The Pharmacology of Weight Gain With Antipsychotics
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In general, antipsychotic agents have diverse actions on a wide range of neurotransmitter systems.
Data strongly suggest that a number of these systems may play a role in the regulation of body weight.
n addition to having very distinct pharmacologic profiles, individual agents possess discrete weight
in liabilities. This article briefly reviews the evidence for the involvement of specific neurotrans-
et systems in the control of body weight and describes the relevant pharmacologic characteristics
idual antipsychotic agents. By comparing the pharmacologic profiles of specific antipsychotic
ith their respective weight gain liabilities, this article attempts to gain an insight into the spe-
cific fkcé”ptg;s underlying a drug’s propensity to induce weight gain. However, there is still much to be
learned™ vommmg weight control mechanisms, and the role of many of the receptors at which anti-
psychotic ag&ﬁts s'are active remains unclear. In spite of this, an overview of current knowledge in the

field may facfh&tﬁ'ﬁredlctmn of a potential novel antipsychotic agent’s weight gain liability.

ecent data strongly suggest thd any‘ éinti;agychotic

well as have beneficial effects on mood, anxiety, and h
tility.? This article aims to explore the disparity among dif

ferent atypical antipsychotics to cause weight gain by

looking at their individual effects on neurotransmitter sys-
tems and their specific receptor profiles. The possible im-
pact of these receptor interactions on some of the factors
currently known to influence weight regulation will also
be explored. Other nonpharmacologic aspects of weight
gain are discussed elsewhere in this supplement.

PHYSIOLOGY OF WEIGHT REGULATION

The regulation of body weight is a complex interplay
between energy intake, energy expenditure, satiety
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factors, and other controls of appetite.** Other known or,
as yet, unknown factors may also be involved. Hence,
there are a number of axes along which it may be possible
to interfere with the usual balance of these systems.
Extensive biochemical, pharmacologic, and endocrine
research into the brain systems regulating food intake and
iergy homeostasis has identified a number of mono-
“ammegg neuropeptides, and hormones that may play a role
dgfemmnmg body welght (Flgune 1). Several factors

effects of pharmacotherapy.
is generally thought to be the struc-

modulate eating,Hypot] laImc amines, peptides, and cir-
culating hormones par e in a complex network of
systems that have distinct effects-on patterns of eating be-
havior and metabolism of specifi¢ nutrients. For some sys-
tems, stimulation results in a ne >ase in energy intake
and storage, while for others, stlmu‘latmn results in a net
decrease in energy intake and storage. it is likely that dis-
turbances in monoamines, peptides, and thé i
this region may underhe or modulate abnormﬁl; €ating pat-

NEUROTRANSMITTER SYSTEMS
AND SPECIFIC RECEPTOR ACTIVITY
IMPLICATED IN WEIGHT REGULATION

Serotonergic System

The serotonin (S-hydroxytryptamine, S-HT) receptors
now total at least 14 pharmacologically distinct subtypes
assigned to 7 different families, located both pre- and post-
synaptically throughout the mammalian central nervous
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Figure 1. Possible Endogenous Central Mediators of Body
Weight®
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*Abbreviations: CRH = corticotr: el sing hormone,
5-HT = serotonin, MCH = melanin- n¢enfrating hormone,
o-MSH = alpha—melanocyte-stxmulatmg ‘hormotie
NE = norepinephrine.

system (CNS) There are now many, knes ’f evidence to

ing behavior and body Welght regulatlon.
data suggest that 5-HT has a role in the regulatiom.of
(an adiposity signal) secretion.®

The antiobesity agent p-fenfluramine is believed o
elicit its effect through release of 5-HT from nerve termi
nals and uptake blockade (activating both pre- and post-
synaptic receptors). However, recent data suggest an asso-
ciation of chronic elevation of brain 5-HT turnover (as
measured by internal jugular 5-HT metabolite overflow)
with human obesity, implying tolerance to the usual re-
sponse to 5-HT, i.e., a reduction in food intake.’

