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Abstract

Blockade of opioidergic neurotransmission contributes to reduction in body weight. However, how such blockade affects body weight gain (BWG)
attributed to second generation antipsychotic agents (SGAs) has not yet been established. Here we examined the effects of an opioid receptor antago-
nist, naltrexone (NTX), on food intake and BWG associated with an SGA, olanzapine (OL). Four groups of Wistar Han IGS rats were treated for 28 days
with either OL (2 mg/kg twice daily, intraperitoneal (IP)), a combination of OL (2 mg/kg twice daily, IP) + extended-release NTX (50 mg/kg, one-time,
intramuscular (IM)), extended-release NTX (50 mg/kg, one-time, IM) or vehicle and their food intake and body weight were measured daily for the first
nine days and every other day thereafter. Food intake and BWG that were increased by OL were decreased by the added NTX while NTX alone had no
significant effects on food intake or on BWG. Plasma leptin concentrations were significantly elevated in the three groups receiving pharmacological
agents, but did not differ among each other, suggesting that changes in leptin secretion and/or clearance alone would not explain the food intake
and the body weight findings. Our results extend prior reports on anorexigenic effects of opioid antagonists by demonstrating that such effects may

generalize to food intake increases and BWG arising in the context of OL pharmacotherapy.
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Introduction

Excessive body weight gain (BWGQ) is a broad allostatic phe-
nomenon (McEwen, 2004), integrating complex systems of
interrelated neurochemical, endocrine, environmental and
behavioral factors, each of which exhibits a unique role within
the context of eating behavior. latrogenic causes, including phar-
macotherapy with second-generation antipsychotic agents
(SGAs) are also quite prevalent (Muench and Hamer, 2010),
afflicting over 50% of the exposed patients (Mahendran et al.,
2010). While precise mechanisms underlying SGA-induced
BWG remain a target of an intensive preclinical and clinical
investigation, increases in food intake have consistently been
implicated (Treuer et al., 2009).

Orexigenic opioid pathways are critically involved in the regu-
lation of food intake (Elman et al., 2006). To begin with, the
rewarding features of food are conveyed to the frontotemporal
cortical regions (Berridge, 2003; Kelley, 2004) via p-opioid neu-
rotransmission within the dispersed network of subcortical and
brainstem nuclei (Berridge, 2009). Thus, opioids enhance food
pleasantness (Pecina, 2008) and contribute to excessive food con-
sumption (Olszewski and Levine, 2007) with resultant BWG
(Erlanson-Albertsson, 2005; Johnson and Kenny, 2010). In addi-
tion to enhancing food reward, opioids respectively boost orexi-
genic neuropeptides such as orexin (Kreek, 2007) and suppress
anorexigenic peptides like proopiomelanocortin (Greenway et al.,
2009). Together with central effects on appetite and food intake,
opioids also decrease peripheral secretion of hormones including
leptin (Houshyar et al., 2003) and insulin (Fulghesu et al., 1998;
Garcia-Barrado et al., 2002) and desensitize insulin receptors (Li
et al., 2003).

Among the complex mix of their pharmacological properties,
some SGAs may also be associated with enhancements in opioi-
dergic activity. Olanzapine (OL) is one of the most commonly
prescribed SGAs and it is approved by the Food and Drug
Administration (FDA) for the treatment of schizophrenia, acute
mania, agitation in schizophrenia and in bipolar disorder, as well
as for maintenance therapy in bipolar disorder and (in combina-
tion with fluoxetine) for refractory depression. Several lines of
evidence support the opioidergic mechanism of action of OL
including clinical presentation of OL overdose, which is similar to
opioid intoxication (O’Malley et al., 1999; Kochhar et al., 2002;
Palenzona et al., 2004) and analgesic and antinociceptive proper-
ties of OL observed in human (Kiser et al., 2001; Silberstein et al.,
2002; Khojainova et al., 2002; Gorski and Willis, 2003; Fishbain
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et al., 2004) and in rodent models and partially ascribed to opioid
mechanisms (Schreiber et al., 1999; Weizman et al., 2003).

