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Abstract: Anorexia nervosa is a debilitating psychiatric disorder characterized by severe dietary restriction and life-

threatening weight loss. The onset of the disorder typically occurs during adolescence with 90-95% of all cases occurring 

in females. Often characterized by a chronic and relapsing course, anorexia nervosa has one of the highest mortality rates 

of any psychiatric disorder. Although the etiology is unknown, a complex interplay of genetic, neurobiological, and envi-

ronmental variables appear to factor into the development of the disorder. Accumulating evidence supports altered sero-

tonin 5-HT1A, 5-HT2A, and 5-HTT receptor binding in anorexia nervosa, with more recent studies examining dopamine 

D2/D3 receptor binding. Despite this increasing knowledge of neurotransmitter alterations, there are few effective treat-

ment strategies, with pharmacological treatments having minimal efficacy during the acute phase of illness. Thus, the goal 

of this paper is to provide an overview of neurochemical alterations during the ill state and following long-term recovery. 

This will be followed by a review of pharmacological treatment studies of anorexia nervosa that will focus on the limited 

efficacy of SSRIs and more promising findings from atypical antipsychotics. Given the combination of receptors targeted 

by newer generation atypical antipsychotics, these drugs may provide a more efficient means for modulating the neurobi-

ological disturbances seen in anorexia nervosa. 

INTRODUCTION 

 Anorexia nervosa is a debilitating psychiatric disorder 
characterized by severe dietary restriction and weight loss 
[1]. According to the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-IV-TR, [1]), the four diagnostic 
criteria include: a) a refusal to maintain body weight at or 
above a minimally normal weight for age and height, b) an 
intense fear of gaining weight or becoming fat, even though 
underweight, c) a disturbance in the way in which one’s 
body weight or shape is experienced, undue influence of 
body weight or shape on self-evaluation, or denial of the 
seriousness of the current low body weight, and d) amen-
norhea. The age of onset of anorexia nervosa is typically 
during adolescence, with 90-95% of all cases occurring in 
females [1].  

 There are two diagnostic subtypes of anorexia nervosa. 
Individuals with the restricting subtype accomplish weight 
loss through unremitting dietary restriction. Individuals with 
the binge-eating/purging subtype also exhibit periods of die-
tary restriction but alternate with periods of binge eating 
followed by compensatory behaviors, such as self-induced 
vomiting or misuse of laxatives, diuretics, or enemas. Exces-
sive exercise may be a prominent feature of both anorexia 
nervosa subtypes [2-5]. 

 While the etiology of anorexia nervosa is unknown, a 
complex interplay of genetic, neurobiological, and environ- 
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mental factors interact in the development of the disorder. 
Although a discussion of nature vs. nurture issues in ano-
rexia nervosa is beyond the scope of this paper, emerging 
genetic evidence from familial and twin studies suggests a 
strong heritability for the disorder (for review, see [6, 7]). 
This argument is further strengthened by the notion that al-
though dieting behavior is extremely prevalent in the general 
population, the prevalence of anorexia nervosa is only 0.5%-
1.0% of women [1, 8]. Thus, although environmental factors 
play a role, an underlying biological vulnerability may be 
necessary for an individual to develop anorexia nervosa. 

 Often characterized by a chronic and relapsing course [9, 
10], anorexia nervosa has one of the highest mortality rates 
of psychiatric disorders [11, 12]. In a review of over 100 
outcome studies, approximately 50% of individuals did well 
over time, 30% did reasonably well but continued to have 
symptoms, and 20% did poorly [13]. Substantial cross over 
exists between diagnostic subtypes, particularly in individu-
als with the restricting subtype who later develop binge eat-
ing and/or purging symptoms [14, 15]; however, there is a 
subgroup of patients that remain in the restricting subtype for 
the entire duration of illness.  

