University of Groningen

Olanzapine causes hypothermia, inactivity, a deranged feeding pattern and weight gain in
female Wistar rats
Evers, S. S.; Calcagnoli, F.; van Dijk, G.; Scheurink, A. J. W.
Published in:
Pharmacology, Biochemistry and Behavior
DOI:
10.1016/j.pbb.2010.05.029
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2010
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Evers, S. S., Calcagnoli, F., van Dijk, G., & Scheurink, A. J. W. (2010). Olanzapine causes hypothermia,
inactivity, a deranged feeding pattern and weight gain in female Wistar rats. Pharmacology, Biochemistry
and Behavior, 97(1), 163-169. https://doi.org/10.1016/j.pbb.2010.05.029

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 30-11-2020

Pharmacology, Biochemistry and Behavior 97 (2010) 163–169

Contents lists available at ScienceDirect

Pharmacology, Biochemistry and Behavior
j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / p h a r m b i o c h e m b e h

Olanzapine causes hypothermia, inactivity, a deranged feeding pattern and weight
gain in female Wistar rats
S.S. Evers ⁎, F. Calcagnoli, G. van Dijk, A.J.W. Scheurink
Department of Neuroendocrinology, University of Groningen, The Netherlands

a r t i c l e

i n f o

Available online 4 June 2010
Keywords:
Olanzapine
Hypothermia
Locomotor activity
Body weight
Feeding behavior
Meal size
Rat