Systemic administration and intraraphe injection of
agonists at the S5-HT,, receptor, such as 8-hydroxy-
dipropylaminotetralin (8-OH-DPAT), tend to increase
food intake in rats fed ad libitum, possibly due to de-
creased S5-HT release via presynaptic 5-HT,, autorecep-
tors.>® However, in food-deprived rats, 5-HT,, agonists
decrease feeding.'®!! Studies also suggest that presynaptic
mechanisms of 8-OH-DPAT-induced hyperphagia may
require specific circulating levels of insulin and glucose,
which are regulated via postsynaptic 5-HT,, receptors.'?
However, there is no clinical evidence to suggest that ago-
nists at 5-HT, , receptors are associated with effects on ap-
petite or body weight.'® It should be noted that the 5-HT,,
agonists used clinically (e.g., buspirone, gepirone) are full
agonists at presynaptic receptors (where their activation
decreases serotonin release), but during chronic adminis-
tration, these receptors desensitize. At postsynaptic recep-
tors, these agents are partial agonists, exhibiting antago-
nist properties when serotonin levels are high and agonist
properties when they are low.”
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Nonselective 5-HT,5,,, agonists tend to reduce feeding
in rats.”* Direct injection of 5-HT,,, agonists into the rat
paraventricular nucleus (PVN) has been shown to elicit
hypophagia.’* Some nonselective 5-HTp,, antagonists
have been shown to inhibit p-fenfluramine—induced hypo-
phagia,'® an effect not produced by selective 5-HT,,
antagonists. Other preliminary studies reveal no effect
with more selective 5-HT,, antagonists.”” However,
knockout of the 5-HT, receptor in mice is reported to in-
hibit p-fenfluramine—induced hypophagia.'®

The 5-HT, receptor in particular may play an impor-
tant role in regulating feeding and is a promising target for
antiobesity drug development.!” Nonselective 5-HT,. ago-
nists such as m-chlorophenylpiperazine (m-CPP) decrease
feeding in rats.!” These compounds tend to be partial ago-
nists that also block 5-HT,, receptors.'® However, their ef-
fect is potently inhibited by selective 5-HT, antagonists
such as SB242084.° Also, administration of some
5-HT,selective antagonists alone can increase food in-
take and body weight in rats.*! Knockout mice lacking the
5-HT,. receptor eat more, get heavier, have reduced re-
sponse to p-fenfluramine, and show late-onset diabetes
mellitus.”? In human subjects, m-CPP is associated with a
decrease in appetite and food intake, and preliminary stud-
ies suggest moderate weight loss in subjects with obesity.”

In addition to these 5-HT receptors, other subtypes may
Iso be involved in regulating food intake. 5-HT,; receptor
ctivation has been reported to increase food intake in
324 3-HT,, receptor activation has been reported to de-

hypothalaxmc histamine
turnover, % and activation of hlstam 3

in rats.?’

One possible mechanism of histamine H)-

induced suppression of feeding in rats is via inhibition of
norepinephrine (NE) release in the PVN.?! H, receptor an-
tagonism has also been implicated in weight gain in rats.
Although traditional nonselective H, receptor antagonists
such as cyproheptadine stimulate appetite and may be as-
sociated with body weight increase in humans,* this prop-
erty may be related to effects on other neurotransmitter
systems (e.g., cyproheptadine is also a nonselective 5-HT
receptor antagonist). Many psychotropic drugs with high
affinities for H, receptors (and other receptors), such as the
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33,34

antidepressants amitriptyline and mirtazapine,™"* are also

associated with weight gain.

Adrenergic System

Direct injections of selective o,-adrenoceptor agonists
into the PVN of rats result in reductions in food intake,
whereas intra-PVN injections of selective o,-adrenoceptor
agonists stimulate feeding.* In the same models, the effect
of «, agonists is reversed by pretreatment with selective
oy-antagonists such as prazosin, suggesting the presence
of a mutually’ antagonistic equilibrium between o,- and
a,-adrenoceptogs:™Prazosin also inhibits sibutramine—
induced (see below) decreases in food intake in rats.*
Clinically, there are’nio, data to suggest effects on weight
gain with any a-adret 0 *ptor antagonists. However, many
psychotropic drugs wi sh affinities for o- and/or
o,-adrenoceptors (e.g., mcycff ¢ antidepressants) are asso-
ciated with weight gain, wher ag those with low affinities
for these receptors (e.g., selective serbtonin reuptake in-
hibitors) are not® A genetic poly

esis of obesity in some populations.’”

