inhibits aldehyde dehydrogenase.
leading to a 5-10 times higher rate of acetaldehyde accumula-
tion when alcohol is simultancously consumed. Consequently,
a ‘disulfiram reaction” appears, characterized by llushing, chest
pain, palpitations, headaches. nausca. vomiting. weakness,
agitation, sweating and confusion. This reaction is aversive so
putting people ofl’ drinking. The problem with disulfiram is
compliance and it only works il taken regularly, but preferably
under supervision. Caleium carbamide is a more selective and
rapidly acting aldehyvde dehydrogenase inhibitor than disulfi-
ram. It has a shorter hall-life than disulfiram, and probably
exerts fewer adverse eflfects. Acamprosate is a synthetic
indirect GABA agonist that has been shown to reduce aleohol
intake and is licenced in a number of countries. Naltrexone is
a L opiate receptor antagonist that has been shown to reduce
alcohol consumption in humans when used in a multi modal
regimen. Bromocriptine and sclective serotonin reuptake
inhibitors (SSRIs) have been reported anecdotally to reduce
alcohol intake.
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10.6 Abused substances — cannabis
Supposed mechanism of dependence and adverse effects
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Cannabis, commonly termed bhang, grass, hash,
hashish, marijuana and pol, represents various
psychoactive substances that are produced from the
hemp plant Cannabis sativa. The most abundant of them
is A’-tetrahydrocannabinol (THC). which is converted
in the human body to a more psychoactive substance
11-OH-THC. A number of synthetic cannabinoids also
exist and some have medicinal indications. Cannabis
abuse is associated with many short- and long-term
adverse effects. The symptoms ol acute intoxication are
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usually moderate and it is not fatal in cases of acute
intoxication. Long-term elfects, though highly contro-
versial may include permanent brain damage (atrophy.
lowered seizure threshold). impaired testosterone regula-
tion and chromosomal damage. THC and other
cannabinoids have some analgesic. antiemetic and
anticonvulsant properties, and are currently marketed
for the treatment ol nausea and vomiting secondary to
cancer chemotherapy.

1. Two cannabinoid receptors have been found to exist, the CB,
and CB, receptors, The CB, is the central cannabinoid receptor
that binds 11-OH-THC and consequently leads to numerous
intra- and intercellular reactions that exert the characteristic
clinical and adverse effects of cannabis and related
compounds. CB; is the human peripheral cannabinoid receptor
found especially in spleen and thymus.

2-5. Stimulation of CB, leads to secondary intracellular
reactions mediated by inhibitory G-proteins (2). The CB,-G
protein interaction suppresses the activities of adenylate 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).

Neurotransmitter Interactions

6,7. Alterations in a few neurotransmitter systems are evident
as a consequence of cannabinoid abuse. 11-OH-THC inhibits
the release of y-aminobutyric acid (GABA) into the synaptic cleft
(6). especially, but not exclusively, in the substantia nigra.
GABAergic neurons act as inhibitory neurons in the central
nervous system. so the suppressed GABAergic transmission leads
to a net excitatory effect on certain brain regions, c.g. the
dopaminergic projections from the ventral tegmental area (VTA)
to limbie structures (primarily to the nucleus accumbens) and to
the prefrontal cortex (7). This dopaminergic overactivity in the so
called ‘reward system’ can explain some of the rewarding cllects

of cannabis abuse, and the physical dependence it can cause.
Nevertheless, the dependence potential of cannabis is much less
than that of most other abused substances. and it seems that
cannabis-induced enhancement of the reward system is not as
prominent as its other central nervous system interactions.

8. There is relatively good evidence that 11-OH-THC can
inhibit the presynaptic release of acetylcholine and of glutamate
into the synaptic cleft. These effects are evident mostly in the
hippocampus. Their clinical significance is uncertain,

Endogenous Cannabinoids

9. Recently, a novel derivative of arachidonic acid, anandamide
(arachidonylethanolamide) was identified as the endogenous
ligand for the cannabinoid receptors, and it was shown lo
produce similar effects as 11-OH-THC following stimulation of
the cannabinoid receptor. The physiological role of anandamide
in regular cell functioning is unknown.

Treatments

10. The major treatment strategies are abstinence and support-
ive therapy. Drugs are used only for symptomatic relief of the
mild anxiety that might be experienced during withdrawal
(benzodiazepines), or for the treatment of depressive episodes
(antidepressants) or the characteristic paranoid ideations
(antipsychotics). To date, no specific regimen has been shown
to be beneficial in reducing the rewarding properties of
cannabis abuse, although CB, receptor antagonists now exist
and might have such a role.



m Commonly abused substances — specific profiles

10.7 Abused substances - hallucinogens (lysergic acid diethylamide - LSD)
Proposed mechanism of action and treatment options

Acute Mostly in cortex,

LSD intoxication limbic regions

(nucleus accumbens,
olfactory tubercle)
and basal ganglia.

3 Induces
S?mm"m‘c characteristic
projections from fiial
raphe nuclei to major perceptua

brain regions distortions

.'. - 4 — = | i
Raphe st i : Stimulates,

nuclei i e ' (slightly)
:- e the

‘reward
| 2:] pathways'

Mel effect following
acute LSD intake:
increased
postsynaptic
5-HT activities

Chronic
LSD intoxication

Chronic LSD intake
downregulates the

-

5-HT, receptors

Net effect following

Serolonergic chronic LSD intake: Tolerance
projections from decretised 5:HT develops
raphe nuclei to major concentrations it

brain regions psychological and
behavioral effecls
of LSD, (it usually
occurs within
a few days)
Chronic use
does not
induce the
characteristic
perceptual
distortions

in the synaptic cleft

Raphe

nuclei
2 Net effect following

chronic LSD intake:
decreased

Degenerated

serotonergic
nerve terminals

postsynaptic
5-HT activities

J

Treatment options for acute LSD intoxication

High-potency APDs Benzodiazepines 5-HT, antagonists




Legend
Appropriate
‘ release of serotonin

Diminished
release of serotonin

Intact regulation of receptor

Downregulated receptor

Commonly abused substances — specific profiles m

5-HT Serotonin (5-hydroxytryptamine)
5-HT,-R Serotonergic receptors type 2A,2C
APDs Antipsychotic drugs

LSD Lysergic acid diethylamide

Hallucinogens are chemically diverse compounds that
induce, as their primary effect, perceptual distortions
(depersonalization, derealization, synesthesias), halluci-
nations (usually visual) and heightening of conscious-
ness. Many natural and synthetic hallucinogens are
abused by humans. The natural substances most
commonly abused are N,N-dimethyltryptamine (DMT),
mescaline and psilocybin. The most studied and the
first abused (prototypic) synthetic hallucinogen is lyser-
gic acid diethylamide (LSD). Hallucinogens” mechanism
of action is unclear. but it involves, presumably, an
enhancement of the serotonergic system (as the primary
elfect) and a relative minor effect of stimulating the
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dopaminergic and possibly other cathecholaminergic
systems. Hallucinogens are taken orally, although some
such as DMT, are usually smoked. LSD’s mental effects
occur within an hour after ingestion and last for about
12 hours (peak effect in 2—4 hours). Hallucinogen abuse
can lead to fatal outcome and death have been reported.
usually from cardiovascular complications (hyperten-
sion) or hyperthermia. Tolerance to the psychological
and behavioral effects of LSD develops quite rapidly (2—4
days of repeated use). and it reverses in about a week
following complete abstinence. Hallucinogens or LSD do
not induce physical dependence and no clinically signifi-
cant withdrawal syndrome is apparent.

Mode of action

1,2. It is relatively well established that LSD enhances the activ-
itics of postsynaptic 5-HT, serotonergic receptors as ils primary
effect (1). LSD cither binds with high aflinity to the serotonin
binding site itself or to an adjunct site on the serotonergic recep-
tor. Serotonergic antagonists prevent animals from identifving
LSD in drug discrimination tests. LSD, and probably some of the
other hallucinogens can also stimulate (probably indirectly)
dopaminergic transmission, including the mesolimbic and
mesocortical pathways, which have been termed the ‘reward
system’ (2). These are dopaminergic neurons, originating lrom
the VTA (ventral tegmental area) and projecting to major limbic
structures (nucleus accumbens. olfactory tubercle), and to the
frontal cortex (see Sections 10.1-10.4). In contrast to other
abused drugs (heroin, cocaine) the stimulation of these reward
mechanisms is relatively slight, and it does not produce the
classic reinforcing effects, or dependence, as other substances do.
3-7. Little data are available about the inter- or intrancuronal
changes following chronic abuse ol hallucinogens. There are
some animal data, implying that chronic LSD abuse causes
depletion of serotonin from presynaptic nerve terminals (3, due
possibly to degenerative processes at these neuron endings (4).
Repeated administrations of LSD in rats was also found to
downregulate the 5-HT, receptors (5). The net effect of these

changes is tolerance to the drug effects and decreased seroton-
ergic transmission in the altected regions (6,7). The effects of
chronic LSD abuse on the dopaminergic system is unclear.
Tolerance develops rapidly to the behavioral and psychological
effects ol hallucinogens. and reverses almost as rapidly follow-
ing abstinence (7). probably due to the decreased serotonergic
transmission mentioned carlier.

Treatment of Intoxification

8. Reassurance. reduction ol sensory input, and supportive care
are the hallmarks in the treatment of hallucinogen intoxication.
To date, no antidote has been lfound beneficial in reducing or
eliminating hallucinogen-induced clinical symptoms. The use
of antipsychotics is usually not indicated. but if the patient is
severely agitated. psychotic or possibly aggressive. low doses of
high-potency antipsychotic drugs might be administered.
Low-polency agents such as chlorpromazine have been
shown to induce seizures and to cause cardiovascular collapse
when  co-administered  with  hallucinogens.  Anxiety  states
might be treated with benzodiazepines. Controlled studies of
the use of 5-HT, antagonists as possible antidotes for hallu-
cinogens have not been done though animal studies have
demonstrated that such compounds can antagonize some of the
elfects of LSD.
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10.8 Abused substances - benzodiazepines
Supposed mechanism of dependence, withdrawal symptoms and treatment options
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BDZs Benzodiazepines
GABA, y-Aminobutyric acid receptor, type A
mRNA Messenger ribonucleic acid

@ Chloride ion

Benzodiazepines exert their therapeutic effects by
increasing the affinity of y-aminobutyric acid (GABA) to
the GABA, receptor. and thus increasing chloride influx
into the intracellular space (see Section 4.2). The
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increased influx hyperpolarizes the neuron and further
enhances the inhibitory effects of the GABAergic neuron.
Therefore benzodiazepines act as neuromodulators
that enhance the inhibitory effects of GABA.

Benzodiazepine abuse

1. Benzodiazepine abuse is dilferent from other substance-
abuse disorders (opioids, amphetamines. nicotine) because
benzodiazepines exert  much less cuphoria and do not
activate the ‘classic’ reward systems that are activated with the
other substances (mainly the mesolimbic and mesocortical
dopaminergic projections) (see Sections 10.1-10.4). In [act,
most people do not lind the subjective eflects of benzodi-
azepines pleasant beyond their therapeutic anxiolvtic or sleep-
inducing effects. Therefore, the abuse of benzodiazepines is
usually secondary to other substance-abuse disorder when the
benzodiazepine is taken for relief from symptoms induced by
the use of another drug.

Mode of action

2-6. Benzodiazepines enhance the activities of GABA at its
receptor site, increase chloride influx (2) and further generate
inhibitory effects on major brain regions (3). At the same time
and when benzodiazepines are chronically abused. they
suppress the expression of the specific messenger ribonucleic
acid (mRNA) coding for the production of the o, subunit of the
GABA, receptor (4). This subunit is one of the major compo-
nents responsible for the sufficient coupling between the GABA
receptor and the adjunct chloride channel. Thus chronic
benzodiazepine abuse impairs the effective coupling leading 1o
downregulation of the GABAergic receptors (5) and a decrease
in chloride influx (6).

7. Because of the decreased chloride influx into the intracellu-
lar GABAergic nerves that follows chronic benzodiazepine
abuse, larger doses of benzodiazepine are needed to exert the
same clinical effects. This is the physiological basis for the devel-
opment of tolerance.

Withdrawal

8. When benzodiazepines are withdrawn. the GABA, recep-
tors are still downregulated and their activities are relatively
suppressed compared with their baseline status. Since GABAer-
gic nerves exert inhibitory effects on major brain regions, when
they are suppressed the affected brain regions are in a relatively
hyperexcitable state. This excitability might play a major role in
the induction of the characteristic withdrawal symptoms.

Treatment

9. Several treatment options are relevant in the case of benzo-
diazepine abuse. Gradual tapering of benzodiazepines is
probably the hallmark and the most elfective modality for
benzodiazepine abuse. The tapering schedule should include
a reduction of about 20-25% of the consumed dosage per week.
Detoxification can be accomplished within 7-21 days. For
short-acting benzodiazepines, (e.g. alprazolam), a more-
conservative detoxification plan should be taken, e.g. alprazo-
lam should be tapered at & maximum of 0.5 mg every 3 days.
Alternatively, replace with a long acting benzodiazepine and
then withdraw it. The gradual tapering enables the downregu-
lated GABA , receptors to recover parallel with the decrease in
benzodiazepine dose.  Buspirone or antidepressants
[(especially selective serotonin reuptake inhibitors (SSRIs)|
should be considered if tapering is not fully successful and there
is still a need for an anxiolytic agent. Both are used primarily
as anxiolytic agents, and their main advantages are diminished
abused potential. the absence of withdrawal syndromes during
acute abstinence. non-impaired psyvchomotor performance and
no anterograde amnesia. Buspirone was found beneficial in
reducing the craving for benzodiazepines. probably due to its
anxiolytic effects. The main drawback in using buspirone or
SSRIs is the relative long time needed before the anxiolytic
elfects are achieved (at least 1-2 weeks). Carbamazepine is
only ellective for withdrawal-induced convulsions.
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10.9 Abused substances - nicotine
Supposed mechanism of dependence, withdrawal symptoms and Ireatment options.
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ACh. Acetylcholine
DA Dopamine
LC Locus ceruleus
Na® Sodium ions
nACh-Rs Nicotinic acetylcholine
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NE Norepinephrine
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Action potential — "\ —=
Unknown neural

mechanisms ‘:>
or effects

Addiction to nicotine appears mainly in the lorm of
cigarette smoking. Nicotine rapidly enters the blood-
stream via the pulmonary vascular svstem and reaches
the brain faster than it would if it were administered
intravenously. The major adverse ellect of nicotine
abuse (in the lorm of tobacco smoking) is death [rom lung
ancer, emphysema and ischaemic cerebrovascular or
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cardiovascular diseases. Nicotine abuse causes both
depressant and stimulatory effects. but tolerance develops
to the depressant effects while the stimulatory effects are
unalflected. The mechanism for this dual effect is unclear,
and probably involves several dilferent receptor interac-
tions (as well as other modalities).

Maode of action

1-6. Nicotine binds to nicotinic acetylcholine receptors
(MAChRs) which are highly concentrated in the interpendun-
cular nucleus, medial habenula, thalamus and cerebral cortex
(1). Nicotinic receptors are also present in midbrain regions
such as the ventral tegmental area (VTA) and the substantia
nigra (2) and in limbic structures (3). Nicotine stimulates the
nAChRs that are attached to a rapidly responding ligand-gated
sodium channel. and it consequently increases intracellular
sodium concentrations and depolarizes the neuronal membrane
(4). As a result of this nicotine-induced depolarization, the
mesolimbic dopaminergic pathway and cortical projections to
the same limbic structures are activated, The effect of the latter
is unclear, although it is assumed to be depressant (5). The net
ellect of these activities is to induce the characteristic nicotine-
dependence syndrome (6).

7.8. The interaction of nicotine with nAChRs is believed 1o be
the major element in inducing dependence. but chronic
changes in other neurotransmitter systems. especiallv opiate
receptors, are thought to contribute to the characteristic behav-
ioral and psychological changes that are evident when
nicotine is withdrawn. It is possible that nicotine indirectly
stimulates the opiate receptors located in the lucus ceruleus
(LC) (7). which Teads to a decrease in the norepinephrine (NE)
liring rate from the LC to major brain regions (8).

Withdrawal

9,10, Chronic nicotine abuse upregulates the nAChRs located
in cortical regions (9). When nicotine is withdrawn, the
nAChRs are stimulated by the endogenous acetylcholine. At the

same time, the absence of nicotine does not generate the
typical nicotine-induced stimulatory effects on the opiate
receptors and so the LC firing rate is no longer suppressed, The
net effect is an increase in NI release from the LC (10), This
increase in LC firing rate might play a role in the induction of
the characteristic withdrawal symptoms of impaired concen-
tration and sleep. anxiety. irritability, and craving for nicotine,

Treatment

11. Nicotine replacement by nicotine chewing gum or by
transdermal  patches is the most eflfective treatment lor
nicotine dependence in the form of cigarette smoking, These
maodalities are estimated to induce a 1-year abstinence rate of
20-50% (a0 10-20% drug-placebo dilference). Clonidine is an
o -adrenergic agonist that reduces the release of NE into the
synaptic cleft. Clonidine was found to double the short-term
abstinence rates from smoking as compared with placebo, and
it is effective in minimizing the craving for cigarettes and some
other withdrawal symptoms. The long-term eflects of cloni-
dine are yvet to be ascertained. The main disadvantage of
clonidine is its sedative effects, which often worsen the
impairments in concentration associated with nicotine abuse.
Buproprion is an antidepressant (see Section 2.4 that
increases dopamine levels in the synaptic cleft. It has recently
been licenced in the USA for the treatment of smoking cessa-
tion and can double the 1-vear abstinence rates, This is
presumably because a deficiency of dopamine in the meso-
limbic/mesocortical pathway contributes to the low mood, loss
ol pleasure and drive found during nicotine withdrawal and
buproprion helps reverse this.
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11.1  Tricyclic and tetracyclic antidepressants

Drug interactions
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Significant Drug Interactions

Anticoagulants. There are ancedotal reports of trazadone
decreasing  heparin serum  levels  (20%).  Clomipramine,
nortriptyline, and trazodone can raise warfarin's serum levels,
leading to the need for a 30" dose.

Anticonvulsants. Phenytoin, a liver enzvme inducer,
decreases serum levels of tricyclic antidepressants (TCAs)
{especially desipramine and clomipramine). An increase in serum
levels of nortriptyline and trazodone has also been reported. In
these cases, presumably the net effect of enzyme induction (by
phenytoin) and enzyme inhibition (by TCAs) was ‘in lavor” of
the inhibitory effects. Carbamazepine also induces liver
enzymes, with a consequent reduction in serum levels of TCAy
(amitriptyline. desipramine, doxepin or nortriptyline). These effects
ol carbamazepine were not observed with clomipramine, but
have been reported with selective serotonin reuptake inhibitors
(SSRIs).

Antihypertensive agents. Clonidine's antihyperien-
sive effects were reduced by about 50% when co-administered
with clomipramine or desipramine, The antihypertensive ellects of
guanethidine can be reduced by doxepin, wnitriptyline or
desipramine, but not by maprotiline,

Antipsychotic drugs (APDs). Most APDs. as well as
TCAs, are inhibitors of the P450 enzymes, thus potentially
increasing cach other's serum levels, For haloperidol, an
increase in serum levels of TCAs (by about twice) is found in up
to 10% of patients treated with clomipramine and nortriptyline
(not with desipramine). Levomepromazine can significantly
increase clomipramine’s serum levels. Perphenazine was found
to increase serum levels of amitriptyline. desipramine and
nortriptyline, while thioridazine was reported to increase
desipramine’s serum  levels. Thiothixene levels are usually
increased by TCAs such  as  doxepin,  nortriptyline  and
clomipramine (the latter combination increases the risk for
tardive dyskinesia).

Barbiturates. These induce liver catabolic enzymes with a
consequent reduction in serum levels of TCAs (evident with
amitriptyline, clomipramine, desipramine, and nortriptyline).

Benzodiazepines. Most studies revealed no significant
interactions with a combined benzodiazepine-TCA regimen.
Ancedotal reports suggest that alprazelam might increase the
serum levels of imipramine by up 1o 30% and that clonazepam
can  decrease serum levels ol desipramine. Diazepam was
reported to increase amitriptyline’s serum levels in few cases.

Cimetidine. This inhibits liver catabolic enzyvmes. with a
consequent increase of up to 33% in serum levels of TCAs
{reported with amitriptyline, clomipramine, desipramine, doxepin
and nortriptyline) and up to 50% increase in patients considered
to be ‘rapid hydroxylators’.

Digoxin. A few cases were reported of decreased serum
digoxin levels by up to 3-fold (mainly with trazodone).

Ethanol. Chronic abuse of alcohol can lead to enhanced
activity of the P450 enzymes and a consequent decrease in
TCA serum levels. Central receptor interactions between
ethanol and TCAs can cause impaired motor abilities
(evident  with amitriptyline.  clomipramine.  doxepin - and
nortriptyline).

Fiber-rich diet. This lowers serum levels of TCAs
(desipramine, doxepin). It is probably due to a decreased gastro-
intestinal absorption ol the TCAs,

Monoamine oxidase inhibitors (MAOIs). Co-
administration is usually safe and eflective, although rare cases
of serotonin syndrome are documented patients. Amitriptyline
and nortriptyline are saler as compared with clomipramine,
desipramine, or imipramine. Clomipramine should be avoided.
Additive toxicity is rare. and could be evident by hyperpyrexia.
convulsions. cardiac collapse, disseminated  intravascular
coagulation, and death. No signilicant interactions were found
with amitriptyline or desipramine and moclobemide.

Methylphenidate. This can increase TCA serum levels
(clomipramine. nortriptyline). Desipramine’s levels were not found
to be impaired, although an additive adverse effect profile is
evident (nausea, tremor, tachycardia).

Morphine. Amitripwyline,  clomipramine,  desipramine,  and
doxepin can enhance morphine's analgesic and respiratory
effeets possibly mediated by serotonergic stimulation.

Selective serotonin reuptake inhibitors (SSRIs).
Fluoxetine inhibits the P430 liver catabolic enzymes leading to
increased TCA serum levels by 2-4 [old (can be toxic). This is
evident with  amitriptyline.  clomipramine.  desipramine  and
nortriptyline. Such changes were not found. even though tested,
with a combined doxepin-fluoxetine regimen. More modest
increases are found when trazodone is administered with fluox-
etine compared with the TCA=fluoxetine regimens. Fluvox-
amine also inhibits the P450 liver catabolic enzymes leading to
increased TCA serum levels by 1-2 fold. This is evident with
amitriptyline.  clomipramine.  desipramine  and  nortriptyline.
Paroxetine — TCA levels could increase by up to 3-fold via
inhibition of the P430I1 catabolic enzyvme. Paroxetine levels
might also be increased (mainly with amitriptyline, desipramine
and nortriptyline).

Smoking. Many components of cigarettes/tobbaco are
hepatic enzyme inducers, leading to a decrease in TCA serum
levels (up to 50% reduction in serum levels of amitriptyline,
clomipramine or desipramine)  though not evident with
nortriptyline.

Note: Lack of stated interaction mean studies not reported.
not that such combinations are safe.
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11.2 Selective serotonin reuptake inhibitors (SSRIs) - fluoxetine

Drug interactions
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Significant Drug Interactions

Antidiabetic drugs. There are anecdotal data of
enhanced hypoglycemic capacity when fluoxetine is added to
hypoglycemic agent or given to insulin-dependent patients.
Anticonvulsants. Flwoxetine inhibits the metabolism of
carbamazepine (up to 30% increase in its serum levels) and of
valproate (up to 50% increase in serum levels). Some signifi-
cant adverse ecffects were reported with carbamazepine
(parkinsonism, serotonin syndrome) which are presumably
related to the enhanced serotonergic transmission. Anecdotal
reports are available of phengtoin intoxication following the
addition of fluoxetine to the regimen.

Antidepressants. Fluoxetine inhibits the P450 liver
catabolic enzymes, leading to increased tricyclic antidepressant
(TCA) serum levels by 2-4 fold. This is mostly evident with
amitriptyline, clomipramine, desipramine, imipramine
and nortriptyline (increased serum levels of up to about 10
times were reported with the latter, with possible severe adverse
cffects such as prolonged PR, QRS and QT intervals, seizure
induction, and anticholinergic delirum). Such changes were
not found, even though tested, with a combined doxepin-fluox-
etine regimen. Much more modest increases are found when
trazodone is administered with fluoxetine compared with the
TCA—fluoxetine regimens. Fluoxetine might also inhibit the
metabolism of other selective serotonin reuptake inhibitors
(SSRIs), with a subsequent increase in their serum levels
(sertraline).

Antipsychotic drugs. In a few cases, marked extrapyra-
midal side-elfects (akathisia, dystonia, parkinsonism) have been
reported with fluphenazine, perphenazine, sulpiride or
thiothixene when fluoxetine was added to the regimen. The
mechanism is speculated to be the result of fluoxetine’s further
suppression of dopaminergic activity in the nigrostriatal
pathways (serotonergic stimulation leads to decreased
dopamine release). Fluoxetine was shown to increase haloperi-
dol serum levels by about 20%, presumably via inhibition of the
1’450 enzymes. Fluoxetine can increase the risk of seizure induc-
tion when added to clozapine due to an increase in clozapine
serum levels, or by additive effects.

Benzodiazepines. Fluoxetine inhibits the hepatic microso-
mal enzymes associated with oxidative metabolism, thus poten-
tially increasing the serum levels of alprazolam,
chlordiazepoxide, clorazepate, diazepam, flurazepam,
halazepam, prazepam, quazepam, temazepam and triazo-
Iam. Benzodiazepines metabolized mainly by glucuronidation
(clonazepam, lorazepam and oxazepam) should not be
affected. In practice, fluoxetine has been shown to raise the
serum levels of alprazelam and diazepam, without any
apparent effect on the pharmacokinetics of elonazepam or
triazolam. Fluoxetine's oxidative metabolite norfluoxetine
inhibits the metabolism of alprazolam to a greater extent than
flioxetine itself; thus alprazelam’s serum levels can remain
high for a prolonged time following the decline in fluoxetine
serum levels (norfluoxetine’s half-life is longer).

B-adrenergic antagonists. Fluoxetine has some capac-
ity to inhibit the oxidative metabolism of ~adrenegic antago-
nists (especially the lipophilic ones: metoprolol, pindolel,
propranolel). thus raising their serum levels. There are rare
reports of severly enhanced antiadrenergic activity (could lead
to consequent sinus arrest) with a combined flioxetine-propra-
nolol regimen, possibly related to increased serum levels of
propranclol.

Bupropion. A few cases were reported suggesting that
bupropion metabolism might be inhibited by fluoxetine, which
could eventually lead to abrupt emergence of psychosis and
seizure disorder.

Buspirone. Fluoxetine can antagonize the anxiolvtic effects
of buspirone. The emergence of serotonin syndrome and
seizure disorder have also been reported with this combination.

Cyproheptadine. This can antagonize the antidepressant
elfects of fluoxetine, probably via eyproheptadine's antiscro-
tonergic propertics, which might oppose the enhanced seroton-
ergic transmission induced by fluoxetine.

Ethanol. The pharmacokinetics of alcohol are not signifi-
cantly alfected by fluoxetine (or fluvoxamine).

Lithium. Evidence is not conclusive. The combined
lithinm—{luoxetine 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, delirous state and serotonin syndrome with
the combined lithinm-fluoxetine regimen.

Methadone. Fluoxetine may increase the serum levels of
methadone.

Monoamine oxidase inhibitors (MAOIs). The con-
current use of fluoxetine and MAOIs (phenelzine, tranylcypro-
mine) has been found to induce a high incidence (up to 50%
according to some reports) of toxic reactions including fatal
serotonin syndrome. No such severe interactions were found, to

date, with the combined use of fluoxetine and moclobemide.

Morphine. Fluoxetine may increase the serum levels of
morphine.

Warfarin. Most data suggest that there are no significant
interactions between these two agents. A few cases have been
reported in which an apparent increase in warfarin serum
levels or activities led to decreased prothrombin time and
spontaneous bleeding when fluoxetine 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 (SSRIs) - fluvoxamine and paroxetine
Drug interactions
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Significant Drug Interactions

Fluvoxamine's interactions

Anticoagulants. There arc anccdotal reports of bleeding
disorder with a concomitant use of nicommalone (a coumarin
derivative). fluvoxamine and ibuprolen (which can also interact
with the anticoagulant). Fluvoxamine inhibits warfarin metab-
olism which could result in about a 63% increase in serum
levels and a concomitant prolongation of the prothrombin time.

Anticonvulsants, Co-administration  with  fluvoxamine
may result in increased carbamazepine serum levels by up to
6O,

Antidepressants. Fluvoxamine inhibits the P450 liver
catabolic enzymes (predominantly inhibition of N-demethyla-
tion), leading to an increase in tricyclic antidepressant (TCA)
serum levels by 1-2-fold. This is evident, mostly, with
amitriptyline, clomipramine, desipramine, imipramine,
maprotiline and nortriptyline.

Antipsychotic drugs. Fluvoxamine can increase the risk
of seizure induction when added to levomepromazine,

Benzodiazepines. There s littlle evidence, to date. of clini-
cally significant interactions with benzodiazepines.

p-adrenergic blockers. Fluvoxamine was reported to
increase propranoloel serum levels by up to 5-fold, without
major impairments in blood pressure or cardiac transmission.
The mechanism involves the inhibition of cytochrome 4350
activities generated by fluvoxamine.

Ethanol, The pharmacokinetics of aleehiol are not signifi-
cantly affected by lluoxetine or fluvoxantine.

Lithium. Established data are lacking. Lithium may
enhance the serotonergic effects of fluvoxamine. and a few cases
of hyperpyrexia and/or induction of secizure disorder were
reported with a combined lithium—{luvoxamine regimen.

Monoamine oxidase inhibitors (MAOIs). Few data
are available about fluvoxamine’s interactions with MAOIs,
even though they might be similar to those of fluoxetine. Clini-
cally significant or severe interactions were not found to date
(in several well-controlled trials) with the combined use of
Jluvoxamine and moclobemide.

Theophylline. Fluvoxamine can raise theophylline serum
levels with consequent intoxication.

Paroxetine's interactions

Anticonvulsants. Scrum levels of paroxetine can decrease
when  co-administered  with  anticonvulsants  (some are
enzyme inducers). The data are limited but it seems that pheny-
toin may cause the greatest decrease followed by carba-
mazepine. Valproate's scrum levels are unchanged by
paroxetine co-administration,

Antidepressants. Paroxetine levels might be increased
(TCAs inhibit its metabolism): this is evident mainly with
amitriptyline, desipramine and nertriptyline. Note that
TCA levels could also increase since paroxetine concomitantly
inhibits their metabolism. Studies so far have conlirmed this
with imipramine and desipramine (whose hall-life can
increase by 5-fold).