a b s t r a c t
Olanzapine is an a-typical antipsychotic drug antagonizing predominantly 5-HT and dopamine, but also
histamine, muscarin, and α-adrenergic receptors. In humans, Olanzapine induces weight gain and increases
the risk of type 2 diabetes. The underlying mechanisms of Olanzapine-induced weight gain are unclear. To
study this we administered Olanzapine (5 mg/kg) in female Wistar rats on a medium fat diet for 14 days via
a permanent gastric catheter twice a day, just prior to the onset and at the middle of dark phase. Food and
water intake, locomotor activity and body temperature were measured. Olanzapine acutely induced
hypothermia, markedly decreased locomotor activity and increased body weight during 14 days of
treatment. Olanzapine treatment did not result in an alteration of 24 h food intake, but diurnal patterns of
feeding behavior and body temperature were dramatically changed. We conclude that in female Wistar rats
Olanzapine has an acute hypothermic effect, that the effect of Olanzapine on feeding behavior is secondary to
the effect on activity, and that Olanzapine-induced weight gain is primarily the result of reduction in
locomotor activity.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction
Over the recent years, considerable attention has been paid to
the metabolic side effects of the a-typical antipsychotic drug
(APD) Olanzapine. Olanzapine is primarily designed to be antagonistic
on 5-HT2A/C and dopamine receptors (Bymaster et al., 1996a,b) for
treatment of schizophrenia and bipolar disorder. However, besides its
effect on psychotic illnesses, Olanzapine in humans causes body
weight gain and increases the risk of developing type 2 diabetes
(Baptista et al., 2002; Ananth et al., 2002; Caballero, 2003).
The underlying mechanisms are still unclear, as several contradictions with respect to Olanzapine's actions on metabolic pathways
have been reported in humans or animals (Pouzet et al., 2003; Cohen
and Perel, 2004; Aichhorn et al., 2006; Choi et al., 2007). Olanzapine
does not only act on serotonin or dopamine receptors, but has
antagonistic properties on histaminergic, muscarinic, and α-adrenergic receptors as well (Bymaster et al., 1996a,b, 1999). Receptors
targeted by Olanzapine are located in CNS neuronal networks
involved in energy homeostasis (Sawchenko et al., 1983; Zubieta
and Frey, 1993; Richtand et al., 1995; Tavares et al., 1996; Yoshimatsu,
2008), but can also be found throughout the digestive tract (Bymaster
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et al., 2001), in skeletal muscle (Hajduch et al., 1999) and adipose
tissue (Yang et al., 2009). The wide-spread distribution of putative
action site for Olanzapine explains the multitude of mechanisms and
various time–dose relationships that have been reported with
Olanzapine treatment in humans.
Experimental studies in animals on the mechanisms underlying
Olanzapine's metabolic effects also provide confusing data. Female
rats appear to increase body weight more profoundly than male rats
(Cooper et al., 2005, 2007) and this increase in body weight,
predominantly adipose tissue, may be related to a decreased level of
physical activity (the sedative effect of Olanzapine), or by an increase
in food intake, although again contradictory results have been found
(Lee and Clifton, 2002; Victoriano et al., 2009; Davoodi et al., 2009).
Furthermore, Olanzapine has also been shown to induce hypothermia
(Oerther and Ahlenius, 2000) and to block orexin-A induced
hyperthermia (Monda et al., 2008), but these effects have not been
investigated in the face of Olanzapine's effect on body weight gain.
One of the gaps between the pre-clinical rodent studies and
human clinical studies is the huge discrepancy between dosing. The
main cause is that Olanzapine's half life time in rats is about 2.5 h
compared to 21–54 h in human (Kapur et al., 2003). Therapeutic
doses in human are aimed to reach 65–80% D2-receptor occupancy
(Farde et al., 1988; Kapur et al., 2003; Naiker et al., 2006), to reach
such levels in male Sprague–Dawley rats (250–275 g) Kapur et al.
show that Olanzapine needs to be administered continuously using an
osmotic minipump at 7.5 mg/kg/day (Kapur et al., 2003). However,
Van der Zwaal et al. showed that Olanzapine is vulnerable to
degradation at body temperature therefore long term infusion of
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Olanzapine using minipumps is not recommended (van der Zwaal
et al., 2008). Rat studies show the most pronounced effects on
food intake and body weight gain when Olanzapine is administered at
1–2 mg/kg twice a day (Cooper et al., 2005; Davoodi et al., 2009).
Whereas studies focusing on central receptor activity in speciﬁc brain
areas (Robertson and Fibiger, 1996; Bymaster et al., 1996b; Li et al.,
1998; Rollema et al., 2000; Lacroix et al., 2003; Angelucci et al., 2005)
or Olanzapine's effect on thermogenesis (Oerther and Ahlenius, 2000;
Monda et al., 2008; Stefanidis et al., 2009) use often a single administration up to 10 mg/kg.
In this study, we re-evaluated a number of potential mechanisms,
i.e. food intake patterning, locomotor activity, body temperature, by
which Olanzapine may induce weight gain in female rats subjected to
a high-fat diet. To amplify Olanzapine's effect on locomotor activity
and thermogenesis we decided to administer a dose of 5 mg/kg b.i.d.
of Olanzapine. The main outcome of this study paradigm is that
weight gain by Olanzapine treatment is predominantly caused by
reduced locomotor activity combined with dramatic derangements of
several circadian behavioral and physiological patterns.
2. Materials and methods
2.1. Animals
All procedures involving animal care and experimental procedures
have been approved by the Animal Experimentation Committee of the
University of Groningen. Female Wistar rats (232 ± 3.5 g; on arrival),
obtained from Harlan (Horst, NL) were individually housed in clear
Plexiglass cages (25 ⁎ 25 ⁎ 30 cm) on a plastic ﬂoor with wood chip
bedding. Female rats were chosen based on the results of Cooper et al.
(2005, 2007). Room temperature was controlled at 22 ± 2 °C, under a
12:12 h light–dark cycle (lights off at 11:00 AM). Animals had one
week to adapt to the new environment before undergoing surgery,
the baseline measurements started one week after surgery when all
animals had surpassed their pre-surgical body weight. Prior to
drug treatment, animals had ad libitum access to standard chow
(3.8 kcal/g) and water. From day 0 (the start of drug treatment) a
medium fat diet with lard (4.7 kcal/g; 45% fat, Arie Blok Diets,
Woerden, NL) was given to all animals to stimulate weight gain.
2.2. Drugs
Olanzapine (as powder) was kindly provided by Solvay Pharmaceuticals (Fournier Laboratory, France). To obtain a daily administration of 10 mg/kg Olanzapine was diluted to 1.5 mg/ml in 0.9% NaCl
saline. Olanzapine was ﬁrst dissolved in saline using 1 M HCl and
adjusted to pH 6.5 using 1 M NaOH. Animals were administered
Olanzapine or saline twice a day, prior to the dark phase and 6 h after
lights went off.

2.4. Circadian registration
Core body temperature and activity were recorded throughout the
duration of the experiment using radiotelemetry. Telemetry signals
were received by separate responder plates (model RA1010, Data
Sciences) underneath each cage. Data was collected every 5 min by a
PC and analyzed by using specialized recording and analyses software
(Dataquest IV, Data Sciences) (Meerlo et al., 1996).
2.5. Experimental set-up
Data was collected starting at 7 days before the start of drug
administration (day 0). Olanzapine was administered intragastric
twice a day at CT 11.5 (CT 12 = lights off at 11 AM) and at CT 18.
From day 0 all animals were switched from the standard lab chow
diet to the medium fat diet. Body weight, food intake and water
intake was measured every day at CT 11.5 for 14 days. At day 17 the
animals were individually housed in a specialized cage for continuous registration of food intake and locomotor activity for 3 days
(TSE Systems GmbH, Bad Homburg, Germany) to monitor circadian
feeding patterns, meal sizes and meal numbers. Circadian food intake
patterns were calculated as an average of the last two consecutive
days, the ﬁrst day was used for adaptation. These plexiglass cages
(40 ⁎ 23 ⁎ 15 cm) consist of a sensitive weight balanced food station
(stainless steel food container for standard size food pellets); water
bottles were weighed once a day prior to dark phase. Olanzapine
administration was continued all the time twice a day at the above
mentioned time points. At the end of the experiment rats had ad lib
access to two bottles with either a 10% (g/vol) sucrose solution or a
water bottle for 24 h in a two-bottle-preference test. The bottles
were presented at CT 12 and intake was measured at time point 6
and 24 h after presentation.
2.6. Data analyses
Activity data was analyzed as a percentual change of activity
relative to baseline per individual. Baseline was calculated as the
average activity per day during one week prior to day 0 per individual,
this average was set as 100%. All activity data were then expressed as
percentage of this baseline value.
All data are expressed as averages ± SEM. Statistical analyses were
performed using repeated measures (rm)ANOVA between-subjects
for time dependent analyses. A multivariate (m)ANOVA betweensubjects test was used to calculate signiﬁcance at different time points
during time related treatment. Activity and body temperature data
were analyzed from baseline average to day 14 of treatment. Because
average daily activity and body temperature data consist of a too large
amount of data points, rmANOVA was performed for four consecutive
6 h time frames. All data expressed without a time dependent factor
are analyzed using One-way ANOVA test. All statistical analyses were
performed in SPSS16, outcomes were regarded signiﬁcantly different
when P b 0.05.