Dopaminergic System

D, receptors. However, dopamine facilitates and
forces feeding in mesolimbic areas. D, agonists inhibi
feedlng in both food-deprived rats and those fed ad libi-
tum.*® Nonselective D, agonists are also associated with
reduced food intake and may act synergistically with D,
agonists. The mixed D,/D, antagonist sulpiride induces ro-
bust feeding and drinking when injected into the LH of
rats. However, it is worth noting that the extent that this
behavior is mediated via a specific interaction(s) with the
dopaminergic or some other neurotransmitter systems is as
yet unknown,

Monoamine Reuptake Sites

5-HT and NE reuptake sites are currently a prime target
in the development of weight-reducing drugs.®® Sibutra-
mine, a mixed 5-HT/NE reuptake inhibitor, was recently
approved as a treatment for obesity and purportedly exerts
its effect by increasing NE at peripheral §,-adrenoceptors
and NE and 5-HT at central receptors.*

However, not all drugs that increase levels of norepi-
nephrine and serotonin at the synapse induce weight loss.
The novel antidepressant mirtazapine enhances NE and
specifically 5-HT,,~mediated serotonergic transmission
via antagonism at o,-adrenoceptor and 5-HT, and 5-HT,
receptors.*® This drug possesses a propensity to induce
weight gain, It has little affinity for o,-adrenoceptors,
dopaminergic receptors, or muscarinic receptors, but is a
potent antagonist at H, receptors. A weight gain liability of
a drug with a broad pharmacologic profile is, therefore,

likely to be a complex derivative of multiple receptor in-
teractions.

EFFECTS OF ANTIPSYCHOTICS ON BODY WEIGHT

The low-potency phenothiazines have long been asso-
ciated with weight gain. For example, Amidsen (1964)"
observed that patients taking chlorpromazine gained 9 1b
(4.1 kg) on average over 12 weeks. Chlorpromazine was
associated with greater increases than perphenazine and
clopenthixol. The high-potency agents such as haloperidol
are associated with a comparatively lower weight gain
liability* versus lower potency agents and newer genera-
tion drugs. Many other conventional antipsychotics from a
range of drug classes are also associated with significant
weight gain.! Exceptions to this are molindone and loxa-
pine, which appear to be associated with weight loss."*

Treatment with clozapine, the first atypical antipsy-
chotic, is associated with clinically significant weight gain
in a large proportion of patients. The effect appears to be
more substantial than that observed with conventional
agents.** A 10-week study comparing the effects of clo-
zapine and haloperidol on weight gain in outpatients who
had been only partially responsive to treatment with tradi-
tional antipsychotics found that clozapine induced signifi-
cantly more weight gain than haloperido! (mean=11.7 Ib

.vs. 1.5 1b [5.3 kg vs. 0.7 kg]).*® Clozapine patients in this

1 continued to gain weight during a 1-year follow-up.
M0§t of the new atypical antipsychotics appear to be
ssogfai%d w1th welght gam hablhtles 14647 The meta-

tic gaé(molindone, ziprasidone, fluphenazine,
ridol, 1Sppgdone chlorpromazme sertmdole thl()—

gated, with th ceplaon of mohndone and ziprasidone,
were associated with t gain. Among the conven-
tional agents, weight charfge rgﬁged from a reduction of
0.39 kg with molindone to ah i‘m;rease of 3.19 kg with
thioridazine. Haloperidol was assgtiated with an increase
of 0.48 kg. With the atypical agents, the largest gain was
found with clozapine (4.45 kg), followed by olanzapine
(4.15 kg), sertindole (2.92 kg), and nspertﬁgme (2.10 kg).

Ziprasidone was associated with a mean mcreasc of only
0.04 kg. In the longer term, weight gain with either cloza-
pine or olanzapine may be substantially higher.**

Recent studies demonstrate that body weight increase
with clozapine and olanzapine is associated with increased
leptin levels, whereas with haloperidol it is not.” Whether
this is a cause or effect of increased food intake is unclear.