Antipsychotic drugs. A mutual increase in serum levels
ol both thioridazine and paroxetine is evident when these
agents are combined. Paroxetine inhibits P43501ID6, which
metabolizes thioridazine and other antipsychotics. Paroxetine
was also shown to increase haloperidol serum levels, presum-
ably via inhibition of these hepatic enzymes,

Benzodiazepines. Paroxetine was not found 1o aker the
pharmacokinetics of diazepam or oxazepam.

Cimetidine. This can increase paroxetine serum levels by up
to 507 (due to its inhibitory effects on hepatic microsomal
enzymes). though the clinical significance is questionable.

Ethanol. A minor (probably insignificant) decrease in atten-
tiveness can be induced when aleoheol is added to paroxetine.

Lithitm. No significant pharmacokinetic interactions have
been found to date with paroxetine.

MAOIs. Few data are available about paroxetine's interac-
tions with MAOISs. even though they might be similar to those
ol other selective serotonin reuptake inhibitors (SSRIs). Clini-
cally significant or severe interactions have not been found to
date, although anecdotal data might indicate that paroxetine
can potentially increase tranyleypromine's serum levels by
about 10-13%.

Propranoloel. isolated reports suggest no interactions.

Warfarin. No significant pharmacokinetic  interactions
between paroxetine and warfarin were found. although some
individuals may experience prolonged prothrombin time or
mild hematuria.

Note: Lack of stated interaction mean studies not reported,
not that such combinations are safe.
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11.4 Selective serotonin reuptake inhibitors (SSRIs) — sertraline and citalopram
Drug interactions

Sertraline's interactions
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Significant Drug Interactions

Sertraline's interactions

Antidepressants. To date, Sertraline has not been found
to increase tricyclic antidepressant (TCA) serum levels as
much as the other selective serotonin reuptake inhibitors
(SSRIs) (fluoxetine, fluvoxamine or paroxetine).

Benzodiazepines. Sertraline did not alter. in healthy
volunteers, the pharmacokinetics of diazepam. Anecdotal data
suggest no clinically significant interactions with clonazepam.

B-adrenergic antagonists. Sertraline has no significant
interaction with atenolol. Data concerning other S-antago-
nists are lacking.

Cimetidine. This can increase sertraline serum levels by
about 23% (due to its inhibitory effects on hepatic microsomal
enzymes). The data are limited. and the clinical significance of
such an effect is questionable.

Hypoglycemic drugs. In most studies. no clinically
significant interactions were described with the combined use
of tolbutamide and sertraline. Anccdotal data suggests
increased serum levels of tolbutamide when co-administered
with sertraline. The mechanism is unknown. A similar study did
not find any pharmacokinetic interactions between gliben-
clamide and sertraline, so it seems that co-administration of
sertraline with hypoeglycemic agents is sale.

Ethanol. Preliminary data suggests no interactions.

Lithium. Most studies found that sertraline does not or only
negligibly decreases lithium serum levels, so the co-adminis-
tration is considered safe. The most serious reported effect with
the combined regimen was the enhancement of lithinum-
induced tremor.,

Monoamine oxidase inhibitors (MAOIs). Few data
are available about sertraline’s interactions with MAOIs even
though they are expected to be similar to those of other SSRIs
i.e. the risk of serotonin syndrome reported with trangl-
cypromine (and clonazepam). This combination should be
avoided.

Warfarin. There are probably no clinically significant
pharmacokinetic interactions between sertraline and warfarin.

Citalopram’'s interactions

Antidepressants. Several reports indicate that citalopram
does not alter serum levels of tricvelic antidepressants
(amitriptyline, clomipramnine, maprotiline or nortripty-
line). There are isolated data that suggest that citalopram
(presumably via inhibiting the P450 enzymes) might increase
the AUC of desipramine, the primary metabolite of
imipramine, with a possible increase in therapeutic effects,
adverse elfects or the induction of toxicity. The co-administra-
tion of citalopram and other SSRIs has not been sulliciently
studied. Preliminary data describe the ability of fluvoxamine
to increase the serum levels of citalopram when co-administered.

Antipsychotic drugs. Well-controlled studies revealed
no clinically significant alterations in serum levels of various
commonly used antipsychotic drugs when co-administered
with citalopram. In these cases the serum levels of citalopram
itsell seem not to be altered by the concomitant use of the
antipsychotics. Anecdotal reports describe the ability of citalo-
pram to increase the serum levels of levomepromazine by
about 10-20%.

Ethanol. No significant interactions reported.

Lithium. No pharmacokinetic interactions were observed
in a small study.

MAOIs. A few cases of fatal and rapidly developing serotonin
syndrome were reported with the combined use of citalopram
and moclobemide. Other MAOIs should be avoided as with
other SSRIs. Recent data suggest the main metabolite of citalo-
pram may be toxic (prolonged QT, interval) in high doses (e.g.
alter overdose). Some fatalities reported.

Note: Lack of stated interaction mean studies not reported.
not that such combinations are sale.
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11.5 Mood stabilizers - lithium
Drug interactions
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Significant Drug Interactions

Angiotensin converting enzyme (ACLE) inhibitors.
Lithitan toxicity may occur with captopril or enalapril (both
inhibit angiotensin 11 production with consequent enhanced
aldosterone activity and intensified sodium and lithium reabsorb-
tion in the distal tubule).

Antacids. May contain sodium bicarbonate, which en-
hances the renal excretion of lithium.

Anticonvulsants. Carbamazepine and lithium can
clevate cach other’s serum levels (mechanism unknown).
Lithium’s diuretic effects outweighs carbamazepine’s anti-
diuretic effect, so Carbamazepine does not protect [rom
lithivun-induced diabetes insipidus. Lithitm can enhance carba-
mazepine-induced hyponatremia,

Antidepressants. The combined use is regarded as safe.
Even so. bupropion was shown, in isolated cases, to increase
lithitun serum levels and to induce seizure activity when given
as a combined regimen. Fluexetine was reported. in some cases
to increase lithiton serum levels by 25-50%. Sertraline was
shown to have the opposite effect. The mechanisms are
unknown and their clinical signilicance is questionable.

Antipsychotic Drugs (APDs). A sudden emergence
ol extrapyramidal symptoms was reported to occur when
lithitm Wils co-administered with  flupenthixol,
Sluphenazine, loxapine, sulpiride, thioridazine or thioth-
ixene. Some data suggest that the concurrent use of lithium
and certain antipsychotics (ehlorpromazine. perphenazine,
thioridazine. thiothixene) increases the prevalence of sleep-
walking episodes (up to 10%). Lithium can lower the serum
levels of ehlorpromazine by up to 40% presumably via delay-
ing its gastric emptying with a consequent longer exposure of
chlorpromazine 1o gut wall catabolic enzymes. There are
some isolated reports of irreversible brain damage following co-
administration of [ithitm and fluphenazine. The use of lithium
and haleperidol is considered sale and effective but isolated
reports  of  severe  neurotoxicity  (fever,  extrapyramidal
symptoms, delirium, tremmulousness, hyperglycemia) were
noted. Anecdotal cases of neuroleptic malignant syndrome.
delirium, seizures and agranulocytosis were reported with the
use of elozapine and lithiunm. The blood count analysis might
be misleading and ineffective in monitoring patients on lithium
and clozapine.

Benzodiazepines. Co-administration does not usually
impair lithium serum levels.

Caffeine. Caffeine intake can enhance fithium’s renal
excretion to subtherapeutic levels,

Calcium-channel blockers. Diltiazem might cause
acute extrapyramidal symptoms and delirium when co-admin-
istered with lithium. Both agents decrease calcium influx into
neurons and lithium may also compete with intracellular
calcium ions on target organelles (due to similar ionic proper-
ties). Verapamil, when given with lithium, can cause neuro-
toxicity (nausca, vomiting. ataxia, dysarthria. dyskinesia) and
cardiotoxicity (lithium levels could remain within normal
ranges). Cases of decreased lithium serum levels and other cases
of uneventlul concurrent use of lithium and verapamil were
also reported.

Cotrimoxazole. ‘Paradoxical intoxication' (lithivm intoxi-
cation while its serum levels decrease) may oceur.

Digoxin. This may antagonize the acute antimanic effects of
lithium. Scvere bradycardia has also been reported.

Diuretics. Thiazides (chlorothiazide, hydrochloroth-
fazide) can increase lithium serum levels by depleting sodium
in the distal tubule. This leads to increased sodium uptake from
the proximal tubules (and lithium uptake as well because it is
concomitantly absorbed with that sodium) leading to increased
serum levels of lithium by up to 2-fold. When thiazides and
lithium are co-administered, a 50% reduction in lithiun dosage
is therefore recommended. Potassium-sparing  diuretics
(amiloride, spironolactone) cither unchange or slightly
increase the serum levels of lithium. Loop diuretics (ethacrinic
acid, furosemide) do not usually alter lithium serum levels.
Carbonic anhydrase inhibitors (acetazolamide) decreasc
bicarbonate reabsorption from the proximal tubule, leading to
increased excretion of bicarbonate, sodium, water and lithium
and a consequent decrease in lithium serum levels,

Electroconvulsive therapy (ECT). Co-administration of
lithitun with ECT (given a week before or after the ECT) increases
the risk of developing organic brain syndrome (prolonged delir-
ium, seizure activity and non-convulsive status epilepticus).

Ethanol. The combined ethanol-lithimn regimen exerts
synergistic depressant effects.

Monoamine oxidase inhibitors (MAOIs). There
arc isolated cases of tardive dyskinesia induced by the combined
tranyleypromine-lithium regimen. No apparent interactions
were observed with phenelzine or moclobemide,

Metronidazole. There are isolated reports of lithium intox-
ication. with up to a 2-fold increase in its serum levels.

Neuromuscular blocking agents. There are several
reports of prolonged neuromuscular blockade with a potential
for developing a delirious state following the combined use of
lithium, succinglcholine or pancuronium and ECT. Other
data suggest the concurrent use is usually sale but caution is
advised.

Non-steroidal anti-inflammatory drugs (NSAIDs).
Ibuprofen. diclofenac and naproxen are reported Lo increase
Jithivm serum levels by about 40%, while indomethacin has, a
greater elfect on lithium serum levels (up to 65% increase).
Other NSAIDs (ketoprofen, mefenamic acid, phenylbuta-
zone) are also associated. occasionally, with a rise in lithium
serum levels. Aspirin was found not to exert any significant
changes on lithium serum levels. The mechanism ol such
changes is not fully understood.

Theophylline. Serum levels of lithimm can decrease by
20-30% when combined with lithium.

Note: Lack of stated interaction mean studies not reported.
not that such combinations are sale.
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11.6 Mood stabilizers — carbamazepine and valproate
Drug interactions

Carbamazepine's interactions
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Significant Drug Interactions

Acetazolamide. Can increase the serum levels of carba-
mazepine (CBZ) by up to 50%, with the possible development of
toxicity (mechanism unclear).

Antacids. Alhuminun/magnesinm hydroxide can slightly
enhance the absorption of valpreate, with a parallel increase in
its serum levels or effects. The clinical significance is limited.

Antibiotics. Ciprofloxacin can greatly increase the risk of
seizure induction in  patients taking anticonvulsants.
Erythromycin markedly inhibits the hepatic metabolism of
CBZ (data arc well established), but it has a diminished inter-
action with valproate.

Anticoagulants. Warfarin serum levels and anticoagu-
lant effects may be decreased due to CBZs hepatic metabolism
of warfarin,

Anticonvulsants. Valproate has inhibitory effects on
hepatic metabolism, and when co-administered with CBZ it can
increase its serum levels and effects. CBZ can reduce valproate
serum levels by about 60%.

Antidepressants. CBZ induces hepatic liver catabolic
enzymes, with a consequent reduction in serum levels of antide-
pressants  (up to a 40% reduction with amitriptyline,
desipramine, doxepin, imipramine and mianserin, and up
to a 67% reduction with nertriptyline). A decrease in bupro-
pion serum levels was also reported with CBZ. These cffects
were not observed with clomipramine. Fluoxetine and
JIuvoxamine inhibit the metabolism ol CBZ and valproate (up
to 30% and 50% increases in serum levels respectively). No
significant interaction has yet been found between paroxetine
and CBZ or valproate. Bupropion is reported to increase the
serum levels of valproate.

Antipsychotic drugs (APDs). CBZ was found to
decrease the plasma levels of phenothiazines by as much as
50% (chlorpromazine, perphenazine, fluphenazine). CBZ
has also been reported to decrease the serum levels of non-
phenothiazines by about 50% (haloperidol) and 60-85%
(clozapine) due to their hepatic P450-inducing properties.
Haloperidol itsell can decrease the serum levels of valproate.
Chlorprothixene was found to increase the serum levels of
CBZ. due, probably. to its inhibition of hepatic mono-oxygenase
activities. Haloperidol pharmacokinetics are not affected by
valproate. :

Benzodiazepines (BDZs). BDZs have complex interac-
tions with anticonvulsants — the consequence of both inhibitory
and stimulatory effects of BDZs on the hepatic metabolism of
anticonvulsants. The co-administration of CBZ can (infrequently)
cause significant  {(up to 50%) decreases in serum levels of
clonazepam or alprazolam. Valproate displaces diazepam {rom

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

Birth control pills. CBZ has shown to increase the
hepatic metabolism and to decrease the effects and safety of
birth control pills. Higher doses of estrogen are vital to secure
safety (about 50-100 ug) (or use other methods).

Calcium channel blockers (CCBs). Diltiazem and
verapamil have inhibitory cffects on hepatic microsomal
enzymes, and so can increase anticonvulsant serum levels.
Diltiazem and verapamil can increase the serum levels of
CBZ. Nifedipine has not been studied as well as the other
CCBs. but probably does not interact significantly with CBZ

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

Digoxin. CBZ increases the risk of cardiac conduction
disturbances. Digoxin serum levels can decrease.

H, blockers, Transient clevation of CBZ plasma levels is
evident with cimetidine (due to the latter's P450 inhibition
capacity). Ranitidine has little or no interaction with CBZ.

Isoniazid. Thisincreases CBZ serum levels. and leads to the
possible emergence of toxicity (disorientation, aggression).

Lithium. CB7 and lithinm can elevate cach other’s serum
levels (the mechanism is unknown). Toxicity is possible while
blood levels are within normal range, and is partially associated
with pre-existing brain abnormalities, The diuretic effect of
lithivum outweighs CBZ's antidiuretic effect. CBZ does not
protect [rom lithium-induced diabetes insipidus. Lithium can
enhance CBZ-induced hyponatremia.

Monoamine  oxidase  inhibitors. Phenelzine,
tranylcypromine or moclobemide have no clinically signifi-
cant interactions with CBZ.

Non-steroidal anti-inflammatory drugs (NSAIDs).
The co-administration of paracetamel and CBZ might increase
the risk of hepatotoxicity (the mechanism is unclear). Aspirin
can displace valproate from protein-binding sites leading to
increased serum levels and possible toxicity. Aspirin may also
inhibit valproate hepatic metabolism.

Theophylline. lsolated data suggest that theophylline
might decrease CBZ serum levels.

Note: Lack of stated interaction mean studies not reported.
not that such combinations are safe.
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11.7 Monoamine oxidase inhibitors (MAOIs)

Drug interactions
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Antidepressants, mood stabilizers and monoamine oxidase inhibitors m

Significant Drug Interactions

Antidepressants. As a rule, antidepressant drugs should
be avoided as adjuvants to monoamine oxidase inhibitors
(MAOIs). due to the potential induction of the serotonin
syndrome. Combined therapy should be restricted to refractory
patients. Co-administration of MAOIs with tricyclic antidepres-
sants (TCAs) is usually safe and effective but the relatively rare
cases of adverse interactions can often become fatal. Amitripty-
line and nortriptyline are safer than clomipramine,
desipramine or imipramine. Additive loxicity is rare, and
could be evidenced by hyperpyrexia. convulsions. cardiac
collapse. disseminated intravascular coagulation and death,
Little data are available about newly introduced drugs and
MAOIs [due, most likely, to the relative avoidence in clinical
practice ol regimens consisting a combined serotonin reuptake
inhibitor (SRI) with a MAOI in view of the potentially high
incidence of serotonin svndrome]. Sertraline was shown to
induce serotonin syndrome (combined with tramyleypromine and
clonazepam). Paroxetine can increase the serum levels of tranyl-
cypromine by about 15%. The concurrent use of fluoxetine and
MAOIs (phenelzine, tranylcypromine) has been found to induce a
high percentage (up to 30% according to some reports) of toxic
reactions including fatal serotonin syndrome. Few data are
available about fluvoxamine's interactions with  MAOIs,
although they might be similar to those of fluoxetine.

Antipsychotic drugs. Many reports. including well-
controlled studies. found no adverse interaction with phenoth-
iazines. except rare reports of fatal adverse effects when a
MAOI  (pargyline,  tranyleypromine)  was  given  with
methotrimeprazine.

Barbiturates. MAOIs (mainly tranyleypromine) have been
shown. in isolated reports. to enhance the activities of barbi-
turates (mainly amybarbital), probably by inhibition of
microsomal enzymes.

Ben:mﬁnquines. There are isolated reports of severe
adverse side-effects when MAOIs ( isocarboxazid, phenelzine)
were co-administered with chlordiazepoxide (scvere edema,
dyskinesias, dysarthria) or clonazepam (headaches).

P-adrenergic antagonists. Scveral cases of signili-
cantly slowed heart rate following the administration of
phenelzine to nadelol or metoprolol were reported.

Buspirone. Isolated cases of non-fatal  hypertensive
reactions (with phenelzine or tramyleypromine) were reported.
The mechanism is unclear but may be related to a metabolite
of buspirone. 1-pp. which is an «.-adrenoreceptor antagonist
that can increase noradrenaline release. Clinicians should
closely monitor the patient when using this combination.

Dextromethorphan. A few fatal cases and a couple of
severe adverse effects were reported with the combination of

phenclzine and dextromethorphan. Hyperpyrexia, cardiovas-
cular collapse/arrhythmias, nausea, tremor, muscle spasm, and
impaired consciousness/coma developed within minutes to a
few hours of ingesting agents containing dextromethorphan.
eventually leading to death (in some of them). Similar, but less

severe and non-fatal effects were evidenced with isocarboxazid.
The mechanism is presumably via serotonin syndrome.

Mazindol. There is an isolated report of a hypertensive
episode when added to phenelzine, The mechanism is unclear,
but may be related to increased dopaminergic activity.

Meperidine (pethidine). Many cases of serious (some
fatal) adverse elfects were reported when pethidine was added
to a MAOI {iproniazid, phenelzine, tramyleypromine). The most-
often encountered adverse and serious symptoms are hyper-
pyrexia, respiratory failure, impaired consciousness (including
comia and death) and numerous neurological signs, Even so,
there are many published cases and studies that did not reveal
any interaction between MAOIs and pethidine. The combined
therapy is relatively contraindicated. The mechanism of the
potentially Tatal reactions is unknown.

Morphine. Anecdotal data described marked hypotension
and impaired consciousness when morphine was added to
tranmyleypromine. Many studies have shown no clinically signif-
icant interactions with isocarboxazid, phenelzine, tranyleypromine
and moerphine, including in patients with known adverse
reactions to pethidine.

Phenylephrine. A marked and life-threatening hyperten-
sive crisis can result when phenglephrine is given 1o a person
using a MAOI (phenelzine,  tranylcypromine). The catastrophic
reaction is a consequence of the inhibited gut monoamine
oxidases. which do not detoxify the ingested phenglephrine
(the gut enzymes detoxily the vast majority of the phenyle-
phrine when they are not inhibited).

Sympathomimetics (directly acting). MAOIs do
not or only minimally enhance the pressor effects of directly
acting amines such as epinephrine or norepinephrine (since
MAOIs cause norepinephrine to accumulate in presynaptic
vesicles and thus it does not directly stimulate the postsynaptic
receplors).

Sympathomimetics (indirectly acting). Combin-
ing MAOIs with agents such as amphetamines, ephedrine,
pseudoephedrine, methylphenidate, pemoline, cocaine,
phenylpropanolamine and others (many cold and allergy
medications) can cause a potentially fatal hypertensive crisis,
since these sympathomimetic amines stimulate the presynap-
tic nerves to release the accumulated cathecholamines into the
synaptic cleft, and some of them are direct agonists of the
postsynaptic receptors for catecholamines.

Tranylcypromine. There are anccdotal reports  of
cerebral hemorrhages when patients were switched from
phenelzine to tranyleypromine. The cause might involve the
amphetamine-like properties of trangleypromine.

|
Note: Lack of stated interaction mean studies not reported.

not that such combinations are sale.
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11.8 Reversible inhibitors of monoamine oxidase type A (RIMAs) - moclobemide
Drug interactions
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Antidepressants, mood stabilizers and monoamine oxidase inhibitors m

Significant Drug Interactions

Amantadine. 1solated report of hypertensive reaction when
amantadine was combined with moclobemide and other agents.
This effect was not confirmed in other studies. The mechanism
is unknown and the clinical significance is questionable.

Anticonvulsants. Only few published cases concerning the
combined use of earbamazepine and moclobemide were
reported. up to date, and no clinically significant interactions
were observed.

Antidepressants. Few cases of fatal and rapidly developing
serotonin syndrome were reported with the combined use of
citalopram and moclobemide. Clinically significant or severe
interactions were not found up to date (in several well
controlled trials) with the combined use of fluvoxamine,
JIuoxetine and moclobenmide and not with amitriptyline or
desipramine when given with moclobemide. One case was
reported of a serotonin syndrome with the combined use of
moclobemide and imipramine and another suspected serotonin
syndrome when given with clomipramine.

Antipsychotic drugs. Many reports found no adverse
pharmacokinetic interactions with most of the phenoth-
iazines, butyrophenones, clozapine and others (sulpiride,
clopenthixol).

p-adrenergic blockers. Moclobemide can further enhance
the hypotensive properties of metoprolol, but the effect is
usually mild and clinically insignificant.

Benzodiazepines (BDZs). Data about the co-administra-
tion of BDZs with moclobemide has revealed contradictory
results - some reports suggest that there are no clinically signif-
icant interactions with the combined use, but other studies
suggest a greater risk (incidence increases by up to 100% ) of
developing adverse effects usually related o moclebemide
{mainly sedation).

Birth control pills (BCPs). Co-administration of
moclobemide to several types of BCPs did not show any signifi-
cant interaction and the elficacy of both agents did not seem to
be altered.

Breast milk. Moclobemide is widely distributed in body fluids
and tissues (lipophilic) and it is excreted in the breast millk,
although in minimal amounts (less than 1% of maternal dose).

Calcium channel blockers (CCBs). Up to date. no
clinically significant interactions were reported concerning the
combined use of moclobemide and CCBs (mostly examined with
nifedipine).

Cimetidine. Can increase moclobemide’s serum levels by
between 40-100%. due to its inhibitory effects on hepatic
microsomal enzymes.

Dextromethorphan. Unlike the combined monoamine
oxidase inhibitor (MAOI) and dextromethorphan regimen
(were fatal interactions are well documented) there is only
limited evidence from animal studies which supports the

potentially dangerous interactions with dextromethorphan
and moclobemide.

Dlyuxln. Preliminary data suggests that there are no signifi-
cant pharmacokinetic interactions between moclobemide and
digoxin.

Diuretics. Only few published cases concerning the
combined use of diuretics and moclobemide were reported, up
to date. The thiazide diuretics and especially hydrochloroth-
iazide, were shown to have no significant interactions with
moclobemide and there are no significant changes in the efficacy
of both regimens.

Ethanol. Up to date, no clinically significant interactions
were reported concerning the combined use ol moclobemide and
alcohol.

Hypoglycemic agents. Numerous hypoglycemic agents
(chlorpropramide, glibenclamide, metformin) were co-
administered with moclobemide and no clinical significant inter-
actions were noticed.

Ibuprofen. Has no clinically significant interactions with
moclobemide, even though some inconsistent interactions were
evident in animal studies,

L-dopa. Moclobemide has a negligible capacity to increase the
dopaminergic transmission, but studies made so far revealed no
significant interactions or major adverse side effects when
moclobemide was co-administered with L-dopa.

Lithivm. Preliminary data suggests that there are no signif-
icant pharmacokinetic interactions between moclobemide and
lithinm.

Meperidine (pethidine). Many cases of serious (some of
them fatal) adverse effects were reported when pethidine was
added to a MAOI (see drug interactions of MAOIs). Such serious
effects were not reported, vet, with moclobemide but data from
animals studies suggest that it can enhance the effects of pethi-
dine. There are many published cases and studies which did not
reveal any interaction between MAOIs and pethidine. The
combined therapy is relatively contraindicated. The mechanism
for the potentially fatal reactions is unknown.

Phenylephrine. A marked and life-threatening hyperten-
sive crisis can result when phenylephrine is given to an
individual using a MAOIL The catastrophic reaction is a conse-
quence of the inhibited gut MAOs which do not detoxify the
ingested phenylephrine (the gut enzymes detoxify the vast
majority of the phenylephrine when not inhibited). Smaller,
and probably insignificant clevation of blood pressure are
evidenced with moclobemide.

Note: Lack of stated interaction mean studies not reported,
not that such combinations are safe.
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121 Typical antipsychotics - phenothiazines
Drug interactions
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Significant Drug Interactions

Antacids. Chlorpromazine serum levels can be rapidly
decreased by about 50% (due to its adsorption onto gel
antacids) when co-administered with antacids such as

aluminum hydroxide or magnesium tricilicate.

Anticholinergic drugs. The combined use of pheno-
thiazines (reported mainly with chlorpromazine) that have
marked anticholinergic properties with other anticholinergic
drugs can induce heat stroke, especially in hot and humid
conditions. The rise in body temperature might be the result of
suppressed sweat gland activity regulated by parasympathetic
cholinergic innervation. Other serious adverse and additive
effects of such combined regimens are the induction of paralytic
ileus and atropine-like psychosis. Some data suggest that
trihexyphenidyl can lower serum levels ol chlorpromazine,
probably due to their additive anticholinergic impairment of
gastric motility and absorption.

Anticonvulsants, Carbamazepine induces hepatic
microsomal enzymes that can decrease the steady-state
plasma levels of phenothiazines (reported mainly with chlorpro-
mazine, perphenazine and fluphenazine). Chlorpromazine and
thioridazine may increase the serum levels of phenytoin due
to its inhibition ol hepatic mono-oxygenase activities, Some
reports claim that chlorpromazine may decrease the serum
levels of valpreate, while other reports suggest the opposite.

Antidepressants. Most antipsychotic drugs (APDs) as well
as tricyclic antidepressants (TCAs), are inhibitors of the P450
liver catabolic enzymes, thus potentially increasing each other's
serum levels. Chlorpromazine increases imipramine serum
levels. Levomepromazine can cause a signilicant increase in
clomipramine serum levels. Perphenazine has been reported to
increase the serum levels of amitriptyline, desipramine,
imipramine and nortriptyline. Thioridazine has also been
shown to increase TCA serum levels (mainly desipramine).
Marked extrapyramidal side-effects (akathisia. dvstonia. parkin-
sonism) have been reported (a few cases only) with fluphenazine
or perphenazine when fluoxetine was added to the regimen. The
mechanism is not known. A mutual increase in serum levels of
both thioridazine and paroxetine is cvident when these agents
are combined (paroxetine inhibits P45011D6 which metabo-
lizes thioridazine). Severe hypotension with a 30% fall in blood
pressure was evident in few cases when trazodone was added
to chlerpromazine or trifuoperazine.

Barbiturates. The serum levels of both barbiturates
(reported predominantly with phenobarbitone) and phenoth-
fazines (chlorpromazine, thioridazine) can be reduced by about
30%. presumably because barbiturates are potent hepatic
catabolic enzyme inducers.

Cimetidine. No significant interactions. except for slight
increase in chlorpromazine serum levels (without any clinical
significance).

Antipsychotics m

Disulfiram. There is an aneedotal report of a more than
50% decrease in perphenazine serum levels when disulfiram
was added to the regimen (mechanism unknown).

Ethanol. An increased risk of emergence of acute dystonic
reactions is described. mainly with fluphenazine and trifluoper-
azine, and is believed to be the consequence of an alcohol-
induced lower neurological threshold or to be due to increased
plasma levels of the antipsychotics. Chlorpromazine and o a
lesser extent, thioridazine do not alter aleohol metabolism, but
haloperidol can increase alcohol levels.

Guanethidine. Chlorpromazine was shown to reverse the
antihypertensive  ellects ol guanethidine.  Molindone  (a
dihydroindole) apparently does not interact with guanethidine
{data regarding other antipsychotic drugs are lacking),

Lithium. There are a few reports of rapid development of
extrapyramidal side-effects (parkinsonism, tremor), or neuro-
toxicity (delirium, seizures) when co-administered with thior-
idazine, fluphenazine, thiethixene, flupenthixol and haloperidol.
Some of these events were apparent while lithium serum
levels were within normal range. Chlorpromazine serum levels
are reduced in the presence of lithinm. The mechanism is
unclear, but could be related to the delayed gastric emptying
induced by lithinm. leading to a prolonged exposure of
chlorpromazine to gastric-wall metabolic processing.

Naltrexone. There are ancedotal reports of prolonged and
severe lethargy when co-administered with thioridazine.

Orphenadrine. This induces hepatic oxidizing enzymes.
and reported to lower chlorpromazine serum levels. The clinical
significance of this interaction is unclear.

Phenylpropanolamine. There are anecdotal data of
fatal cardiac arrhvthmia (ventricular fibrillation) while on a
combined phenylpropanoelamine and thioridazine regimen.

Pimozide. Pimozide and both chlorpromazine and thiori-
dazine can prolong the QT interval, and isolated reports of
additive effects were described.

Propranolol. 1solated data suggest that propranolol
might reduce the elimination of chlorpromazine and thioridazine
with a consequent increase in their serum levels/therapeutic
cllects.

Vitamin C. There are anecdotal data of a 25% decrease in
serum levels of fluphenazine when vitamin C was added to the
regimen (probably not of clinical significance).

Note: Lack of stated interaction mean studies not reported,
not that such combinations are safe.
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12.2 Typical antipsychotics - haloperidol and miscellaneous drugs

Drug interactions
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Significant Drug Interactions
Butyrophenones (e.g. haloperidol) interactions

Antidepressants. An increase (about twice) in serum
levels of tricyclic antidepressants (TCAs) is found in up to 10%
of treated patients (mostly established with clomipramine and
nortriptyline). Such serum level abnormalities were not
observed with desipramine, although additive toxicity was
reported (induction of seizure disorder). Marked extrapyramidal
side-effects (akathisia, dystonia, parkinsonism) have been
reported (a few cases only) with haloperidol when fluoxetine
was added to the regimen. Fluoxetine and paroxetine were
shown to increase haloperidol serum levels (by about 20%),
presumably via inhibition of the P450 enzymes.