 From a temperament perspective, individuals with ano-
rexia nervosa are characterized by increased harm avoidance 
and persistence and decreased novelty seeking [16, 17]. In-
dividuals with anorexia nervosa are anxious, obsessional, 
and perfectionistic and display marked rigidity and overcon-
trol [18-22]. These traits appear to be present premorbidly 
and remain following long-term recovery from anorexia ner-
vosa, which suggests they may be trait variables that con-
tribute to the underlying disorder [17, 23]. 
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 Another prominent feature of anorexia nervosa is the 
high rate of comorbidity with other psychiatric disorders 
including depression and anxiety disorders [24]. There is 
often an onset of childhood anxiety disorders prior to the 
development of anorexia nervosa, particularly with obsessive 
compulsive disorder (for review, see [25]). Moreover, high 
rates of comorbidity between anorexia nervosa and obsessive 
compulsive disorder and the overlap of symptomatology has 
led some investigators to propose a common neurobiological 
mechanism between the disorders [25-27]. A shared genetic 
vulnerability between depression, anxiety, and eating disor-
ders has also been suggested [28], but the evidence is con-
flicting [29] and needs further clarification. Nonetheless, 
high rates of comorbidity may result in greater obstacles in 
developing effective pharmacological treatments. 

 This paper will review existing data that supports neuro-
chemical alterations in anorexia nervosa, particularly in the 
serotonin (5-HT) and dopamine (DA) systems. One of the 
inherent difficulties that arise in conducting studies during 
the acute phase of illness is determining whether alterations 
in neurochemistry are a consequence of starvation (state-
related) or are inherent features of the disorder (trait-related). 
Given the difficulty in premorbid identification of individu-
als that will develop anorexia nervosa, neurobiological stud-
ies are often conducted with individuals following long-term 
recovery. Although the field has not reached a consensus as 
to what defines “recovery”, most studies utilize the criteria 
of a minimum of one year of a healthy weight and the ab-
sence of any eating disorder behavior (i.e., restricting food 
intake, binge eating, purging).  

 Following the discussion of neurochemical alterations, 
the limited number of pharmacological treatment studies that 
have been conducted in anorexia nervosa will be reviewed. 
The majority of the studies are open trials, with few double-
blind, placebo-controlled trials, thus limiting the interpreta-
tion of the results. These two themes will then be integrated 
in a discussion of where the field of pharmacological treat-
ments for anorexia nervosa is headed.  

NEUROCHEMICAL DISTURBANCES 

Serotonin (5-HT) 

 5-HT is a neurotransmitter involved in feeding behavior, 
impulsivity, depression, and anxiety. There are seven fami-
lies of 5-HT receptors (5-HT1-7) that are widely distributed 
throughout the body [30]. Despite only a small amount of 5-
HT being located in the brain [31], 5-HT has a prominent 
role in modulating the behavioral and neurochemical activity 
associated with psychiatric disorders, and thus has been one 
of the main targets of pharmacological treatments.  

 The most widely studied 5-HT receptors in anorexia ner-
vosa are the 5-HT1A and 5-HT2A receptors. The 5-HT1A re-
ceptor is both a presynaptic and a postsynaptic receptor and 
has a high density in limbic areas including the hippocam-
pus, lateral septum, cingulate cortex, entorhinal cortex, and 
the dorsal and median raphe nuclei [30]. The 5-HT2A recep-
tor is found in high density in cortical forebrain regions such 
as the neocortex, entorhinal cortex, pyriform cortex, and 
claustrum, and in the caudate nucleus, nucleus accumbens, 
olfactory tubercle, and hippocampus [30]. 

 Disturbances in 5-HT function in anorexia nervosa have 
been proposed for several decades. While several early stud-
ies assessed 5-HT function in anorexia nervosa, these studies 
were limited by techniques that measured behavioral effects 
of 5-HT or 5-HT function outside of the brain. For example, 
levels of 5-hydroxyindoleacetic acid (5-HIAA), the major 
metabolite of 5-HT, were significantly decreased in the cere-
brospinal fluid of individuals during the acute phase of ano-
rexia nervosa [32, 33]. These levels normalized following 
acute weight restoration, but were significantly increased and 
correlated with persistent behavioral characteristics follow-
ing long-term recovery [34]. Moreover, an anxiolytic re-
sponse to acute tryptophan depletion, the precursor of 5-HT, 
has been reported in both ill and recovered individuals with 
anorexia nervosa [35]. Taken together, these studies pro-
vided the initial, indirect evidence that serotonergic altera-
tions in anorexia nervosa were present during the acute phase 
and remained following long-term recovery. 