ANTIPSYCHOTIC RECEPTOR PROFILES

It is generally accepted that antagonism at central dopa-
minergic D, receptors is a key factor in the treatment of
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schizophrenia. Ir}deed, all antipsyclfo.tic Table 1. Comparative In Vitro Receptor Binding (human receptor affinity)®
agents possess this feature, and a positive Receptor

correlation between the dose adequate to D,

Ziprasidone Risperidone Olanzapine Quetiapine Clozapine Haloperidol

Nt PR P ++ + + o+
treat positive symptoms and the drug’s D, 5-HT,, e + 0 + + 0
. - S-HT ! -+ + + ] 0 0
receptor afﬁmt)f has bee?s :;:peatedly Tep 5-1-1’1‘21 i ey e e
hca'ted in ﬂ?e literature.*>° The atypical S-HT, oy . il 0 e 0
antipsychotic agents tend to be character- o + Fhey FE e R T
ized by having combined antagonist ac- ﬁl J’; *()“L haaa *“;* haans g
tivity at both D, and 5-HT,, receptors and s-HT uptake ~ ++ 0 0 0 0 0
generally have higher affinities for the NE uptake it 0 0 W * 0
5-HT,, rec%) 48.50 Thig property, in part, *Adapted from Schmidt et al.>* and A. W. Schmidt, M. A.; L. A. Lebel, B. S.;

may confer addijtional antipsychotic effi-
cacy and has been proposed to underlie

their lower extrapyramidal side effect li- "Bovine.

Affinity represemed as: +++++ (very high, K|
++ (moderate, K; = 11-100 nM); + (low, K| = 1011000 nM); 0 (negligible, K; > 1000 nM).

H. R. Howard, Jr, M.S.; et al., manuscript submitted.

. < 1 nM); ++++ (high, K, = 1-10 nM);

ability and negative sy iptom efficacy.”

-

Table 2. Clinical Implications of Various Receptor Activities of
Antipsychotic Drugs®

cologic profiles encompasémgﬁ ?arlety
of effects via mteracnons with a1

Receptor Activity

Possible Clinical Effects

propensities to induce weight gain. In pars*
ticular, many atypical agents are antago- -
nists at H,-histaminergic, o, -adrenergic,
and 5-HT,c-serotonergic receptors. A
summary of the relative receptor activ-
ities of various antipsychotic drugs is
presented in Table 1 and more detailed
nonhuman and human affinity constants
have been reported elsewhere (references
52-54 and A. W. Schmidt, M.A.; L. A,
Lebel, B.S.; H. R. Howard, Jr., M.S.;
et al.,, manuscript submitted). The pos-

antagonist

D, receptor antagonist

7 5-HT, , receptor agonist

5-B ! receptor antagonist
ceptor antagonist

M,—musca.nmc cep

High 5-HT,,/D, re
binding affinity ratio
Mixed serotonin and %
norepinephrine neuronal
reuptake inhibition

Antipsychotic activity vs positive symptoms,
EPS, endocrine effects

Antidepressant and anxiolytic activity,
improved cognition, reduced EPS, increased or
decreased body weight

Antidepressant activity

Antipsychotic activity vs negative symptoms,
reduced EPS

Improved antipsychotic efficacy vs positive
symptoms, body weight gain

Sedation and hypotension, effect on body weight gain

Sedation and body weight gain

Memory impairment, GI symptoms, dry mouth,
blurry vision, improved EPS
Improved antipsychotic activity and lower EPS
than that expected from D, receptor antagonism alone
’ _Xxmdepressant and anxiolytic activity, reduced body

sible relationships of the various neuro-

*Abbreviations: D = dopamine, EPS :
GI = gastrointestinal, H = histamine,’

transmitter receptor activities of antipsy-
chotic drugs to weight gain and to other
potential side effects are summarized in
Table 2. These effects will vary depending on a drug’s af-
finity for various neurotransmitter receptors and also by the
combination of receptor affinities it exhibits. For example,
a drug with high antagonist affinity at o-adrenergic recep-
tors (e.g., clozapine) would be predicted to more likely pro-
duce hypotension and sedation than a drug with more mod-
erate or lower affinity for this receptor (e.g., ziprasidone).