Anticonvulsants. Phenytoin and carbamazepine have
been reported to decrease haloperidol serum levels by about 50%
due to their hepatic P450-inducing properties. Preliminary data
suggest that valpreate has no effects on serum levels of
haloperidol, while haloperidol itsell can decrease the serum levels
of valproate.

Barbiturates. Phenobarbital can lower haloperidol serum
levels via induction of hepatic enzymes.

Buspirone. A few uncontrolled studies showed an increase
of about 50% in haloperidol serum levels.

Ethanol. Numerous reports suggest that combined antipsy-
chotic drug—alcohol consumption further impairs driving abili-
ties and cognitive or neuromotor functioning, and this effect is
noted mostly with flupenthixol. chlorpromazine and. to a lesser
extent, thioridazine. sulpiride and haloperidol. Alcohol serum
levels could be elevated by concurrent use of haloperidol.

Guanethidine. The antihypertensive eflects of guanethi-
dine can be opposed by the concurrent use of haloperidol.

Indomethacin. Isolated cases of severe drowsiness and
fatigue were reported when co-administered with haloperidol.

Lithium. There are anecdotal and rare reports of severe
adverse effects induced by the combined haloperidol-lithium
regimen (extrapyramidal side-eflects, delirium, hyperthermia,
dyskinesia and some permanent brain damage). The effects are
presumed to be mediated by additive effects of both agents on
the basal striatal adenylate cyclase svstem or simply to be a
manifestation of lithium toxicity. Some data suggest that old
age and administration during an acute phase ol a manic
episode hold a greater risk for developing these effects. There is
opposite and quite massive evidence that the concurrent use of
these agents is safe.

Rifampin. Can increase haloperidol elimination, with a
concomitant decrease in serum levels.

Smoking. Components of cigarettes/tobacco are hepatic
enzyme inducers leading to a decrease in haloperidol serum
levels. and established data suggest that the average serum
levels of haloperidol are about halved.

Antipsychotics m

Miscellancous antipsychotics (non-phenoth-
iazines or haloperidol) interactions

Antacids. Aluminum hydroxide can reduce the absorp-
tion ol sulpiride and lower its serum levels,

Antidepressants. Thiothixene levels are usually increased
by TCAs (dexepin, nortriptyline). Additive adverse effects
were also reported when co-administered with clomipramine
(rapid development of tardive dyskinesia). Marked extrapyra-
midal side-ellects (akathisia, dystonia, parkinsonism) have been
reported (a few cases only) with thiothixene or sulpiride when
JTwoxetine was added to the regimen. Unlike the established
interactions between most phenothiazines and TCAs, in which
serum levels of both agents could increase, no apparent inter-
action is evident to date, between flupenthivol and imipramine
or any other TCA.

Benzodiazepines. Most data are consistent with relatively
safe use of combined antipsychotic drugs (APDs) and benzodi-
azepines.

Benztropine. There is an isolated case of reversible
esophageal atonia and dilatation with thiothixene, due probably
to additive anticholinergic elfects. There is another isolated
report of impaired esophageal contractility with increased
upper esophageal sphincter pressure with molindone.

Bromocriptine. Most data are consistent with relatively
safe use of combined APDs and bromocriptine. There are
anecdotal data about the emergence of psychotic symptoms
when bromocriptine was added to molindone,

Carbamazepine. This increases the clearance of thiothix-
ene, with a consequent decrease in its serum levels.

Cimetidine. This increases the serum levels of thiothixene
via inhibition of hepatic microsomal enzymes.

Ethanol. Sece butyrophenones and ethanol. this page.

Guanethidine. Chlorpromazine can reverse the antihyper-
tensive eflects of guanethidine. Molindone apparently does not.

Lithitm. There are isolated cases of severe extrapyramidal
adverse effects (parkinsonism, akathisia, dyskinesia) and neuro-
toxicity when flupenthixol, sulpiride or thiothixene was added to
the regimen (or lithium added to the APDs). This effect might
be mediated by the enhanced binding of these antipsychotics to
dopaminergic receptors when lithium is co-administered.
Lithitun may also increase the hali-life of molindone by 2-4
fold.

Propranolol. This increases the serum levels of thiothixene
via inhibition of hepatic microsomal enzymes.

Note: Lack of stated interaction mean studies not reported.
not that such combinations are sale,




M Antipsychotics

12.3 Atypical antipsychotics - clozapine, olanzapine, risperidone and sertindole
Drug interactions
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Significant Drug Interactions
Clozapine's interactions

Anticonvulsants. These can decrease clozapine’s serum
levels by about 60% (carbamazepine) and 83" (phenytoin)
due 1o hepatic P450-inducing properties. There is no evidence
for valpreate-clozapine interactions, thus valproate is ofien
used to decrease the risk for clozapine-induced seizures. Carba-
mazepine can potentially increase the risk for development of
agranulocytosis when co-administered with clozapine. so should
be avoided.

Antidepressants. Clozapine is metabolized by CYPIA2,
and fluvoxamine is the predominant drug, among the major
psvchotropic agents. to inhibit CYP1A2's activities. Several
reports have described a substantial increase in clozapine serum
levels following the co-administration of fluvoxamine. Fluox-
etine, paroxetine and sertraline were also found to increase
clozapine serum levels, presumably by inhibiting a secondary
metabolic step. distal to clozapine (since none of these agents
affect CYP1A2). Citalopram has not been found. 1o date, to
interact with clozapine.

Antipsychotic drugs (APDs). Anccdotal cases are
described ol a substantial (about 2-fold) increase in clozapine
serum levels following the co-administration ol risperidone.
The mechanism is unclear but is speculated 1o involve a
competitive inhibition of CYP2D6, which also metabolizes cloza-
pine to some extent.

Benzodiazepines. Most data suggest that the combined
regimen is safe and effective. although severe cardiovascular or
respiratory adverse effects may occur with high doses of clozap-
ine when combined with  diazepam, [lurazepam or
lorazepam. Clonazepam and clozapine do not seem to interact,

Caffeine. Like clozapine, this is a substrate of the CYP1A2,
$0 can increase clozapine serum levels,

Diuretics. There is an increased risk of bone marrow
suppression with a combined ecaptopril-clozapine regimen,
since each agent alone has the capacity to induce this side-
effect.

Erythromycin. Anccdotal data suggest it can  (via
CYP1A2 blockade) increase clozapine serum levels.

H, blockers. There is an ancedotal report of a 60% increase
in serum levels of clozapine and the development of toxicity with
cimetidine (a non-specific catabolic enzyme inhibitor), Raniti-
dine has no significant effects on this metabolic pathway.

Lithitm. There are isolated reports of neuroleptic malig-
nant syndrome, myoclonus and dyskinesias when co-admin-
istered with clozapine. A fatal agranulocytosis has been
reported with this combination.

Smoking. Components of cigarettes are hepatic enzyme
inducers (especially CYP1A2), leading to a decrease in clozapine
serum levels  or therapeutic/side-effects. Close monitoring is
suggested, especially il smoking is stopped.

Antipsychotics m

Olanzapine's interactions

Antidepressants. To date. in vivo studies with a
combined olanzapine—imipramine regimen have not revealed
any pharmacokinetic interactions.

Benzodiazepines. There are no reports of pharmacoki-
netic interactions between olanzapine and benzodiazepines
istudied mainly with diazepam).

Carbamazepine. This was anecdotally reported 10
decrease olanzapine serum levels by about 50%. The clinical
significance of this effect is unclear.

Smoking. Cigarette components induce CYP1A2. which
metabolizes  eolanzapine, and combined olanzapine-cigarette
smoking have been reported to lower olanzapine serum levels
(by up o0 33%).

Warfarin. To date. in vivo studies with a combined olanza-
pine-warfarin regimen have not revealed any pharmacokinetic
interactions.

Sertindole’s interactions

Anticonvulsants. Carbamazepine and phenytoin have
been reported to deerease sertindole serum levels by about 2-3-
fold. This is assumed to be via their hepatic CYP3A-inducing
propertics.

Antidepressants. Some data suggests that fTuoxetine and
paroxetine can increase sertindole’s serum levels by about 2-
fold (both inhibit CYP2D6 and 3A4). As sertindole can cause
QTe elongation. this may be clinically relevant.

Smoking. Cigarctte smoking has been shown to reduce
sertindole serum levels by about 235%, This is presumably due to
the  CYP3A-inducing  capacity  of  smoeking components
(although relatively weak compared with their CYP1A2-induc-
ing abilitics).

Risperidone's interactions

Antidepressants. Fluoxetine and paroxetine can
increase risperidone serum levels in more than 50% of treated
patients (both inhibit CYP2D6 which is the predominant

enzyme metabolizing risperidone),

APDs. Sce under Clozapine's interactions (this page),

Note: Lack of stated interaction mean studies not reported,
not that such combinations are safe.




B Anxiolytics and alcohol

13.1 Benzodiazepines/buspirone
Drug interactions
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Significant Drug Interactions
Benzodiazepines interactions

Acetazolamide. This improves oxygenation at high
altitudes. Benzodiazepines (BDZs) antagonize this effect due to
impaired respiratory response to hypoxia. Concomitant use
should be avoided in high altitudes.

Antacids. Few cases are reported of slight and insignificant
delay in drug absorbtion (chlordiazepoxide, diazepam) and possi-
bly more significant delay in absorption with clorazepate
(activated by acid conditions).

Antibiotics/fungal preparations. For erythromycin
there are many cases ol increased serum levels of midazolam or
triazolam when co-administered with erythromycin, The
P450IIA enzymes are speculated to  be inhibited by
erythromycin. Isoniazid reduces the clearance of diazepam or
triazolam with a possible enhancement of their therapeutic or
adverse elfects. For ketoconazole, there is an isolated report of
about 40% reduction in the clearance of chlordiazepoxide.
Rifampin is a potent catabolic enzyme inducer, thus enhancing
the elimination of many agents, including BDZs such as diazepam
and nitrazepam (half-life decreases to about 15-33% ol baseline).
Temazepam (an agent that undergoes metabolism via hepatic
glucuronidation was found not affected).

Anticonvulsants. The co-administration of  carba-
mazepine can infrequently cause significant decreases in serum
levels of some BDZs (clonazepam. alprazolam). Valproate
displaces diazepam from plasma protein binding and possibly
inhibits its metabolism, leading to increased serum levels. A few
studies suggest that clonazepam, chlordiazepoxide and diazepam
may elevate serum levels of phenytoin.

Birth control pills (BCPs). BCPs inhibit oxidative
metabolism and at the same time enhance glucuronidation.
Consequently, the hall-life of BDZs such as alprazolam. chlor-
diazepoxide, diazepam and triazolam were found to be increased.
and the half-life of lorazepam. and to a lesser extent oxazepam,
can be significantly reduced.

Digoxin. Diazepam was noted. anccdotally. to increase
digoxin's serum levels.

Disulfiram. This inhibits the metabolism of diazepam and
chlordiazepoxide leading to enhancement of their therapeutic
and/or adverse ellects, The elfects of lorazepam and oxazepam are
practically unchanged. Isolated data suggest that disulfiram
does not affect the metabolism of alprazolam.

Anxiolytics and alcohol m

Ethanol. Ethanol and BDZs produce synergistic central
depression. probably via separate activity on the GABA , recep-
tor.

H, blockers. Cimetidine inhibits the liver enzymes associ-
ated with oxidative metabolism. The serum levels of most BDZs
affected by this metabolic pathway were found to be increased
when cimetidine was co-administered (alprazolam, diazepam,
chlordiazepoxide, flurazepam, nitrazepam, triazolam). BDZs metab-
olized by glucuronide conjugation (lorazepam, oxazepam,
temazepam) are not affected by cimetidine. Ranitidine proba-
bly has no significant interaction with most BDZs.

Heparin. This increases the free fraction of chlordiazepoxide.
diazepam, lorazepam and oxazepam. The mechanism is probably
via heparin’s induction of concomitant free fatty acid changes,
which consequently alter BDZs pharmacokinetics.

Probenecid. This inhibits the hepatic glucuronidation
metabolism and the renal excretion of many drugs, including
BDZs. As a result, elimination half-lives ol agents such as
lorazepam were reported to increase (up to 2-fold).

Selective serotonin reuptake inhibitors (SSRIs).
Fluoxetine can raise the serum levels of alprazolam and
diazepam, without any apparent effect on the pharmacokinetics
of clonazepam or triazolam.

Theophylline. Can antagonize the sedative or the
anxiolytic effects of BDZs (diazepam) probably via direct excitant
action.

Tricyclic antidepressants. Alprazolam was found to
increase imipramine and desipramine serum levels by about
25%. The mechanism is unknown.

Buspirone's interactions (not shown in the scheme)

Ethanol. Buspirone does not increase alcohol serum levels
(as opposed to most other anxiolytics), and it does not potenti-
ate aleohol's cognitive and motor dysfunctioning.

Haloperidol. Buspirone might increase haloperidol serum
levels by about 25%.

Note: Lack of stated interaction mean studies not reported.
not that such combinations are safe.




®m Anxiolytics and alcohol

13.2 Alcohol (ethanol)
Drug interactions
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Significant Drug Interactions

Amphetamines. Can reduce some of the impairments
attributed to aleohol abuse (memory. attention, recognition,
reaction time and decision making).

Anticonvulsants. Acute alcohol consumption increases
serum phenytoin levels while chronic alcohol abuse can
decrease them.

Antidepressants. With tricyclic antidepressants (TCAs).
chronic use of alcohol can enhance activity ol the P450 liver
catabolic enzymes with a consequent decrease in TCAs serum
levels but few studies found aleohol to increase the serum levels
ol amitriptyline by up to 2-fold (due, possibly, to inhibition of
amitriptyline metabolism). Some data suggest central recep-
tor interactions between alcohol and TCAs that can cause
impaired motor abilitics (evident with amitriptyline,
clomipramine, doxepin, and nortriptyline). Mianserin and
trazodone can aggravate impaired driving skills caused by
alcohol while no clinically significant interactions between
nefazodone and alcohol are observed.

Selective serotonin reuptake inhibitors (SSRIs): fluoxetine,
paroxetine and fluvoxamine do not interact signilicantly with
alcohol, but isolated reports suggest that fluvexamine and
paroxetine can slightly augment the motor, attention and
functioning impairments caused by alcohol.

Antipsychotic drugs (APDs). Numerous reports suggest
that a combined antipsychotic—alcohol regimen further impairs
driving abilities, cognilive, or neuromotor [unctioning and this
eflect is noted mostly with flupenthixol and chlorpromazine
and, to a lesser extent, with thioridazine, remoxipride,
sulpiride and haloperidol. An increased risk of emergence of
acute dystonic reactions is described. mainly with fluphenazine
and trifluoperazine, and is believed to be the consequence of
alcohol-induced lower neurological threshold or to be due to the
increased plasma levels of the antipsychotics.

Chlorpromazine and, 10 a lesser extent, thioridazine do
not alter alcohol metabolism; haloperidel. can increase alcohol
serum levels.

Anxiolytic agents. Benzodiazepines (BDZs): Alcohol and
BDZs produce synergistic central nervous depression due to
complimentary action on the GABA, receptor and glutamate

Anxiolytics and alcohol m

block by alcoltol. Alcohol can upregulate oxidative enzymes
which leads to enhanced BDZ metabolism and a possible
decrease in serum levels and therapeutic effects. Buspirone
does not add to the impaired psychomotor skills when co-
administered with alcohol,

Calcium-channel blockers (CCBs). These (nifedip-
ine, verapamil) can increase alcohol serum levels by about
15-50%. The mechanism is speculated to be via the inhibition
of hepatic alcohol metabolism. Some data suggest that alcohol
might also inhibit the metabolism of nifedipine, thus raising its
serum levels and consequent effects.

Disulfiram. This antagonizes aldehyde dehydrogenase
(which metabolizes acetylaldehyde, the first metabolite of
alcohol) leading to accumulation of acetaldehyde with a conse-
quent  antabuse reaction (flushing, weakness, vertigo,
headaches, nausea, vomiting, dvspnea, hypotension, tachyvcar-
dia), 10-30 minutes following the ingestion of alcohol.

H, blockers. Some but not all studies found that cimeti-
dine or ranitidine can increase the serum alcohol levels by
10-300% perhaps as these drugs inhibit alcohol dehydrogenase
in the gastric mucosa leading to enhanced alcohol absorption,

Non steroidal anti-inflammatory drugs (NSAIDs).
Alcohol can stimulate the conversion of paracetamol 1o
hepatotoxic derivatives, so worsening hepatic damage. Heavy
drinkers, especially, are at a greater risk. Ibuprofen was found
not to interact signilicantly with alcohol although an isolated
report of acute renal lailure with combined alcohol-ibuprofen
use has been published. The risk of gastrointestinal bleeding is
enhanced by concomitant use of alcohol and NSAIDs (and
aspirin). The mechanism involves the damaging effects of both
agents on gastric mucosal cells. Some NSAIDs might impair
driving performance.

Propranoloel. Alcohol impairs propranelel absorption,
leading to possible impairments in propranolel effects.

Note: Lack of stated interaction mean studies not reported.
not that such combinations are safe.
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® 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)

e p—

Start with either an SSRI, TCA or a NARIL. If suicidal: do not use a TCA (3).
Choose on basis of side effect profile and physician's experience. If known ischemic heart

disease, consider either an SSRI, venlafaxine, nefazodone or bupropion

l

l

Cross to alternative agent, either:

SSRI, SNRI, TCA, NARI (4)

Consider augmentation with lithium (5)

or with T3, L-tryptophan or pindolol (6)

o

A
I

Switch to an agent with dilferent amine configuration and/or NE/5-HT reuptake inhibition ratios (7)
Administer a different TCA, SNRI (venlafaxine) ora NARI (reboxetine)

or a tetraftricyclic antidepressant: @amoxapine, maprotiline oran aypical antidepressant:
bupropion, mianserin, mirtazapine, nefazodone, trazodone

or a monoamine oxidase inhibitor (MAOI)(8) ora RIMA (9)

'

/

Switchto MAOI (8) or ECT (10) ==

It first depressive episode:

Maintain treatment for at least 4-6 months, then taper gradually.

If recurrent episode:

Il average duration between episodes is less than 2-3 years or serious episode (suicidal): maintain prophylactic treatment for atieast 5 years
If average remissions are more than 2-3 years: mainlain treatment for at least 6-12 months, then consider tapering off gradually.

It electroconvulsive therapy:

Consider maintenance ECT (large and well controlled studiesare nol available)
Many feel that ECT treatment once every 2-2 weeks can be eMective as prophylactic treatment

L—eg—e—m" It good res p{:ll’n::

It partial response
If no responso

ECT Electroconvulsive therapy

- First line drug / therapy
— (well estabhished efficacy)
s

I Second line drug / therapy

(some officacy)

JOL

NARI Selective noradrenaline reuptake inhibitor Third line drug / therapy
SHRI Serolonin-norepinephrine reuptake inhibitor (efticacy not tully
SSRI Selective serctonin reuptake inhibitor aslablished)

T3 Trilodothyronine
TCAs Tricyclic antidepressants




Notes about the numbered items in the scheme

Mood disorders m

Antidepressants

1. Antidepressant agents work in about 65-7 5% of patients. The
selective serotonin reuptake inhibitors (SSRIs) are usually
preferred as first line agents due to their high therapeutic index,
relative benign side effect profile (especially  cardiac and
anticholinergic), safety and mild withdrawal symptoms.
Symptoms that mostly respond to antidepressant therapy are
depressed mood, feeling ol hopelessness and helplessness, sleep
difliculties, decreased appetite, guilt, interest in daily activities,
and loss of energy. Patients with early insomnia can benefit from
a sedative agent (amitriptyline, clomipramine, nefazodone,
mirtazapine, imipramine, doxepin, trazodone) although
these carry the risk of daytime carry over sedation. Patients who
suffer mostly from lack of energy and hypersomnia could benefit
more from agents with predominantly adrenergic stimulatory
properties (bupropion, desipramine, fluoxetine, nortripty-
line or reboxetine), Elderly patients should receive the
least-anticholinergic  agents  (bupropion,  desipramine,
nortriptyline, reboxetine, SSRIs or trazodone). Patients
with a seizure disorder should not be given agents that can
significantly lower their seizure threshold (amoxapine, bupro-
pion, clomipramine or maprotiline). Patients with manifest
ischemic heart disease should be treated very cautiously, and
those with pre-existing conduction disease should avoid tricyclic
antidepressant (TCAs). due to their prolongation of intraven-
tricular conduction (quinidine-like effect). There are some
anecdotal reports of SSRIs (mainly fluoxetine) that can cause
severe sinus bradycardia. Nefazodone, reboxetine, venlafax-
ine and bupropion (except in very rare cases) have not been
shown. to date, 1o induce clinically relevant conduction distur-
bances. Venlafaxine and bupropion can raise the blood
pressure by up to 10%.

2. The relative indications for cognitive=behavioural therapy
are a person who cannot tolerate or has a relative contraindica-
tion for TCAs (recent myocardial infarction, manifest ischemic
heart disease. asymptomatic arrhythmias) or SSR1s (sinus brady-
cardia or manilest ischemic heart disease — due to their potential
vasoconstrictive effects on coronary arteries).

3. TCAs have a narrow therapeutic index and are lethal in
overdose. Therefore start with small doses, raise gradually, and
be aware of the danger in administrating these agents to suici-
dal patients. Note that unusual pharmacokinetic disposition
can greatly alter the effective dose.

4. The selective noradrenaline (norepinephrine)-reuptake
inhibitor (NARI - reboxetine) is a newly introduced agent,
and accumulating data, including some large and well-
controlled studies, suggest that it is as efficacious as the other
antidepressant drugs in all forms of depression. In particular, it

has been shown to have a rather special efficacy in improving
social function in depression. Reboxetine has also been shown
to be better-tolerated than TCAs,

5. Lithium, in combination with a TCA. SSRI or monoamine
oxidase inhibitor (MAOL), exerts beneficial results in about 50%
of patients previously unresponsive to these agents. The effect
is usually observed within 2 weeks. and requires doses between
600 and 900 mg/day of lithium,

6. Triiodothyronine (T3) is administered in doses of about
25-50 pg/day. The mechanism of action is unclear but may be
particularly beneficial in patients with a history of thyroid
disease (or lamily history of thyroid discase). L-Tryptophan can
be used as adjuvant to TCAs and MAOIs. As a precursor of
serotonin, it increases the availability of serotonin to central
nervous system. It is usually given just before bedtime because
of its substantial sedative effects. The main side-effects attributed
to L-tryptophan are nausea and possible impairments of liver
functions. Fosinophilia-myalgia syndrome (myalgia, fatigue,
rash. breathing difficulties, swelling of extremities, congestive
heart lailure and possible death). once believed 1o be a conse-
quence of L-tryptophan, is now considered the result of conta-
mination in the manufacturing process. Pindolol has the
capacity to accelarate and augment the antidepressant ellects of
SSRIs (see Section 5.3).

7. Most antidepressants can be differentiated either by their
different ratio of selectivity for blocking the reuptake of norepi-
nephrine or serotonin or by their receptor and enzyme interac-
tions. It is advisable 1o administer agents with a significantly
differenmt pharmacological profile compared with that of the
previously used agent (in unresponsive patients).

8.9. MAOIs have equal eflicacy in the treatment of major
depressive disorder (MDD) as TCAs (if used in right doses) (8).
MAOIs might have a better eflicacy in improving symptoms of
atypical depression (mood reactivity, hypersomnia. increased
appetite and rejection sensitivity). The use of MAOIs was
limited due 1o dietary restrictions and adverse side-effect profile
(insomnia, sedation. postural hypotension. and sexual dysfunc-
tions). With the marketing of the reversible inhibitor of
monoamine oxidase type A (RIMA), moclobemide, many of
these potential troublesome elfects are absent. Moclobemide
has shown similar eflicacy to TCAs in agitated depression (9).
10. Electroconvulsive treatment (ECT) is especially effective for
treatment of MDD with melancholic features (late insomnia,
diurnal variation. decreased appetite/weight and psychomotor
retardation). It is usually administered to non-responders to
pharmacotherapy. severe psychotics and suicidal or aggressive
patients, and [or patients sensitive to relevant pharmacothera-
pies.



® 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, g
electroconvulsive therapy, or if elderly or if there is a need for a few tablets g
or if there is any contraindication to per day or a contraindication to ;
pharmacotherapy high-potency antipsychotic agents
e
i \
)
\j
Start, if possible, with a ]
. Consider starting with
high potency st
: 3 amoxapine (3)
antipsychotic agent (2)
A A

Following a few days

(to evaluate potential Following 4-6 weeks
adverse effects)

' i '

After the acute episode, if

fully remitted administer After the acute episode,
JEOccan 'lower effective dose' (5) IR/ Yorsied
antidepressant The patient is probably within oon SE RS
agent (4) the 30-50% that respond lower effective
solely to an antipsychotic dose' (5)
regimen

Y ¥

Start, add or change to

electroconvulsive therapy (ECT) (6)

Legend
First-line drug / therapy :]
If yes (well-established efficacy)
lfno  ----- -
If good response =~ ——» Second-line drug / therapy !:
If partial response —_ (some efficacy)
If no response e
Third-line drug / therapy :'
(efficacy not fully established)




Notes about the numbered items in the scheme

Mood disorders m

Antipsychotic Therapy

1. Major depressive disorder with psychotic features responds

poorly to either antidepressants alone or to antipsychotics alone

(in both cases the response rates are between 30-40%). The

combined antipsychotic—antidepressant regimen has shown, in

well controlled studies, to be elflicient in about 70-80% of
patients. There is no evidence that any specific antipsychotic or

antidepressant agent is more efficacious for the treaiment of a

depressive disorder with psychotic features. Therefore practi-

cally any antipsychotic or antidepressant agent might be used.

It is advisable to start with one agent (to properly monitor side-

effects and response).

It is preferable to begin with an antipsychotic and not with
an antidepressant. By doing so. one can achieve a number of
goals:

+ One can obtain faster and better compliance due to the dimin-
ishing psychosis.

« If the diagnosis should turn-up to be mistaken and the person
has a psychotic disorder, one has addressed it correctly.

« Antidepressants might induce psychosis in some predisposed
patients, although there are accumulating data that the
combined antipsychotic-antidepressant regimen is not
associated with the emergence of psychosis in the vast major-
ity of cases.

2. 1t is recommended to use a high-potency antipsychotic
agent, because most of these agents have less anticholinergic
side—effects. The need for a weak anticholinergic capacity is due
to the possible anticholinergic additive effects ol combined
antipsychotic and antidepressant agents (most of which have
some anticholinergic properties).

The doses of the antipsychotic agents are usually lower than
the doses used in the treatment of schizophrenia, and doses
equivalent to 2-4 mg/day of haloperidol are usually sullicient.
3. Amoxapine is a letracyclic antidepressant agent with a
significant antagonism of the dopamine type 2 receptors. It is
estimated that 100 mg of amoxapine is equivalent, approxi-
mately, to 0.5-1.0 mg of haloperidol. Besides its antidopamin-
ergic  propertics.  amoxapine exerts a  significant
norepinephrine-reuptake inhibition properties (it has also a
very weak serotonin reuptake inhibition capacity). Amoxapine
is usually effective at doses of 150-200 mg/day (up to 400
mg/day can be given). Tablets of 150 mg are available, so
patients are quite olten on a one tablet per day regimen, which
consequently further improves their compliance,

Amoxapine’s dual capacities of increasing adrenergic
neurotransmission with a concomitant blockade of dopaminer-
gic transmission is theoretically similar to a combined antide-
pressant—antipsychotic  regimen. Some  data  support  this

assumption, since amoxapine 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.

Antidepressant Therapy

4. No specilic antidepressant has proven to have better elficacy
in this disorder. The doses used should be as in the treatment of
any other depressive disorder. The efficacy of the antidepressant
agent should be monitored by addressing. mainly. such
symptoms as guilt feelings, hopelessness, anhedonia. sleep
parameters or the psychotic features. Other possible depressive
symptoms (especially affect and motor ones) should be carefully
evaluated, since the use of a concomitant antipsychotic
regimen could affect and mask an apparent improvement.

5. This is a suggested practice that is not based on any estab-
lished data. To date, no large and well-controlled trials on
maintenance treatment of major depressive disorder with
psychotic features have been made (neither with any antipsy-
chotic-antidepressant regimen nor with amoxapine).

6. Electroconvulsive therapy (ECT) is considered more effective
than the combined antipsychotic-antidepressant regimen in
the treatment of major depressive disorder with psychotic
features. For this entity, it has significant beneficial effects in
SO-90% of patients. It was also shown to decrease the number
and duration of future hospitalizations (especially if continued
as maintenance therapy). ECT has also been shown to be better
tolerated by the elderly, and in that population it might exert
an even higher efficacy. Seizure induction is the most relevant
and necessary event that has to take place in order to achieve
the therapeutic effects of ECT (studied with depressive episodes,
but presumed to be so with other clinical entities as well). The
exact mechanism of action of ECT is unclear although much
data are available regarding its intra- and intercellular effects
(see Section 8.1). ECT should be the therapy of choice in most
instances il possible. ECT is considered a very safe modality
compared with most of the antidepressant or antipsychotic
drugs. The mortality rate for ECT is estimated to be about
1:10 000 of treated patients, and it is almost always associated
with pre-existing cardiac disorder. Both anterograde and retro-
grade amnesia might arise following ECT, but are usually
transient. and cognitive capacity is usually fully restored within
a few hours. In rare cases the cognitive impairments exist for a
few months (usually between 6 and 8 months) but they are
practically always transient. ECT should be a first option for
pharmacotherapy-resistant  patients or in cases where an
immediate 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, SSRIs, SNRI, NARI, MAOIs, atypical antidepressant agents

Choose one of the following. Pick the agent
most different, pharmacodynamically, from the agents used so far (3)

l

I

l

TCA (4)

RBX, TRZ,

VLF (5) SSRI (6) MAOI (7) BUP (8)

ECT (8)

] ] T] [

Try augmentation with another agent. The only established efficacy,
to date, is with the following combinations:

i

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),

TCA + (APDs or CBZ or fluoxetine or methylphenidate or lithium or MAOI or T3)

v

clomipramine (or phenelzine) + L-tryptophan + lithium

Consider other regimens (less studied but theoretically or anecdotally beneficial) (10):
bromocriptine, carbamazepine + lithium, ketoconazole, stimulants, reserpine,

Legend

APDs Antipsychotic drugs First-line drug / therapy
BUP Bupropion (well-established efficacy)
ECT Electroconvulsive therapy

MAOIs Monoamine oxidase inhibitors Second-line drug / therapy

NARI Selective noradrenaline (norepinephring)- (some efficacy)
reuptake inhibitor (reboxetine)

RBX Reboxetine Third-line drug / therapy

SNRI Serotonin-norepinephrine (noradrenaline)- (efficacy not fully established)

reuptake inhibitor (venlafaxine)

S5RIs Selective serotonin reuptake inhibitors

T3 Triiodothyronine If partial response

TCAs Tricyclic antidepressants If no response
TeCAs Tetracyclic antidepressants

TRZ Trazodone
VLF Venlafaxine
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Notes about the numbered items in the scheme

Mood disorders m

1. Treatment-resistant depression (TRD) is delined, in this case.
as lailure to achieve full remission alter 3 adequate trials ol
antidepressant regimens. These regimens should include at
least one tricyclic antidepressant (TCA) and one selective
serotonin reuptake inhibitor (SSRI).
2. The major antidepressant classes are shown in Table 14.1.
3. Choose an agent that is different from previously used agents,
in the following possible aspects:
* NE (norepinephrine)/5-HT (serotonin) reuptake inhibition
ratio;
= allinity to specific receptors, besides the adrenergic or
serotonergic (dopaminergic. muscarinic, histaminergic);
« different pharmacological class.
The mentioned steps are advised and they are based on
common logic. No conclusive data are available on the role of
these parameters in increasing the antidepressant response.
4,5. There is no suflicient data, via well-controlled trials.
concerning the efficacy of these agents, although there is some
data supporting the use of high dose venlafaxine in TRD.
6. Small uncontrolled studies and some case reports suggested
the efficacy of SSRIs in TRD.
7. Some monoamine oxidase inhibitors (MAOIs) were tested
in TRD with variable success rates. Most data suggest that
phenelzine is efficacious in up to 63% of patients and tranyl-
cypromine in about 50% of TRD patients. Since MAOIs
possibly have an established efficacy in TRD. one might
consider another MAOI, or. if the patient did not recieve an
MAOI at all. a trial with MAOI should be made.