 In more recent years, neuroimaging techniques have en-
abled the more accurate assessment of in vivo alterations in 
neurotransmission. For example, positron emission tomogra-
phy (PET) is a technique that produces a 3-dimensional im-
age or map of functional processes in the body. Within the 
brain, it enables the measurement of alterations in neuroac-
tivity through the administration of radiotracers designed to 
specifically target proteins or enzymes essential to normal 
metabolic processes. While most of the studies discussed 
below utilized PET, single photon emission computed tomo-
graphy (SPECT) also enables the assessment of in vivo al-
terations in neurotransmitter receptor binding. The drawback 
to SPECT, however, is that it utilizes radiotracers that have a 
longer half-life and the images are less sensitive and less 
detailed than in PET. Taken together, both PET and SPECT 
can be utilized as a mechanism for determining potential 
pharmacological targets of interest.  

 A review of PET findings in anorexia nervosa is summa-
rized in Table 1. At the 5-HT1A receptor, binding of the se-
lective antagonist [

11
C]WAY-100635 was significantly in-

creased (30% to 70%) in prefrontal and lateral orbital frontal 
regions, mesial and lateral temporal lobes, parietal cortex, 
and dorsal raphe nuclei during the acute phase of anorexia 
nervosa compared to control women [36]. Following long-
term recovery, individuals with the binge-eating/purging 
subtype had increased [

11
C]WAY-100635 binding potential 

in cingulate, lateral and mesial temporal, lateral and medial 
orbital frontal, parietal and prefrontal cortical regions, and 
the dorsal raphe nuclei compared to control women [37]. 
There were no significant differences in binding potential 
between individuals recovered from the restricting subtype 
and control women [37]; however, there was a positive cor-
relation between [

11
C]WAY-100635 postsynaptic receptor 

binding in the mesial temporal and subgenual cingulate re-
gions and harm avoidance in individuals recovered from the 
restricting subtype of anorexia nervosa.  

 At the 5-HT2A receptor, there were no significant differ-
ences in [

18
F]altanserin binding potential between individu-

als with anorexia nervosa during the acute phase and control 
women [36]; however, there was a positive correlation be-
tween [

18
F]altanserin binding potential and harm avoidance 

in supragenual cingulate, frontal, and parietal regions in ano-
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Table 1. Overview of PET Imaging Studies of Serotonin (5-HT) and Dopamine (DA) Alterations in Anorexia Nervosa 

Study Compound CW ILL 

AN
a
 

REC 

AN
a
 

5-

HT1A 

5-

HT2A 

5-HTT D2/D3 Differences in Binding Potential (BP) 

[36] 11CWAY-100635 

 

 

18Faltanserin 

29 15 (8,7)    

 

 

 

NS 

  • AN (acute phase) > CW [AN-R=AN-BP] 

- prefrontal and lateral orbital frontal re-

gions, mesial and lateral temporal lobes, 

parietal cortex , dorsal raphe nuclei 

• AN (acute phase) = CW [AN-R=AN-BP] 

• For AN individuals 

- BP positively correlated with harm avoid-

ance in supragenual cingulate, frontal, and 

parietal regions 

[37] 11CWAY-100635 18  25 

(13,12) 

 

 

 

 

NS 

   • AN-BP (recovered) > CW 

- cingulate cortex, lateral and mesial tempo-

ral cortex, lateral and medial orbital frontal 

cortex, parietal cortex, prefrontal cortical 

regions, dorsal raphe nuclei 

• AN-R (recovered) = CW 

• For AN-R (recovered) individuals 

- BP positively correlated with harm avoid-

ance in mesial temporal and subgenual 

cingulate regions 

[38] 18Faltanserin 16  10 

(0,10) 

    • AN-BP (recovered) < CW 

- left subgenual cingulate, left parietal cor-

tex, right occipital cortex 

• For AN-BP (recovered) individuals 

- BP positively correlated with harm avoid-

ance and negatively correlated with novelty 

seeking in cingulate and temporal regions, 

and negatively correlated with drive for 

thinness in several cortical regions 

[39] 18Faltanserin 23  16 

(16,0) 