It is widely known that thioridazine stands among
the typical antipsychotics that possess the largest weight
gain liability. This compound has higher affinity for
a,-adrenoceptors and M,-muscarinic acetylcholine recep-
tors than it does for the D, receptor.® Its affinities for
H,-histaminergic receptors and 5-HT,, receptors are simi-
lar to its affinity for the D, receptor.

The traditional high-potency antipsychotic haloperidol
has a high affinity for D, receptors. It does not, however,
possess similar or higher affinities at any of the other

J Clin Psychiatry 2001;62 (suppl 7)

receptors previously mentiched:(see Table 1) At
5-HT,, receptors, a,-adrenocep d H, receptors, the
traditional antipsychotic molindone hasa low affinity rela-
tive to D, receptors.” This agent is untsual jn that its use
can be associated with modest weight loss:

Clozapine has the highest propensi
weight gain of all the antipsychotic drugs. In receptor
binding studies, clozapine demonstrates higher affinity for
5-HT,,, 5-HT,;, H;-histaminergic, «,-adrenergic, and
M,-muscarinic receptors than it does for dopaminergic D,
receptors (see Table 1).°%** Its affinity for 5-HT,, recep-
tors, where it appears to be a partial agonist, is similar to
that for the D, receptor (Figure 2).

Olanzapine is another atypical antipsychotic agent with
a high propensity to cause weight gain (second only to
clozapine). Like clozapine, it also has higher affinities
for 5-HT,,, 5-HT,, H,-histaminergic, and M,-muscarinic
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Figure 2. Relative Affinities of Atypical Antipsychotics for Different Receptor Subtypes®

Ziprasidone

Clozapine

Risperidone

5-HTy¢

Quetiapine

R Howard Jr., M.S,; et al., manuscript submitted. The subtypes

receptors compared with its affinity for the D, receptor
(see Table 1).5** However, unlike clozapine, it has lower
affinity for the o;-adrenoceptor than it does for the D,
receptor (see Figure 2).

Another new atypical agent, quetiapine, has higher af-
finity for H,-histaminergic receptors and o-adrenoceptors
and approximately similar activity at the M;-muscarinic,
5-HT,, (partial agonist), and 5-HT,, receptors compared
with its affinity for the D, site (see Table 1).5%

Risperidone, which has a slightly lower weight gain li-
ability than most atypical agents, displays higher affinity
for 5-HT,, receptors and a,;-adrenoceptors and lower af-
finity for 5-HT,. receptors compared with its affinity for
the D, receptor.

Ziprasidone, the newest atypical antipsychotic,™*® has
a neurotransmitter receptor-binding profile distinct from
that of the other atypical antipsychotics. Like risperidone,
it has a high affinity for D, receptors and an even higher
affinity for 5-HT,, receptors. However, unlike all the other
antipsychotic drugs, ziprasidone has a greater degree of
serotonergic and a lesser degree of adrenergic, histaminer-
gic, and muscarinic receptor properties (see Table 1) (ref-
erences 52 and 53 and A.W. Schmidt, M.A.; L.A. Lebel,
B.S.; HR. Howard, Jr., M.S.; et al.,, manuscript submit-
ted). Ziprasidone possesses high affinity for 5-HT) , recep-
tors, where it is a full agonist,”> and higher affinity for

DISCUSSION

Antipsychotic agents, particularly the ne'%f”ez atypical
agents, possess broad pharmacologic profiles with activity
at a number of receptor sites at therapeutic doses.”® Many
of these neurotransmitter systems and specific receptor
subtypes are implicated in the regulation of food intake
and energy homeostasis and are likely to play a role in
weight gain associated with antipsychotic use. Potential
targets for interfering with normal body weight regulation
may be either central or peripheral and may occur at any
number of stages in a complex cascade of mediators. This
plethora of neurotransmitter and neurchumoral systems
and receptors involved in body weight regulation make the

J Clin Psychiatry 2001;62 (suppl 7)
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weight gain liability of a potential novel agent difficult to
predict. However, insight may be gained by comparing
differences in the receptor-binding profiles of those anti-
psychotic drugs that cause the most weight gain with those
that produce the least, and it may be possible to relate a
drug’s propensity to induce weight gain to its activity at
particular receptors.