8. There are no well controlled trials on the efficacy of these
agents (bupropion, electroconvulsive therapy) in TRD.
However, accumulated clinical data indicate the efficacy of
clectroconvulsive therapy in TRD.

9. All the listed combinations have been reported to induce full
remissions in TRD. Some of the data are based fully on anecdo-
tal cases (e.g. bupropion + yohimbine), and the efficacy of the
other regimens was suggested following case-series and small
open-labeled trials. The data are incomplete and response rates
are variable and range between 10% and 80%. No specific
combination is currently recommended, or proved to be signil-
icantly more efficacious. The combined use of clomipramine
(or phenelzine). L-tryptophan and lithium has also been
reported in open trials to be beneficial in TRD.

10. Ketoconazole and aminogluthetimide inhibit the
biosynthesis and the metabolism of steroids, including cortisol.
A number of cases were reported of full remissions from TRD
following treatment with these agents. The exact mechanism is
unclear, and the significance of these regimens is questionable.
Bromocriptine, stimulants (amphetamines), and reserpine
have all been shown to improve depressive symptoms in
patients suflering from major depressive disorder (not with
atypical features). Their efficacy in TRD has not been estab-
lished so far. Note that reserpine, an inhibitor of the vesicular
monoamine transporter (see Section 1.11) is more widely
accepted as an inducer of depression. The use of stimulants
should usually be restricted to elderly patients with melancholic
or anergic symptoms.

Table 14.1

TCAs TeCAs SSRIs NARI SNRI MAOIs Atypical
Amitriptyline Amoxapine Citalopram Reboxetine Venlafaxine Isocarboxacid Bupropion
Clomipramine Maprotiline Fluoxetine Moclobemide® Mianserin®*
Desipramine Mianserin®® Pluvoxamine (reversible inhibitor of Mirtazapine
Doxepin Paroxetine monoamine oxidase type A) Nefazodone
Imipramine Sertraline Phenelzine Trazodone
Nortriptyline Tranylevpromine

* Moclobemide belongs to a subclass of MAOIs termed reversible inhibitors of monoamine oxidase type A (RIMA).

'* Mianserin is a tetracyelic antidepressant that is not a reuptake inhibitor, ind many consider it to be an atvpical agent (see Section 2.4).

TCAs tricyelic antidepressants: TeCAs tetracyclic antidepressants: S8RIs selective serotonin reuptake inhibitors; NARI selective noradrenaline (norepinephrine)-reuptake
inhibitor; SNRIs serotonin-norepinephrine (noradrenaline-reuptake inhibitors; MAOIs monoamine oxidase inhibitors,
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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):

If there is severe

can tolerate possible
side-effects of TCAs:

depression and patient

If patient cannot tolerate
anticholinergic side-effects, has
weight gain, or suffers from
seizure disorder:

- - ===

- ————

v
Imipramine Consider SSRils (6)
(or other TCAS) (5) fl uoxetl'ne,
Raise gradually up to 400 mg/d. sertraline
Considar Confirm that
2 serum levels < 300 ng/ml,
phenelzine (3) QRS <0.1-0.2,
or other QTc < 460
MAOIs
Or consider l \
Administering a RIMA Consider augmentation with
moclobemide (4) lithium, T3 (7)

Legend
If yes _—
fno ——==—= [
If partial response [
If no response S— -

BDZs Benzodiazepines
MAOIs Mcnoamine oxidase
inhibilors
RIMA Reversible inhibitor of
moneamine oxidase type A
T3 Triiodothyronine
TCAs Tricyclic anlidepressants

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)

JOL
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Clinical Aspects

la. The clinical picture is always characterized by mood
reactivity (the patient has the capacity to be cheered-up. enjoy
or respond favorably 1o positive experiences). The magnitude of
the response is as much as 50% of that expected by a ‘normal’
non-depressed person.

b. Some of the other associated symptoms., most often seen with
atypical depression, are as follows:

* hypersomnia. (Sleeping over 10 hours a day. at least 3 days
per week and for a period ol at least 3 months) is seen in
about 35% ol patients.

* Hyperphagia. Excessive eating or a weight gain of more
than 3 kg in 3 months is scen in almost 50% of patients.

* Leaden paralysis. A physical feeling of heaviness mostly in
the extremities. It should be present for at least 1 hour a
dayv. 3 days a week, and last for at least 3 months.

* Rejection sensitivity. This is a pathological, over-sensitivity
to interpersonal rejection.

c. Other, less often seen symptoms are as follows:

+ Early insomnia without late insomnia.

= ‘Reversed diurnal variation’ - the patient’s mood is better
in the mornings.

= The classic symptoms of ‘endogenous depression” are
usually absent (guilt, weight loss, morning worsening).

« There is more severe motor retardation than is usually
seen in major depressive disorder.

* Increased comorbidity with anxiety (panic disorder and
social phobia), somatization disorders or substance abuse,

d. Onset is usually in the late teens or early twenties. More than
3 3% of patients have a family history of major depressive disor-
der.

Drug Treatment

2. The major or most often seen adverse side-effects of

monoamine oxidase inhibitors (MAOIs) are as follows:

= Postural hypotension. This phenomenon is dose-dependent
and can be worsened greatly if the patients is also receiving
diuretics or antihypertensive agents.

= Hyperadrenergic crisis. MAOIs are not selective for the
central nervous system only. They inhibit all monoamine
oxidases. including the enzymes located in the gut and liver.
These enzymes play an important role in catabolyzing
sympathomimetic drugs and many foods containing pressor
amines (tyramine, beel or chicken liver. some fish, overripe
avocados, fava beans, and others). When a patient receives
MAOIs and ingests pressor-amine-containing beverages,
there is an increased risk that some of the pressors will not
be metabolized quickly enough. leading to overstimulation of

the adrenergic system. The clinical picture can be charac-
terized by severe headaches, mydriasis, diaphoresis, extreme
hypertension, cardiac arrhythmias. myocardial infarctions
and severe agitation.
Sexual dysfunction, especially anorgasmia and impotence, is
reported frequently. Cyproheptadine has been used to treat
these sexual dysfunctions with some eflicacy.
* Insomnia with possible, ‘paradoxical’ sedation during the
daytime.,
« MAOIs olten alter serum glucose regulation, especially in
patients receiving hypoglyveemic agents.,
3. Phenelzine (and other MAOIs) have been shown to exhibit
superior efficacy over tricyelic antidepressants (TCAs) in atypi-
cal depression. Start with a dose of 15 mg/day every
3 days. and raise gradually to a total of 60-90 mg/day.
Continue the therapy for at least 8-12 weeks for the best
results. and before regarding the patient as non-responsive.
Tranylcypromine has fewer anticholinergic side-effects, it
causes less weipght gain and sexual dysfunction, and its hepato-
toxicity is relatively rare compared with phenelzine. Tranyl-
cypromine's major side-cffects are severe insomnia or
agitation, and it is mostly eflective in anergic depression.
4. Reversible inhibitors of monoamine oxidase type A (RIMAs
e.g. moclobemide) are good candidates for the treatment of
atypical depression due to their favorable side-effect profile
{especially the absence of significant dictary restrictions and a
shorter “drug-free’ interval needed between MAOI and TCAs
administration. and vice versa: 1 day compared with 2 weeks).
To date, no conclusive data is available for their eflicacy in
atypical depression.
5. Traditionally, patients with atypical depression are believed
to respond poorly to TCAs. However, individual cases might
respond well, and many case reports. and some open and
double-blind studies, have reported about the beneficial effects
of TCAs in atypical depressions. This was evident mainly with
imipramine. and might be due to its sedative and anxiolytic
effects.
6. Selective scrotonin reuptake inhibitors (SSRIs) have been
shown, in case reports and open-labeled trials, 1o exert benefi-
cial responses in patients with atypical depression (60-80%
remission rates with fluoxetine). Preliminary data suggest that
sertraline might also be effective.
7. Lithium and T3 (triiodothyronine) have proven efficacy as
an augmenting agents in major depressive disorder. Their
efficacy in atypical depression is not established, although some
anecdotal data suggest the efficacy of the combined fluoxe-
tine-lithium=T3 regimen in this disorder.
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14.5 Dysthymic disorder (1)

Treatment strategies (based on published data)

Consider treatment with a

MAOQI (phenelzine) (2)

It probably has the highest efficacy in this disorder (30-70% beneficial results).
If there is a relative contraindication for an MAOI, consider administrating

an SSRI (fluoxetine, sertraline) ora TCA (desipramine)

Augment with
lithium or T3 (3)

Switch to:
imipramine, amitriptyline (4)

Consider treatment with one of the following (5):

amineptine, bupropion, reboxetine, RIMA, other SSRIS.
Note that these regimens are not studied in well-controlied

trials, but have shown beneficial effects
in case reports or small open-labeled studies

Legend

If partial response
If no response

o
>

MAOI Monoamine oxidase
inhibitor
RIMA Reversibla inhibitor of
monoamine oxidase type A
SSRIs Selective serotonin
reuptake inhibitors
T3 Triiodolhyronine

First-line drug / therapy
(well-gstablished efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(eflicacy not fully established)

i
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Clinical Aspects

la. The disorder is characterized by a less severe and more
chronic course than major depressive disorder.

b. Lifetime prevalence is about 3%. and females are aflected
twice as often as males.

c. For the diagnosis of dysthymic disorder (by DSM-1V) along
with depressed mood for more than 2 years, 2 out of the follow-
ing 6 criteria are to be mel: poor appetite/overeating, insomnia/
hypersomnia; low energy/[atigue, low self esteem, poor concen-
tration/difficulties in making decisions: hopelessness.

d. The illness may persist for 2-20 years with a median
duration of about 5 years.

e. The prognosis worsens il the patient has coexisting major
depressive episodes. Such patients suller from the highest rates
of relapses (also termed “double depression’).

f. Treatment of dysthymic disorder has not been studied in well
controlled trials with the DSM-IV criteria. The main suggested
treatment modalities are pharmacotherapy and cognitive-
behavioral psychotherapy.

g. The prognosis of treated dysthymic disorder is variable. Data
apparently suggest that only 10-20% of diagnosed patients
attain complete remission a year following the diagnosis. About
25% of patients suffer from chronic, non-remitting course.

Drug Treatment

2. Few controlled trials have demonstrated the efficacy of
phenelzine in ameliorating dysthymic symptoms. In some
instances the reported efficacy was about 70%. compared with
less than 50% with the tricyclic agent desipramine or some of
the selective serotonin reuptake inhibitors (SSRIs:
reported mainly with Muoxetine and sertraline). Generally,
because the beneficial effects of these agents have not been

established in large and well controlled studies, the validity of
the presumed ellicacy is questionable. It should be noted that
the long-term outcome of these treatments has not been suffi-
ciently studied. and anecdotal data suggest that these patients
might suffer from severe depressive relapses. refractory to
further treatment regimens.

3. The augmentation of phenelzine with lithium or T3 has
been proven efficacious in major depresive disorder, but has not
been studied in dysthymic disorder.

4. A few case reports and open-labeled studies have demon-
strated the efficacy of imipramine and amitriptyline in
improving dvsthymic symptoms in about 40-60% of patients.
The symptoms most often responding to therapy were social
and interpersonal functioning. Imipramine has been found to
be less effective than phenelzine in some of these studies.

5. Anccdotal data about amineptine (a tricvclic agent)
suggests its efficacy in up to 90% of patients diagnosed as sufler-
ing from dysthymic disorder. The relevance of this data is
questionable due to the small study population and the lack of
proper control, Further trials should be made to establish the
suggested potential.

The efficacy of other trieyelic antidepressants and the
other SSRIs and bupropion have been suggested in case
reports and small open-labeled studies, but not in major well-
controlled studies. Reboxetine, a newly introduced selective
norepinephrine-reuptake inhibitor, has also been reported to
exerl beneficial antidepressive effects in dysthymic disorder,
Moclobemide. a reversible inhibitor of monoamine oxidase
type A (RIMA), has not shown. to date and in well-controlled
studies, to be efficient in dysthvmic disorder. However, the use
of moclobemide is reasonable due to the established efficacy of
MAOIs in this disorder.
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14.6 Unipolar disorder — maintenance treatment
Treatment strategies (based on published data)

Is a bipolar disorder suspected?
(history of manic / hypomanic episode, history of patient
switching to a manic / hypomanic stale following antidepressant regimen)?

v

Discontinue the antidepressant regimen

that controlled the acute depressive episode Continue the antidepressant regimen that
and switch to lithium. controlled the acutasdeepresswe episode.
Achieve serum levels of 0.6 - 0.8 mEqg/I #f . d
(about 0.5 mEq/ for elderly). recent effective dose of
See Section 14.1 for maintenance treatment previously efficacious agent

of bipolar disorder

e e %, %

If If
age > 50 and 1st age < 50 and 1st
episode " i episode.
age > 43:,"(, and second episode average remission is 20-40% of unipolar
episode and remission is more than 3 years. depressed patients
o less than 3 years . will not have a
three or more o There is a 30-80% second depressive
episodes serious episode. chance that the episode. It is
3 patient will not advised to try
These faclors 79-90% gl these relapse in follow- _tagering off ‘
suggest and are patafsn!s will rela;?se upol5 years medwahu_n; following
risk factors for wnhln‘5 y'ear_s if after !he:r_lasl their first
chronicity of the IedeaRtn & depressive exacerbation.
disorder and a need stopped exacerbation Agn.a < 50 and first
for life-long episode suggests
treatment such a tavorable
prognosis

LN J . J

| — ]

Third-line drug / therapy
(efficacy not fully established)

Lifetime Maintain Maintain treatment for Maintain treatment
maintenance treatment for 6-12 months,
X ; for 4-6 months,
treatment is at least then consider then taper off gradually
indicated 5 years prophylaxis
l_.g,qg_[l_g If yes e First-line drug / therapy :
(well-established efficacy)
Ifno  ----—- >
Second-line drug / therapy |:
If good response —_— (some efficacy)
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14.7 Major depressive disorder with seasonal patterns (1)

Treatment strategies (based on published data)

Administer light therapy (2)
Avoid exposure to strong light at night hours. Expose the patient to 2500 lux for 2 hours (immediately upon wakening)

[ Expect initial response in 5 days. Full response in 1-2 weeks ]
; 'y
Discontinue light therapy and administer an
Administer antidepressant agent

maintenance light therapy (3)
30 minutes per day (or every 2 days)
of 2500 lux (all winter)

(consider fluoxetine or another SSRI) (4)
or administer / add to the antidepressant
propranolol (5)

(30 mg/d at about 0500-0600 AM)

Legend
If yes e
If good response —_—
It partial response e

If no response E—

S5RI Selective serotonin
reuplake inhibitior

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)

LEL

Notes about the numbered items in the scheme

Clinical Aspects

1. The major clinical characteristics of major depressive disor-

der with seasonal pattern (MDD-SP) are as [ollows:

» A depressive episode that occurs at the same time cach year,
virtually since first experienced. The worst time is around
January and February (also termed ‘winter depression’).

» The mood change is characteristically modest and is
manifested by low self-esteem, decreased social and occupa-
tional functioning, hypersomnia, fatigue, increased appetite,
and weight gain,

Geographically, the incidence of major depressive disorder
with seasonal pattern increases in areas further away from the
equator. This is presumably related to the shortening ol the day
in these regions.

Melatonin is often speculated to be involved but there are no
confirmed data to support this assumption.

Treatment

2. The mechanism of light therapy is reviewed in Section 8.2,
Four essential parameters are considered:

a. Wave length. A wave length of about 509 nm (blue-green
range) is the most efficient for suppressing melatonin produce-
tion.

b. Intensity. The brighter the light, the better is the reponse.
The most agreed upon value is an intensity of 2500 lux.

c. Duration. There is a linear relation between intensity and
duration (2 hours of 2300 lux equals 1 hour of 5000 lux).
Empirical data suggests the efficacy of 2 hours (of 2500 lux). or
equivalent, for the best results.

d. Timing of administration. Light therapy immediately
upon wakening is associated with the best results. This isin line
with the ‘phase-shift” hypothesis. Even so, recent data challenge
the validity of the ‘phase-delay’ theory of MDD-SP since some
recent studies have shown beneficial results with different
timings of the exposure to light (including during the evenings).
3. Maintenance therapy should be administered all winter (30
minutes of 2500 lux every day or two).

4. There is no specific antidepressant agent with well-establised
and increased efficacy in this disorder, although there are some
data suggesting a better efficacy of serotonergic agents such as
fluoxetine. If an antidepressant agent is administered, follow
the treatment algorithm of major depressive disorder (without
seasonal pattern).

5. Short-acting B-adrenergic antagonists (e.g. propranolol)
have some efficacy in ameliorating the depressive symptoms of
this disorder. The mechanism is presumably via suppression of
melatonin secretion (findings are inconsistent).
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14.8 Major depressive episode as part of bipolar | disorder (1)
Treatment strategies (based on published data)

L Is the patient suicidal ? Agrees lo ECT ? ]
L]
)
L]
)
\
Is the patient already on Stop concomitant
lithium prophylaxis (2) ? \‘\ lithium (6)
}

carbamazepine
or valproate (7)

|

1
]
]
1
1)
]
|}
- N\ I
Evaluate the following: }
a. Lithium serum levels !
b. Thyroid functions |
c. Patient's compliance |
\_ P y t
| 1
g ™ Y :
= If there is good compliance i ECT (5)
=z and low lithium levels: i
E i
5 ' - -
S l : !
> ]
= .
=
= <
- Increase dose of = Start an antidepressant agent:
i = —»
e = h:'“““m (3). | z TCA or SSRI (8).
cofe;r%-s1a;u$Elzvne ¥ s L—» Choose on basis of past response,
i g 3 side-effect profile, pharmacodynamic profile,
% physician's experience.
| | . If on APD, discontinue
[ If cannot tolerate TCA or SSRI ]

: ' 'y

Switch to alternative agent (9):
Add bupropion, MAOI, NFZ, RBX,
triiodothyronine (T3) SSRI, TCA, TeCA, TRZ, VLF.
Use dose of 25-50 pug/d Follow algorithm of major depressive
disorder (unipolar)
Le end I yes e First-line drug / therapy
If no ———— (well-established efficacy)
. It partial response —_—
If no response e Second-line drug / therapy

(some efficacy)
APD Antipsychotic drugs
ECT Electroconvulsive therapy Third-line drug / therapy
MAQOI Monoamine oxidase inhibitor (eflicacy not fully established)
NFZ Nefazodone
RBX Reboxetine
SSRIs Selective serotonin reuptake inhibitors
TCA Tricyclic antidepressant
TeCA Telracyclic antidepressant
TRZ Trazodone
VLF Venlafaxine

[LL
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1. Systematic studies on major depressive episodes as part of
bipolar I disorder, and on the role of pharmacotherapy while on
lithium maintence therapy are absent. The main issue that
needs to be addressed is whether or not the same treatment
principles that hold for major depressive disorder (unipolar
depression), are applicable for the treatment of depressive
episodes as part of bipolar I disorder.

2—4, Many bipolar patients are on lithinm maintenance treat-

ment while exhibiting a breakthrough depressive episode (2).

The therapist should address, firstly. the following:

« Compliance with treatment, 1f the compliance is good and
lithium serum levels are lower than 0.8-1.0 mEq/l. an
attempt to increase the lithium dose should be made in order
to achieve serum levels between 1.0 and 1.2 mEg/l. Large
and well controlled studies on the desired lithium serum
levels in breakthrough depressive episodes are absent, but
small open-labeled studies suggest the efficacy of such an
increase in lithinm serum levels (3).

» Thyroid-function tests. The role of enhancing thyroid function
is relatively well established in major depressive disorders
(unipolar depression), although patients who benefit [rom it
usually have a normal baseline thyroid lunctions. In spite of
the fact that there are no large or well controlled studies on
Triiodothyronine (T3) augmentation to lithium in major
depressive disorder (as part of bipolar 1), a trial of T3 augmen-
tation to lithium is warranted, especially if baseline thyroid
functions are decreased (4). Lithium augmentation should
be given if the decreased thyroid functions are attributed to
any cause (either lithium 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 are no clear contra-

indications. try a course of electroconvulsive therapy (ECT) (5).

The efficacy of ECT in major depressive disorder (unipolar

depression) is well established, and it is similar to that of

tricyelic antidepressants (TCAs). More research is needed in
order to determine the efficacy of ECT in major depressive disor-
der as part ol bipolar I disorder, although it seems promising.

Administration of ECT to patients receiving lithinum has been
reported to cause memory impairments, and to induce delirium
and other neurological abnormalitics. Therefore lithinm
should be discontinued before ECT is used (6).

7. Carbamazepine and valproate are anticonvulsants, and
they oppose the desired convulsive activities of ECT (which is
essential for its antidepressant activity), so they should also be
withdrawn.

8. The standard treatment of breakthrough depression in
bipolar 1 patients is either to add an antidepressant to an
ongoing lithium therapy, or (if the patient is not receiving
lithium) to administer an antidepressant as a sole agent. Since
there are no large, well-controlled studies relevant to this entity.
the common practice and logic should be to lollow the treat-
ment algorithm 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 |
patients. However, this is not fully established. and the best
reasonable alternative seems to be the administration of an
antidepressant. If the patient is on an antipsychotic medication
consider discontining it. especially if there are no psychotic
features, and the patient does not need sedation (since antipsy-
chotics might further impair functioning and/or cause adverse
side-effects that might eventually worsen the depressive
episode).

9. The efficacy of the non-TCAs in major depressive disorder
(as part of bipolar I) has not been studied enough. A trial of
tetracyclic antidepressants, monamine oxidase
inhibitors, trazodone. nefazodone, venlafaxine, reboxe-
tine or bupropion is warranted il the patient does not
respond to TCAs or selective serotonin reuptake
inhibitors (SSRIs). The above-mentioned agents have proven
efficacy in major depressive disorder (unipolar) and they seem
to exert similar beneficial results in depressive disorder associ-
ated with bipolar I disorder. Inconsistent data suggest that the
use of SSRIs is advisable due to their relatively low risk of
inducing cycling.
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14.9 Acute manic episode
Treatment strategies (based on published data)

( Lithium: do good predictor signs for response exist ? (1)

i

l CBZ: do good predictor signs for

response exist 7 (2)

P R—

Valproate: do good predictor signs
- : for response exist ? (3)

Yy v \/
start lithium st CBZ
600 mg/d initially. 400 ma/d initially, raise
Adjust serum levels ik to’1000 fmord.
Achieve serum

(achieve 0.8 - 1.2 mEg/l) levels of 4-12 ug/mil

Start valproate
250 mg/d initially.
Add up to 1500 mg/d.
Achieve serum levels
of 50-125 ng/ml

A

Rl xl

T,

Add an antipsychotic agent, preferably
low-potency APD (sedative) (4)

* . .
- Add or switch to one of the of the following: lithium, CBZ, valproate (5)
Y
- consider electroconvulsive therapy (6)
” Consider other possible treatments:

clonidine, CCBs (7) orl clonazepam (8), clozapine (9)

Legend
If yes e First-line drug / therapy
fno  ===—= - (well-established efficacy)
If partial response ——
If no response — Second-line drug / therapy

(some efficacy)

CCBs Calcium-channel blockers
CBZ Carbamazepine Third-line drug / 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

gL
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Notes about the numbered items in the scheme

Mood disorders m

1. Lithium, Possible good predictor signs or symptoms for the

use of this agent:

a. First degree relatives with mood disorders.

b. Euphoric mania: 60-80% respond favorably to lithium. In
dysphoric mania or mixed episode the response rate is only
about 20%.

c. Good compliance to pharmcotherapy. and lack of suicidal
behavior.

d. Less than 3 life-time manic episodes.

e. Absence of psychotic features.

f. Good response in previous exacerbations.

Lithium exerts beneficial eflfects in about 40-80% of acute

manic episodes as part of bipolar [ disorder. It was Tound more

effective than placebo, antipsychotic agents or carbamazepine
in the treatment of most manic episodes (in well controlled
trials). The usual dose ranges between 1200 and 2100 mg/day.

2. Carbamazepine. Possible good predictor signs or symptoms

which can direct at using this agent:

a. Sccondary mania (due to pharmacotherapy, brain disorder.
trauma).

b. Dysphoric mania.

c. Comorbidity of alcohol or other substance abuse.

d. Good response in previous exacerbations.

e. Absence of psychotic features.

f. Obesity.

g. Poor compliance to pharmacotherapy (due to its relatively
wide therapeutic window).

h. Mixed episode.

i. Rapid cycling. Better efficacy. probably, than lithium, but
less efficient than valproate. The data are based on small,
uncontrolled trials in which carbamazepine was shown to
reduce the number of recurrences (of manic or depressive
episodes) to about 30% as compared with lithium.

j. Fertile or pregnant women who need an antimanic drug as
a necessary regimen.

k. Acute manic episode as part of schizoaflective disorder.
Carbamazepine’s efficacy in acule manic episodes is well
established (over 15 double-blind studies have been published
so [ar). It is more efficacious than placebo, and at least as effec-
tive as antipsychotics. There are no well-established data
comparing carbamazepine directly with lithium. Beneficial
effects are found in up to 60% of patients. and thus it is consid-
ered less effective than lithium.

3. Valproate. Possible good predictor signs or symptoms that

indicate using this agent:

a. Rapid cycling mania.

e. No psychotic features.

b, Dysphoric mania.

f. Stable or decreasing frequency of manic exacerbations.

¢, Mixed episode.

—

d. No response to lithinum or carbamazepine,

g. Less-severe form ol manic episode.

Talproate's eflicacy in acute manic episodes is based mainly
on open-labeled or small double-blind studies. It improves
manic symptoms in up to 50% ol patients. It was found less
effective than lithium in small double-blind studies (60%
versus 0% eflicacy in certain populations).

4. Antipsychotic agents these are second line treatments for
manic episode due to:

a. They have a worse side-effect profile than lithium or
anticonvulsants (carbamazepine or valproate).

b. The ellicacy of antipsychotics in ameliorating acute manic
symptoms is not better than that of lithium, carbamazepine
or valproate (possibly).

c. Some cevidence suggests that antipsychotics lengthen or
exacerbate the next depressive episode (if part of bipolar
I/schizoalfective disorders).

d. The co-administration of haloperidol {and possibly other
antipsychotics). with lithium might induce. in rare cases,
severe extrapyramidal side-eflects, delirium, dyskinesias, hyper-
thermia and some permanent brain damage. These effects are
presumed to be mediated by their additive effects on the adeny-
late cyclase system.

5. Some data suggests that a combined regimen of lithium and
another anticonvulsant (carbamazepine or valproate) might
be more celficacious than the use of cach agent alone. Well
controlled studies are absent.

6. Electroconvulsive therapy (ECT) is an eflective treatment for
manic episodes. It has a response rate of up to 75%, especially
il bilateral electrode placement is used. Poor responders to
lithium might also benefit from ECT. ECT is also found
efficient and is indicated for pregnant women and people with
predisposition to develop neuroleptic malignant syndrome or
severe extrapyramidal symptoms.

7. The beneficial effects of clonidine and calcium-channel
blockers have been reported in a few case studies. The clinical
significance of these lindings is questionable.

8. Clonazepam is widely used to produce an acute calming
effect, and a lot of data are accumulating about its eflicacy in
longer term usage.

9. Clozapine has shown to be effective in ameliorating acute
manic symptoms (both treatment-resistant and as a first option
regimen). Its use should be restricted due to its hematological
and other potentially serious adverse side-eflects. There is
contraindication to administer clozapine with carba-
mazepine 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-eflect profile.
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14.10 Bipolar | disorder with rapid cycling (1)
Treatment strategies (based on published data)

Stop TCAs, SSRIs, APDs or other possible cycling inducers (2)

If the patient is on lithium therapy, evaluate compliance, serum levels and hislory of response

!

If the palient is non-compliant or non-responsive to
lithium, stop lithium. If past response to lithium bul

)

present serum levels are maximal, add/or switch to —_E-,
S E
l 25
m —
Q w
2w
. g & S
Choose between valproate or carbamazepine according to their favorable predictors (3). 5 €
Note that valproate possibly has greater efficacy in bipolar | with rapid cycling. If no clear-cut EB
predictors for good response or no contraindications to valproate, choose valproate ; e
3 8
O =
==
Q
: ) £

If valproate's o If carbamazepine's

good predictor signs exist: good predictor signs exist:
fm—
Start with: valproate —l e i Start with: carbamazepine
250 mg/d initially. 6 i 600 mg/d initially.
Add up to 1500 mg/d. < 82 Can add 200 mg every other day.
Achieve serum levels ol <z Achieve serum levels
of 50-100 ng/ml of 4-12 pg/ml
- m—
* IL *J
Y vy

Add APDs.
Consider administering
risperidone, clozapine,

orother atypical APDs (4)

Consider adding lithium (5)
(especially if good predictor signs
exist) or T3, or either
risperidone, clozapine
or ECT (6)

Administer lithium (5).
Raise the dose.
Monitor serum levels

Legend
It yes —_—
Hno ——--- E
If partial response S
If no response -

APDs Antipsychotic drugs
CBZ Carbamazepine
ECT Electroconvulsive therapy
SSRIs Selective serolonin
reuptake inhibitors
TCAs Tricyclic anlidepressants

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some etficacy)

Third-line drug / therapy
(efficacy not fully established)

*

iifi

If psychotic or aggressive




Notes about the numbered items in the scheme

Mood disorders m

Clinical Aspects
la. Rapid cycling is a course specifier in the DSM-1V diagnostic
criteria. For the diagnosis of rapid cycling, the person has to
exhibit at least 4 episodes of mood disturbances in the last 12
months. These episodes should be separated by a partial or full
remission of at least 2 months or by a swilch to an episode of
opposite polarity (major depressive episode to manic episode, or
vice versa). Note that mood disturbances relevant for the
diagnosis of rapid cycling can be major depressive disorder,
manic episode. mixed episode or hypomanic episode.

b. Most affected individuals are females (about 70-90%).