    • AN-R (recovered) < CW 

- mesial temporal cortex (amygdala, hippo-

campus), pregenual cingulate, subgenual 

cingulate 

- SPM analysis also showed reduced BP in 

occipital and parietal cortex 

[40] 11C-raclopride 12  10 

(4b,6) 

    • AN (recovered) > CW 

- antero-ventral striatum 

• For AN (recovered) individuals 

- BP positively correlated with harm avoid-

ance in dorsal caudate and dorsal putamen 

[41] 11C-McN5652 

 

11C-raclopride 

10  18 

(11,7) 

    • AN-R (recovered) > AN-BP (recovered) 

- antero-ventral striatum, dorsal raphe nuclei 

• For all AN (recovered)  

- positive correlation between 5-HTT and 

D2/D3 BP in antero-ventral striatum and 

dorsal caudate 

Abbreviations include: (CW) = control women; (ILL AN) = acute phase of anorexia nervosa; (REC AN) = recovered phase of anorexia nervosa; (AN-R) = restricting subtype of 
anorexia nervosa; (AN-BP) = binge eating/purging subtype of anorexia nervosa; (NS) = not significant. aFor number of subjects in anorexia nervosa groups, parentheses indicate (# of 

AN-R, # of AN-BP). bIncludes 1 AN-R subject with purging behavior. 
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rexia nervosa. Significant reductions in 5-HT2A receptor 
binding potential have been reported in anorexia nervosa, 
however, using SPECT. Audenaert et al., [42] reported sig-
nificant reductions in 5-HT2A [

123
I]-5-I-R91150 binding po-

tential in the left frontal cortex, left and right parietal cortex, 
and left and right occipital cortex in anorexia nervosa. 
Moreover, a significant left < right asymmetry was found in 
5-HT2A binding potential in the frontal cortex of individuals 
with anorexia nervosa [42].  

 Following long-term recovery, individuals recovered 
from the restricting subtype of anorexia nervosa had reduced 
[

18
F]altanserin binding potential in the mesial temporal cor-

tex (hippocampus and amygdala) and cingulate cortical re-
gions [39]. Individuals recovered from the binge-
eating/purging subtype of anorexia nervosa had reduced 
binding potential in the left subgenual cingulate, left parietal 
cortex, and right occipital cortex [38]. Moreover, 5-HT2A 
binding potential was positively related to harm avoidance 
and negatively related to novelty seeking in cingulate and 
temporal regions and negatively related to drive for thinness 
in several cortical regions in individuals recovered from the 
binge-eating/purging subtype of anorexia nervosa but not 
control women [38].  

 While few imaging studies in general have examined the 
5-HT transporter (5-HTT), this is the main pharmacological 
target of selective serotonin reuptake inhibitors (SSRIs), and 
thus of interest to a number of psychiatric disorders. A recent 
study reported that individuals recovered from the restricting 
subtype of anorexia nervosa had significantly increased 

11
C-

McN5652 binding potential at the 5-HTT in the dorsal raphe 
nuclei and antero-ventral striatum compared to individuals 
recovered from the binge-eating/purging subtype [41]. To-
gether, the eating disorder groups showed significant posi-
tive relationships between binding at the 5-HTT and D2/D3 
receptors in the dorsal caudate and antero-ventral striatum, a 
relationship that was not present in control women. Interest-
ingly, several lines of genetic evidence have suggested that a 
5-HTT gene-linked polymorphism may play a role in ano-
rexia nervosa [43, 44], although the results are somewhat 
inconsistent [45, 46].  

Dopamine (DA)  

 DA is a neurotransmitter involved in reward, motor activ-
ity, and novelty seeking [47, 48]. There are several different 
classes of DA receptors, with D1 and D2 playing a known 
role in food and drug intake [49, 50]. Distribution of D1 and 
D2 mRNA is predominately in the caudate putamen, nucleus 
accumbens, and olfactory tubercle [51], with 80% of brain 
dopamine located in the corpus striatum.  