If excess opioid activity creates metabolic disturbances, it is
reasonable to expect amelioration of these effects through the
blockade of opioid receptors (Elman et al., 2006). In view of that,
opioid antagonists block hedonic responses to sweet foods (Blass
et al., 1987; Blass and Fitzgerald, 1988; Langleben et al., 2012)
and suppress appetite in laboratory animals (Bodnar and Levine,
2008; Nathan et al., 2012) and humans (Yeomans and Gray, 2002;
Baldo et al., 2010; Berner et al., 2011).

To our knowledge, metabolic outcomes of opioid antagonism
have not yet been examined in combination with OL. To that end,
we sought to determine the effects of an opioid receptor antagonist,
naltrexone (NTX), administered to rats, maintained on OL. With
the above considerations in mind, it was hypothesized that rats
treated with a combination of OL+NTX, in comparison to OL
alone, will present diminished food intake and BWG.

To gain insight into potential mechanisms of OL and NTX
interactions, we also measured plasma concentrations of leptin,
which is a stable endocrine marker of energy storage reflected in
total body fat mass. Being released by adipocytes, it is a satiety
brain signal (Korner and Leibel, 2003), which becomes inefficient
in the event of chronically elevated hormonal levels (Scarpace and
Zhang, 2009). Given the reported potentiation of exogenously
administered leptin weight reduction properties by NTX (Yuan
etal., 2009), it is reasonable to expect the same NTX effect on the
naturally circulating endogenous leptin. If this is the case, dimin-
ished BWG accompanied by modest hormonal changes would
strengthen the case for the ‘potentiation’ effect (Yuan et al., 2009).
On the other hand, failure to restrain BWG, hyperleptinemia not-
withstanding, as is seen in OL-treated patients (Bobo et al., 2011;
Raposo et al., 2011), would be more indicative of the leptin-resist-
ant state (Scarpace and Zhang, 2009).

Methods
Subjects

The employed research protocol was adapted from Cooper and
colleagues (2005), who developed a rodent model of hyperphagia
and BWG during chronic OL treatment. Twenty-eight female
Wistar Han IGS rats (Charles River Laboratories; Wilmington,
Massachusetts, USA) at eight weeks of age at the time of the study
initiation participated in the experiment. The animals’ strain and
sex were chosen because human OL effects in terms of food intake
and BWG are more consistently demonstrated in female rats
(Cooper et al., 2005; 2007) while male rats develop under the
same laboratory conditions visceral adiposity in the face of
reduced BWG and unaltered food intake (Cope et al., 2005).

Rats were marked with a number on the base of their tail and
maintained on a 12-hr light/dark cycle (lights on: 0600 hr; lights
off: 1800 hr) in an environment controlled for temperature (21°C)
and humidity (40-50%). Animals were habituated to housing for
14 days prior to treatment. They were handled daily for seven
days for routine husbandry and habituated to the injection proto-
col with physiological saline, over two additional days. All
experimental procedures were performed in the dark cycle. Food
(standard rodent chow) and tap water were available ad libitum in
the home cages throughout the study. Body-weight as well as food

and water intake were recorded at the same time daily (1730 hr).
Food and water intake was measured by weighing the containers
and subtracting the difference from the previous day. Spillage
amounts were overall minor and in all likelihood similar across
the groups. Non-negligible amounts (e.g. a large piece of food
visible in the bedding beneath the food hopper) were returned to
the food hopper before weighing. Animals were treated in accord-
ance with the National Institutes of Health principles of laboratory
animal care under the supervision of the Reed College Institutional
Animal Care and Use Committee.

