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ABSTRACT

Olanzapine is an effective atypical antipsychotic carrying the highest risk of weight gain.
Atomoxetine is a Norepinephrine reuptake inhibitor that used mainly in attention deficit hyperactivity
disorder in children and was reported to augment Olanzapine effect. Clinical observation showed loss
of weight in some patients taking it for other indications. So the aim of this research work is to study
the role of Atomoxetine in reducing Olanzapine induced obesity in rats through its effect on adipose
tissue structure. We used Forty adult male albino rats which were divided into four groups: control
group, Atomoxetine treated group (1 mg/kg/day), Olanzapine treated group (1 mg/kg/day), and group
treated with both drugs (co-treated group). Immunohistochemical staining for UCP1 was applied on
histological sections. The weight gain in Olanzapine group was significantly reduced when co-treated
with Atomoxetine. The size of white adipocytes decreased in co-treated group than Olanzapine group
with appearance of UCP1 reactive cells in white adipose tissue and increased immunoreactivity in the
brown adipose tissue in rats taking Atomoxetine alone or in co-treated groups. We can conclude that
Atomoxetine may be beneficial in decreasing the weight gain induced by Olanzapine through its
effect on adipose tissue increasing the activity of brown adipose tissue or browning of white adipose
tissue by activating UCP1 in it.
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INTRODUCTION

Olanzapine is one of the second
generation antipsychotic drugs that became
among the first line of schizophrenia
treatment due to high efficacy and
tolerability. ! One of the most common
side effects of it is the increased risk of
obesity in addition to higher risk of diabetes
and cardiovascular diseases. [ Olanzapine
acts on multiple neurotransmitter receptors
as dopamine D2, serotonin 5-HT2A and 5-
HT2C, histamine H1 receptors, and
muscarinic M1 and M3 receptors. * #
Acting on D2 and 5-HT2A receptors play
the key role in its therapeutic effects, while
H1 receptor antagonistic action may be the
key factor leading to Olanzapine induced
obesity and acting on the 5-HT2C, and M3
receptors may lead to the other

antipsychotic induced metabolic side effects
as diabetes and disturbed lipid profile
including  disturbed  cholesterol  and
triglycerides levels in blood. ' ¥ Previous
animal studies showed that Olanzapine may
modulate histaminergic neurotransmission
responsible for food intake, hyperglycemia
and weight gain in rats. © ® In some human
studies, there was a remarkable amount of
weight gain in some patients within year
treatment duration. The weight gain was
accompanied by an increase in white fat. !
In clinical practice, schizophrenic patients
may need long or even life-time treatment
with antipsychotic drugs. Compliance of
patients is decreased because of some
adverse side effects of medications as
obesity  especially in  females.
Olanzapine-induced weight gain observed in
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rat models may be partially related to
decreased amount or activity of brown
adipose tissue. !

Decreased brown adipose tissue
(BAT) activity may be associated with
obesity and diabetes in humans. The
mitochondria of cells in BAT are very rich
in uncoupling protein 1 (UCP1l). BAT
regulates glucose metabolism and improves
insulin sensitivity, while brown
adipogenesis is suppressed in cases of
insulin resistance. So, brown fat stimulation
and formation may helﬁj in fighting against
obesity and diabetes. 1*°

Atomoxetine is a norepinephrine
reuptake inhibitor (NRI) approved for use
mainly in cases of attention deficit
hyperactivity disorder (ADHD) in children,
adolescents, and adults ™ in addition to
decreasing craving in patients recovered
from drug abuse of opiates and
amphetamines. It has no abuse potential
which makes it safer to be used in children
unlike methylphenidate (Ritalen) which is
more effective but with higher risk of drug
abuse. % It was noticed in clinical practice
that overweight children treated from
ADHD taking Atomoxetine ~ showed
significant  weight loss. ™ 1 The
underlying mechanisms of these results are
not fully understood. **! Since Atomoxetine
has a high safety profile, we hypothesis that
it may Dbe beneficial in decreasing
antipsychotic induced obesity in
schizophrenic patients.