 There are two major anatomical pathways in the DA sys-
tem that are of interest to the study of anorexia nervosa. The 
mesolimbic DA pathway is the primary pathway responsible 
for reward; it originates from neurons in the ventral tegmen-
tal area (and ventral midbrain) and projects to limbic struc-
tures, such as the nucleus accumbens, as well as prefrontal 
cortex and cingulate cortex. In contrast, the nigrostriatal DA 
pathway originates from neurons in the substantia nigra pars 
compacta (in ventral midbrain) and projects to the caudate  
 

and putamen (also known as neostriatum). This pathway 
regulates motor control and is required (along with the basal 
ganglia) for voluntary movement. Both pathways are of in-
terest to developing treatments for anorexia nervosa given 
that substantial disturbances in reward function and hyperac-
tivity occur in these individuals.  

 To date, few studies have focused on dopaminergic al-
terations in anorexia nervosa, although it is an area of emerg-
ing research. In an indirect assessment, Kaye et al., [52] re-
ported that individuals recovered from the restricting subtype 
of anorexia nervosa had decreased levels of homovanillic 
acid, a major metabolite of DA, in cerebrospinal fluid [52]. 
More recently, Bergen et al., [53] reported genetic evidence 
that specific D2 receptor polymorphisms may increase the 
vulnerability to developing anorexia nervosa.  

 Using PET, increased binding of the dopamine D2/D3 
receptor antagonist 

11
C-raclopride has been reported in indi-

viduals recovered from anorexia nervosa compared to con-
trol women [40]. Moreover, binding potential was positively 
related to harm avoidance in the dorsal caudate and dorsal 
putamen in individuals recovered from anorexia nervosa. 
This finding is in contrast to imaging studies in drug abusers 
and obese individuals in which 

11
C-raclopride binding poten-

tial was significantly decreased [54-56]. Moreover, ratings of 
“drug-liking” in response to methylphenidate have also been 
negatively correlated with 

11
C-raclopride binding potential at 

the D2/D3 receptor in drug naïve subjects [57], suggesting 
that there may be an inverse relationship between D2/D3 re-
ceptor binding and reward. 

 Of particular interest for developing pharmacological 
targets for anorexia nervosa is the newest finding of a posi-
tive correlation between 5-HTT and D2/D3 activity in indi-
viduals recovered from anorexia nervosa, but not control 
women [41]. Although the mechanism of this effect is not 
understood, a better understanding of this unique relationship 
in anorexia nervosa may hold important insights into poten-
tial alterations in 5-HT/DA modulation. 

 One final point on the potential benefits of neuroimaging 
research is that the development of small animal imaging 
technologies, such as the microPET©, now enables research-
ers to image animal models of psychiatric disorders as a 
mechanism for identifying novel treatment targets. Although 
no animal model exactly mimics the clinical disorder, it pro-
vides a mechanism for testing hypotheses and new treat-
ments that may not be feasible in the clinical population. 
Specifically, our lab has utilized microPET imaging in ado-
lescent female, food-restricted rats to demonstrate alterations 
in brain metabolism measured with 

18
FDG [58] and an al-

tered dopaminergic response to a methamphetamine chal-
lenge using a paired 

11
C-raclopride scan [59]. Studies are 

currently ongoing examining the neurochemicals effects of 
SSRI treatment on the 5-HT1A receptor in an animal model 
of activity-based anorexia that may lead to a better under-
standing as to why SSRIs are ineffective during severe food 
restriction (N.C. Barbarich-Marsteller, Columbia Univer-
sity). Overall, using a translational approach to study a com-
plex clinical disorder may provide important insights into 
how to improve pharmacological treatments. 
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PHARMACOLOGICAL TREATMENTS 

 Despite the relatively rapid progress in pharmacological 
treatments in other fields of psychiatry such as depression 
and schizophrenia, anorexia nervosa has been impressively 
resistant to treatment. Individuals with anorexia nervosa are 
often resistant to pharmacological treatments and exhibit 
denial over the seriousness of their illness. Moreover, the 
severe state of malnutrition may decrease the efficacy of 
pharmacological treatments in these patients. It is unclear 
whether the lack of efficacy reported in drug treatment trials 
is due to an inability to metabolize the drug efficiently or 
whether the drugs that have been utilized are targeting the 
wrong receptors. Thus, the following is a review of the lim-
ited number of drug treatment studies that have been con-
ducted in individuals with anorexia nervosa (Table 2; see 
also [60]). The majority of studies are case reports or open 
trials, with few double-blind, placebo controlled trials and 
small sample sizes, thereby limiting the interpretation of the 
results.  