This analysis suggests that compounds that antagonize
several specific receptors, in affinity ranges equal to or
greater than.their affinities at the D, receptor, may be

‘true for drugs that possess relatlvely
ed with D,) for combinations of in-

H,-histaminergic receptof:
atypical agents, such as clozap :.@ A

pine, possess relative high”a‘fifmﬁﬁy (deﬁned relative to
their own affinities for D, recept ctivity at H,/o,/
5-HT,c, 5-HT,¢/H,, or H,/a, receptof gombinations, re-
spectively. Therefore, it is plausible ) ‘;‘ig}mmally sig-
nificant welght gain observed with ad rati

drugs may be explained by its relatively high a‘ff, ity
a,-adrenoceptors together with only modest ",
5-HT,. antagonist properties.

Unlike findings for these other drugs, the meta-analy. s
from Allison et al.! revealed that among the antipsychoti
drugs studied, ziprasidone is unusual in that it is consid-
ered “weight neutral,” producing little if any weight gain
after 10 weeks of administration clinically. Although it is
not yet clear how ziprasidone differs from antipsychotic
drugs that produce weight gain, several suggestions can be
derived from consideration of ziprasidone’s different phar-
macologic profile. One interesting note is that among the
compounds studied, ziprasidone possesses the highest af-
finity for 5-HT, receptors (as an antagonist) and is second
only to clozapine in terms of its higher affinity for this re-
ceptor relative to D, receptors. So, having a very high af-
finity for 5-HT, receptors does not necessarily confer on
a drug the propensity to induce weight gain. Thus, since
5-HT, antagonists are known to produce weight gain, one
possibility is that ziprasidone’s other pharmacologic prop-
erties could counteract the weight enhancing effect of its
being a potent 5-HT, antagonist. The 2 unique features of
ziprasidone that are candidates for this action are potent
agonism at 5-HT,, receptors (ziprasidone is a full agonist)
and general activation of 5-HT and adrenoceptors (like
that of sibutramine, an approved antiobesity drug) via
combined 5-HT and NE uptake inhibition. Ziprasidone’s
relatively lower affinity, compared with risperidone, at
both o, and H, receptors may also contribute to its lack of
weight regulation in patients. Other pharmacologic prop-

J Clin Psychiatry 2001;62 (suppl 7)
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erties may also contribute to ziprasidone’s weight-neutral
profile. For example, ziprasidone also differs from the
other atypical antipsychotic drugs by having a relatively
higher affinity for the 5-HT, versus the D, receptor. How-
ever, the role of the 5-HT;, receptor in weight regulation
is unknown at present.

There are a number of receptors at which antipsychotic
drugs have high affinity whose role in weight regulation is
still unclear. Similarly there are a number of neurotrans-
mitter, hormone, and peptide receptors implicated in the
control of food intake and weight regulation for which
there are as yet no pharmacologic data available for
antipsychotic drugs. Weight gain associated with anti-
psychotic treatment may have serious long-term conse-
quences for patient health and compliance. The pharmaco-
logic mechanisms underlying weight gain are presently
poorly understood, and there is a need for further under-
standing of these systems and how antipsychotic agents
interact with them, This may facilitate selection of appro-
priate antipsychotic treatment and improve the manage-
ment of cases in which avoiding significant weight gain is
of prime importance.

Drug names: amitriptyline (Elavil and others), buspirone (BuSpar),
chlorpromazine (Thorazine and others), clozapine (Clozaril and others),
cyproheptadine (Periactin), haloperidol (Haldol and others), loxapine

~ (Loxitane and others), mirtazapine (Remeron), molindone (Moban),

olanzapine (Zyprexa), perphenazine (Trilafon and others), prazosin
Minipress and others), quetiapine (Seroquel), risperidone (Risperdal),
utramine (Meridia).
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