2.3. Surgical procedure
3. Results
Animals were equipped with a permanent gastric catheter for
stress-free intragastric drug administration and a telemetry transmitter (model TA10TA-F40, Data Sciences, St. Paul, MN) in the abdominal
cavity for continuous temperature and activity registration (Meerlo
et al., 1996). Surgical procedures were performed by using isoﬂuraneO2/N2O gas-anesthesia. A silicon catheter (1.40-mm OD, 0.80-mm ID)
was inserted through the gastric wall at the level of the corpus,
extending 0.5 cm into the gastric lumen. The catheter was drawn
subcutaneous towards the head where it was ﬁxed to the skull
with dental cement (Wielinga et al., 2005). Animals were given
0.1 ml Finadine s.c. for analgesia and 0.25 ml penicillin s.c. to prevent
infection.

3.1. Chronic treatment
Fig. 1 presents 24 h food intake, activity, body temperature and the
changes in body weight in the Olanzapine-treated animals and
controls before and during treatment. Olanzapine treatment (5 mg/
kg b.i.d.) stimulated body weight gain (Fig. 1a) which was signiﬁcant
after 6 days (mANOVA: P b 0.05) and persisted during the rest of
treatment (rmANOVA: F14,112 = 3.893, P b 0.01). The increase of body
weight was not accompanied by changes in 24 h food intake (Fig. 1b)
or average 24 h body temperature (Fig. 1d). Olanzapine decreased the
activity of the animals during 14 days of treatment (Fig. 1c), this was

S.S. Evers et al. / Pharmacology, Biochemistry and Behavior 97 (2010) 163–169

165

Fig. 1. a) Effects of intragastric administration of Olanzapine (n = 5) or saline (n = 5) on body weight gain in grams, expressed as changes from day 0, the start of drug administration.
b) The effect of Olanzapine (n = 5) and saline (n = 5) on 24 h food intake, expressed as kcal. Day − 7 to − 1 show standard chow intake, days 1 to 14 show medium fat diet intake.
c) The effect of Olanzapine (n = 4) and saline (n = 4) on 24 h activity expressed as a percentage of baseline activity. d) The effect of Olanzapine (n = 5) and saline (n = 5) on average
24 h body temperature. In all graphs, Olanzapine is presented as ﬁlled squares and saline controls as open circles. Signiﬁcance is presented as * P b 0.05, and #P b 0.01.

signiﬁcant when compared with both baseline activity and the values
in the control rats (rmANOVA: F15,90 = 2.914, P b 0.01; mANOVA:
P b 0.05 and P b 0.01).
Fig. 2 presents both the 24 water intake and the cumulative intake
over days 0–14 during Olanzapine or saline treatment. The switch
from the standard lab chow to the medium fat diet led to a reduction
in water intake in the controls but not in Olanzapine-treated animals
(Fig. 2). Both the water intake per day (F1,8 = 8.304,*P b 0.05; One-way
ANOVA) and 14 day cumulative water intake (rmANOVA: F15,120 =
2.703, P b 0.01) were signiﬁcantly increased in the Olanzapine-treated
animals in comparison to the control animals.
3.2. Telemetry data
The average activity and body temperature over both the 12 h dark
and 12 h light phase were calculated to investigate the diurnal
rhythms in activity, food intake and body temperature. Dark and light
phase activities are expressed as percentage of average 24 h activity in