Tricyclic Antidepressants (TCAs) 

 TCAs exert their mechanism of action by inhibiting 
norepinephrine and 5-HT uptake into central nerve terminals, 
thereby increasing concentrations of neurotransmitters at the 
receptor sites. Two studies of amytriptyline in anorexia ner-
vosa reported no significant effect on outcome [66 , 67]. 
Studies of clomipramine have also demonstrated little effi-
cacy; one study reported increased hunger, appetite, and en-
ergy intake [68] in individuals with anorexia nervosa, 
whereas a second study reported no effect [69]. 

Selective Serotonin Reuptake Inhibitors (SSRIs) 

 SSRIs have been used successfully in the treatment of a 
number of psychiatric disorders, including depression and 
anxiety. The pharmacological mechanism of SSRIs is poten-
tiation of 5-HT by inhibition of its neuronal reuptake pump 
and desensitization of the 5-HT1A receptor [70]. Given the 
high rate of comorbidity with depression and anxiety disor-
ders and the more benign side effect profile compared to 
other classes of drugs, the use of SSRI treatment in anorexia 
nervosa was a logical progression from classic antipsychot-
ics, which were the first class of treatments utilized. Despite 
this argument, the results of trials for fluoxetine [69, 71-81], 
citalopram [82-84], fluvoxamine [80], sertraline [80], and 
venlofaxine [75] have been disappointing. Open trials and 
small controlled studies have suggested no direct effect on 
weight gain during the acute phase of illness and minimal 
effects in reducing eating disorder and depressive symptoms.  

 In 2001, Kaye et al., [77] reported the first double-blind, 
placebo controlled trial of fluoxetine in weight restored pa-
tients as a mechanism for relapse prevention. Results sug-
gested that fluoxetine was effective in preventing relapse 
when drug administration was initiated after weight restora-
tion, although drop out rate from the placebo group was 
high. In a more recent study, Walsh et al., [81] reported that 
fluoxetine had no effect on time-to-relapse or eating disorder 
outcome measures in ninety-three inpatients with anorexia 
nervosa that were followed for one year. Although there 
were substantial methodological differences across SSRI 

studies, overall results suggest that SSRIs are ineffective 
during both the acute phase of illness and in preventing re-
lapse. 

Classic Antipsychotics 

 Antipsychotic drugs were the first class of drug treat-
ments utilized in the treatment of anorexia nervosa. While 
pimozide [61, 62] and sulpiride [63] had no effect on out-
come, chlorpromazine [64] increased initial weight gain, but 
also increased seizures and purging. More recently, in a 6-
month open trial, haloperidol had some improvement on 
body weight and outcome measures [65]. Despite this find-
ing, the overall use of older antipsychotics in the treatment of 
anorexia nervosa has proven difficult, in that patients will 
often refuse treatment given that significant weight gain is a 
known side effect of this class of drugs. 

Atypical Antipsychotics 

 More recently, the field of eating disorders has turned to 
atypical antipsychotics as a mechanism for increasing weight 
gain and improving symptoms in anorexia nervosa. To date, 
the most common atypical antipsychotic studied in anorexia 
nervosa is olanzapine. A selective monoaminergic antago-
nist, olanzapine is thought to exert its mechanism of action 
through a combination of DA and 5-HT2 receptor antago-
nism. Several case studies and open trials of olanzapine have 
reported preliminary efficacy in decreasing anxiety and pro-
moting weight gain [85-89] and decreasing anorexic rumina-
tion [90, 91]. The exact mechanism of weight gain-induced 
effects is unclear, but ongoing animal studies may shed light 
on the neurobiological mechanisms underlying this effect.  

WHERE IS THE FUTURE HEADED? 