¢. About Y0% begin with a depressive episode.

d. Most patients develop rapid cycling late in the course of their
bipolar disorder.

g. Ultrafast cvelers (eveles of mood changes fluctuate in hours
to days) are usually older men and the ultrafast cycling
begins carly in the course of their bipolar I disorder.

e. The course of 10-20% of bipolar I patients eventually
acquires the characteristics of rapid cycling,

f. Rapid cyclers are relatively unresponsive to lithium.

g. Some of the associated factors with rapid cycling are:

+ mental retardation.

hormonal changes (in a few cases serum cortisol levels rise

during the depressive episodes and decrease during the

manic episodes).

hypothyroidism.

« alcohol or other substance abuse.

family history of bipolar 1 disorder.

Treatment

2. Some agents have the capacity to induce or exacerbate the

cycling. The major ones are the tricyclic antidepressants

(TCAs) (in as many of 50% of bipolar I patients), monoamine

oxidase inhibitors (MAOIs). tetracyclic agents and selective

serotonin reuptake inhibitors (SSRIs).

3A. Carbamazepine. Possible good predictor signs or

symptoms that indicate using this agent:

a. Secondary mania (due to pharmacotherapy. electroconvul-
sive therapy. brain disorder, trauma).

b. Dysphoric mania.

¢. Comorbidity of alcohol or other substance abuse,

d. Good response in previous exacerbations,

e. Absence of psychotic features.

. Obesity.

g. Poor compliance to pharmacotherapy, due to a relatively
wide therapeutic window.

h. Mixed episode.

i. Rapid cycling. There is probably better efficacy than
lithium, but less than valproate. Data are based on small,
uncontrolled trials in which carbamazepine was shown to
reduce th number of recurrences (of manic or depressive
episodes) (o about 30% as compared with lithium.

j. Fertile or pregnant women who need an antimanic drug as
a necessary regimen,.

k. Acute manic episode as part of schizoaflective disorder.

B. Valproate. Possible good predictor signs or symptoms that
indicate using this agent:

a. Rapid cycling mania. For this entity valproate should be
considered the first line of therapy.

b. Dysphoric mania.
¢. Mixed episode.
d. No response to lithium or carbamazepine.
No psychotic features.
f. Stable or decreasing frequency of manic exacerbations.
g. Less-severe form of manic episode.
Note that antipsychotic drugs (APDs) can actually induce
or exacerbate the cycling. These agents should be administered
with great care in rapid cyclers, The typical APDs (low-
potency and sedative agents are usually preferred) should be
reserved for severely agitated, psychotic or agressive patients
and their duration ol use should be limited.

5. Lithium. Possible good predictor signs or svmptoms that

indicate using this agent:

a. First-degree relatives with mood disorders.

b. Euphoric mania: 60-80% respond favorably to lithium. In
dysphoric mania or mixed episode the response rate is only
about 20%,.

c. Good compliance with pharmacotherapy. and lack of suici-
dal behavior,

d. Less than 3 lifetime manic episodes.

e. Absence ol psychotic features,

f. Good response in previous exacerbations.

The combined lithium-carbamazepine regimen was anecdo-

tally reported to have beneficial effects in rapid cyeling. There

are also some other reports of the beneficial effects of combined
carbamazepine-triiodothyronine in rapid cycling.

6. Clozapine, electroconvulsive therapy (ECT) and risperi-

done (less established at this point) have shown the capacity to

control rapid cycling in case reports and small open-labeled
studies. Other anticonvulsants, e.g. gabapentin and vigaba-
trin have been reported to work (case reports).

el
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B Mood disorders

14.11 Bipolar | disorder — maintenance treatment (1)

Treatment strategies (based on published data)

[

If there is only one previous episode and full remission:

-~ - ——

~
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
y

l

l

No maintenance
treatment is

Start with:

carbamazepine.
To date, its efficacy in

Start with:

lithium (3).

indicated maintenance therapy has been About 40-60% will have
proven only as adjuvant to lithium prolonged and full remission.
About 30-50% will exhibit partial
A response, and will suffer repeated
T exacerbations and hospitalizations.
e
S About 20% will respond poorly
3
[ |
If psychotic or If recurrent
very agitated depressive outbreaks
; | : |
Consider possible
alternatives:
Start with calcium channel
valproate. blockers Consider adding an Consider adding an
3 - . .

To date, its efficacy in clozapine, antipsychotic antidepressant
maintenance therapy lamotriaine agent (5) agent (3)
has not been shown. i\ gine,

maintenance

ECT, MAOIs, T3 (4)

Legend

If partial response
It no response

If yes —_
no  ===a- >

ECT Electroconvulsive therapy

MAQIs Monoamine oxidase
inhibitors
T3 Triiodothyronine

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)

JOL




Notes about the numbered items in the scheme

Mood disorders m

1. The prophylactic treatment is related to periods following

both depressive and manic episodes.

2. Lithium. Good predictor signs (factors that, if' they exist,

increase the possibility of good response) are as follows:

» ‘Classic’ bipolar disorder — a history of clear onset of
symptoms followed by full remissions and no impairment in
daily functioning between the mood episodes.

* ‘Euphoric mania’ — in such a case, the response rate (o
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 leatures.
« First-degree relatives with mood disorders.
3. Several well-controlled studies have demonstrated the
efficacy of lithium in the prophylactic treatment of bipolar |
disorder. Lithium, in general, was found to decrease the
number of relapses and the severity of the episodes, especially
of the manic episodes (up to 80% response rates). There are
conflicting data about the efficacy of lithium, as a sole agent,
in the prophylactic treatment following a depressive episode
compared with a combined lithium-antidepressant
regimen. Current data suggest an almost similar eflicacy. with
a possible marginal improved eflicacy for the combined
regimen. Due to the capacity of antidepressants o induce or
exacerbate manic episodes in bipolar 1 patients, the best
practice is probably to administer lithium alone and Lo reserve
the combined lithium-antidepressant regimen for those
patients who suffer recurrent depressive episodes while on
lithium therapy alone. Lithium serum levels should be kept
within the ranges of 0.8-1.0 mEq/l. It is assumed that within
this range, the relapse rates are decreased by 3-fold compared
with serum levels of 0.4-0.6 mEq/l, along with a decreased
severity of the episodes themselves (especially the manic
episodes). Moreover, serum levels within the range of 0.8-1.0
mEqg/l were found to reduce the risk of developing a rapid
cycling course.

4. The role of these agents in the prophylactic treatment of

bipolar I disorder is nol established,

* Calcium-channel blockers (verapamil). This agent is
primarily used to treat supraventricular tachyarrhythmias
and angina pectoris. A few uncontrolled studies have shown
some eflicacy of verapamil in treating acute manic episodes
(these findings have not been replicated so far), and some
investigators have reported verapamil's efficacy in the
prophylactic treatment of bipolar disorder.

* Clozapine has shown some mood-stabilizing properties,
especially in rapid cyclers. Its eflficacy in maintenance treat-
ment of bipolar 1 disorder is not yet established.

* Lamofrigine is a new anticonvulsant suggested to be as
efficacious as lithium in bipolar disorder.

* Maintenance electroconvulsve therapy (ECT). To date.
not enough data are available about the role of maintenance
ECT treatment in bipolar 1 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 eflicacy 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 following the next depressive episode).

Triiodothyronine (T3) - Since T3 has some efficacy in

improving depressive symptoms, it might be considered as

maintenance therapy  following a  depressive episode.

Controlled studies on the efficacy of T3 in bipolar 1 disorder

are not available.

5. The increased risk ol developing serious adverse side-effects

{mainly tardive dyskinesia, extrapyramidal side-cffects, sexual

dysfunctions and anticholinergic effects) and the capacity of the

antipsychotic regimens to induce depressive episodes in bipolar

[ patients should alert the therapist not to administer antipsy-

chotics unless the patient is very agitated or psychotic in such

a way that impairs his or her daily functioning,.



B Psychotic disorders

15.1

Acute exacerbation of schizophrenia

Trealment strategies (based on published data)

If there are W

predominant
negative
symptoms:

a. |f ilness is for
less than a year:
b. It APDis
contraindicated:

c. If there are specific
relative indications

\\

If patient isfhas: cardiac

(7). or suicidal (8):

illness (3), elderly, glaucoma,
'sun-freak’ (4), pregnant(5), a
history of hepatitis/jaundice (6),
hypotension or seizure disorder

If the patient is very
agitated, or has
parkinsonism,
refraclory EPS5,

a history of dystonia,

or is NMS prone (9):

If there was previuusih
good response and
later non-compliance
but proper supervision
for compliance is now
available:

clozapine

|

Give equivalent of 5-10 mg/d
haloperidol. Increase if needed

J for ECT (2): J \
£ ¥ i ¥ 4 / fvfl
Consider :
; t :
treatment with: (1) Consider treatment with i?;sie‘:;al;";i: Consider
olanzapine, Consider a high-potency APD (10) APD (12) tre?:;ngr::]wlnh:
ST . 4
.p'mo.z'de’ treatment with: or with one of the et e B e " previ{;usw
risperidonay atypical APDs (11) ) fie
sulpiride, ECT (2) atypical APDs (11) beneficial

A

Raise gradually to
the last used
effective dose

=u

=

i

If less than 10-14 days, continue.

If treated with clozapine,
consider adding sulpiride
to the regimen (and vice versa) (13)

If agitated or aggres

sive, add BDZ (14)

(IM/PO lorazepam on PRN basis)

I
\

r/

Consider
augmentation with:

J

lithium (17) or antidepressants (18)

propranolol,

buspirone (19) or

electroconvulsive therapy (20)

If more than 14 days and no response at all,
switch to a different class of APD (15)

:

Switch to a differen

t class of APD (15)

Treatment-

;

resistant patient
Switch to clozapine (16)

\ i

or to one of the other atypical APDs:

olanzapine,

risperidone,

sertindole

If 2 or more psychotic episodes:

If first psychotic episode: continue regimen for at least 1 year, then consider tapering off.
indefinite maintenance treatment. Lower to minimum effective dose (21)

APD Antipsychotic drug
BDZ Benzodiazepine

EPS Extrapyramidal side-effects

ECT Electroconvulsive therapy

NMS Neuroleptic malignant syndrome

PRN In Latin: pro re nata, 'as occasion arises’

"
Le end If good response —_— First-line drug / therapy
It partial response _ (well-established efficacy)
If no response —_—

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established

[




Notes about the numbered items in the scheme

Psychotic disorders g

1. Clozapine (and possibly risperidone and the other atypical
antipsychotic drugs) have shown established efficacy in improv-
ing negative symptoms. Anecdotal reports suggest that
pimozide and sulpiride also have some eflicacy in ameliorat-
ing negative symtoms.

2. Electroconvulsive therapy (ECT) has some efficacy in acute
exacerbations of schizophrenia. It is assumed that beneficial
results can be achieved in 20-60% of patients (in reducing the
acute symptomathology). ECT is much more benelicial if
predominant affective symptoms are evident. ECT has no estab-
lished role in the long-term management of schizophrenia.

3. Thioridazine, other low-potency agents and pimozide
may cause a cardiac conduction block, ventricular tachycardia,
prolonged PR, QT segments and ST depressions (in EKG record-
ings). These abnormalities are far more frequently reported with
these agents than with high-potency antipsychotic drugs
(APDs).

4. Low-potency drugs act as photosensitizers — leading to severe
sunburn on prolonged exposure. It is especially observed with
chlorpromazine and thioridazine.

5. There are insufficient data to prefer a specific antipsychotic
regimen for a pregnant woman. Haloperidol perhaps causes less
‘floppy baby syndrome’. Therefore it might be recommended to
use il necessary, and especially in the third trimester. Try not to
administer APDs in the first trimester. Some data suggest that
clozapine has fewer teratogenic eflects than other APDs.

6. All APDs can alter liver functions, especially chlorpro-
mazine, which can cause cholestatic jaundice. secondary,
probably. to hypersensitivity of predisposed individuals.

7. Noticed especially with the use of low-potency APDs and
with clozapine.

8. Pimozide, thioridazine, chlorpromazine and other low-
potency agents should be carefully administered to suicidal
patients due 1o their narrow therapeutic index and lethality in
overdoses.

9. The associated risk factors are organic brain disorder,
dehydration. high dose and route of administration (depot more
risky). use of concurrent lithium. high-potency antipsychotics.
voung adult male, alcoholic patient during delirium. malnutri-
tion. exhaustion, concurrent medical illness or a prior history
of neuroleptic malignant syndrome (NMS).

10. High-potency agents: haloperidol, trifluoperazine,
thiothixene.

11. Clozapine, risperidone, olanzapine and sertindole
have been shown in clinical and preclinical trials to have
similar efficacy to typical APDs in non-resistant patients. This
was accompanied by a diminished capacity to develop tardive
dyskinesia and extrapyramidal adverse side-eflects. The use of
clozapine as a first drug agent should be avoided if possible due
1o its potential hazardous adverse eflects.

12. Low potency agents: chlorpromazine. thioridazine,
levomepromazine, clothiapine.

13. One controlled study and a few cases are reported concern-
ing the beneficial effects of the combined clozapine—sulpiride
regimen, The mechanism is unclear, It could be related to the

enhanced D, dopaminergic blockade achieved with sulpiride
(clozapine is a relatively weak 1, antagonist).

14, Benzodiazepines (BDZs) are relatively safe (compared
with antipsvchotics) and reliable sedatives. Their use should be
limited to controlling aggression. agitation. hyperactivity and
dangerous behaviors related to the acute psychotic episode,
Lorazepam 1-2 mg every 2 hours is usually sullicient on an
as-needed basis and its use is recommended since it can be
administered intra- muscularly, The co-administration of
clonazepam with haloperidol significantly reduced psychotic
excitement and the risk of developing extrapyramidal
symptoms. In cases of schizophrenia with depressive and/or
obsessive-compulsive symptoms a combined antipsychotic and
selective serotonin reuptake inhibitor (SSRI; e.g. citalopram;
fluvoxamine) may prove beneficial.

15. The main classes are phenothiazines, butyrophenones.
thioxanthenes. dibenzoxapines, benzamides, dihydroin-
doles and diphenylbutylpiperidines.

16. The use of clozapine is usually restricted to treatment-
resistant schizophrenic patients, where it is efficient in about
30% of patients, The more general use of clozapine is restricted
because of its relatively high incidence of bone marrow suppres-
sion and other adverse effects, along with its present high cost.
Risperidone and olanzapine have a much safer side-eflect
profile. Their efficacy in treatment-resistant patients is not yet
well established. The role of other atypical antipsychotics such
as quetiapine, sertindole. and ziprazidone in the treatment
of neuroleptic-resistant schizoprenic patients is as yet unclear.
17. 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. Antidepressants are traditionally believed to improve social
withdrawal and depressive symptoms. Antidepressants with
5-HT, antagonism capacities (e.g. mianserin) might also
improve psychotic symptoms, This assumption has not yet been
established by well-controlled trials, and it is based on the
similaritics between the receptor antagonistic profile of the
combined antipsychotic-antidepressant regimen and the atypi-
cal antipsychotics clozapine, olanzapine. and risperidone.
Other fast acting BDZs (e.g. alprazolam) may also be effective in
combination with antipsychotics for reducing agitation and
dangerous behaviour.

19. Propranolol and buspirone may be specifically effective
in improving assaultive behavior (but not as antipsychotic
drugs).

20. ECT has only anecdotally been reported to sufficiently
augment APDs. This was mainly for severly agitated, catatonic
or patients with predominant affective symptoms.

21. Maintenance doses equivalent to 300 mg/day chlorpro-
mazine or 2-4 mg/day of haloperidol are significantly more
effective in lengthening the time between relapses and lowering
the risk of a relapse (30% of patients not on APDs relapse in 6
months, and up to 80% in 12 months). The use of effective
maintenance treatment can lower the relapse rates to around
10-15% and 25% respectively,



m Psychotic disorders

15.2 Schizoaffective disorder - depressive episode
Treatment strategies (based on published data)

If with If without
psychotic features psychotic features:

Y

[ If there is antipsychotic-induced akinesia (2) J

|

Lower antipsychotic dosage
(if patient has received APD) and add

antiparkinsonian regimen

startwithantipsychotic agent (1)
(without an antidepressant). Following a few days
of evaluating response and potential adverse effect:

I

[ and severely suicidal ]

' :

SRR ———————

|
startoradd antidepressant agent (3)
Consider
electroconvulsive
-
therapy (4)
Consider augmentation with lithium (5)
(mainly if on combined APD+TCA)
| \J

Continue maintenance treatment with the same doses and regimen used (6).
If on APDs, lower to the lowest effective dose.
If patient has received ECT, consider maintenance ECT treatment

Legend

fyes ——p First-line drug / therapy I:

fno =----- E (well-established efficacy)

If good response —_—

If partial response ———» Second-line drug / therapy :

If no response —_—» (some efficacy)
APD Antipsychotic drug Third-line drug / therapy l:l

ECT Electroconvulsive therapy (efficacy not fully established)

TCA Tricyclic antidepressant




Notes about the numbered items in the scheme

Psychotic disorders m

1. Some data suggest that the addition of an antidepressant
agent might, in some cases, inhibit or delay recovery from the
psychosis. Therefore. especially if the most predominant
symptoms are psychotic, a trial with antipsychotics should be
given first. It is almost always advisable (o administer one
regimen at a time (for side-effect evaluation and treatment
response). The expected response rate when an antipsychotic
regimen is given as a sole agent (and the patient has some
depressive episodes) is about 30-40%. If affective symptoms are
prominent. the addition of an antidepressant regimen should be
considered (following a few days of evaluating potential adverse
cffects).

2, Consider the possibility of neuroleptic-induced akinesia. This
side-effect can mimic any of the depressive symptoms. Therefore
an attempt to lower neuroleptic doses and/or to add an
antiparkinsonism regimen should be made. Another probable
assumption is the emergence ol so-called 'negative symptoms’,
If so. lowering the neuroleptic dose might not be sullicient, and
a switch to one of the atypical agents (c.g. clozapine, risperi-
done, olanzapine) should be considered.

3. A combined regimen of antidepressants and antipsychotics
can be tried, although published data about such combina-
tions in schizoaffective disorder—depressed type are lacking
and often contradictory. A few studies found higher ellicacy
of this combination compared with cach drug alone, but this
effect was not always replicated. In major depressive disorder
with psychotic [eatures, the role of combined antipsychotic
and antidepressant agents is more firmly established (this
increases the response rates from about 40% for each
regimen alone to around 70% with the combined therapy).
For that reason, it is logical to assume (even though it is not
established in schizoaffective disorder) that a combined
regimen might exert better efficacy. I using a combined

antipsychotic-antidepressant therapy, a trial of at least
9 weeks is needed for proper response.

4. The role of electroconvulsive therapy (ECT) in schizoaflective
—depressed type is not proven, but should be considered, ECT
has a proven efficacy in the treatment of affective disorders and
is also beneficial in some of the psychotic disorders, especially if
affective components are present (catatonia, psychotic mania,
major depressive disorder with psychotic features). Therefore
ECT might prove to be a beneficial tool for the treatment of
depressive episodes as part of schizoaflective disorder.

5. Lithium has been found. to date, to be effective in reducing
depressive symptoms in patients with schizoaffective disorder—
depressed type only when added to a preexisting regimen of
antipsychotics and antidepressants.

6. There are not enough or well-established data concerning
the maintenance treatment of schizoaffective  disorder—
depressed type (especially with concomitant psychotic features).
A logical practice, though not proven in well-controlled trials,
is to continue with the same regimen that improved the acute
depressive exacerbation. As in the maintenance treatment of
other psychotic disorders. the long-term use of high-dose
antipsychotic agents should be questioned. Therefore the
present recommendation is to lower the antipsychotic doses to
a lower effective dose (about a chlorpromazine equivalent of
300 mg/day or a haloperidol equivalent of 2—4 mg/day).
These estimates were tested in maintenance treatment follow-
ing schizophrenic exacerbations, and their validity for schizoal-
fective disorder should be challenged. In schizophrenic patients
the above-mentioned doses were found to lengthen the time
between exacerbations and to lower the risk of a relapse. Some
data imply that recurrent depressive episodes (as part of
schizoaffective disorder) might respond well to lithium or
carbamazepine maintenance therapy.



m Psychotic disorders

15.3 Schizoaffective disorder - manic episode (1)
Treatment strategies (based on published data)

If the patient is
mild-moderately active (2),
not psychotic or has a
known sensitivity to APDs:

If the patient is highly active (3) or

psychotic or has a known sensitivity

to lithium:

If the patient
can tolerate both
APDs and lithium (4):

Start
lithium (5).
Titer dosage o serum
levels between
0.8 and 1.2 mEg/l

startatypical APD (5).

If there is known non-responsiveness

to an atypical agent or history of
severe extrapyramidal adverse
effects, consider

clozapine

or

olanzapine,
risperidone

Start a

typical APD (5).
Choose on basis of past
responsiveness, patient's
compliance, adverse side-
effect profile and comorbid
physical illness

Add or change to

l

alternative agents (7):
CBZ,
valproate, ECT |-

A

Add lithium (6).
Titer dosage to serum
levels between
0.8 and 1.2 mEg/l

Keep on lithium (8)
maintenance treatment.

0.6 mEg/l

Adjust to serum levels about

Continue the APD (9) while
trying to adjust the dose to
'lowest effective dose’

Attempt to stop, gradually,
the APD, and keep only on
lithium maintenence (10)

Legend

If good response —
If partial response e
It no response —_—

APD Antipsychotic drug
CBZ Carbamazepine
ECT Electroconvulsive therapy

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)

JUL




Notes about the numbered items in the scheme

Psychotic disorders m

Clinical Aspects

1a. The diagnosis of schizoaffective disorder is based on the
present of a major depressive or manic episode along with DSM-
IV criterion A for schizophrenia (at least once during the course
of the disorder).

b. For the diagnosis, delusions or hallucinations must be
present 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
T1a and 1b with repeated mood episodes, at least one of which
was a manic episode. The depressed type is characterized 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,

e. Schizoaffective — depressed type has a high family history of
unipolar depressions and schizophrenia.

f. 1t 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 c¢linical syndrome.

h. The prevalence of schizoalfective disorder is between 0.5%
and 0.8% of the general population. Women are at greater risk
for developing the disorder.

Treatments

2. There is no significant correlation between the predominant
symptomathology (psychotic versus aflective) and the eflicacy
of different agents. especially antipsychotic drugs (APDs) or
lithium. Most studies found a similar efficacy in treating an
acute manic episode (as part of schizoaffective disorder)
between APDs and lithium, and this is more significant when
the patient is mild-moderately active,

3. In highly active patients APDs have a somewhat better
efficacy than lithium,

4. A combined APDs-lithium regimen was found in several
well-controlled studies to be more efficacious than cach agent
alone in the treatment of an acute manic episode of schizoaf-
fective disorder.

5. The doses of APDs 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

manic symptoms as part of bipolar I disorder (both treatment-
resistant and as a first-option regimen). Its use should be
restricted due to its hematological and other potentially serious
adverse side-effects, The role of the other new-generation
antipsychotics (risperidone, olanzapine. sertindole) has
not yet been established in this disorder. but they should be
considered as good candidates.

6. The combined APD-lithium regimen probably has superior

ellicacy in the treatment of the acute episode.

7. Carbamazepine, valproate and electroconvulsive

therapy (ECT) have proven efficacy in the treatment of acute

manic episode as part of bipolar I disorder. It is reasonable to
assume similar eflicacy in schizoallective disorder-manic type,
although large and controlled trials have not been done to
date using the DSM-1V criteria for the disorder. The role of
these agents as possible augmentors to APDs is not fully
established in schizoallective disorder. If used as augmenta-
tion, note that carbamazepine is contraindicated as
adjuvant to clozapine due to their synergistic effects on bone

MArrow suppression.

8. Lithium was found to be an eflicient modality for prophy-

lactic treatment in schizoaffective disorder, especially when the

following factors exist:

* Predominant mood symptoms.

= Serum levels above 0.6 mEqg/I.

= Better eflicacy (as prophylactic agent) in schizoaffective disor-
der — manic type as compared with depressed type.

* When a fumily history of mood disorder is evident.

9. If the patient cannot tolerate lithium, continue mainte-

nance treatment with the APD. Doses should be gradually

decreased. il possible. to a ‘lower ellective” dose (equivalent to
chlorpromazine 300 mg/day or haloperidol 2-4 mg/day).

10. When the acute episode is controlled and the clinical state

is stabilized, an attempt 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 eflicient as antipsychotics in the prophy-
lactic treatment of schizoaffective disorder. The role of carba-
mazepine as a prophylactic drug is not yet established, but
there are accumulating data that it might prove to be quite
cfficacious.

« Long-term antipsycholic treatment should be avoided, if
possible. due to possible serious adverse side-effects (for
example, tardive dyskinesia).
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15.4 Delusional disorder (1)

Treatment strategies (based on published data)

All data are based on case reporls or open-labeled studies

[ Note that there are no large and well-controlled clinical trials of patients with delusional disorder.

-

Especially if symptoms are of recent onset and
a persecutory type delusional disorder:

Specific data (2)
from open studies
or anecdotal reports

l

Not studied, but
logically correct

|

If predominant anxiety
or tardive dyskinesia (4):

2-12 mg/d.
Benelficial in about 65%
(mainly in case reports,

and most effective in
somalic delusions).

Beneficial in over 90%
(very small sample)

thioridazine

haloperidol
2-5 mg/day.

clozapine

/ pimozide (3) \

Administer an

antipsychotic drug
(other than the ones listed
on the left). Choose on basis

Consider administering
benzodiazepines (5)

chlorpromazine

of side-effect profile

H:‘ainly for

anxiety or
agitation

Consider adding
or switching to:

\j 4
e
Consider SSRIs (6) as adjuvants to an APD or benzodiazepine or as sole agents.
Consideralso ECT (7) orswitchto clozapine orother atypical APDs (3)
.

Legend

If no response
If partial response

e
S

APDs Antipsychotic drugs
ECT Electroconvulsive therapy
SSRIs Selective serotonin
reuptake inhibitors

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some eflicacy)

Third-line drug / therapy
(efficacy not fully established)

0L
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Psychotic disorders m

Clinical Aspects
la, Delusional disorder is believed to be a distinet entity, mainly
due to specific genetics, course of illness and clinical features.
b. Core symptoms are persistent delusions, nonbizarre in their
nature, along with the absence of prominent hallucinations, no
thought disorder or mood disorder, or a significant flattening of
the effect.
c. Most patients suffer from one main delusional theme.
d. There is a slight tendency for females to be affected by the
disorder more than males.
e. Onset is usually between ages 40 and 49 years,
f. Prognosis is moderate, and data suggest that:
= About 30% of patients are employed.
= About 80% get married.
» Complete remmision and the elimination of the delusional
themes are very rare.
» Recent onset symptoms and specific subtypes (mainly the
persecutory type) may be more responsive to pharma-
cotherapy.

Treatment

2. All data are based on anecdotal reports 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 antipsychotic medications (due to adverse side
eflects. either acute or chronic, which can further reduce the
patients compliance). In such cases, benzodiazepines (BDZs),
especially if the patient is severely anxious, can have benclicial
effects.

3. Pimozide exerts beneficial responses in up to 63% of
patients, although data are based mainly on case reports. Some
investigators believe that somatic delusions may be most
responsive, and cases of erotomanic and jealous types were also
reported to be responsive to pimozide. Other reports have
shown the efficacy of antipsychotic drugs (APDs) such as

haloperidol. thioridazine and chlorpromazine in reducing
some of the symptoms. mainly the anxiety and agitation. All
antipsvchotics should be given in low doses (haloperidol
equivalents of 2-5 mg/day usually), and il no response is
observed within 6-8 wecks (with proper compliance) then the
therapist should consider changing medications. Clozapine
has been reported, anecdotally. to improve resistant delusional
symptoms while the role of the other atypical APDs in
delusional disorder is unclear as vet.

4. Since the delusional themes are relatively resistant to
pharmacotherapy and patient's compliance is usually lacking,
it the predominant clinical symptoms are agitation or anxiety,
or if the patient is prone to experience acute adverse side-effects
(dystonia, parkinsonism) or has a history of/ongoeing tardive
dvkinesia, the best regimen might be BDZs for the relief of the
acute svmptoms and for a relative immediate response that
could improve compliance.

5. Specilic BDZs have not been studied, in well controlled
studies. Their role should be the reliel of acute anxiety and
agitation, and to enhance compliance, The abuse potential of
BDZs is usually not a major concern in these patients.

6. Selective serotonin reuptake inhibitors (SSRIs) are anecdo-
tally reported to improve some of the symptoms associated with
delusional disorder (especially affective parameters). The role of
antidepressants has been suggested due to the incidence of
affective disorders in families of delusional disorder patients.
SSRIs or other antidepressants do not ameliorate the core
psychotic themes.