Pharmacological agents

We adopted the methodology of Cooper et al. (2005) in dissolving
OL tablets and preparing them for injection, as well as in the for-
mulation of the vehicle solution. In short, OL (Ly170053,
2-methyl-4-(4-methyl-1-piperazinyl)-10H-thieno[2,3-b][1.5])
benzodiazepine; carnauba wax, crospovidone, hydroxypropyl cel-
lulose, hydroxypropyl methylcellulose, lactose, magnesium
stearate, microcrystalline cellulose, polyethylene glycol, poly-
sorbate 80, and titanium dioxide, as excipients (Zyprexa
Prescribing Information, Eli Lilly) oral tablets were crushed with
mortar and pestle and dissolved in 0.1 M hydrochloric acid,
buffered to pH of 5.5 using 0.1 M sodium hydroxide and diluted
with distilled water. The solution was made every three days and
kept refrigerated at 5°C until needed for administration at which
time it was vortexed for resuspension. The OL dose, 2 mg/kg
(Raskind et al., 2007), was chosen as it was demonstrated to pro-
duce rat plasma concentrations that are roughly equivalent to
human therapeutic range (Gao et al., 1998). Given OL’s short half-
life in rats following intraperitoneal (IP) administration, it was
administered twice daily IP with a 6-hr inter-injection interval (i.e.
at 1800 and 2400 hr); the injection volume was 2 mL/kg per rat
(Cooper et al., 2005). The vehicle was a solution of 0.1 M hydro-
chloric acid buffered to pH of 5.5 using 0.1 M sodium hydroxide
and diluted with distilled water up to dosage volume 2 mL/kg. It
was administered I[P twice daily with a 6-hr inter-injection interval
(i.e. at 1800 and 2400 hr).

The extended-release (approximately 30 days) properties of
injectable suspension (Vivitrol®) of NTX hydrochloride
(17-(cyclopropylmethyl)-4,50-epoxy-3,14-dihydroxymorphinan-
6-one) are accomplished by poly-(lactide-co-glycolide) small-
diameter (<100 um) injectable microspheres along with additional
proprietary active molecules (Dean, 2005). The microspheres are
suspended in an aqueous solution containing 3.0% low-viscosity
carboxymethylcellulose, 0.9% saline, and 0.1% Tween-20. The
dosage was 50 mg/kg, administered intramuscularly as a one-time
injection in a volume of 0.5 mL/kg per rat. The same dose and
mode of administration effectively abolished morphine-induced
analgesia and remained physiologically active in plasma and in
the rats’ brain for 30 days (Bartus et al., 2003; Dean, 2005).

Experimental procedure

Animals were randomly assigned to one of four 28-day treatment
groups namely, OL, OL+NTX, NTX and vehicle. Food and water
intake and body weight values were collected at baseline and meas-
ured daily for the first nine days and every other day for the remain-
ing 19 days. NTX injection was administered on day O to the
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Table 1. Effects of olanzapine (OL) and naltrexone (NTX) on food and water intake and on body weight.

Variable Drug condition Baseline value (g) Maximal value (g) Adjusted mean* Newman-Keuls tests
Food intake oL 18.71+0.34 43.86+0.57 29.22+0.27 OL>NTX, NTX+0L, Vehicle
NTX 17.14+0.87 40.29+0.82 27.07+0.26 p<0.0005
OL+NTX 15.29+0.70 38.14+0.55 27.04+0.31
Vehicle 18.71+0.37 41.14+1.19 27.09+0.28
Water intake oL 29.29+1.10 64.00+1.44 45.78+1.10 0L, Vehicle> NTX, NTX+0L
NTX 25.57+0.16 59.29+1.12 41.82+1.14 p=<0.001
OL+NTX 24.71+0.94 62.142+0.20 43.12+1.22
Vehicle 31.29+1.48 74.86+7.32 47.78+1.28
Weight oL 205.00+3.68 244.71+4.78 227.10+1.39 OL>NTX, NTX+0L, Vehicle
NTX 203.57+3.52 237.00+3.07 217.20+1.41 p<0.001
OL+NTX 200.43+1.38 230.14+3.94 219.04+1.42
Vehicle 207.14+4.01 232.14+3.67 217.20+1.41

*Least squares means, computed to adjust for potential outliers. Data are group mean+SEM.