 Overall, the use of drugs that specifically target the 5-HT 
system (e.g., SSRIs) have demonstrated limited efficacy in 
treating and preventing relapse in anorexia nervosa. There 
are several hypotheses for this lack of efficacy. First, al-
though SSRIs may effectively block the 5-HT transporter, 
starvation may decrease whole brain 5-HT content to the 
extent that the effect of increasing synaptic 5-HT is minimal, 
and therefore fails to provide any significant relief from 
symptoms. Second, SSRI treatment in the context of starva-
tion may fail to desensitize the 5-HT1A receptor; 5HT1A de-
sensitization reduces activation of inhibitory presynaptic 5-
HT1A receptors. In the absence of desensitization, this inhibi-
tory activation will continue, thereby reducing postsynaptic 
levels of 5-HT, and reducing SSRI effectiveness. Finally, the 
potentiation of 5-HT alone may not effectively compensate 
for the complex alterations seen in 5-HT1A, 5-HT2A, 5-HTT, 
and D2/D3 receptor activity in anorexia nervosa.  

 In contrast, the use of drugs that target combined 5-HT 
and DA activity (e.g., atypical antipsychotics) have shown 
preliminary effects on weight gain and mood [85-89]. Along 
this line, the newer generation of atypical antipsychotics may 
be effective in the treatment of anorexia nervosa. Quetiapine, 
for example, exhibits moderate to high affinity for a number 
of receptors; however, its efficacy is believed to be modu-
lated through a combination of antagonist activity at D2 and 
5-HT2 receptors. Aripiprazole also exhibits affinity for a 
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Table 2. Pharmacological Treatment Studies of Serotonergic and Dopaminergic Drugs in Anorexia Nervosa 

Study Class Drug Group Control Group Study Design N Outcome 

Attia et al.,, [74] SSRI fluoxetine placebo R, DB, PC 31 no significant effect on outcome 

Gwirtsman et al., 

[71] 

SSRI fluoxetine none OT 6 associated with improvement in depressive 

symptoms which was associated with weight 

gain 

Kaye et al., [72] SSRI fluoxetine none OT 31 associated with some efficacy in maintaining 

weight after inpatient discharge 

Kaye et al., [77] SSRI fluoxetine placebo DB, PC 35 associated with reduced relapse as determined 

by increased weight and reduction in symptoms 

Strober et al., [73] SSRI fluoxetine matched historical 

case-controls 

PLF 33 no significant effect on outcome 

Strober et al., [76] SSRI fluoxetine matched historical 

case-controls 

OT 66 no significant effect on outcome 

Walsh et al., [81] SSRI fluoxetine placebo R, DB, PC 93 no significant effect on outcome 

Barbarich et al., 

[79] 

SSRI fluoxetine + nutri-

tional supplemen-

tation 

fluoxetine alone DB, PC 26 no significant effect on outcome 

Ruggiero et al., 

[78] 

SSRI nutritional man-

agement + fluoxet-

ine 

nutritional man-

agement 

SB 95 associated with increased body weight and 

decreased physical exercise levels 

Holtkamp et al., 

[80] 

SSRI fluoxetine, fluvox-

amine, or ser-

traline 

no SSRI RCA 32 no significant effect on outcome 

Ricca et al., [75] SSRI fluoxetine or ven-

lafaxine (com-

bined with cogni-

tive behavior 

therapy) 

none CT 24 associated with some improvement in weight 

and symptoms 

Calandra et al., 

[83] 

SSRI citalopram 

(combined with 

systemic psycho-

therapy) 

none OT 6 associated with some improvement in body 

image dissatisfaction  

Pallanti et al., [82] SSRI citalopram none OT 32 associated with some improvement in weight 

and symptoms 

Fassino et al., [84] SSRI citalopram wait-listed 

controls 

R 52 associated with some improvement in depres-

sion and anxiety measures; no difference in 

weight gain between groups 

Ferguson et al., 

[92] 

SSRI 

or TCA 

fluoxetine, fluvox-

amine, sertraline, 

paroxetine, or 

clomipramine 

no SSRI RCR 40 no significant effect on outcome 

Ruggiero et al., 

[69] 

SSRI, 

AAP, 

or TCA 

fluoxetine, 

amisulpride, or 

clomipramine 

none SB 35 amisulpride associated with a greater effect on 

weight gain 

Biederman et al., 

[66] 

TCA amytriptyline placebo or other 

treatment 

DB, PC 43 no significant effect on outcome 

Halmi et al., [67] TCA amytriptyline cyproheptadine or 

placebo 

R, DB 72 cyproheptadine associated with some effect on 

depressive symptoms 
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(Table 2) contd.... 