7. The role of clectroconvulsive therapy (ECT) in delusional
disorder has not been studied. ECT has proven efficacy in
psychotic disorders such as catatonia (as part of bipolar I disor-
der) or psvchotic depression, and it is very cflicacious in affective
disorders (major depressive disorder, bipolar 1), Since delusional
disorder has psvchotic and possibly affective components, ECT
may be considered a good candidate in specific cases.
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16.1 Panic disorder (1)

Treatment strategies (based on published data)

e B
If moderate symptoms, w w If there are no relative
no prominent CVS or If there are severe, frequent and contraindications to SSRIs,
seizure disorder, and incapacitating symploms: or if the patient is suicidal (2):
cannot tolerate SSRIs (2):
. I l
Start with a TCA (3): Start with a Start with an SSRI (5).
choose between high potency Usually choose between
Clomipramine benzodiazepine_ ﬂuoxe”ne,
or imipramine Choose between fluvoxamine
or ghoose.oneial alprazolam or or paroxetine.
the following: clonazepam (4) Other SSRIs are possible
candidates:
desnprarpme, 4——— Start, simultaneously, | — citalopram
doxepin . ; P :
pin, <—| anSSRI(5)orTCA (3) |———> e
nortriptyline < S
|
[ Consider combination therapy with: ]
\J Y \J Y \j
Change to a different class agent: (9):
Treat for about s
lithium (7) || TcA (8) MAOI or TCA or SSRI
a year, Note: several of these are inelfective,
then try to or have not been properly tested
taper off l

gradually. If this is
not successful,
continue for
another year (6)

Try one of the following:
carbamazepine, inositol,
low-potency BDZs, RIMA,

valproate, venlafaxine,

A

verapamil (10)

Legend

It good response
It partial response
If no response

—
—_—

BDZ Benzodiazepine
CVS Cardiovascular system
MAQI Monoamine oxidase inhibitor
RIMA Reversible inhibitor of
monoamine oxidase type A (moclobemide)
SSRI Selective serotonin reuptake inhibitor
TCA Tricyclic antidepressant

First-line drug or therapy
(well-established efficacy)

Second-line drug / therapy
(some elficacy)

Third-line drug / therapy
(efficacy not fully
established)

JUL
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Notes about the numbered items in the scheme

Anxiety disorders m

Clinical Aspects

la. 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 cligible for the diagnosis of PD by
the DSM-1V. Four out of 13 are required for the diagnosis of PD.
b. About 20% of all panic attacks appear without any sense of
anxiety.

c. Liletime prevalence of PD is about 1.5-3%. The women to
men ratio is about 4:1.

d. Mean age ol onset is about 23 years, Onset al 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.

Treatment

2. Relative contraindications for administering a selective
serotonin reuptake inhibitor (SSRI) are severe gastrointestinal
discomlort, specific sexual dvsfunctions such as decreased libido
or impotence, or a suspected sensitivity to these drugs. Moder-
ate symptoms are diagnosed if only a few attacks are present
and the patient can tolerate the disorder without a marked
impairment in his/her daily functioning. Clomipramine and
imipramine are tricyclic antidepressants (TCAs) which have
significant anticholinergic 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 provoke panic attacks early
in therapy.

3. TCAs, high potency benzodiazepines (clonazepam,
alprazolam) and most monoamine oxidase inhibitors
(MAOIs) exert similar efficacy as antipanic agents (estimated
to be around 70-80%). Clomipramine was traditionally
believed to be the most efficacious antipanic agent. This has
not been established in large. well-controlled  studies,
Imipramine is the most-studied medication in PD. There is no
convincing evidence that it has superior eflicacy over most
other TCAs. except for a few agents that were found to be
practically ineffective in treating PD (trazodone, bupropion
and maprotiline). It is estimated that their possible impaired
ability to downregulate the o,-adrenergic receptors might play
a role in their lack of antipanic properties. Buspirone has
shown some eflicacy in augmenting the antipanic eflects of
cognitive-behavioral therapy. Desipramine, doxepin and
nortriptyline were all shown also to possess antipanic
capabilities.

4. Use benzodiazepines (BDZs), alprazolam and clonazepam
with caution due to their abuse potential, dependence, possible
cognitive impairments and rebound eflects on abrupt stoppage.
There is no tolerance to the antipanic effects of the BDZs. The use
ol BDZs is relevant when there is a contraindication to use TCAs
or SSRIs. or when the disorder is incapacitating and a need for
immediate anxiolytic reliel is indicated.

5. SSRIs are most elfective in panic disorder. Meta-analysis of
most double-blind placebo-controlled trials of panic disorder
patients suggested the superior ellicacy of SSRIs (mainly
reported with fluoxetine, fluvoxamine, and paroxetine)
over other agents, including TCAs and alprazolam. SSRIs
have a wider therapeutic window, they are usually better toler-
ated. and are considered. relative to the TCAs or tetracyclic
agents, safer in overdose. Therefore SSRIs are recommended as
the drug of choice in panic disorder or for suicidal patients who
have access to the drugs and lack proper supervision. Other
SSRIs (sertraline and citalopram) have not yvet been studied
in large and well-controlled trials of PD. but they are assumed
to exert similar eflects.

6. Panic disorder is a chronic disorder and about 50-70% of
patients who stop their pharmacotherapy experience a renewed
exacerbation of the disorder. For this reason it is recommended
to continue the treatment for at least a year, following with a
tapering-ofl attempt.

7.8. Lithium and TCAs could. in some cases. improve the
antipanic response of certain individuals already receiving a
TCAs or a SSRL.

9. MAOIs. especially phenelzine. might have superior eflicacy
over TCAs (tested versus imipramine) in more severe and
chronic patients. and in patients unresponsive to imipramine,
[t seems evident that patients receiving MAOIs are less prone
to develop the ‘overstimulation” phenomena that is apparently
more associated with TCAs. The role of moclobemide, a
reversible inhibitor of monoamine oxidase type A (RIMA),
has not been established. to date. in panic disorder.

10. Anecdotal reports have shown that anticonvulsants (carba-
mazepine. valproate) have some antipanic properties.
Venlafaxine can be beneficial, but the data are based on small
open-label trials. Preliminary data with inesitol. a potential
antidepressant agent. have shown beneficial results in reducing
the frequency and severity of panic attacks in PD patients. without
inducing any major adverse side-cllects. A Low-potency BDZ
(diazepam) was found in a few cases and in predisposed patients
to have antipanic properties when given in very high doses,
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16.2 Simple phobia
Treatment strategies (based on published data)

-

If simple phobia (1):

There is no evidence that any of the
psychotropic agents are significantly
effective in this disorder (3)

|

Start with

behavioral therapy (4)

16.3 Social phobia
Treatment strategies (based on published data)

[ If social phobia (2): ]

Start with
cognitive-behavioral

therapy (5)

L

Consider adding:
f-adrenergic antagonist (atenolol) (6)

oran SSRI
(fluoxetine, paroxetine, sertraline),
ora MAOI (6)

P

In severe cases, and to enhance exposure,
consider adding

a f-adrenergic antagonist
ora benzodiazepine.
If there are concomitant depressive symptoms,

add: SSRI or TCA (3)

Stop fi-adrenergic antagonist/MAOI
and add; BDZ (clonazepam) (7)

ora RIMA (moclobemide) (8)
or fluvoxamine (9)

Legend

If partial response
If no response

-—’v
—

BDZs Benzodiazepines
MAOIs Monoamine oxidase
inhibitors
RIMA Reversible inhibitor of
monoamine oxidase type A
{moclobemide)
TCAs Tricyclic antidepressants

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(elficacy not fully established)
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Notes about the numbered items in the scheme

Anxiety disorders m

Clinical Aspects

Simple phobia

1. The rule of thumb for diagnosing simple phobia is when the

patient’s fear is of circumscribed stimulus, object or situation.

One needs to exclude, mostly, the following:

+ panic disorder (a lear of having another panic attack);

« social phobia (a fear of social humiliation or embarrassment);

« hypochondriasis (fear of having a serious illness):

* Obsessive—compulsive disorder (feared avoidance of an object
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 feel humiliated or embar-
rassed when acting in [ront of others.

Treatment

Simple phobic treatment
3. A few regimens have been studied. without any definite
success, in the treatment of simple phobia:

Benzodiazepines (mostly diazepam) reduce the fear-
induced 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,

No 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 [rom these
medications.

B-adrenergic antagonists were not found efficacious in

augmenting behavioral treatments. In some cases, a sympto-
matic reliel 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
integrated in the sessions.

Social phobia treatment

5. The major aspect of cognitive-behavioral therapy is the
integration of cognitive and exposure components. Exposure is
eflicient, mainly, on short-term behavioral changes, while the
cognitive approach aids more in long-term maintenance eflects
and prevention of relapse. Social-skill training could be very
beneficial in people who lack those skills, and much of the
person’s discomfort is due to this deficiency. Relaxation train-
ing is usually effective in people whose predominant symptoms
are autonomic arousal. Exposure therapy as a sole modality of
treatment is probably less elfective, since it aids mainly in the
short-term reliefl of symptoms.

6. f-adrenergic antagonists (best studied with atenolol) and
monoamine oxidase inhibitors (MAOIs) were found to be
eflective in the treatment of social phobias. f-adrenergic antag-
onists seem to reduce the autonomic symptoms (and so are
viewed as agents for treatment of ‘specific social phobia’). MAOIs
affect both the autonomic arousal related to social phobia and the
cognitive dysfunction associated with the disorder. MAOIs
(especially phenelzine) are considered to be better agents,
compared with B-adrenergic antagonists, when compared on
large populations. The role of selective serotonin reuptake
inhibitors (SSRIs) in social phobia is quite established. SSRIs
seem to be as effective as MAOIs or cognitive-behavioral therapy
and the eflicacy of fluoxetine, paroxetine and sertraline was
demonstrated in several well controlled studies. Information about
most other SSRIs is still lacking.

7. One controlled study showed good eflicacy of clonazepam
in improving anxiety. avoidance and social phobic symptoms.
Other anecdotal reports about different benzodiazepines are
contradictory.

8. Recent studies have demonstrated the ellicacy of the
reversible inhibitor of monoamine oxidase type A,
moclobemide, in social phobia. It was found to be as effective as
several of the SSRIs, while producing fewer adverse side-effects.
9. Fluvoxamine demonstrated some eflicacy in social phobia,
but to date it seems to be beneficial in fewer cases than the other
SSRIs.
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16.4 Generalized anxiety disorder (GAD) (1)
Treatment strategies (based on published data)

N

&Y e

-

%

It a. There are predominant If a. There are predominant
psychic symptoms (2): somatic symptoms:

b, It is possible to wait for b. There is a need for
gradual results (3): immediate results (3):

c. There is a known history c. There is no history of
of substance abuse (4):. substance abuse:

d. There is no need for d. There is a need for
major sedation, or major sedation and
sedation is sedation is not
contraindicated (5): contraindicated:

.

J\

If there are depressive
symptoms or relative/
absolute contraindication to
buspirone or
benzodiazepines:

LN

If there are predominant
cardiovascular
symptoms (8):

® Tachycardia;

® Palpitations;
® Performance anxiety:

J

Begin treatment with
buspirone (6)

Begin treatment with a
benzodiazepine

Begin treatment with

SSRI
or
TCA
or
trazodone (7)

Begin treatment with

fi-adrenergic
antagonist (8)

Add or switch to another drug, from a class
other than that of the present drug (7).

Choose eitheran: SSRI or TCA or buspirone,

ora benzodiazepine.
Consider, as an alternative, administering

-adrenergic antagonist (8)

Add either

buspirone ora benzodiazepine
to the regimen (if not contraindicated).

Legend

If partial response
If no response

—-
—i-

SSRI Selective serotonin

reuptake inhibitor

TCAs Tricyclic antidepressants

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)

i
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Notes about the numbered items in the scheme

Anxiety disorders m

Clinical Aspects

1. In DSM-IV, the diagnosis is based on several elements:

a. The experienced anxiety is not a manifestation of another

major psychiatric disorder (mainly psychotic/mood disorders or

posttraumatic stress disorder).

b. Patients suffer from at least 3 out of 6 symptoms of motor

tension: restlessness: being easily fatigued: impaired concen-

tration: irritability: muscle tension and impaired sleep.

¢. The anxicty has a duration of at least 6 months, and is not

focused on one subject only.

d. The dingnosis and the dilferential diagnosis are based on the

quantity ol the anxiety. The anxiety in generalized anxiety

disorder (GAD) is not of:

» having a panic attack (panic disorder with anticipatory
anxiety):

+ being embarrassed in public (social phobia):

* being contaminated (obsessive compulsive disorder):

» having multiple physical symptoms / complaints (somatiza-
tion disorder):

« gaining weight (anorexia nervosal;

+ having serious illness (hypochondriasis).

Treatment

2. Buspirone has better eflicacy, compared with benzodi-
azepines (BDZs). in reducing psychic anxiety, while BDZs
(studied mostly with diazepam) are better in eliminating
somalic anxicty.

3. The acute effects of buspirone tend to build up gradually in
2—4 weeks. BDZs exhibit their elfects more rapidly. Do not
confuse this rapid effect of BDZs. which is targeted at dimin-
ishing somaltic anxiety, from buspirone’s quicker and better
efficacy in ameliorating psychic anxiety,

4. To date. buspirone (unlike BDZs) has not been shown to
possess significant adverse effects such as abuse potential. toler-
ance. withdrawal symptoms, rebound anxiety. sedation, signif-
icant psychomotor impairments or increasing the effects of
other central nervous system depressants.

5. Buspirone is particularly attractive in individuals who
cannot tolerate the sedative effects of BDZs (pilots, cab and truck
drivers, students) or in patients on central nervous system
depressants. or in those with a history of drug or alcohol abuse,
6. Buspirone is superior to placebo in improving both anxicty
and depressive symptoms associated with GAD. It was also
found to be as elfective as several benzodiazepines (studied
mostly with lorazepam) in reducing anxiety symptoms (while
producing fewer side-eflects).

7. Accumulating data suggest that tricyclic antidepressants
(TCAs) and some ol the atypical antidepressants are also
beneficial in GAD. although probably less so than buspirone
or benzodiazepines. It is well established that TCAs can
reduce anxiety in several disorders (panic disorder, anxiety
symptoms as part of a major mood disorder, anxiety related to
postiraumatic stress disorder). Imipramine, clomipramine
and trazodone have shown some capacity to reduce anxiety
related to GAD. The selective serotonin  reuptake
inhibitors (SSRIs) have not been studied in well-controlled
studies in GAD. though anccdotal and preliminary reports
suggest that they might have benelicial effects.

8. f-adrenergic antagonists are cffective in reducing nonspe-
cilic anxiety that is predominantly manifested by cardiovascu-
lar complaints: palpitations. tachycardia. tremor and other
peripheral manifestations of anxiety. They also possibly have a
beneficial effect in reducing performance anxiety. The -adren-
ergic antagonists do not exert beneficial results in GAD
patients as a group,




M Anxiety disorders

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)

'

Switch to an alternative SSRI
or to an SRI (clomipramine) (6)
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Add ARDs: Augment with
either:
Switch to Risp. (8) Add Add buspirone,
MAOI (7) or buspirone lithium fenfluramine (2),
haloperidol, pimozide or .
pimozide (9) I L-tryptophan (10):

1 I I

| .

\i

[ If the patient is suicidal, or incapacitated, consider ECT (11) ]

Y
p
If the patient has failed 2 SRI treatments, 3 combination therapies, ECT,
behavior therapy and incapacitating symptoms, consider stereotactic cingulotomy (12)
-

Legend
If good response  ———p
It partial response -
If no response >

APDs Antipsychotic drugs
ECT Electroconvulsive therapy
MAQI Monoamine oxidase inhibitor
Risp. Risperidone
SRI Serotonin-reuplake inhibitor
S5RIs 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)
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Notes about the numbered items in the scheme

Anxiety disorders W

Clinical Aspects

1. Obsessive-compulsive disorder (OCD) is the 4th most
common psychiatric disorder. The mean age of onset is 20
years. About 70% have their onset before the age of 23 vears,
while only 13% have their onset after the age of 35.

The etiology of the disorder is not known. It is hypothesized
that dysregulation of the serotonergic system plays a major role
in the pathogenesis of the disorder. This theory is based on the
eflicacy of serotonin reuptake inhibitors, on 5-HIAA abnormal-
ities found in CSF analysis of some OCD patients, and the reduc-
tion in 3-HT transporter in platelets of OCD patients
(inconsistent).

About 35% of first-degree relatives of OCD patients are also
afllicted by the disorder.

Between 3% and 7% of OCD patients also meet the criteria
for Tourette’s disorder (TD). About 50-70% of TD patients meet
the criteria for OCD.

The most [requent personality disorders associated with OCD
are avoidant, dependent and histrionic (more than 40% of all
cases). Only 5% of OCD had an obsessive-compulsive personal-
ity disorder/traits prior to the onset of the disorder.

About 50-70% of OCD patients sulfer, sometime throughout
their disorder, from concomitant major depressive disorder.

Treatment
2. Meta-analysis of all the well controlled studies over the last
20 years suggested that only selective serotonin reuptake
inhibitors (SSRIs) such as fluoxetine, fluvoxamine, sertra-
line, or paroxetine and the tricyclic antidepressants with
marked serotonin reuptake inhibition (SRI) properties
(clomipramine) have shown any efficacy in eliminating OCD
symptoms. Direct comparison, in well controlled studies, did not
show any significant differences between clomipramine and
fluoxetine or fluvoxamine.

When a patient is given an anti-OCD regimen, one should
expect the following:
a. There is usually only a partial reduction in the quality and/or
quantity of the obsessions or compulsions (usually about
30-50% decrease in various paramelers).
b. The response to treatment is usually evident in 4-12
weeks. For that reason responsiveness should be properly
monitored and evaluated only lollowing at least 12 weeks of
treatment.
¢. The improvement in OCD parameters is independent of mood
changes.

3. Fluoxetine is considered equal in its efficacy for OCD to
clomipramine. and it is usually better tolerated due to its
much more favorable side-cflect profile.

4. Fluvoxamine was shown to have superior eflicacy over
placebo in OCD. Some reports have claimed superior eflicacy
over tricyclic antidepressants (TCAs) that have no significant
SRI properties.

5. Paroxetine and sertraline were shown to exhibit anti-OCD
properties in well-controlled studies, and their efficacy is
believed to be similar to that of the other SSRIs.

6. Clomipramine is the most-studied agent and it is probably
more efficient  than  imipramine, amitriptyline or
desipramine. Clomipramine is recommended at a maximal
dose of about 250-300 mg/day.  Nortriptyline and
buspirone might have some elficacy for the treatment of OCD.
7. Phenelzine and tranyleypromine (to a lesser extent) are
considered effective in OCD, and phenelzine might be as effica-
cious as clomipramine,

8. Risperidone was reported in a small open-label trial to be effec-
tive as an adjuvant to fluvoxamine in resistant OCD patients. The
role of other atypical antipsychotics is yet to be ascertained.

9. The addition of antipsychotics can help in some cases,
especially in patients with coexisting chronic tic disorders,
schizotvpal personality disorder or psychosis. The addition of
low-dose haloperidol or pimozide to an SSRI can be benefi-
cial in up to 65% of cases with comorbid tic disorder.

10. Some data suggest beneficial effects with the coadministra-
tion of luvoxamine and e¢ither buspirone or pimozide with
fenfluramine or haloperidol. The use of fenfluramine is
controversial. and is not usually recommended due to its poten-
tial serious cardiac adverse effects. There are some reports on
the beneficial effects of augmenting anti-OCD agents (especially
clomipramine) with L-tryptophan (a precursor of serotonin),
or fenfluramine (a serotonin releaser), or buspirone (a
serotonergic  transmission  modulator) or pimozide (a
adopaminergic antagonist),

11. Electroconvulsive therapy (ECT) is effective in only 20%
ol nonresponders to pharmacotherapy, and most of these
patients had concomitant depressive symptoms.

12. The long-term prognosis is relatively poor, with only 35%
of patients achieving lull or substantial remission. Current data
suggest that cingulotomy does not significantly alter cognitive
or motor functioning and may help 50% of drug resistant
patients. It is well accepted that some patients respond better to
pharmacotherapy following surgery.



M Anxiety disorders

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 its efficacy

l

Treat a predominant

comorbid condition (3)

I there are predominant

I there is predominant

intrusive ;
thoughts, anxiety without
hyperarousal marked depression,
hostility or ' rntrusi_vanass or
impulsivity: avoidance:
Y Y
Administer either
carbamazepine Administer either
or valproate (8), buspirone (11)
lithium (9), or
propranolol (10) alprazolam (12)
or clonidine (10)

If there are predominant
depressed symptoms

without marked
avoidance (4):

If there is predominant
psychotic or
severe
aggression
or agitation:

Administer
either

amitriptyline (5),

desipramine (6),
imipramine (6),
phenelzine (6)

oran
SSRI (7)
(fluoxetine,
fluvoxamine or
sertraline)

Administer an
antipsychotic
drug

\J

If there are concomitant sleep disturbances, add or use sedative medications:
trazodone, nefazodone or cyproheptadine (13)

Legend

If partial response E—

If no response —

SSRI Selective serotonin
reuptake inhibitor

First-line drug / therapy
(well established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)
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Notes about the numbered items in the scheme

Anxiety disorders M

Clinical Aspects

1. The diagnosis of the disorder is based on several main
findings:

a. Exposure to a significant stressor that is a threat to the physi-
cal integrity of sell or others.

b. The trauma is reexperienced by means of recurrent dreams,
perceptions, thoughts. illusions, hallucinations, dissociative
flashbacks, and an intense physiological response when
exposed to either internal or external stimuli.

c. Persistent avoidance of stimuli that remind the patient of the
trauma.

d. Persistent symptoms ol increased arousal: insomnia, irritabil-
ity. impaired concentration, aleriness, exaggerated startle
response.

The disorder may develop months or even years lollowing
the trauma. The prognosis is variable: 30% recover almost
completely, 40% continue to suffer from mild symptoms and
reduced daily functioning. About 20% exhibit moderate
symptoms and up to 10% suller from chronic, disabling condi-
tion. Lifetime prevalence is about 19% (1.3% for women and
0.5% for men). The prevalence increases in populations exposed

to long-term and severe trauma. More than 50% ol cases of

posttraumatic stress disorder (PTSD) due to combat trauma do
not remmit in 3 years, Most other cases of PTSD tend to remit
in 6—8 months.

Treatment

2,3. Psychotherapy is aimed at helping the patient to absorb
and understand the trauma, and it is the most effective modal-
ity for the treatment of PTSD symptoms (2). Psychotropic
agents are given only o help in the symptomatic relief of certain
comorbid conditions, especially when other major psychiatric
disorders (from axis I) exist (3). These drugs lack the capacity
to greatly reduce PTSD symptoms such as avoidance, isolation
and emotional numbness.

4. The avoidance is considered unresponsive to pharmacother-
apy and much more responsive to psychotherapy.

5. Amitriptyline, in doses of up to 300 mg/day, was found to
reduce PTSD symptoms in about 40% of patients. The drug
reduces mainly the depressive symptoms, but it also has a
significant effect on anxiety, intrusiveness and, to a much lesser
extent, avoidance.

6. Desipramine, imipramine and phenelzine are more effec-
tive than placebo in antidepressant activity (related to PTSD

symptoms), but have a lesser capacity to reduce intrusiveness,
arousal and avoidance than amitriptyline,

7. A few controlled studies are available concerning the efficacy
of selective serotonin reuptake inhibitors (SSRIs) in PTSD. It is
assumed that SSRIs have a beneficial potential via similar
mechanisms by which tricyclic antidepressants (TCAs) induce
their beneficial effect. Fluoxetine was shown to exert beneficial
effects on arousal and numbing, particularlyv in patients
without chronic treatment histories. Fluvoxamine was found
to be beneficial for intrusive thoughts. avoidance. and arousal
as part of combat-related PTSD. An open trial suggests the
eflicacy of sertraline in PTSD. Not enough data are currently
available concerning the eflicacy of clomipramine in PTSD.
8. Preliminary studies suggested the benelicial effect of carba-
mazepine in improving intrusion, hostility and impulsivity in
up to 70% of PTSD patients. and a few anecdotal reports found
alproate to be eflective in reducing impulsive and arousal
related to PTSD.

9. Lithium has some potential for improving intrusion and
arousal in PTSD patients,

10. Some data support an hyperadrenergic state as a major
associated factor with PTSD. Propranolol and clonidine
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. Buspirone may help in PTSD, mainly by reducing the
associated anxiety, Buspirone is known to be an elfective
augmentor in obsessive-compulsive disorder (OCD), and since
OCD and PTSD share some overlap features, it is possible that
buspirone exerts its effects in PTSD by similar mechanisms to
its activity in OCD,

12. Alprazolam is cffective in the treatment of non-specific
anxiely and is not specific 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 anxiolytic
features is mostly recommended for patients with predominant
sleep disturbances. Drugs such as trazodone and nefazodone
are anecdotally reported to be eflicient for such indications.
Cyproheptadine is a 5-HT, serotonergic and H, histaminer-
gic antagonist with prominent sedative effects, and its benefi-
cial effects in reducing sleep disturbances in PTSD has also
been reported.




M Selected personality disorders

17.1 Paranoid personality disorder (1)
Treatment strategies (based on published data)

Pharmacotherapy is not usually the first-line modality.
Firstly, consider individual psychotherapy (2)

note basic, widely agreeable common objects

Inform the patient and get approval
for pharmacotherapy (3)

If there is delusional
ideation and severe
agitation (need for
sedation):

If there is predominant
delusional ideation:

p

Consider treatment with

low-dose APD (4).

Y

If there is acute or severe
agitation/ anxiety (less
prominent delusional
ideations):

Al )

Best-studied: Consider treatment with
thioridazine; pimozide (5)
some efficacy for: Consider treatment
haloperidol witha
\ benzodiazepine (6)
If delusional ideation is
not improved following s
6-8 weeks, consider \ )
switching to a
benzodiazepine
Legend

If partial response

If no response

——

—

Second-line drug / therapy

APD Antipsychotic drug

First-line drug / therapy
(well-established elficacy)

Third-line drug / therapy
(efficacy not fully established)

{some efficacy)

oL
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Notes about the numbered items in the scheme

Selected personality disorders m

Clinical Aspects

la. Paranoid personality disorder (PPD) is diagnosed. mainly,
when there is a lifelong suspiciousness, hypersensitivity to criti-
cism and a tendency to ascribe malicious intents to the action
of others.

b. The patients tend to question without reasonable justifica-
tion, and to see hidden meanings in others intentions.

c¢. The prevalence of PPD is estimated to be between 1% and 3%
of the general population,

d. Several risk factors (men, elderly, impaired hearing, and
being a prisoner) are associated with developing the disorder,
although none of them have been found to date, to be statisti-
cally significant,

e, PPD tends to run in families. A family history of schizophre-
nia is not a characteristic feature in PPD patients.

. About 75% ol PPD patients meet the eriteria for another
psvchiatric disorder.

Treatment

2. Psychotherapy is the main effective modality for the treat-
ment of PPD. The therapy is quite difficult due to the patient’s
basic mistrust and frequent denial of having any mental disor-
der. The most basic approach to psychotherapy should include
the following:

» Trust should be experienced and learned.

» The therapist should introduce the patient to cognitive
and behavioral techniques that will encourage the patient
and make it casier for him or her to interact with the
surroundings.

Some of the paranoid ideations could be tested by the
patient with the proper supervision and assurance of the
therapist.

3. The patients, as a result of their basic mistrust and denial of
illness, are usually noncompliant, It is advisable to build up a
trusting relation and to try improve compliance. This might be
done il medications are offered as a way to cope with such

symptoms as anxicty and insomnia and as a ool that gives the
patient a better coping mechanism with the *hostile’ surround-
ings. The need to inform the patient and get approval for the
treatment is essential due to the possible side-effects related to
antipsychotic drug (APD) treatment: mainly parkinsonism.
anticholinergic effects and tardive dyskinesia.

4. Antipsychotic agents might have a beneficial effect in PPD.
but 1o date there are very few established data about their
actual efficacy. Some uncontrolled studies showed the efficacy
ol APDs such as haloperidol and thioridazine in improving
delusional ideation, especially in agitated patients suffering
from PPD. The doses used are usually low (less than 5 mg/day
of haloperidol or the equivalent). Even though there are no
conclusive data about other APDs, it is a reasonable assump-
tion that they would exhibit similar effects. No apparent clini-
cal guidelines are available concerning PPD treatment. Most
clinicians do not administer APDs at doses of more than 10
mg/day cquivalent of haloperidol. The APDs are usually
given for brief periods only. and they are aimed at relieving
some ol the acute symptoms and not the chronic personality
characteristics.

5. Pimozide was shown in several studies to have significant
beneficial effects in improving paranoid ideation in PPD
patients. More trials need to be done since these data are based
on a few cases and small uncontrolled studies.

6. Benzodiazepines could be benelicial in the treatment of
acute anxiety states related to PPD. PPD patients tend much
less than cluster B personality disorder patients (borderline.
narcissistic. histrionic and antisocial personality disorders) to
abuse benzodiazepines, and their prompt effects can aid in
building a trusting relation with the therapist. The use of
benzodiazepines is especially prompted in cases of an acute
stress-related anxiety, in which event the patient’s compliance
is usually improved. There is no evidence about the superior
elticacy ol a specilic benzodiazepine in such circumstances,



m Selected personality disorders

17.2 Schizoid personality disorder (1)
Treatment strategies (based on published data)

Supportive psychotherapy (2)
(may add cognitive and behavioral techniques)

If there is predominant hostility, anger, paranoid ideation,
suspiciousness, ideas of reference and overt psychotic symptoms:

v

If there are predominant
depressive or anxious symptoms:

Administer an
Administer a antidepressant agent
low-dose e
i i . :
antipsychotici(S) benzodiazepine (4)
Legend

I yes — First-line drug / therapy [:

(well-established efficacy)
It no ————

Second-line drug / therapy :
If partial response T (some efficacy)
It no response il Third-line drug / therapy

(eflicacy is not fully established) I:




Notes about the numbered items in the scheme

Selected personality disorders W

Clinical Aspects
1. Schizoid personality disorder (SPD) is characterized, mainly,
by indifference to social and familial relationships and a
restricted range of emotions. DSM-IV specifies 7 criteria. of
which at least 4 should be present in order to make the diagno-
sis of SPD. The criteria are as lollows:

a. The individual neither desires nor enjoys close relation-

ships. including being a part of a family.

b. SPD people almost always engage in solitary activities.

c. SPD people take pleasure in few, il any, activities.

d. There is diminished desire to have sexual experience with

a partner.

e. There is indifference to praise or criticism by others.

f. The person has no close riends.

g. Constricted aflect.
The prevalence of the disorder is not known, bul is estimated to
be between 1% and 16%. and males are probably more prone
to be affected. The ctiology of the disorder is unclear, and
current data suggest the influence of both genetic and psycho-
logical factors in the evolvement ol the disorder. Patients with
SPD are at no greater risk of developing schizophrenia, but if
they do get a diagnosis ol schizophrenia at a later stage, their
prognosis is poorer, This is consistent with some of the other
axis I disorders. which have worse prognosis if there is a
concomitant comorbidity with other personality disorders.

Treatment

2. There are very few controlled studies on the treatment of
SPD. Current data prompts the use of supportive psycho-
therapy as the main treatment modality in SPD. The aim of the
psvchotherapy is to enable the patient to tolerate shifts in life
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.