the baseline measurements in the week before day 0. Fig. 3a–b shows
that Olanzapine signiﬁcantly reduced the activity in the dark period
(Fig. 3a, rmANOVA: F15,90 = 5.558, P b 0.01), while light phase activity
was unaffected (Fig. 3b).
Fig. 3c–d shows that Olanzapine treatment led to a signiﬁcant
reduction in body temperature in the dark phase (Fig. 3c, rmANOVA:
F15,120 = 8.630, P b 0.01), and a signiﬁcant increase in the light phase
(Fig. 3d, rmANOVA: F15,120 = 4.231, P b 0.01). Fig. 4 provides more
detailed information (every 5 min) on body temperature and activity.
Drug administration (indicated by arrows) caused an acute signiﬁcant
drop of both body temperature (rmANOVA CT 12–18: F71,568 =12.144,
P b 0.01; and CT 18–0: F71,426 = 2.13, P b 0.01) and locomotor activity
(CT 12–18; rmANOVA: F71,426 = 1.778, P b 0.01; and CT 18–0: F71,426 =
2.13, P b 0.01), which persisted throughout the dark period. In
the light period Olanzapine treatment caused an increase in body
temperature (Fig. 4b, rmANOVA CT 0–6: F71,568 = 9.184 P b 0.01, and
CT 6–12: F71,568 = 11.664, P b 0.01) with no signiﬁcant changes in
activity (Fig. 4a). Fig. 4 also shows a diurnal rhythm in the control

Fig. 2. a) The effect of Olanzapine (n = 5) and saline (n = 5) treatment on 24 h water intake (WI), expressed as ml. b) Cumulative water intake after 14 days of Olanzapine or saline
treatment. Olanzapine is presented as ﬁlled squares, control as open circles. Signiﬁcance is presented as * P b 0.05, and #P b 0.01.
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Fig. 3. a and b) The effect of Olanzapine and saline on locomotor activity in the dark (a) and light (b) period. Activity is expressed as a percentage of total 24 h activity during the
baseline period. c and d) The effect of Olanzapine and saline on body temperature in the dark (c) and light (d) period. In all graphs, Olanzapine is presented as ﬁlled squares, controls
as open circles. Signiﬁcance is presented as * P b 0.05, and #P b 0.01.

group, by which activity and body temperature are higher during the
dark phase (11:00 h–23:00 h) compared to the light phase, This daily
rhythm is disturbed by the administration of Olanzapine.

ANOVA: F1,18 =5.546, P b 0.05). During the dark period meal size (Fig. 5c)
was decreased by Olanzapine (One-way ANOVA: F1,18 = 4.606, P b 0.05),
without signiﬁcant effects on meal number (Fig. 5d).

3.3. Food registration data

3.4. First day of treatment

At days 17 and 18, feeding behavior was continuously monitored
during two consecutive days. Fig. 5a gives the average intake over these
two days is per hour. There were marked differences in feeding patterns
between both groups (rmANOVA: F23,414 =3.864, P b 0.01). Fig. 5b shows
the cumulative food intake over 24 h and reveals that there is a decrease
of food intake during the second half of dark phase, while food intake
during the light period is increased when compared to control values.
The 24 h cumulative data (Fig. 5b) shows that Olanzapine reduced
food intake during the dark (Controls: 45.45 ±3.22 kcal; Olanzapine:
28.72 ±2.14 kcal; One-way ANOVA: F1,18 = 18.739, P b 0.01). During the
light period Olanzapine increased food intake relative to control
treatment (Controls: 19.74 ±2.80 kcal; Olanzapine: 27.45 ± 1.69 kcal.

The data of day 0, the day that all animals switched to the new
diet and received their ﬁrst injection of saline or Olanzapine, are
presented in Table 1. The switch from lab chow to medium fat diet led
to a signiﬁcant increase in food intake in the control group
(chow = 58.35± 3.55 kcal, medium fat diet= 100.58 ± 3.82 kcal; Oneway ANOVA: F1,8 = 64.150, P b 0.01) but not in the Olanzapine group
(chow = 59.39± 4.57 kcal, medium fat diet= 75.20 ± 5.56 kcal; Oneway ANOVA: F1,8 = 4.826, P = 0.06). Water intake was lower compared
to baseline levels, with no difference between groups. Locomotor
activity and body temperature were decreased by Olanzapine when
compared to control. This amount of activity within the Olanzapine
group during the light phase was signiﬁcantly lower (F1,6 = 10.569,

Fig. 4. a) The effect of Olanzapine and saline administration on locomotor activity expressed as average of 14 days of treatment. Activity is expressed as the percentage of average
baseline activity per 5 min per 24 h. b) The effect of Olanzapine and saline administration on body temperature (°C) expressed as the average body temperature over 14 days of
treatment. Arrows indicate the time of drug administration. Lights turned off at 11:00 h. Olanzapine is presented as ﬁlled squares, controls as open circles.
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Fig. 5. a and b) The effect of Olanzapine and saline treatment on circadian food intake (kcal) per hour (a) or 24 h cumulative food intake (kcal). Lights turned off at 11:00 h and turned
on at 23:00 h. Signiﬁcance is presented as *P b 0.05. c) and d) The effect of Olanzapine and saline on average meal size (a) and meal number (d) in the dark and light period, expressed
as an average of two consecutive days. Signiﬁcance is presented as *P b 0.05. All Olanzapine data is presented as ﬁlled squares/bars, controls as open circles/bars.