So the aim of this study is to spot
more light on the role of Atomoxetine in
decreasing Olanzapine induced obesity in
rats through its effect on adipose tissue
structure and  activity.  Histological,
immunohistochemical techniques,
morphometric measurements and statistical
analysis of data were used in this study.

MATERIALS AND METHODS
The original research was approved
by the ethics committee in the basic medical

regulations for animal research in laboratory
animals' applications and all procedures
were held under it. !

Materials:

Olanzapine (zyprexa velotabl0 mg
tablet) and Atomoxetine (Strattera 10 mg
capsule) were purchased from Eli Lilly
pharmaceutical Company Indianapolis,
Indiana 46285 USA.

In the present study, we used a dose of 1
mg/ kg/ day from both drugs by esophageal
tube for 4 weeks. The Olanzapin tablet was
crushed and dissolved in 10 ml phosphate
buffered saline (PBS) and the Atomoxetine
capsule was emptied and dissolved also in
10 ml phosphate buffered saline (PBS) to
make the stock solution from which the
dose calculated for each rat was
administered to it. The stock solution should
be shacked well before use.

Animals:

The present study included 40 male
adult albino rats weighing (200£10 gm).
They were obtained from and housed in the
animal house of Vacsera - Holding
Company for Biological Products and
Vaccines (Helwan- Cairo- Egypt)

The animals received equal amount/ cage of
standard diet for rodents and allowed free
access to water. They were divided into 4
groups 10 animals each. Each group was
kept in separate wire cage at room
temperature.

The groups are:

Group | (Control group): received 1 ml PBS
by esophageal tube.

Group 1l (Atomoxetine group) received 1
mg Atomoxetine/kg/day dissolved in PBS
by esophageal tube.

Group Il (Olanzapine group): received 1
mg Olanzapine/kg/day dissolved in PBS by
esophageal tube.

Group IV (Olanzapine and Atomoxetine
group); received 1 mg Atomoxetine/kg/day
and 1 mg Olanzapine/kg/day dissolved in
PBS by esophageal tube.

Body weight for each rat was measured

science departments union Faculty of  weekly.

Medicine  Fayoum  University  Egypt After 4 weeks treatment, rats were

following  international  ethics and  sacrificed after being anaesthesized with
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intraperitoneal injection of 50 mg/kg
thiopental sodium. The peritoneal and
epidydimal white adipose tissue, and
interscapular brown adipose tissue were
collected and fixed in 10% formalin for 24
hours. Paraffin blocks were prepared and
Sum thick sections were stained with
Haematoxylin and Eosin stain and
immunohistochemical staining technique for
ucPl. I Quantitative morphometric
analysis and statistical analysis of the
obtained immunohistochemical results were
done.

Immunohistochemical staining:

Sections from all animals were
processed simultaneously. Tissue samples
were fixed in 10% formalin, processed and
embedded in paraffin wax blocks. Sections
were cut at 5 micron thickness and mounted
on poly-L-lysine-coated microscope slides.
Sections were labeled with an indirect
streptavidin-biotin—peroxidase
immunohistochemical staining for the
presence of UCP-1 using Anti-UCP-1

(ready-to-use rabbit polyclonal antibody
Cat#U6382, RRID:AB_261838 Sigma-
Aldrich ~ St.  Louis, Missouri, MO
63178USA). The sections were

deparaffinized and rehydrated by passing
through two changes of xylol, two changes
of 100%, then 90% and 70% ethyl alcohol
then two changes of distillated sterile water,
for 15 min each. Sections were treated with
3% H202 and methanol for 30 min to block
endogenous peroxidase activity then washed
in phosphate- buffered saline (PBS 3
changes, 2 minutes each). Excess buffer was
drained and non-specific background was
eliminated by covering the sections
immediately with 2 drops of serum blocking
solution and incubated for 10 minutes at
room temperature then excess serum was
eliminated. Primary antibody was applied to
the sections, 2 drops for each section and
incubated in humidity chamber for 60
minutes at room temperature. Sections were
washed with PBS (3 changes 2 minutes
each), then incubated with biotinylated
polyvalent secondary antibody Histostain
SP kit Cat. #95-9643 (LAB-SA system,