Study Class Drug Group Control Group Study Design N Outcome 

Lacey & Crisp [68] TCA clomipramine placebo DB, PC 16 associated with increased hunger, appetite, 

energy intake, but reduced rate of weight gain; 

improved body weight maintenance 

Cassano et al., [65] AP haloperidol none OT 13 associated with some improvement in body 

weight and symptoms 

Dally & Sargent 

[64] 

AP chlorpromazine no medication OT 57 associated with increased initial weight gain, 

but also increased seizures and purging 

Vandereycken & 

Pierloot [61] 

AP pimozide placebo DB, PC, CO 18 associated with an improved attitude towards 

treatment 

Weizman et al., 

[62] 

AP pimozide behavior therapy OT 10 no significant effect on outcome 

Vandereycken et 

al., [63] 

AP sulpiride placebo DB, PC, CO 18 associated with an early effect on weight gain 

Barbarich et al., 

[88] 

AAP olanzapine compared to his-

torical case con-

trols 

OT 17 associated with a reduction in depression, 

anxiety, and core eating disorder symptoms 

and an increase in weight 

La Via et al., [85] AAP olanzapine none OT 2 associated with weight gain and maintenance 

and reduced agitation and resistance to treat-

ment 

Powers et al., [86] AAP olanzapine none OT 18 associated with weight gain 

Malina et al., [87] AAP olanzapine none RCA 18 associated with reductions in anxiety, difficulty 

eating, and core eating disorder symptoms 

Hillebrand et al., 

[89]  

AAP olanzapine no medication OT 18 no effect on body weight, but associated with 

decreased activity levels  

Mondraty et al., 

[90] 

AAP olanzapine or 

chlorpromazine 

none R 15 olanzapine reduced anorexic rumination 

Dennis et al., [91] AAP olanzapine none CS 5 associated with increased body weight, de-

creased anxiety and rumination, and improved 

sleep 

*Abbreviations: (AAP) = atypical antipsychotic; (AP) = antipsychotic; (CO) = cross-over analysis; (CS) = case report/study; (CT) = controlled trial; (DB) = double-blind; (OT) = 

open trial; (PC) = placebo controlled; (PLF) = prospective longitudinal follow-up; (R) = randomized; (RCA) = retrospective case analysis; (RCR) = retrospective chart review; (SB) = 
single-blind; (SSRI) = selective serotonin reuptake inhibitor; (TCA) = tricyclic antidepressant 

**Case reports that included only 1 subject were not included in chart  

number of receptors; however, its efficacy is believed to be 
modulated through a combination of partial agonist activity 
at D2 and 5-HT1A and antagonist activity at 5-HT2A. Given 
that 5-HT1A receptor binding is significantly increased in 
individuals with anorexia nervosa [36], and antagonism of 
D2 and 5-HT2A has demonstrated preliminary efficacy with 
olanzapine, these newer generation drugs may provide a 
more comprehensive modulation of the 5-HT/DA systems. 

 In conclusion, anorexia nervosa is a life-threatening dis-
order, with a complex clinical presentation including high 
rates of comorbidity and mortality. The chronic effects of 
starvation on drug metabolism complicate the use of phar-
macological treatments during the ill state. Alternatively, 
inpatient hospitalization is costly and insurance companies 
often deny coverage after initial weight restoration, leading 
to early discharge and high rates of relapse. Thus, there is an 
increasing need for effective pharmacological treatments that 

encompass not only the pure clinical characteristics of ano-
rexia nervosa, but also the comorbid symptoms of anxiety 
and depression that may play a role in maintenance and re-
lapse. Future research should move beyond current therapeu-
tic agents, such as SSRIs, to the development of new com-
pounds that more efficiently target the interaction between 5-
HT and DA systems. 
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