OL+NTX and NTX groups. The OL and vehicle dosage were deter-
mined according to the most recent body weight measurement.

Venous blood at days 0 and 28 was collected into tubes con-
taining heparin sodium. Samples were centrifuged and plasma
aliquots were stored at -80°C. The leptin assay utilized enzyme-
linked immunosorbent technique; the intra-and interassay coeffi-
cient of variation was 2.5% and 3.9% respectively. At the study
completion, on day 28, animals fasted over the light cycle and
were sacrificed by carbon dioxide gas inhalation.

Statistical analysis

Data were analyzed using the statistical package Statistica
(StatSoft, Inc., Tulsa, Oklahoma, USA). The analyses differed with
respect to the within-subjects factor i.e. the repeated measures, in
the following fashion. First, to determine the effects of OL, NTX
and their combination on food and water intake and on body
weight, a one-way analysis of variance (ANOVA) with repeated
measures design was conducted. Drug (OL, OL+NTX, NTX or
vehicle) was the grouping factor and time (days: 0-8, 10, 12, 14,
16, 18, 20, 22, 24, 26 and 28) was the within subjects factor.

Second, leptin plasma concentrations at the commencement
and the completion of the study were subjected to ANOVA. Here
the within-subjects factor had two levels (day 0 vs day 28). Third,
area under the curve (AUC) values for food and water intakes and
for body weight were computed using trapezoidal integration.
Area under the curve differences among treatment groups were
assessed by one-way ANOVA with drug (OL, OL+NTX, NTX, or
vehicle) as the grouping factor.

To account for the marked variability, the baseline measures of
food and water intake and of body weight were used as covariates
in the respective analyses. Post-hoc Newman-Keuls tests were
performed to determine whether and how the groups were differ-
ent among each other. Multiple linear regression analysis used a
model in which the dependent variable was the AUC value for
body weight with the AUC for food and water intake and leptin
change scores as independent variables. Group data were summarized

as mean + SEM. All analyses were two-tailed and p value<0.05
defined statistical significance.

Results

For food intake ANCOVA yielded significant group (F(3,
23)=13.63; p<0.0001) and time (F(1,17)=8.72; p<0.0001) effects
and a significant group-by-time interaction (F(3, 23)=7.68;
p<0.0001). The effects for water intake were also significant for
group (F(3, 23)=3.41; p=0.04) and for group-by-time interaction:
F(3, 23)=2.16; p<0.0001) but not for time (F(3, 17)=1.10;
p=0.36). Body weight analyses revealed a significant effects for
group (F(3, 23)=11.52, p=0.0001) and for group-by-time interac-
tion (F(3,23)=2.41; p=0.0001).

Table 1 presents the baseline, maximal and adjusted mean val-
ues for each drug condition separately, along with results of post-
hoc pairwise group Newman-Keuls tests. OL-treated rats
displayed significantly higher food intake and body weight than
rats in the three other groups. There were no significant group dif-
ferences for food intake and body weight among NTX-, OL+NTX-
and vehicle-treated animals. In contrast, water intake effects were
mainly driven by the similarly diminished values in the two NTX
-treated groups, as compared to the vehicle.

The group effect for plasma leptin concentrations was signifi-
cant (£(3,24)=4.17, p=0.016), but there was no significant time
(F(1,3)=1.77; p=0.20) effect or a significant group-by-time inter-
action (F(3, 23)=55; p=0.65). Post-hoc tests indicated greater hor-
monal increases in the three drug-treated groups as compared to
vehicle (Table 2).

The AUC values provided a cumulative measure of drug expo-
sure. Predictably, these results paralleled those of the raw data
analyses. There was a significant group effect on food
(F(3,23)=8.93, p<0.001) intake and on body weight (¥(3,23)=9.97,
p<0.001) (Figure 1) and a trend toward significance for water
intake (£(3,23)=2.45, p=0.09). Post-hoc analyses demonstrated
significantly higher AUC values for food intake and body weight
in the OL than in the OL+NTX, NTX or vehicle-treated rats. The
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Table 2. Effects of olanzapine (OL) and naltrexone (NTX) on plasma leptin concentrations.