P b 0.05; One-way ANOVA) the ﬁrst day of treatment compared to the
average light phase activity of 14 day Olanzapine treatment. 24 h body
temperature is signiﬁcantly decreased (F1,8 = 83.175, P b 0.05; Oneway ANOVA) in the ﬁrst day of Olanzapine treatment compared to the
average of 14 day treatment.
3.5. Sucrose preference
At the end of experiment a two bottle preference test for 10%
(g/vol) sucrose solution was performed. Table 2 shows that sucrose
intake was signiﬁcantly higher in the controls (6 h = 17.52 ± 2.51 ml;
24 h = 53.52 ± 9.18 ml) when compared to Olanzapine (6 h = 4.24 ±
1.61 ml; 24 h = 21.76 ± 4.22 ml) treated animals, both after 6 (F1,8 =
19.851, P b 0.01, One-way ANOVA) and 24 h (F1,8 = 9.879, P b 0.05,
One-way ANOVA).
4. Discussion and conclusions
In this study in female Wistar rats we found that chronic
Olanzapine treatment led to a signiﬁcant weight gain without changes
in 24 h food intake. Olanzapine dramatically reduced locomotor
activity, caused an acute hypothermia and completely deranged the
circadian patterns in food intake.
Since there were no changes in 24 h food intake, one may argue
that the Olanzapine-induced weight gain might be secondary to the

Table 1
Responses at ﬁrst day of treatment. The effect of Olanzapine or Control treatment on
24 h food and water intake, average 24 h activity, and average 24 h body temperature at
the ﬁrst day of treatment (day 0).

Food intake (kcal)
Water intake (ml)
Activity (%)
Body temperature (°C)

Control

Olanzapine

F1,8(*1,6)

P-value

100.58±3.82
13.20±0.92
105.11±10.22
37.59±0.03

75.20±5.56
15.40±1.29
42.26±4.72
37.23±0.03

14.155
1.936
*31.191
115.852

b0.01
b0.01
b0.001

marked reduction in locomotor activity, previously described as the
sedative effect of Olanzapine (Ahnaou et al., 2003). Fig. 4 shows in
detail the acute reduction of locomotor activity after Olanzapine
administration, which persisted throughout the duration of the
experiment. Comparable results of reduction in activity by Olanzapine
have been reported before in both rats (Hillebrand et al., 2005;
Stefanidis et al., 2009) and humans (Callaghan et al., 1997;
Putzhammer et al., 2005; Roerig et al., 2005).
Olanzapine did not affect 24 h food intake in this study, but we
observed marked differences between dark and light period feeding
patterns by Olanzapine. Food intake was markedly reduced in the
dark phase and was increased in the light phase. It is tenable to
assume that the reduction in dark phase food intake is mainly caused
by the sedative effect of Olanzapine. The increased food intake in the
normally inactive light phase could then be considered as a
compensatory homeostatic response to compensate controlling total
24 h food intake. These marked derangements in day/night food
intake support previous observations by Lee and Clifton (2002) who
found that Olanzapine failed to affect 22 h food intake but also noticed
that the size of the ﬁrst meal as well as the latency to eat was reduced
after Olanzapine administration. In the present study we found that
Olanzapine during the dark phase reduced meal size, with a small but
not signiﬁcant reduction in meal frequency.
The effects of Olanzapine on body temperature were remarkably
similar to the effects on feeding: there was no effect on average 24 h
body temperature but there were marked derangements of the dark
and light phase patterns. As shown is Fig. 4 in detail, Olanzapine
induced a dramatic hypothermic response immediately after
Table 2
Sucrose preference. The effect of Olanzapine and Control treatment on 6 and 24 h
sucrose intake during a two-bottle preference test.

Sucrose intake (ml)