The use of classical psychoanalysis is virtually contraindicated.
since the patient with SPD cannot. usually tolerate the inten-
sity of such a treatment. The prognosis of SPD is relatively poor.
and the observed symptoms are not usually responsive to
therapy. However, when the patient, through psychotherapy.
becomes involved in more social activities, the surrounding
people respond better to the patient. and the overall effect could
be beneficial both for the patient and society.

3. The use of pharmacotherapy in SPD is limited to the relief of
acute symptoms. These are usually the symptoms that prompt
the patient to receive medical assistance, and often include
depressive or anxious states. In such a case the patient often
agrees to become involved in psychotherapy. Symptoms such as
agitation, hostility, anger, assaultiveness, suspiciousness or
overt psychotic symptoms do not usually 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 lavorably to
psychotherapy. Some data suggest the efficacy ol low-dose
antipsychotics in relicving symptoms such as hostility, suspi-
ciousness, anger and psychotic-like features associated with
SPD. In some of these cases. the use of antipsychotics leads to
an improvement in social functioning and willingness to toler-
ate psychotherapy. There are no specilic agents that proved to
be more efficacious in this disorder, and at this stage, it is up to
the clinician’s personal judgment and experience to choose an
antipsychotic agent.

4. There are no large and well-controlled studies ol antide-
pressants or anxiolytic pharmacotherapy in SPD. A trial of
antidepressants or benzodiazepines might be warranted for
SPD  patients  with concomitant  depressive or anxious
symptoms. Current data suggest the use ol these agents for
symptom reliel and for a relatively short duration. and the use
of psychotherapy as the main modality for improving overall
social and personal functioning.
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17.3 Schizotypal personality disorder (1)

Treatment strategies (based on published data)

Pharmacotherapy is usually not the first-line modality to use. Firstly, consider
individual and social-skill-oriented psychotherapy (2)

Inform the patient and
get approval for pharmacotherapy (3)

If there are predominant ideas of reference, odd communications and
social isolation and the patient can tolerate APDs:

Consider
low-dose APDs (4).

Best studied:
haloperidol, thiothixene

If the patient is anxious,
consider adding buspirone

e i e o e

If the patient cannot tolerate APDs
or if there is marked anxiety:

\

If the patient cannol tolerate
APDs or has predominant
anxious or depressive fealures;

Consider buspirone (5)

i

Consider either a:
SSRIS (fluoxetine) or
MAOIs (6)

Legend ltyes ~ ——»
Ifno  -===- |
If partial response e

APDs Antipsychotic drugs
MAOIs Monoamine oxidase
inhibitors
SSRIs 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)

JoL
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Selected personality disorders m

Clinical Aspects
la. The diagnosis of schizotypal personality disorder (PD) is
based mainly on pervasive deficits in interpersonal relatedness
and peculiarities of ideas, appearance and behaviors,
b. There is an increased prevalence of schizotypal PD in
relatives of schizophrenic patients. The prevalence of the disor-
der in the general population in not known.
c. Up to 25% of the people diagnosed as having schizotypal PD
eventually (following a couple of years) get the diagnosis of
schizophrenia.
d. There are some similarities between the abnormal physio-
logical parameters that are found in schizotvpal PD and those
found in schizophrenia. The main ones are cye movement
dysfunctions and a decreased serum amine oxidase levels.
e. The main characteristics of schizotypal PD are represented by
the following diagnostic criteria, at least 5 of which must be
present in order to make the diagnosis (by DSM-IV):
« Ideas of reference (delusions ol reference are not included).
* Odd beliefs or magical thinking that are not consistent
with cultural norms.
» Unusual perceptual experiences (bodily illusions are
included).
= 0dd thinking or speech (vague. metaphoric, stereotyped,
circumstantial).
« Paranoid ideation or suspiciousness.
« Inappropriate or constricted affect.
* Odd. eccentric or peculiar behaviors or appearance.
* Lack ol close interpersonal relations except with first-
degree relatives.
» Excessive social anxiety. related mostly to paranoid
themes.

Treatment

2. Schizotypal PD patients do not usually seek psychiatric help.
When they finally do so. this is mostly when suffering [rom an
acute crisis, so their main target is to get some symptom reliel
and not to engage in therapy aimed at changing their chronic
psychopathology. Therefore the most relevant and beneficial

measure is 1o provide the patient an individual and skill
oriented psychotherapy. Supportive measures with an
emphasis on the reduction ol social isolation and concomitant
behavioral techniques aimed at acquiring better adaptive
behaviors might be added.
3. The patients, as a result of their basic mistrust and denial of
illness, are usually noncompliant. It is advisable to build up a
trusting relation and to try to improve compliance. This might
be done i medications are offered as a way of coping with such
symptoms as anxicty and insomnia, and as a tool that gives the
patient a better coping mechanism with the *hostile’ surround-
ings. The need to inform the patient and get approval for the
treatment is essential due to the possible side-effects related to
antipsyvchotic drug (APD) treatment: mainly parkinsonism.
anticholinergic effects and tardive dyskinesia.
+. Many studies have shown the efficacy of APDs in reducing
some of the basic features of schizotypal PD. APDs were given
in relatively low doses (best studied with haloperidol at doses
of between 2 and 12 mg/day). and the symptoms that had some
response to therapy were the following:

* ideas of reference:

+ odd communication patterns:

« social isolation.
It should be noted that the total gain of schizotypal PD patients
from pharmacotherapy is modest, and inconsistant at best.
5. Anecdotal data suggest the efficacy of buspirone in reduc-
ing both anxiety and “solt” psychotic symptoms associated with
schizotypal PD. The clinical significance of these eflects in the
treatment of schizotypal PD is unclear, and well-controlled
studies should be made in order to further establish the efficacy
of buspirone.
6. There are a few open-label studies and anccdotal reports that
demonstrated the beneficial effects of high-dose fluoxetine or
monoamine oxidase inhibitors  (mostly reported with
phenelzine) in reducing anxiety or depressive features associ-
ated with schizotypal PD, along with some of the core features
ol the disorder itself.
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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

I there is atypical depression (4),
a depressed or labile mood, or
an impaired self-image:

If there is predominant
behavioral dyscontrol:

If there is a predominant
combination of impulsivity,

assaultiveness and mild psychotic

symptoms:
i , l
Consider
low-dose APDs (9).
o . : Consider either Best-studied are
onsider either : -
carbamazepine (7) flupenthixol,
MAOIs, RIMASs (5) i haloperidol,
or
SSRIs thiothixene,
(ﬂUOXEﬁHE) (6) lithium or consider either
or

valproate (8)

clozapine (10),
risperidone, olanzapine

Legend

If partial response

APDs Antipsychotic drugs
MAOIs Monoamine oxidase
inhibilors
RIMAs Reversibile inhibitors of
monoamine oxidase type A
SS5RIs Selective serolonin reuptake
inhibitors

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)

i




Notes about the numbered items in the scheme

Selected personality disorders W

Clinical Aspects
1a. Borderline personality disorder (BPD) belongs to cluster B -
the “dramatic cluster’ — which consists of narcissistic, border-
line, histrionic and antisocial personality disorders. There is no
pharmacotherapy of choice for any of the personality disorders
associated with this cluster. Most of the treatments to be
discussed were found effective in the short-term 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 preva-
lence of BPD is about 2% of the general population and up to
20% of psychiatric inpatients.
¢. Comorbidity with other axis I or Il disorders is frequent:
* 25-73% suffer, sometimes during the disorder. from
major depressive disorders.
= 5-20% sufler from coexisting bipolar mood disorder.
* There are many overlaps with other cluster B personality
disorders.
« About 50-70% meet the criteria for one or more of the
substance abuse disorders.
d. The prognosis is mostly invariable: many of the patients
exhibit persistent morbidity. impaired occupational achieve-
ments, unstable interpersonal life and multiple hospitalizations.
About 63% of BPD patients tend to improve somewhat with age
in parameters such as working performance and interpersonal
relations.
e. Some biological abnormalities are assumed to be related 1o
BPD characteristic symptoms:
« Serotonergic dysregulation is often correlated with impul-
sivity. suicidality and aggression.
* An abnormal dexamethasone suppression test (DST) is
seen in up to 60% ol BPDs.
* An increased frequency. compared with controls, of non
specific EEG abnormalities (especially slow-wave activities
and spike phenomena).

Treatment

2. Some basic sommon objects are 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 to

minimize transference distortions.

The therapist must tolerate negative transference without

retaliation/withdrawing.

« Make the patient aware that he/she communicates alfect
via behaviors.

« Set limits to behaviors that endanger the therapeutic
process.

« Focus on clarifications and interpretations of transference
in the here and now basis. Developmental reconstruc-
tions. especially early in the therapy are not likely to yield
beneficial results.

3. Benzodiazepines are benelicial in reducing anxiety in
many psychiatric disorders. The use of benzodiazepines.
especially alprazolam, should be avoided as much as possible
in BPD patients due to their abuse potential. A couple of major
studies even found alprazolam to worsen the clinical status of
BPPD patients by aggravating suicidality, behavioral dvscontrol
and assaultiveness.

4. Atypical depression is characterizaed mainly by hypersom-
nia, hyperphagia, anxiety and absence of autonomic symptoms.
This form of depressive state is often less severe than major
depressive disorder and, in few cases at least, resembles the
depressive states experienced by BPD patients.

5. A few, uncontrolled studies and case reports demonstrated
the efficacy of monoamine oxidase inhibitors (MAOIs) in reduc-
ing the impulsivity, chronic emptiness. loneliness and mood
lability of BPD patients, Phenelzine was found to be better. in
these aspects, compared with tricyclic antidepressants such
as amitriptyline. Tranyleypromine was also reported to be
benelicial in improving depression. anxiety, rage. impulsivity,
rejection  sensitivity  and  suicidality in BPD  patients. The
reversible inhibitors of monoamine oxidase type A (RIMAs)
(e.g. moclobemide) might also be efficacious, although well
controlled studies have not. as yet, been published.

6. Some BPD patients have responded well to the selective
serotonin reuptake inhibitors (SSRIs: mostly studied with
fMuoxetine) in parameters such as depressed mood, aggressive-
ness and impulsivity. The role of SSRIs is promising due to their
enhanced stimulation of the serotonergic system (serotonergic
dysregulation is often correlated with impulsivity, suicidality
and aggression). There are practically no significant studies
concerning the elficacy of other SSRIs in BPD.

7. Small uncontrolled studies. some anecdotal reports and small
double-blind placebo-controlled studies found carbamazepine
to be effective in improving dyscontrolled behaviors of nonpsy-
chotic BPD patients. In these studies, at least some beneficial
results were reported in up to 90% of patients. The main behav-
ioral dyscontrol symptoms that responded to carbamazepine
were impulsivity and aggressiveness.

8. There are no reports about the efficacy of other mood stabi-
lizers (lithium or valproate) for this entity.

9. Low-dose antipsychotic agents. especially flupenthixol,
haloperidol and thiothixene, were found to be effective in
improving specific symptom combination (minor psychotic
symptoms, somatic complaints, impulsivity and depressive
symptoms). The minor psychotic features that can respond
relatively well to these agents are impulsivity, ideas of reference,
odd thinking/communications, social withdrawal and suspi-
ciousness.

10. Clozapine has been shown to reduce total brief psychiatric
rating scale (BPRS) scores in BPD paients in a small open-label
trial. Its use in BPD should be carefully weighed due to its poten-
tial hazardous adverse effects and the lack of confirmed
substantial efficacy, The other atypical antpsychotic drugs have
not yet been studied in BPD.
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m Selected personality disorders

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.

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:

Consider adminstering a
monoamine oxidase inhibitor (3)

I
I
I
I
I
I
I
I
L

If there are acute depressive
or anxious symptoms:

v

Consider administering

antidepressants
ar

benzodiazepines (4)

Legend fyes
If no

If partial response

If no response

————

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy is not fully established)

JUL




Notes about the numbered items in the scheme

Selected personality disorders W

Clinical Aspects

1. Histrionic PD (personality disorder) is characterized mainly
by colorful and dramatic appearance. scll-centeredness,
seductiveness, and labile emotional expressions. DSM-IV
specifies 8 criteria, at least 5 of which should be present in
order to make the diagnosis ol histrionic PD., The criteria are
as follows:

a. The person [eels uncomfortable if not at the center of

attention.
b. The person is sexually seductive and/or provocative.

¢. The person displays labile and shallow expressions of

emotions.

d. The person uses physical appearance to draw attention to

sell.

e. There is an impressive and detail-lacking style ol speak-

ing.

f. There is self-dramatization. theatricality and exaggerated

expression of emotions,

g. The person is easily influenced by others.

h. The person conceives relationships to be more intimate

than they are.
The prevalence of the disorder is between 2% and 6%, and
women are more prone to be affected. The etiology of the disor-
der is unknown, and there are no data regarding the genetic or
neurobiological basis of the disorder. Many histrionic PD
patients also meet the criteria for other personality disorders.
especially from clusters B and C (antisocial. borderline, narcis-
sistic. avoidant and dependent).

Treatment

2. There are very few controlled studies on the treatment of
histrionic PD. The present data prompts the use of psycho-
analytically oriented psychotherapy as the main treatment
modality in histrionic PD. The aim of psychotherapy is to bring
the patient to consciously be aware of his/her needs for constant
gratification through interpretations ol transference.  Some
believe that the right approach should focus on a balanced fulfill-
ment and withholding of gratification as the correct route 1o
achieve the best results in this disorder (to diminish the risk of
severe acting-outs with a possible termination of the therapy).
3. Studies on the use of pharmacotherapy in histrionic PD are
limited, and currently the only relevant data are the benelicial
results achieved with monoamine oxidase inhibitors (MAOIs)
for the treatment of hysteroid dyvsphoria. Hysteroid dysphoria is
characterized by recurrent depressive episodes triggered by
interpersonal rejections, which are often romantic in nature.
The person is often seductive, sell-centered and very demand-
ing, and makes a great effort to draw attention to themselves.
The depressed episodes resemble DSM-IV's entity  of major
depressive disorder with atypical features, and is characterized
by hyperphagia. hypersomnia and mood reactivity. Alcohol
abuse is associated with these patients.

4. For depressive or anxious symptoms, a trial with (respectively)
antidepressants or benzodiazepines might be warranted.
although there are no large or well controlled studies about their
elficacy in histrionic PD. Current data suggest the use of these
agents for symptom relief and for a relatively short duration, and
to use psychotherapy as the main modality for improving the
overall social and personal [unctioning,



| 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 desensitization.

Cognitive techniques might be added if appropriate

|

If there is a partial or no response and the following are present (3):

If there is predominant
social phobia:

If there are predeminant autonomic symptoms
(blushing, palpitations):

If there are associated
panic attacks:

Consider
administering :

MAOI
(phenelzine) (4)

moclobemide
or an
SSRI
(fluoxetine,
paroxetine,
sertraline)
or
buspirone

Consider adminstering a
[-adrenergic antagonist

(atenolol) (5)

propranolol (?)

Consider
adminstering a

benzodiazepine (6)

Legend

If partial response
If no response

If yes —_— First-line drug / therapy
— (well-established efficacy)
—

Second-line drug / therapy

MAQOI Monoamine oxidase (some efficacy)
inhibitor

S5RI| Selective serotonin Third-line drug / therapy

reuptake inhibitor (efficacy is not fully established)

gL
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Notes about the numbered items in the scheme

Selected personality disorders W

Clinical Aspects
1. The core features of avoidant personality disorder (avoidant
PD) are the avoidance of activities that require interpersonal
contacts, and an exaggerated hypersensitivity to rejections by
others. DSM-IV specifies 7 main criteria. at least 4 of which
should be present in order to make the diagnosis of avoidant PD.
The main aspects pointed oul by the DSM-IV criteria are as
follows:

a. There is avoidance of occupational activities that involve

significant contacts with other people. This is due to lear

from rejection. disapproval or criticism.

b. There is an unwillingness to get involved with other

people unless there is a certainty of being liked.

c. Intimate relationships are characterized by numerous

restraints due to the fear of being conceived of as ridicu-

lous.

d. There is a preoccupation with being rejected or criticized

in social situations.

e. The person is inhibited in new interpersonal situations

because of feeling inadequate.

f. The person views self as socially unfitted, unappealing,

and inferior to others,

g. The person is usually reluctant to engage in new activi-

ties due to the fear of being embarrassed in front of others.
The prevalence of avoidant PD is not known but is estimated to
be between 1% and 10%. Avoidant PD is often associated with
axis [ disorders such as social phobia, and, to a lesser extent,
obsessive—compulsive disorder (OCD). Patients with avoidant
PD often exhibit trait symptoms from other cluster C disorders,
namely dependent and obsessive-compulsive. The  genetic
component of avoidant PD is unclear. The environmental influ-
ence might be, in certain instances, a key etiological factor,
especially when carly childhood traumas such as incest,
parental cruelty or sexual abuse are evident. The prognosis is
variable, and many avoidant PD patients are able to function
properly, provided they are in an appropriate familial and
environmental setting.

Treatment

2. Behavioral therapy is the most commonly practiced
modality in avoidant PD. It is aimed at encouraging the patient
to get involved in tasks that are perceived. firstly. as potentially
humiliating or embarrassing. The therapy should be specifically
tailored for the patient. while focusing on social skill training,
desensitization and cognitive techniques.

3. Avoidant PD is frequently associated with social phobia,
autonomic symptoms such as palpitations, tachycardia, sweat-
ing and panic attacks. When these symptoms are incapacitat-
ing, and cause a significant or an acute distress. a trial of certain
pharmacological agents might be warranted.

4. Monoamine oxidase inhibitors (MAOQIs) have a proven
efficacy in ameliorating both the autonomic arousal related to
avoidant PD and also the cognitive dvsfunction associated with
the disorder. Phenelzine is the best-studied, but other MAOISs.
as well as the reversible inhibitors of monoamine oxidase type
A (RIMA) such as moclobemide, might prove to be benelicial.
Some data suggest the eflicacy of certain selective serotonin
reuptake inhibitors (SSRIs. especially fluoxetine, paroxetine
and  sertraline). in  ameliorating predominant phobic
symptoms associated with avoidant PD. One study even demon-
strated the efficacy of SSRIs in reducing the core cognitive
misinterpretation of reality.

5. Atenolol, a relative selective PBi-adrenergic antagonist has
an established efficacy in reducing the autonomic arousal
associated with avoidant PD that is manifested by symptoms
such as blushing, palpitations or increased heart rate. Other
B-antagonists, such as propranolol might also prove to be
beneficial, although systematic studies of these agents in
avoidant PD are lacking.

6. Brief episodes of panic attacks are relatively common in
avoidant PD, and benzodiazepines often exert beneficial
results in reducing the frequency and intensity of these attacks,
The role of tricyclic antidepressants (TCAs) in avoidant PD has
not been studied systematically, and currently there are no
reports of TCAs efficacy in ameliorating panic or anxious states
related to avoidant PD.
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17.7 Obsessive-compulsive personality disorder (1)
Treatment strategies (based on published data)

consider also

Start, if proper indications exist, with

Psychoanalytically oriented psychotherapy, psychoanalysis
aimed at identifying, clarifying and countering the characteristic defences of undoing, isolation,
and reaction formation, while encouraging behaviors associated with some uncertainty

cognitive-behavioral therapy (2):

If the patient can tolerate tricyclic antidepressants or SSRIs:

If there is

Note that these regimens have

in improving obsessive or compulsive
symploms as part of OCPD has only
been reported anecdotally

proven efficacy in OCD, but their efficacy

I acute anxiety:

.‘._—_—_—_

S

y A

/4

Consider administering a
serotonin reuptake
inhibitor (3)
(clomipramine, SSRIs)

Consider administering a
benzodiazepine (4)
(clonazepam)

Legend

Ityes —»

o ===

It partial response ——#
If no response @ ——®

OCD Obsessive-compulsive disorder
OCPD Obsessive-compulsive
personalily disorder
SSRIs Selective serotonin reuptake
inhibitors

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some eflicacy)

Third-line drug / therapy
(efficacy is not fully established)

JOL




Notes about the numbered items in the scheme:

Selected personality disorders m

Clinical Aspects
1. Obsessive—compulsive personality disorder (OCPD) is charac-
terized by multiple impairments in main aspects of psychiatric
functioning: behavior, thought and mood. The behavioral
component includes compulsive preoccupation with details,
rules, orderliness, indecisiveness and overemphasis on work.
The cognitive component is usually associated with moral rigid-
ity, intrusive worries and overconsciousness. The abnormal
mood related to OCPD is the inability of the patient to
adequately express emotions. DSM-IV specifies 8 criteria, at
least 4 of which should be present in order to make the diagno-
sis of OCPD:

a. The person is preoccupied with 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 efficiency.

c. There is overworking accompanied by withdrawing from

leisure activities and [riendships.

d. There is moral rigidity.

e. The person retains worn-out objects (even if they do not

have sentimental value), and is unable to get rid of them.

f. The person is unwilling to work with others unless they

comply exactly to his/her way of doing things.

g. The person adopts a close-fisted spending stvle with

money.

h. There is obstinacy.
The prevalence of OCPD is estimated to be between 1% and 2%,
and males are affected 1.5-2 times more than females. There is
a possible genetic component to the disorder, as rellected by the
increased occurrence of OCPD in first-degree relatives of people
with the disorder and the higher concordance rate for OCPD
found in monozygotic twins compared with dizygotic twins,
Some of the psychoanalytic schools refer to OCPD and 0CD
(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 underlying personality disorders. including OCPD,
but the latter is not considered as a risk factor for developing

OCD. Only 4-6% of OCD patients have the diagnosis of OCPD.
In fact, avoidant, dependent and histrionic personality disorders
are the most frequently associated with OCD. The prognosis of
OCPD is variable and unpredictable (significant statistical data
are lacking).

Treatment

2. People with OCPD often seek psychiatric treatment because
of their intact reality testing, the awareness of their pleasureless
behaviors and interactions, and the emergence ol social or
occupational problems that they conceive as necessitating
acule interventions, Such psychotherapies are indicated if the
patient exhibits intact reality testing, and relatively good and
mature ego functions. Cognitive psychotherapy has also
been used with favorable results. The therapist should establish
priorities as to which of the patient’s problems should be dealt
with first. focusing on the patient’s emotions and feelings,
encouraging behaviors associated with an uncertain outcome,
and advocating changes in daily life circumstances.

3. There are no well-controlled studies about the efficacy of
clomipramine (a non-selective serotonin reuptake inhibitor)
or selective serotonin reuptake inhibitors (SSRIs) in OCPD. The
eflicacy of these agents in obsessive—compulsive disorder (OCD)
is well established, and they have also been shown to exert
beneficial results by ameliorating obsessive or compulsive
behaviors associated with schizophrenia. These agents were
also reported, anecdotally, to reduce obsessional thinking or
compulsive behavior in various other psychiatric disorders (e.g.
in impulse-control disorders such as kleptomania and
trichotillomania ) although rarely in OCPD. Therefore a trial
with SSRIs (e.g. fluoxetine, fluvoxamine) or clomipramine
is warranted, especially if the patient's symptoms become
acutely worse and incapacitating.

4. Anccdotal data suggest the efficacy of benzodiazepines in
reducing obsessive and compulsive symptoms besides their
anxiolytic eflects. The use of such benzodiazepines (reported
with clonazepam) is especially recommended if the patient suffers
{from overwhelming anxiety related to a specific stressogenic event.



W Eating disorders

18.1 Anorexia nervosa (1)

Treatment strategies (based on published data)

A

Cognitive-behavioral ang family therapies (2)

Hospitalize if weight < 70%
of expected value for
age and height, and slart a
comprehensive inpatient

program

|

If there is comorbid
major depressive disorder

]

Especially in cases of

binge/purging type

AN

Consider administering

one of the following (as adjuvant to psychotherapy):

chlorpromazine, cisapride,
cyproheptadine, domperidone,
lithium, pimozide, SSRI, TCA (3)

\

Consider administering an

SSRI ora TCA (4)

Consider switching (or adding) one of the
following (continue psychotherapy):

clonidine, naltrexone, zinc sulphate supplements (5)

Legend

If partial response —

It no response e

SSRI Selective serotonin
reuptake inhibitor
TCA Tricyclic antidepressant

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(scme efficacy)

Third-line drug / therapy
(efficacy is not fully established)
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Notes about the numbered items in the scheme

Eating disorders m

Clinical Aspects

1. Anorexia nervosa (AN) is characterized by a disturbance in
body image, accompanied by an intense fear of becoming fat,
allfecting, primarily, young females. The prevalence is 0.5-1%
ol girls aged 12-18 years. The prognosis is variable: some
exhibit spontancous recovery, some respond favorably to
psychotherapy and/or pharmacotherapy. but a relatively major
subgroup exhibits a chronic deteriorating course that often
leads to starvation and death. Mortality rates are estimated to
be about 5-20%. Anorectic patients often take compensatory
measures 1o loose weight (self-induced vomiting, laxative or
diuretic abuse, engaging in excessive exercising). Many patients
often have symptoms ol bulimia nervosa (BN), especially binge
eating. DSM-IV points out two types ol AN: restricting and
binge cating/purging type (see Table 18.1), and it specilies 4
main criteria needed for the diagnosis. The main aspects (DSM-
IV criteria) are as follows:

a. Significant weight loss (body weight <85% of that expected
for height and age).

b. Intense fear of gaining weight.

c. Distorted body image (impaired perception ol one's body
weight or shape) plus denial of the potential hazardous conse-
quences of AN,

d. Amenorrhea.

Treatment

2. Cognitive-behavioral psychotherapy is considered the most
effective treatment of AN, although large and well-controlled

Table 18.1 Parameters characteristic of the two types of AN

studies are lacking. Family therapy is often indicated to support,
to reduce anxiety, and to evaluate specific familial interactions
that might promote the disorder. If the patient’s weight is reduced
to under 70% of the expected weight. an inpatient program is
required. A target weight and the rate of weight gain are set. If
these are not met, nasogastric feeding can be used to save life.
Anorectic patients are denied the use of the bathroom for 1-2
hours following their meals to decrease self-induced vomiting,
Daily weighing, and recording of food intake and urine output,
while administering a preprogrammed diet (about 500 calories
over that required for age and height) is used.

3. Pharmacotherapy of AN has limited value. Some beneficial
effects — usually demonstrated via small open-labeled studies or
case reports — are seen  with chlorpromazine and pimozide
(antipsychotics that induce weight gain), lithium, cyprohep-
tadine (an antihistaminergic and antiserotonergic agent that
suppresses the inhibitory effects of the serotonergic transmis-
sion on appetite), cisapride or domperidone (gastric proki-
netic agents that reverse the delayed gastric emptying observed
in AN) and selective serotonin reuptake inhibitors (SSRIs) or
tricyclic antidepressants (especially the binge/purging type).
and where there is comorbid depression.

4. These agents have been proven to be effective in BN and thus
might be beneficial in the treatment of AN (especially the
binge/purging type).

5. Early reports of beneficial results with clonidine. naltrex-
one, or zinc sulphate supplements have not vet been
confirmed in well-controlled studies.

Binge/purging type

Restricting type

Obsessive-compulsive features

Comorbidity with other personality disorders
Decreased sexual interest

Depressive symptoms and fear of obesity
Patient or familial history

Impaired impulse control

Social isolation

Substance abuse

NERNRREN

Suicidality

—
=3
==
—=
=
—1
—
1
—1

. scen more often; | ] seen less often.
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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

N\

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

Some efficacy with

Discontinue former pharmacological agent and consider adding to
the psychotherapeutic process one of the

anticonvulsants (4).

carbamazepine, phenytoin
Less-established efficacy with

valproate

Discontinue former pharmacological agent and consider adding to the psychotherapeutic
process one of the following:

fenfluramine, fluvoxamine, lithium,
L-tryptophan (5), light therapy (6), naltrexone

Legend

I partial response N
If no response _—

MAQI Monoamine oxidase inhibitor
SSRIs Selective serotonin
reuptake inhibitors
TCAs Tricyclic antidepressants
TeCAs Telracyclic antidepressants

First-line drug / therapy
(well-established eflicacy)

Second-line drug / therapy
(some eflicacy)

Third-line drug / therapy
(efficacy is not fully established)

joL




Notes about the numbered items in the scheme

Eating disorders ®

Clinical Aspects
1. The core features of bulimia nervosa (BN) are recurrent
episodes of binge cating accompanied by the feeling of being out
ol control. Binge cating is overly excessive cating, usually
during short periods ol time, that is accompanied by an inabil-
ity to stop once started. Even so. and mainly due to compen-
satory measures 1o reduce weight, about 70% of allected
persons remain within the normal range of body weight. The
prevalence of BN is estimated to be between 1% and 2%, and it
almost exclusively affects females. There are few axis [ and 11
disorders associated with BN, The lifetime prevalence of a
concomitant major depressive disorder is about 60%., Cluster B
personality disorders (borderline and histrionic) are common
among BN patients, while some other personality disorders
from cluster C (obsessive-compulsive or avoidant) are also
associated with BN but to a much lesser extent. There is an
increased risk of alcohol abuse and some data suggest a famil-
il relationship between these two disorders.

The prognosis of BN is variable and it is usually regarded as
a chronic disorder with a waxing and waning course. About
3% of BN patients are functioning well after a 3-vear lollow-
up period, and 33% exhibit some improvement in symptoms,
while the remainders have a poor outcome. DSM-IV specifies
the following 6 main criteria for the diagnosis of BN:

i Eating large amounts of food in a discrete period of time

(usually within 2 hours). The amount of food is dispropor-

tionate compared with what other people consume in

similar time frames or circumstances.

b. Lack of control over the binge eating (cannot stop cating

or control the amount or kind of food caten).

c. Recurrent compensatory behaviors to prevent weight

gain (laxative or diuretic abuse, sell-induced vomiting,

excessive exercising, enemas or fasting).

d. The binge cating and the associated compensatory behav-

iors occur at least twice a week for 3 months.

e. Self-evaluation is strongly influenced by body shape and

weight.

I. The above-mentioned clinical characteristics do not oceur

exclusively during episodes of anorexia nervosa (AN),

Treatment

2. Many psychotherapeutic approaches have been successfully
employed in BN, Cognitive-behavioral techniques are most
frequently employed. They emphasize education. self=-monitor-
ing of eating behaviors and associated thoughts, relating
between specific triggering events and the induction of binge
cating (and learning to avoid these events), and addressing and
challenging the irrational beliefs, including the patient's
distorted body image.