Drug condition Day 0 (ng/mL) Day 28 (ng/mL)

Adjusted mean Newman-Keuls tests

oL 3.71+0.17 3.89+0.48
NTX 3.52+0.41 4.01+0.41
OL+NTX 3.19+0.48 3.72+0.38
Vehicle 2.52+0.27 2.40+0.18

3.80+0.31 NTX, OL, NTX+0L>Vehicle
3.77£0.31 p<0.05

3.45+0.31

2.46+0.31

Data are group mean+SEM.

latter three groups (i.e. OL+NTX, NTX and vehicle) were not sig-
nificantly different among each other with respect to both food
intake and body weight (Figure 1).

Multiple linear regression was employed to determine whether
dietary and/or hormonal indices predict BWG. When AUC values
for food and water intake along with changes in leptin plasma
concentrations were considered, only food intake was an inde-
pendent predictor of body weight, accounting for approximately
32% of the variance (£(3,24)=3.73, r=0.56, p<0.05); (Table 3).
When regression was performed using only food intake as a
predictor, the effect was also significant (F(1,26)=8.88, =0.50,
p<0.01) (Figure 2).

Discussion

To our knowledge, this is the first study to evaluate the effects of
opioid blockade on the metabolic outcomes of OL pharmacother-
apy. The major finding was that rats treated with the combination
of OL+NTX were similar to NTX alone or vehicle-treated ani-
mals with respect to their food intake and BWG. Olanzapine has
consistently been implicated in increased appetite and BWG in
both preclinical and clinical (Newcomer, 2005; Elman et al.,

920 4
900 -

860 -
840
820 -

00

[+

o
L

Food Intake AUC (gxd)
3
o

o\o'
2 e
i

2006; Treuer et al., 2009) studies, while NTX has been shown to
exert the opposite effect (Barbano and Cador, 2007; Kelley et al.,
2005; Rada et al., 2010; Langleben et al., 2012). Hence, the pre-
sent results extend prior reports on the anorexogenic properties of
opioid antagonists by suggesting that such effects may generalize
to OL-induced food intake and BWG.

Our data contrast with previous reports of OL-induced leptin
elevations (Pefia et al., 2008; Marquina et al., 2011 Raposo et al.,
2011; Boboetal.,2011)usually emerging concurrently (Melkersson
and Hulting, 2001) with the BWGs. Such an effect on leptin of OL
is not entirely consistent, however, with no changes (Wang et al.,
2007; Brambilla et al., 2007; Pena et al., 2008) or decreases (Haupt
et al., 2005; Albaugh et al., 2006) which have also been reported.
Variables such as sex (Power and Schulkin, 2008), baseline meta-
bolic parameters (Albaugh et al., 2006; Brambilla et al., 2007),
duration of the trial (Albaugh et al., 2006; Brambilla et al., 2007)
and body composition (Haupt et al., 2005) may potentially explain
the divergent leptin results.

In the present study, leptin concentrations varied significantly
across groups, with the lowest values in the vehicle group and
elevated mean concentrations in the three groups receiving phar-
macological agents. Opioid neurotransmission contributes to
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Figure 1. Area under the curve (AUC) values for food intake and body weight in rats treated with olanzapine (OL), olanzapine and naltrexone
(OL+NTX), naltrexone (NTX) and vehicle (n=7, each group) expressed as grams x the number of days (g x d).

Data are presented as mean+SEM. Statistical differences were determined using a one-way analysis of covariance (ANCOVA) with drug condition (OL, OL+NTX, NTX and
vehicle) as the grouping factor and post-hoc Newman-Keuls tests. *Indicates significantly higher food intake and body weight in the OL group than in the three other

groups (p<0.001) that are not significantly different among each other.
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Table 3. Results of multiple regression analysis of relationship between body weight and dietary and hormonal indices.