6h
24 h

Control

Olanzapine

F1,8

P-value

17.52±2.51
53.52±9.18

4.24±1.61
21.76±4.22

19.851
9.879

b0.01
b0.05

168

S.S. Evers et al. / Pharmacology, Biochemistry and Behavior 97 (2010) 163–169

administration. The dynamics of this response make it unlikely that
this reduction in body temperature was secondary to the sedative and
hypophagic effects of Olanzapine (i.e., leading to reduced activity- and
diet-induced thermogenesis). Instead, data from literature suggest
that the hypothermia may be explained by a direct inhibitory effect of
Olanzapine on sympathetic outﬂow and brown adipose tissue (BAT)
thermogenesis (Oerther and Ahlenius, 2000). Indeed, Olanzapine
decreases uncoupling protein 1 (UCP1) expression in BAT and
increases Fos expression in orexin-A positive neurons in perifornical
region (PeF) of the lateral hypothalamic area (LHA) projecting to the
BAT (Stefanidis et al., 2009). Likewise, Olanzapine inhibits the
increase in sympathetic activity after icv orexin-A administration
(Monda et al., 2008). Taken together, these data suggest that the
Olanzapine-induced hypothermia has, at least in part, a centrally
regulated origin, directly related to the orexin-A system at the level of
the lateral hypothalamus (LHA).
Body temperature was signiﬁcantly increased during the light
period (Figs. 3 and 4). This increase was probably the result of an
increased diet-induced thermogenesis caused by the elevated food
intake in the light period in the Olanzapine-treated animals.
Olanzapine treatment reduced the intake of sucrose in a twobottle-preference test, suggesting a reduced motivation for palatable
foods (Table 2). Likewise, Olanzapine prevented the normal increase
in food intake (as seen in the control animals) on day 0, the ﬁrst day
that the animals were confronted with the palatable medium fat diet
(Table 1) These ﬁndings might be explained by Olanzapine's
antagonist action on the dopaminergic system, because D2-receptor
antagonism has been shown to reduce sucrose preference (Yu et al.,
2000). Since Olanzapine has been shown to increase swimming
activity in a forced swim test (Molina-Hernandez et al., 2009), one
may conclude that Olanzapine does not inhibit activity per se, but may
predominantly inhibit the motivation to be active.
In this study we used a relatively high dose of Olanzapine (5 mg/kg
b.i.d). Studies performed by Cooper et al. (2005) and Davoodi et al.
(2009) revealed that lower dose (2–4 mg/kg/day) might lead to a
higher increase in body weight, partly the result of increased food
intake. Oerther et al. show that Olanzapine-induced hypothermia is
dose dependent (Oerther and Ahlenius, 2000), which probably
accounts also for the reduction of activity when compared to our
data. As seen in Fig. 4 control animals increase their activity and body
temperature at the time of administration, after which there is a
signiﬁcant drop in temperature and activity. Preliminary studies in
our lab revealed that lower doses of Olanzapine will not result in a
signiﬁcant drop of activity and body temperature compared to control
treated animals. In addition, we also noticed that there are remarkable
differences in the effect of olanzapine on metabolism in, male and
female rats, we are currently investigating this. During this study we
have not measured if Olanzapine may decrease both basal metabolic
rate and locomotor activity, Future studies should reveal if Olanzapine
affects both these parameters of energy expenditure.
Based on the data above, we conclude that, in female Wistar rats,
Olanzapine-induced weight gain in this paradigm is primarily the
result of a major reduction in locomotor activity without changes in
24 h daily food intake. These ﬁndings are in line with the data from
human literature in which the sedative effect of Olanzapine is welldocumented (Callaghan et al., 1997; Putzhammer et al., 2005; Roerig
et al., 2005). Evidence in humans for an effect of Olanzapine on food
intake is less consistent (Eder et al., 2001; Gothelf et al., 2002; Roerig
et al., 2005; Stauffer et al., 2009). We also found that Olanzapine has a
dramatic acute effect on body temperature. Data in literature
suggests that this Olanzapine-induced hypothermia is mainly the
result of decreased BAT sympathetic activity, involving the orexin-A
system at the level of the PeF in the LHA. Future studies are needed
to unravel the possible effects of Olanzapine-induced locomotor
inactivity and hypothermia on meal size, meal frequency and feeding
patterns.

Acknowledgements
This work was supported by Top Institute Pharma project T2-105.
We would like to thank Eline van Dijk and Sander Nieuwenhuijsen for
their valuable technical support, and Sietse de Boer for installing the
telemetric set-up.