3. Many well-controlled studies have shown eflicacy of antide-
pressants in BN, regardless of past depressive disorder. or major
depressive disorders in the family. The selective serotonin

Table 18.2 Parameters to help in differentiating between BN and AN:

Bulimia nervosa  Anorexia nervosa

Affective lability == 1
Alcohol abuse = |
Ego dvstonic = |
Hypothyroidism 1 =3
Impulsivity = =l
Menstrual abnormalities | 1 =
Normal body weight = | —
Seeks for help =a 1
Sexual desire == [ —|
Shoplifting [-——=] - |

N scen more often: 1 seen less often,

reuptake inhibitor fluoxetine and tricyclic agents such as
amitriptyline. imipramine and desipramine have been
efficacious in reducing the frequency of the bulimice episodes,
and the intensity of some of the associated symptoms, Other
agenlts, such as trazodone, phenelzine and isocarboxazide.
probably have similar eflicacy. The doses used are approxi-
mately the same as for treating depressive episodes. and some
response is usually observed within 2-4 weeks. As there is
evidence of reduced serotonergic transmission in BN (especially
of subsensitive postsynaptic 5-HT receptors in the hypothala-
mus). antidepressants exert their antibulimic effects presumably
via the enhancement of serotonergic transmission,

4. Anticonvulsants such as carbamazepine and phenytoin
have shown. in some case reports or small open-labeled studies.
slight eflicacy in reducing svmptoms of BN, The use of these
agents is theoretically warranted following anecdotal data that
suggest non-specifie electroencephalographic (EEG) abnormali-
ties in BN, To date, valproate has not been shown to have
significant efficacy in BN.

5. Fenfluramine, lithium, luvoxamine and i-tryptophan
have been ancedotally reported 1o exert some beneficial results
in BN. Naltrexone was studied because of its opiate-antago-
nism capacity. The opiate svstem is presumed to be involved in
stress-mediated feeding behaviors. However, naltrexone was
found to be efficient only il administered in very high doses.
which greatly increase the risk of developing hepatotoxicity.
6. An anecdotal report suggests the elficacy of light therapy
(10 000 lux in the early morning for 2 weeks). The BN was not
associated with any seasonal patterns but the subgroup of
patients who did suffer from such scasonal Muctuations
benelited more from this therapy.



I Attention deficit hyperactivity disorder (ADHD) — adult type

19.1

Treatment strategies (based on published data)

Attention-deficit hyperactivity disorder (ADHD) - adult type (1)

[ Is there a history of substance abuse / antisocial behavior (2)?

I
]
1

[ Start with stimulant therapy (3)

\j

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

l

Wait 2 weeks for effectiveness
(3 weeks with pemoline)

Switch to
or add (8)

Switch to another stimulant

or to

methylphenidate, pemoline

Switch to
or add (8)

dextroamphetamine (5)

[ Choose one of the following:

'

Consider administering
pemoline (6)
once daily ; 0.5-3 mg/kg,

the usual daily 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),

———p or

bupropion
or
propranolol

or

clonidine

(especially if there is
comorbid tic disorder)

Legend

It yes
It no
It partial response

If no response

e

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug
(efficacy not fully established)

UL
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Attention deficit hyperactivity disorder (ADHD) — adult type m

Notes about the numbered items in the scheme:

Clinical Aspects

1. Attention-delicit hyperactivity disorder (ADHD) was believed
until recently. to affect mainly children and  adolescents,
However, several prospective long-term follow-up studies have
shown that the disorder continues into adulthood in about
10-60% of previously ADHD-diagnosed children. Thus the
incidence of the disorder in adults is estimated to be between 17
and 3%. The core features of ADHD are the development of
inappropriate poor attention span or age-related inappropriate
hyperactivity or impulsivity, or both. It has to begin belore the
age of 7 years and last at least 6 months while causing a signif-
icant impairment in daily functioning,

Three subtypes are recognized by DSM-IV: inattentive,
impulsive-hyperactive and combined. The symptoms must be
evident in at least two dillerent situations thome, school/acade-
mic. occupational. sociall. The disorder affects about 3-5% of
prepubertal schoolage children. and males are allected 3-5
times more than females (mostly first-born bovs).

The etiology of ADHD is unknown. Some genetic factors are
associated with the disorder: there is a greater concordance rate
in monozygotic twins, and siblings have an increased risk of
developing ADHD. The genetic correlates between children and
adults with ADHD are quite similar. Some soft neurological
signs are observed more often in ADHD children: ambidexter-
ity. right-left discrimination and reflex asvmmetries. Sociocco-
nomic status was not found to be a factor associated with the
development of ADHD.

The most common clinical symptoms observed in adults with
ADHD are inattention, impulsivity, intrusiveness, distractibility,
low frustration tolerance, impatience, daydreaming, lorgetiul-
ness, and frequent shiflts in activities. High divoree rates and
poor academic or occupational functioning are commonly seen,
Adults with ADHD have, like children, o high incidence of
comorbid substance abuse, and depressive or anxiety disorders.
Adults with ADHD respond less to pharmacotherapy (e,
stimulants) than children do. The response rate for adults is
estimated to be about 50%. as compared with around 70-80%
in children and adolescents. The long-term adverse effects and
efficacy of stimulants in adults with ADHD has not been studied
in well controlled trials.

Treatment

2-6. Psychostimulants  (mainly methylphenidate.  dextro-
amphetamine and pemoline) that are used for treatment of
ADHD are “indirectly acting’ amines. They act by increasing the
release of biogenic amines (norepinephrine,  serotonin and
dopamine) from presynaptic nerve terminals into the synaptic
clelt. Some of them also exhibit a capacity to block the reuptake
of biogenic amines into presynaptic nerves. These stimulants,
especially methylphenidate and dextroamphetamine have
an abuse potential, so patients with a known history of substance
abuse should, if possible, not receive these agents (2). A few open-
label and some controlled studies with methylphenidate have
shown beneficial results in about 25-75% of adult ADHD
patients. It should be noted that to date no cases of stimulant

abuse have been reported in well-controlled studies on adult
patients with ADHD. Methylphenidate presumably has a linear
dose-response curve, and incremental improvements have been
reported using doses of 0.5, 0.73 and 1 meg/ke/day. Currently.
there are no data about dextroamphetamine in adults with
ADHD. Thus. in cases where there are no signilicant abuse poten-
tial  (3), and no comorbid tic disorder is apparent.
methylphenidate (4) should be considered firstly due to its
relatively well-established eftficacy in adults with ADHD. The use
ol dextroamphetamine in adults might be warranted based on
its well-established efficacy in children (5). Dextroampheta-
mine has a significantly higher incidence of cardiac adverse
clfects tmostly tachycardia and hypertension) compared with the
other stimulants. A few controlled studies have found pemoline
(6) 10 be as ellicacious as methylphenidate in adulis with
ADHD. The reported response rate is about 30%. Pemoline has
i long half-life, thus enabling once-a-day dosing. and it has much
less abuse potential than the other stimulants. It takes at least 3
weeks to reach full therapeutic elfect. compared with about 2
weeks with the other stimulants, However. pemoline can cause
fatal hepatie necrosis and so should be reserved for patients who
have failed other treammenis,

Psychostimulants have been found (in both children and
adults) 1o improve attention and decrease hyperactivity and
impulsiveness, They have not been shown to have beneficial
clfects in improving the specilic learning  disabilities (e.g.
dyslexia) that are often associated with ADHD.

7. A number of non-stimulant agents have been reported to
have some beneficial effects in adults with ADHD. The data
are based mainly on case reports or small open-label studies.
Some  antidepressant  agents  (desipramine, fluoxetine,
imipramine, nortriptyvline, venlalaxine) were reported to
exert benelicial effects in adults, but exact data on dosing
strategies or efficacy rates are currently not established. The
ritionale for using these agents is based on their ability o
increase the availability of biogenic amines to the synaptic
cleft = a similar capacity to that of stimulants. Bupropion, a
norepinephrine-  and  dopamine-reuptake inhibitor, was
reported 1o be effective in about 75% of treated adults with
ADHD (in an open-label study ), but a high dropout rate (about
33%) limits the clinical significance of these lindings. Propra-
nolol has also been found to be beneficial in adults with
ADHD (in small open-label studies). Clonidine might have
some cfficacy in children with ADHD (especially if there is
concomitant tic disorder). but its efficacy in adults has not yet
been studied. When used at night it can reduce the insomnia
that stimulants sometimes produce.

8. The eflicacy and salety of polypharmacotherapy in ADHD
has not been studied systematically in adults. Combination
treatment should be considered i there is an inadequate
response Lo a single agent, or when there is a comorbid psychi-
atric disorder (e.g. depressive states. tics). Data in adults are
licking, but several successful combination therapies have been
reported in children or adolescents (methylphenidate and
desipramine, methylphenidate and propranolol).



m 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,
viral encephalitis, heat stroke

a. Withdraw the offending agent (e.g. an antipsychotic) immediately

b. Institute supportive measures: cooling blankets, ice-water enema, oxygen

c. Monitor serum electrolyles, renal, hepatic and cardiac functions

d. Consider administering low-dose heparin (due to the patient's immobilization)
e. Continue the antiparkinsonlan agent (if the patient receives one)

|

[ Start with the following regimens; choose either one or a combination of these: ]

'

dantrolene (4) | andor | and/or I
Initiate with o, : ,
IV 0.8-2.5 mg/kg x 4/d. bromocriptine (5): amantadine (5)
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 two times per day
(lorazepam) (up to 5 mg) maximum of 60 mg/day

, A

consider electroconvulsive therapy (6) orada nifedipine (7)

l

When fully remitted (wait at least 2 weeks) consider the following:
a. If the diagnosis is bipolar disorder, use lithium, valproate or carbamazepine
If psychotic, add low-dose antipsychotics
b. If there is psychosis as part of schizophrenia (or other psycholic disorder),
use low-potency antipsychotics and a different class of agents;
if possible, use an atypical antipsychotic drug: clozapine, olanzapine, risperidone,
c. Consider prophylactic treatment with bromocriptine for several weeks

Legend

If good response  ———p= First-line drug / therapy

(well-established efficacy)
If partial response ——p=

Second-line drug / therapy
It no response ——p= (some efficacy)

Third-line drug / therapy
{efficacy not fully established)

UL




Notes about the numbered items in the scheme

Disorders associated with iatrogenic causes m

Clinical Aspects
1. The diagnosis of neuroleptic malignant syndrome (NMS) is
problematic as many diagnostic criteria have been proposed but
no single set of criteria has been adopted for general use. The
etiology of NMS is unknown although two main theories (not
necessarily  contradictory) are  proposed.  One assumes a
neuroleptic-induced alteration in dopamine-mediated hypothal-
amic thermoregulation, The antagonized dopamine receptors in
the hypothalamus lead, probably, to impaired heat dissipation,
while increased muscle rigidity accompanied by enhanced
generation ol heat is mediated by the blockage of dopamine
receptors in the striatum, The second theory assumes an abnor-
mal reaction of predisposed skeletal muscles and it suggests that
antipsychotic drugs (APDs) alter calcium mobilization in
muscle cells (for example, impaired calcium ion transport across
the sarcoplasmic reticulum) with a consequent impairment in
contractility. The characteristic features of neuroleptic malig-
nant syndrome (NMS) are as follows:

a. [t usually appears early in the course of neuroleptic treat-

ment (in 807 of cases NMS appears within the first 2 weeks

of treatment ). All classes of APDs can cause NAS (including

atypical drugs). Other drugs (tetrabenazine, tricyclic

antidepressants and selective serotonin  reuptake

inhibitors) have also been shown to cause NMS (although

very rarely). The incidence is between 0.7-2.2%, and more

than 40% of NMS patients are diagnosed as a having mood

disorder. The male-to-female ratio is about 3:2.

b. The associated risk factors are organic brain disorder,

dehydration, high dose and route of administration (depot

more risky), use of concurrent lithium. high-potency

antipsychotics, young adult male, alcoholic patient during

delirium, malnutrition, exhaustion, concurrent medical

illness or a prior history of NMS.

¢. Death is usually associated with rhabdomyolysis and

acute renal failure. Mortality, without treatment is estimated

1o be around 20%,.

d. High fever, usually between 38.5—0°C

e. Severe muscle rigidity, usually lead pipe and not

cogwheel.

f. Altered consciousness.

g. Autonomic instability (diaphoresis, hypertension).

h. Laboratory abnormalities: elevated CK (creatine phospho-

kinase), usually between 2000 and 15 000: leukocytosis,

usually between 135 000 and 30 000: elevated liver enzymes

(AST, ALT, LDH).
2, Malignant hyperthermia is a disorder associated with
exposure 1o inhalation anesthetic agents and succinylcholine
only. The increase in temperature progresses very rapidly — up
to 1"C every 5 minultes. The disorder has a strong herediatery
component related 1o chromosome 19, About 80% of family
members are also susceptible to the disorder. The pathogenesis
is assumed 1o be related to a muscle membrane defect that leads
to increased intracellular calcium and a consequent severe
muscle contractions,

Treatment

3. Antiparkinsonian agents, anticholinergics and/or dopamin-
ergic drugs might have suppressing, beneficial effects on the
evolvement of NMS.

4. Dantrolene is @ muscle relaxant which inhibits calcium
release from the sarcoplasmic reticulum with a subsequent
decreased availability of calcium for muscle contracture. Do
not administer more than 10 mg/kg/day due to possible
hepatotoxicity. Follow the LV. treatment with PO doses of
S50-100 mg twice daily. It can be increased to a total of 700
mg/day.

5. Bromocriptine and amantadine are dopamine agonists
that oppose the action of neuroleptics at the dopaminergic
receptor site. They can be administered along with dantro-
lene. Their efficacy is not well established and only ancedotal
case reports have been published concerning their beneficial
ellects,

6. Electroconvulsive therapy (ECT) is elfective for treating
catatonic states — mainly those related to bipolar mood disorder
and schizophrenia. Its eflicacy in NMS is not proven, and it is
quite controversial. There are small studies that suggest its
overwhelming superior effects in NMS (compared with support-
ive measures alone) but other reports point out the increased
chance of developing fatal cardiac archythmias when ECT is
used in NMS.

7. Nifedipine's cflicacy was reported in a few cases.
Controlled trials with this agent have not been done to date.
The possible mode of action is based on its calcium-channel-
blocking activities, with a consequent reduction in intracellu-
lar calcium.

Table 20.1 Some of the features (nonspecific) that can aid in differentiating NMS from lethal catatonia

Possible differentiating feature NMS

Lethal catatonia

Appears while on antipsychotics

Hyperthermia *

Muscle rigidity Evident
Elevated white blood cell count Yes
Elevated serum CK (creatine phosphokinase) Yes

Differentiating symptoms

Practically always

Olten prior to the stuporus state

The catatonic symptoms (listed in the
right column) appear very rarely
(if at ally in NMS

Not necessarily

Often prior to or during the
excitement phase

Evidem
No
Yes

Often observed: echo phenomena:
bizarre postures: ambitendency

*“The timing might distingaish up to 73% of cases.



m Disorders associated with iatrogenic causes

20.2 Tardive dyskinesia (TD) (1)

Treatment strategies (based on published data)

Lower doses of antipsychotic drugs (2) and anticholinergic agents (2)
Achieve minimum effective dose to provide adequate control of psychosis and of adverse motor side-effects.

|

If the residual symploms are well lolerated,
and trial with the following agents is relalively
contraindicated, wait:

TD tends to improve in time:
30% of TD patients experience a spentaneous
remission each year. 50% of people suffering
Irom TD exhibit a meaninglul
impravement in a 5-year follow-up

.9

l

If the residual symptoms are severe,
incapacitating, or life-threatening,
temporarily
raise the dose of
antipsychotic drug

(for immediate reliel)

|

J

Administer, simultaneously, one
of the following. Gradually taper-off
the antipsycholic agemt

Y \j

Consider treatment Consider treatment Consider
with dopamine with either treatment

depletor agf:nls: benzodiazepine (5), with dopamine
tetrabenazine (3) vitamin E (6) agonists:

] . -
propranolol (7), bromocriptine,
reserpine (4) clonidine (7) L-dopa (8)

ECT (9) o

clozapine (10)

If the condition is severe, incapacitating and non-responsive to other regimens, consider treatment with

or atypical antipsychotics (11)

Legend

If no response

—

First-line drug / therapy
(well-established efficacy)

ECT Electroconvulsive
therapy

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)

0L




Notes about the numbered items in the scheme

Disorders associated with iatrogenic causes M

Clinical Aspects
la. Tardive dyskinesia (TD) is late onset of involuntary. repeti-
tive and purposeless movements that occur, presumably, in
predisposed people. The prevalence is about 5-20% of chronic
neuroleptics treated. The prevalence is about 70% in the high-
risk population:

e Llderly.

= Female (1.7 to 1 over male).

» Comorbidity ol mood disorder.

= Diabetes mellitus,

« Concurrent brain injury,

» Increased total duration and dosage of neuroleptic treat-

ment.
« Concomitant anticholinergic treatment,

TD can appear at any time following the administration of

neuroleptics — usually within weeks to a few years. The mean
time lor appearance is 7 vears.

b. To date. only clozapine (and perhaps other new atypical
antipsychotics or sulpiride) have minimal or diminished

capacity to cause TD.

¢. It is estimated that chronic antagonism ol the dopaminergic
receptors in the nigrastriatal pathway causes the receptors to
become hypersensitive. Therefore the main treatment rationale.
in many cases. is to downregulate the supposed upregulated
receptors (via administration of dopamine agonists) or to
suppress  dopaminergic transmission in presynaptic nerve
terminals by depleting the dopaminergic stores.

Treatment

2. Increased antipsychotic dose is beneficial in the short term
only, since later worse dyskinesias may appear. Therefore lower
the antipsychotic dose to the minimum effective dose that will, on
the one hand, control the psychosis, and, on the other hand, will
suppress or not aggravate the 'TD. Anticholinergic agents tend
to enhance the dyskinesia. and should be avoeided il possible.
3.4, Tetrabenazine is a biogenic-amine depletor agent
(including dopamine) (see Section 1.11). Both tetrabenazine
and reserpine antagonize the vesicular monoamine trans-
porter type 2 (VMAT2) and inhibit the uptake ol biogenic

amines into intracellular vesicles. A consequent reduction in
biogenic amine availability for exocytosis is evident, and the net
concentration ol biogenic amines in the synaptic clelt is
decreased. Tetrabenazine is probably the most efficient agent
for the treatment of TD (3). Beneficial effects are reported in up
1o 50U of patients, Its mechanism ol action is not totally clear,
but is probably due to its suppression ol dopaminergic trans-
mission in presynaptic nerve terminals in the nigrastriatal
pathway. Reserpine has a similar mode ol action, but its
ellicacy is not well established (4).

5. One of the theories regarding the pathogenesis ol TD is of
y-aminobutyric acid (GABA) hypolunction which leads 1o
enhanced  dopaminergic  transmission  in various regions.
Benzodiazepines, as GABA agonists, have been reported 1o
improve some ol the dyskinetic movements in TD,

6. Vitamin E was reported in several reports to have beneficial
eflects in TD, maybe due to its activity as an antioxidant. To
date. these lindings have not been replicated in large well-
controlled studies.

7. The use of adrenergic agents such as propranolol or cloni-
dine has been suggested, but only anccdotal reports have
shown their benelicial effects and there are no replications of
these lindings.

8. Upregulated and oversensitive dopaminergic receptors are
believed 1o be among the factors associated with the production of
TD. Dopamine agonists such as t-dopa and bromocriptine
downregulate the postsynaptic receptors. Their clinical eficacy is
not well established and sometimes contradictory. It seems that 1-
dopa is most ellicient il given early in the course of the disorder.
9. Electroconvulsive therapy (ECT) has been ancedotally
reported o improve dyskinetic movements,

10. Clozapine does not cause TD, and in a few cases changing
the antipsychotic drug to clozapine signilicantly reduced
dyskinetic movements. However. the use of clozapine in TD
should be reserved for severe and non-responsive cases due to
its possible serious adverse side-eflects.

11. The eflicacy of the other atypical antipsychotic drugs
(olanzapine, risperidone. sertindole) has not been studied
to date, in this disorder.



m Disorders associated with iatrogenic causes

203 Akathisia (1)

Treatment strategies (based on published data)

Lower dose of antipsychotic drug or change to a low-potency drug (2)

|

Does the patient suffer from premorbid hypotension
or unstable diabetes or drug-induced parkinsonism?

- - - ——

Administer an

anticholinergic drug (5)
(benztropine, benzhexol, biperidin,
orphenadrine, procyclidine, trihexyphenidyl)

A

Add or change to

(a combined regimen is
probably more efficient):

|

'

~ benzodiazepine (6)
(clonazepam, diazepam, lorazepam)

Administer propranolol (3)
Start with 30 mg/d.

Most therapeutic responses are evident
with the use of 30-120 mg/d.
Other §-antagonists are
probably less effective:

betaxolol, pindolol (3)

atenolol, metoprolol (4)

[ |

[ Change to:

o

If predominant anxiety/agitation and not hypotensive: consider clonidine (7)

Other possible effective drugs are

amantadine, buspirone, piracetam (8)

Legend

If yes
If no
If partial response

If no response

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug
(efficacy not fully established)

gol




Notes about the numbered items in the scheme

Disorders associated with iatrogenic causes W

Clinical Aspects

1. Akathisia is a side-elfect caused mostly by the use ol antipsy-
chotic drugs (APDs). While all APDs can cause akathisia. the
incidence is increased with the use of high-potency agents.,
The exact incidence of akathisia due to the use ol atypical
antipsychotics is not known (clozapine has been shown to
cause akathisia, but data about the other newly developed
atypical antipsychotics are lacking). There is no well-
accepted definition of akathisia, although most clinicians agree
on the fact that there two main components to the disorder:

a. A subjective feeling of inner restlesness that results in a

need (0 engage in a motor activity, usually ol the lower

extremities.

b. An objective component witnessed by the examiner that

consists of characteristic movements such as pacing

constantly or inability to stand still, sit or lic at the same
position for more that few minutes. The pathophysiology of
akathisia is not vet fully understood.

The dopaminergic and adrenergic systems are presumed to
have a key role in the evolvement of akathisia, particularly due
to two observations:

a. Most drugs capable of inducing akathisia have at least

some capacity to antagonize the central D, dopaminergic

receptors.

b. The best treatment results for akathisia are achieved with

the use of central B-adrenergic antagonists,

Noradrenergic projections from the locus ceruleus to limbic
structures and the diencephalo-spinal-cord  pathway  are
presumed to be the most important pathways associated with
the pathophysiology of akathisia. The suppressed dopaminergic
system along with an overactive noradrenergic system, is
believed. at least by some investigators. 10 be the consequence
of inhibited presyvnaptic D, dopaminergic receptors located on
noradrenergic nerve terminals (due to the use of antipsy-
chotics). These are heteroreceptors that suppress the release of
norpinephrine from presynaptic nerve terminals: hence their
blockage by antipsychotic drugs increase the amount ol norep-
inephrine released into the synaptic cleft. Other proposals have
been made to explain the cevolution of akathisia such as an

imbalanced dopaminergic—cholinergic transmission that causes
a compensatory increase in cither norepinephrine or serotonin
release (see Section 6.1 for further details).

The association between low serum iron and akathisia, low
serum ferritin concentrations and akathisia, and significant

inverse correlation between serum iron levels and akathisia
rating have all been implicated. Even so, other studies have not
been able to replicate these indings, and contradictory results
have olten been obtained.

Treatment

2. Since akathisia is associated with the use ol high-potency
antipsychotics, and higher doses might increase the risk of
developing the disorder, it is presumed that lowering the dose
ol the APDs or changing to a low-potency drug might suppress
the symptoms. However, the eflicacy of such practice has not
been studied enough.,

3.4, f-adrenergic antagonists are often helplul and usually
well tolerated for the treatment ol akathisia. Their eflicacy rate
is not known. but they are assumed to be the most benelicial
drugs for treating akathisia. Most data suggests that the more-
lipophilic drugs (propranolol. pindolol. betaxolol) (3) are
the most elfective, while the most-hydrophilic (metoprolol.
nadolol) are practically ineflicient (4). Since passage through
the blood-brain barrier is probably directly correlated with the
lipophilicity ol a drug. these observations imply that a central
mechanism is a predominant factor in inducing akathisia.
These drugs should be avoided. as much as possible, in patients
with diabetes mellitus or known hypotension (f-adrenergic
antagonists can impair serum glucose regulation and further
lower blood pressure).

5. All of the listed anticholinergic drugs have been reported
to exert beneficial effects in treating akathisia, and they are
most ellicient when there is concomitant APD-induced parkin-
sonism. The overall efficacy of these drugs is unsatisfactory.

6. Benzodiazepines (BDZs) have been only ancedotally
reported to improve akathisia, and in most of these cases they
were co-administered with an anticholinergic drug. For that
reason it seems that a combined BDZ-anticholinergic drug
is @ more eflicient regimen than BDZs alone. Even so. the
overall efficacy of this combination is unsatisfactory.

7. Clonidine has not been well investigated in this disorder.
but there are a few reports that suggest that it has a substan-
tial capacity to improve akathisia. Clonidine is a sedative drug
and it might also cause hypotension. it should only be used for
agitated or anxious patients without known hypotension.

8. Amantadine and piracetam were anccdotally reported 1o
be efficient for akathisia. Buspirone was shown to cither
improve or agerevate akathisia,



m Disorders associated with iatrogenic causes

20.4 Delirium (1)

Treatment strategies (based on published data)

Is there any apparent underlying cause ?

Acute intoxication or withdrawal from pharmacological agents / substances, systemic infections, cardiovascular diseases,
trauma, post-operative, central nervous system diseases, endocrine dysfunctions, electrolyle imbalance

<-----

If-and when

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 B;; and folic acid,
electrocardiogram
(EKG),
thyroid functions,
urine test for
substance abuse,
blood and urine cultures

It the cause is not found
and the patient is still delirious:

4

Further continue the
‘organic work-up'.
Use the following
tests/procedures on
the basis of their
clinical relevance:
brain/other CT,
chest radiogram,
EEG,
carotid doppler U/S,
VDRL,

Serum levels of:
ACTH,
paratyroid hormone,
ammonia,
antinuclear antibodies,
cortisol,
magnesium.

the causative -
etiology Treat, if possible, the underlying cause:
is found; discontinue the offending agent, administer a proper
withdrawal program, treat infection, rebalance
electrolyte abnormalities, compensate for deficient nutrition
—— or chemicals, administer antidotes when relevant
Provide the patient with proper supportive care (2)
[ Is the delirium due to substance abuse ? ]
i
! 2
| see Sections 9 and 10
i for detailed
i treatment options
]
|
Y
[ Is anticholinergic toxicity the apparent cause (3) ?
i
N |
1
1
1
1
1
1
1
\J
{ If the patient is psychotic or agitated: ]
:
1
1
1
1
1
1
1
1
1
\{
{ If there is insomnia ]
Y Y

Administer IV or IM
physiostigmine (3)
1-2 mg; can repeat
doses after
20 minutes

Administer IM or PO
high-potency
APD (4)
(haloperidol
2-10 mg/d)

Administer a

benzodiazepine (5)
(lorazepam,
midazolam, oxazepam)
or hydroxyzine
(IM if needed)




Legend

If yes _—
| fng  ===e= |

ACTH Adrenocorlicotropic hormone
APD Antipsychotic drug
CT Computed tomography
EEG Electroencephalographia
U/s Ultrasound
VDRL Venereal disease research
laboratory (syphilis)

Disorders associated with iatrogenic causes H

First-line drug / therapy
(well-established efficacy)

Second-line drug / therapy
(some efficacy)

Third-line drug / therapy
(efficacy not fully established)

UL

Notes about the numbered items in the scheme

Clinical Aspects

la. Delirium is a clinical syndrome. known by a varicty of

different names: ‘acute confusional state’, ‘toxic/metabolic
encephalopathy’ or "acute brain syndrome’. Its core features are
as follows:

 Impaired consciousness, with reduced ability to locus,
sustain or shift attention.

¢ Multiple cognitive impairments (memory, orientation,
language).

« Perceptual disturbance that cannot be accounted for by
another mental disorder, including dementia.

« Psychiatric symptoms. including mood disturbances.
anxiety and behavioral abnormalities.

» Neurologic symptoms (tremor, nystagmus, impaired
coordination, urinary incontinance).

* The above-mentioned symptoms tend 1o develop over a
short period of time.

« Symptoms tend to fluctuate during the course of the day
{worse at night).

* There is evidence that the delirium is caused by a direct
physiological consequence of a general medical condi-
tion.

b. Delirium can be caused by numerous etiologics. about 85%
ol which are extracranial. The mechanism is unclear, but the
final common pathway may be decreased cholinergic activity,
especially in the dorsal tegmental arca of the brainstem’s retic-
ular formation (belived to be one of the major brain sites in
charge of regulating attention and arousal). Even so. other
neurotransmitter abnormalities have been suggested to be
involved in delirium,.

c. About 1-20% of general hospital inpatients suller from delir-
ium during their hospitalization periods. The major risk factors
for developing the syndrome are

= advanced age (at ages over 63, the incidence in general

hospital inpatients rises to 40%):

prexisting brain disorder;

malnutrition;

previous history of delirium;

concomitant systemic disorders (mainly diabetes and
cancer).

d. The prognosis is usually poor, since the 3-month mortality
ate of these patients is estimated at about 25-35% while the
1-year mortality rates of patients who had a delirious episode
could rise up to 50%,

Treatment

2. The key aspect of treating delirium is the provision of
adequate supportive care while administering specific therapy
for the underlying cause. Take safety measures to ensure that
no accidental falls or damages to important medical procedures
are made by the patient. Restraints might be needed. The deliri-
ous patient should not be sensory-deprived or sensory-over-
stimulated. Provide the patient with familiar surroundings that
includes well-known people, familiar objects, meals and daily
activities.

3. The possiblity of an anticholinergic toxicity should be ruled
out, especially if the patient has been using pharmacological
agents  with  an  anticholinergic  capacity  (low-potency
antipsychotics, specilic anticholinergic agents, tricyclic
antidepressants, digoxin, theophylline, warfarin, nifedip-
ine, cimetidine). When an anticholinergic toxicity is evident,
the use of the acetylcholineesterase inhibitor physiostigmine
might be indicated. Physiostigmine raises the amount of
acetylcholine available for synaptic transmission and thus
reduces the anticholinergic symptoms — a core feature of delir-
ium. It can be given either 1V (2 mg; effects are evident in about
2 minutes, and can be repeated in 20 minutes) or IM with
repeated doses every 30-60 minutes.

4. For psychotic or very agitated patients, use high-potency
antipsychotics such as haloperidol due to their relative lack of
anticholinergic cllfects along with no prominent effects on the
cardiovascular system, and especially their minimal hypoten-
sive capacity. In the elderly, doses of 0.5 mg bid might be suffi-
cient, while younger people might require higher doses.

5. To treat insomnia the use ol benzodiazepines such as
lorazepam, oxazepam or midazolam is recommended. These
agents have short hall-lives and no active metabolites and are
metabolized by glucuronidation, a relatively well-preserved
mechanism in the elderly. Lorazepam also has the advantage
of being administered. il needed, 1M,
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