Variable Coefficient r t (24) p

AUC food intake 0.62 0.51 3.25 <0.01
AUC water intake -0.23 0.03 -1.16 0.25
Leptin change 0.11 0.12 0.66 0.51

AUC: area under the curve. n=28, r2 for the model=0.32.

6800

6600

6400

6200

6000

BodyWeight AUC (g x d)

5800 L

780 800 820 840 860 880 900 920

Food Intake AUC (g x d)

Figure 2. Scatterplot relating body weight with food intake
(F(1,26)=8.88, r=0.50, p<0.01). AUC: area under the curve.

plasma leptin levels (Ferenczi et al., 2010). However, similar lep-
tin findings in the OL vs OL+NTX groups, differing in the body
weight, argue against changes in leptin secretion and/or clearance
as a basis for the lower BWG in the latter group. On the other
hand, NTX potentiates leptin action (Yuan et al., 2009) and thus
could potentially improve hormonal sensitivity for a given amount
of BWG (Fruzzetti et al., 2002). Since there were no weight dif-
ferences between NTX- and vehicle-treated rats, leptin potentia-
tion was not likely to be the sole mechanism of NTX action. In
short, the question concerning the precise role of OL in modula-
tion of leptin secretion and/or clearance still remains open and
more research assessing the role of opioid mechanisms is war-
ranted to fully address the effects of OL on plasma leptin
concentrations.

Interestingly, NTX alone failed to reduce food intake and
BWG. This pattern suggests that regular feeding on bland labora-
tory rat chow is relatively unaffected by the endogenous opiate
peptides (Zhang et al., 1998; Zhang and Kelley 2000; Glass et al.,
2006). On the other hand, OL therapy may add to the physiologi-
cal opioidergic tone with the ensuing increase in the perceived
food palatability and consequent hedonic overeating (Gosnell and
Krahn, 1993; Olszewski et al., 2011) that is otherwise mainly
driven by homeostatic needs (Elman et al., 2006; Lenard
et al., 2010). Indirect support for this interpretation is provided by
a study demonstrating the lack of NTX’s significant food intake
and BWG effects in rats treated with a selective dopaminergic
agent, sulpiride (Baptista et al., 2000). Further study of how the
opioidergic neurotransmitter system is affected by OL and by

other antipsychotic drugs (Baptista et al., 2001) may be valuable
in identifying pathophysiological mechanisms underlying meta-
bolic disturbances appearing in the course of antipsychotic
pharmacotherapy.

Although it is tempting to suggest that NTX blockade of the
central orexigenic opioid pathways activated by OL underlies the
observed effects, the procedures employed do not allow us to
make such a firm conclusion. For instance, it remains unclear
whether the present findings are a product of central and/or
peripheral NTX action. Recent work with a peripherally acting
NTX preparation, i.e. methylnaltrexone, and a nonselective opioid
receptor blocker, naloxone, has demonstrated that potentiation of
leptin-induced weight losses may be achieved via exclusively
peripheral opioidergic mechanisms (Yuan et al., 2009). For this
reason, it would be revealing to perform a follow-up study with
centrally-administered NTX to examine whether the weight and
leptin effects of opioid blockade would be present in this case, or
some more complex pattern would transpire.