References
Ahnaou A, Megens AAHP, Drinkenburg WHIM. The atypical antipsychotics risperidone,
clozapine and olanzapine differ regarding their sedative potency in rats.
Neuropsychobiology 2003;48:47–54.
Aichhorn W, Whitworth AB, Weiss EM, Marksteiner J. Second-generation antipsychotics: is there evidence for sex differences in pharmacokinetic and adverse effect
proﬁles? Drug Saf 2006;29:587.
Ananth J, Venkatesh R, Burgoyne K, Gunatilake S. Atypical antipsychotic drug use and
diabetes. Psychother Psychosom 2002;71:244–54.
Angelucci F, Aloe L, Iannitelli A, Gruber SH, Mathe AA. Effect of chronic olanzapine
treatment on nerve growth factor and brain-derived neurotrophic factor in the rat
brain. Eur Neuropsychopharmacol 2005;15:311–7.
Baptista T, Kin NM, Beaulieu S, de Baptista EA. Obesity and related metabolic
abnormalities during antipsychotic drug administration: mechanisms, management and research perspectives. Pharmacopsychiatry 2002;35:205–19.
Bymaster FP, Calligaro DO, Falcone JF, Marsh RD, Moore NA, Tye NC, et al. Radioreceptor
binding proﬁle of the atypical antipsychotic olanzapine. Neuropsychopharmacology 1996a;14:87–96.
Bymaster FP, Hemrick-Luecke SK, Perry KW, Fuller RW. Neurochemical evidence for
antagonism by olanzapine of dopamine, serotonin, alpha 1-adrenergic and
muscarinic receptors in vivo in rats. Psychopharmacology (Berl) 1996b;124:87–94.
Bymaster FP, Nelson DL, DeLapp NW, Falcone JF, Eckols K, Truex LL, et al. Antagonism by
olanzapine of dopamine D1, serotonin2, muscarinic, histamine H1 and alpha 1adrenergic receptors in vitro. Schizophr Res 1999;37:107–22.
Bymaster FP, Falcone JF, Bauzon D, Kennedy JS, Schenck K, DeLapp NW, et al. Potent
antagonism of 5-HT3 and 5-HT6 receptors by olanzapine. Eur J Pharmacol
2001;430:341–9.
Caballero E. Obesity, diabetes, and the metabolic syndrome: new challenges in
antipsychotic drug therapy. CNS Spectr 2003;8:19–22.
Callaghan JT, Cerimele BJ, Kassahun KJ, Nyhart Jr EH, Hoyes-Beehler PJ, Kondraske GV.
Olanzapine: interaction study with imipramine. J Clin Pharmacol 1997;37:971–8.
Choi S, DiSilvio B, Unangst J, Fernstrom JD. Effect of chronic infusion of olanzapine and
clozapine on food intake and body weight gain in male and female rats. Life Sci
2007;81:1024–30.
Cohen JA, Perel JM. Adolescent weight loss during treatment with olanzapine. J Child
Adolesc Psychopharmacol 2004;14:617–20.
Cooper GD, Pickavance LC, Wilding JP, Halford JC, Goudie AJ. A parametric analysis of
olanzapine-induced weight gain in female rats. Psychopharmacology (Berl)
2005;181:80–9.
Cooper GD, Pickavance LC, Wilding JP, Harrold JA, Halford JC, Goudie AJ. Effects of
olanzapine in male rats: enhanced adiposity in the absence of hyperphagia, weight
gain or metabolic abnormalities. J Psychopharmacol 2007;21:405–13.
Davoodi N, Kalinichev M, Korneev SA, Clifton PG. Hyperphagia and increased meal size
are responsible for weight gain in rats treated sub-chronically with olanzapine.
Psychopharmacology (Berl) 2009;203:693–702.
Eder U, Mangweth B, Ebenbichler C, Weiss E, Hofer A, Hummer M, et al. Association of
olanzapine-induced weight gain with an increase in body fat. Am J Psychiatry
2001;158:1719–22.
Farde L, Wiesel FA, Halldin C, Sedvall G. Central D2-dopamine receptor occupancy in
schizophrenic patients treated with antipsychotic drugs. Arch Gen Psychiatry
1988;45:71–6.
Gothelf D, Falk B, Singer P, Kairi M, Phillip M, Zigel L, et al. Weight gain associated with
increased food intake and low habitual activity levels in male adolescent schizophrenic inpatients treated with olanzapine. Am J Psychiatry 2002;159:1055–7.
Hajduch E, Rencurel F, Balendran A, Batty IH, Downes CP, Hundal HS. Serotonin (5hydroxytryptamine), a novel regulator of glucose transport in rat skeletal muscle.
J Biol Chem 1999;274:13563–8.
Hillebrand JJ, van Elburg AA, Kas MJ, van EH, Adan RA. Olanzapine reduces physical
activity in rats exposed to activity-based anorexia: possible implications for treatment of anorexia nervosa? Biol Psychiatry 2005;58:651–7.
Kapur S, VanderSpek SC, Brownlee BA, Nobrega JN. Antipsychotic dosing in preclinical
models is often unrepresentative of the clinical condition: a suggested solution
based on in vivo occupancy. J Pharmacol Exp Ther 2003;305:625–31.
Lacroix LP, Hows ME, Shah AJ, Hagan JJ, Heidbreder CA. Selective antagonism
at dopamine D3 receptors enhances monoaminergic and cholinergic neurotransmission in the rat anterior cingulate cortex. Neuropsychopharmacology
2003;28:839–49.
Lee MD, Clifton PG. Meal patterns of free feeding rats treated with clozapine,
olanzapine, or haloperidol. Pharmacol Biochem Behav 2002;71:147–54.
Li XM, Perry KW, Wong DT, Bymaster FP. Olanzapine increases in vivo dopamine and
norepinephrine release in rat prefrontal cortex, nucleus accumbens and striatum.
Psychopharmacology (Berl) 1998;136:153–61.
Meerlo P, De Boer SF, Koolhaas JM, Daan S, Van den Hoofdakker RH. Changes in daily
rhythms of body temperature and activity after a single social defeat in rats. Physiol
Behav 1996;59:735–9.

S.S. Evers et al. / Pharmacology, Biochemistry and Behavior 97 (2010) 163–169
Molina-Hernandez M, Tellez-Alcantara NP, Olivera-Lopez JI, Jaramillo MT. Olanzapine
plus 17-beta estradiol produce antidepressant-like actions in rats forced to swim.
Pharmacol Biochem Behav 2009;93:491–7.
Monda M, Viggiano A, Viggiano A, Mondola R, Viggiano E, Messina G, et al. Olanzapine
blocks the sympathetic and hyperthermic reactions due to cerebral injection of
orexin A. Peptides 2008;29:120–6.
Naiker DV, Catts SV, Catts VS, Bedi KS, Bryan-Lluka LJ. Dose determination of
haloperidol, risperidone and olanzapine using an in vivo dopamine D2-receptor
occupancy method in the rat. Eur J Pharmacol 2006;540:87–90.
Oerther S, Ahlenius S. Atypical antipsychotics and dopamine D(1) receptor agonism: an
in vivo experimental study using core temperature measurements in the rat.
J Pharmacol Exp Ther 2000;292:731–6.
Pouzet B, Mow T, Kreilgaard M, Velschow S. Chronic treatment with antipsychotics in
rats as a model for antipsychotic-induced weight gain in human. Pharmacol
Biochem Behav 2003;75:133–40.
Putzhammer A, Perfahl M, Pfeiff L, Hajak G. Gait disturbances in patients with
schizophrenia and adaptation to treadmill walking. Psychiatry Clin Neurosci
2005;59:303–10.
Richtand NM, Kelsoe JR, Segal D, Kuczenski R. Regional quantiﬁcation of D1, D2, and D3
dopamine receptor mRNA in rat brain using a ribonuclease protection assay. Mol
Brain Res 1995;33:97-103.
Robertson GS, Fibiger HC. Effects of olanzapine on regional C-Fos expression in rat
forebrain. Neuropsychopharmacology 1996;14:105–10.
Roerig JL, Mitchell JE, de ZM, Crosby RD, Gosnell BA, Steffen KJ, et al. A comparison of the
effects of olanzapine and risperidone versus placebo on eating behaviors. J Clin
Psychopharmacol 2005;25:413–8.
Rollema H, Lu Y, Schmidt AW, Sprouse JS, Zorn SH. 5-HT(1A) receptor activation
contributes to ziprasidone-induced dopamine release in the rat prefrontal cortex.
Biol Psychiatry 2000;48:229–37.
Sawchenko PE, Swanson LW, Steinbusch HWM, Verhofstad AAJ. The distribution and
cells of origin of serotonergic inputs to the paraventricular and supraoptic nuclei of
the rat. Brain Res 1983;277:355–60.

169

Stauffer VL, Lipkovich I, Hoffmann VP, Heinloth AN, McGregor HS, Kinon BJ. Predictors
and correlates for weight changes in patients co-treated with olanzapine and
weight mitigating agents; a post-hoc analysis. BMC Psychiatry 2009;9:12.
Stefanidis A, Verty AN, Allen AM, Owens NC, Cowley MA, Oldﬁeld BJ. The role of
thermogenesis in antipsychotic drug-induced weight gain. Obesity 2009;17:16–24
(Silver. Spring).
Tavares A, Handy DE, Bogdanova NN, Rosene DL, Gavras H. Localization of {alpha}2Aand {alpha}2B-adrenergic receptor subtypes in brain. Hypertension 1996;27:
449–55.
van der Zwaal EM, Luijendijk MC, Adan RA, la Fleur SE. Olanzapine-induced weight
gain: chronic infusion using osmotic minipumps does not result in stable plasma
levels due to degradation of olanzapine in solution. Eur J Pharmacol 2008;585:
130–6.
Victoriano M, Hermier D, Even PC, Fromentin G, Huneau JF, Tome D, et al. Early
perturbation in feeding behaviour and energy homeostasy in olanzapine-treated
rats. Psychopharmacology (Berl) 2009;206:167–76.
Wielinga PY, Wachters-Hagedoorn RE, Bouter B, van Dijk TH, Stellaard F, Nieuwenhuizen AG, et al. Hydroxycitric acid delays intestinal glucose absorption in rats. Am J
Physiol Gastrointest Liver Physiol 2005;288:G1144–9.
Yang TT, Chang CK, Tsao CW, Hsu YM, Hsu CT, Cheng JT. Activation of muscarinic M-3
receptor may decrease glucose uptake and lipolysis in adipose tissue of rats.
Neurosci Lett 2009;451:57–9.
Yoshimatsu H. Hypothalamic neuronal histamine regulates body weight through the
modulation of diurnal feeding rhythm. Nutrition 2008;24:827–31.
Yu WZ, Silva RM, Sclafani A, Delamater AR, Bodnar RJ. Pharmacology of ﬂavor
preference conditioning in sham-feeding rats: effects of dopamine receptor
antagonists. Pharmacol Biochem Behav 2000;65:635–47.
Zubieta JK, Frey KA. Autoradiographic mapping of M3 muscarinic receptors in the rat
brain. J Pharmacol Exp Ther 1993;264:415–22.