A few additional caveats should be considered in interpreting
our data. First, it is unknown whether the opioidergic mechanism
of action generalizes to SGAs as a class. Second, OL pharma-
cokinetics may play a role in the metabolic effects of the drug and
their modulation by NTX. Whereas OL concentration may
account for a portion of the observed group differences, the
prominence of such an effect is not supported by clinical work
(Citrome et al., 2009). Given the added stress for animals associ-
ated with frequent blood sampling, OL concentrations along with
other plasma indices (e.g. glucose and insulin) were not meas-
ured throughout the study. Animal stress levels could have been
further diminished by using an osmotic minipump that reportedly
mirrors human metabolic OL processing (Remington et al.,
2011). Third, the study assessed a relatively high dose of NTX
and a lower dose may have yielded different results (Tempel et
al., 1995). Fourth, the investigators were not ‘blinded’ to the
group assignment. An ‘unblinded’ design employed on the study
could have biased the findings (Bebarta et al., 2003) even if less
likely with relatively objective outcomes (Heard et al., 2010).
This and other factors that were not part of the present study pro-
tocol (e.g. body composition) may need to be assessed in future
studies. Finally, the fact that significant food intake and body
weight decreases were specific to the OLZ+NTX group argues
against non-specific behavioral phenomena as a basis for our
findings. Nonetheless, the paradigm employed does not allow us
to firmly conclude that a non-specific behavioral disruption is not
implicated in the decreased food intake and weight gain in the
OL+NTX group. Answering this question would require disen-
tangling this component via an exclusively in vivo paradigm that
did not entail behavioral output.
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The decrease in water intake in both NTX-treated groups sug-
gests that opioidergic neurotransmission is involved in the main-
tenance of the body water content (Barney et al., 1992). Indeed,
opioid antagonists have been shown to reduce all forms of fluid
consumption in water-deprived and hypophysectomized rats dur-
ing choice tests between saline solutions and water (Brown et al.,
1980) as well as following thermal dehydration (Barney et al., 1992)
and angiotensin IT and hypertonic saline administration (Holtzman,
1975); the OL effects on water intake are less prominent (Bersani
et al., 2007). While the extension of the NTX water intake to
humans has not yet been established, its potential clinical signifi-
cance may be in the form of a recommendation for NTX-treated
patients to increase their fluid intake regardless of subjective thirst
sensation in order to avoid dehydration, particularly during hot
seasons.

Superior therapeutic properties of OL (See, 2000) frequently
render a switch to a more metabolically inert antipsychotic agent
a clinically undesirable endeavor. However, little is known about
the specific mechanisms that lead to weight gain after SGA treat-
ment, or whether a target pharmacologic approach might be able
to specifically identify the underlying mechanism.

Current therapy for OL-associated BWG along with the
glucose and lipid dysregulation has focused on dietary caloric
restriction (which has limited efficacy even in patients without the
psychopathology of schizophrenia), weight loss medications
(many of which are contraindicated because of CNS side effects)
e.g. sibutramine (Henderson et al., 2005) and the frequent use of
metformin (Ehret et al., 2010; Praharaj et al., 2011) that may be
superior to the other agents particularly when impaired glucose
tolerance or type 2 diabetes develops (Bushe et al., 2009). Also,
reboxetine (Poyurovsky et al., 2003) and topiramate (Narula et al.,
2010) additions to ongoing OL treatment resulted in significant
attenuation of BWG, whereas fluoxetine (Poyurovsky et al., 2002)
or famotidine (Poyurovsky et al., 2004) proved to be ineffective.
The clinical utility of topiramate is as yet unclear as none of the
Narula et al. (2010) study participants presented clinically mean-
ingful metabolic problems as a result of OL therapy.

In conclusion, the current findings could have important clini-
cal implications because they suggest an inexpensive and effec-
tive treatment that specifically targets the underlying
pathophysiologic mechanisms. NTX is a well-tolerated opioid
antagonist lacking any abuse potential, and may even possess ben-
eficial properties for negative symptoms of schizophrenia
(Murphy et al., 2006) and for co-morbid substance abuse disor-
ders (Roth et al., 2005; Wobrock and Soyka, 2008). Moreover,
NTX is approved by the FDA for the treatment of opioid and alco-
hol dependence. There is considerable overlap between neural
circuitries involved in food and drug reward and in homeostatic
processing (Elman et al., 2006; Nair et al., 2009; Volkow et al.,
2008). Thus, if the findings presented here are confirmed in clinical
trials, NTX could emerge as an important part of a medically super-
vised program aimed at the maintenance of a healthy weight and
metabolic profile in OL-treated patients.
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