Zymed Laboratories Inc, San Francisco, CA
94080, USA,) for 20 min. Sections were
rinsed well with PBS and incubated with
"Streptavidin-Horseradish  peroxidase” 2
drops for each section) then incubated for
10 minutes in the humidity chamber. Slides
were washed well in PBS (3 changes, 2
minutes each) and then dried around the
edges of the sections using a piece of gauze.
Substrate-chromogen mixture was prepared
(Reagents 3A, 3B, 3C) by adding one drop
of concentrated substrate buffer, one drop of
concentrated DAB chromogen and 1 ml of
0.6% hydrogen peroxide to one ml of
distilled water. The mixture was mixed well
and protected from light and applied
immediately to the sections (2 drops for
each section). Slides were incubated at room
temperature for 5-10 minutes then Slides
were rinsed well with distilled water and
they were counterstained with hematoxylin.
Slides were washed in tap water until blue.
Slides were put in PBS, and then rinsed in
distilled water. The slides were dehydrated
and mounted.

UCP-1 positive cells
cytoplasmic deposits.
Negative controls for all groups were
performed by replacing the primary antisera
with PBS.

Positive control was a specimen of
interscapular brown adipose tissue.
Quantitative Morphometric Analysis:

The mean white adipocyte area was
calculated in H&E stained sections.

The mean UCP-1 immunostained area
percent was calculated.

The mean UCP-1 immunostained optical
density was calculated.

Using the Leica Qwin 500 Image analysis
these parameters were measured in five
randomly selected non overlapping fields
per slide from five slides of each animal.
The magnification used was x400.
Statistical analysis methods:

Statistical analysis was performed on
“EXCELL” Statistical Analysis System
Software. Data were presented as the Mean
+ SD. Differences among the study groups
were detected by one way analysis of

showed brown
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variance (ANOVA) as global test to
determine any differences in data prior to
comparing pairs of groups then "student-t
test" was performed. P values < 0.05 were
considered statistically significant. ¢!

RESULTS

As regard the effect of Atomoxetine
co-treatment in reducing Olanzapine-
induced weight gain; in the Olanzapine-
only group, there was significant increase in
body weight gain compared to the control
group at the end of the 4 weeks treatment

period. On the other hand, although the
Olanzapine-Atomoxetine co-treatment
group had a higher weight gain than the
control and Atomoxetine only groups; it
appeared to have a significantly lower body
weight gain than the Olanzapine-only group
after 4 weeks. However, the Atomoxetine -
only treatment had no significant difference
in weight gain compared to the control
group.  Therefore,  co-treatment  of
Atomoxetine and Olanzapine can partially
reduce weight gain induced by chronic
Olanzapine treatment (table: 1).

Table (1): Mean % of body weight changes

Gl Gll Gl GIVv

(Control) | (Atomoxetine) | (Olanzapine) | (Olanzapine-Atomoxetine)
initial body weight 202+5 2017 198+10 19946
final body weight 21248 208+7 23016 216+10
body weight change % | 104.717 a | 103.8278 a 113.913 b 107.8704 c

*Different superscripts in the same row indicate statistically significant difference (P < 0.05) compared to other groups.

Histological results:

Hispathological observations on
white adipose tissues of control rats showed
that cells appeared with white adipocyte
morphology as the cytoplasm appeared
empty vacuolated and nuclei were
peripheral eccentric and flattened. In all the
sections, cells with white adipocyte
morphology were predominant. However, in
the sections from animals taking
Atomoxetine alone or as co-treatment with
Olanzapine, individual cells or islets of cells
with  multilocular ~ brown  adipocyte
morphology could be identified. The
sections of Olanzapine group showed
remarkable large sized adipocytes in many
areas more than all other groups. While in
the co-treated group the size of cells
appeared medium in size between
Olanzapine group from one side and Control
and Atomoxetine group from the other side
(Fig. 1).

Photomicrographs of sections of
white adipose tissue showing cells with
white adipocyte morphology as the
cytoplasm appeared empty vacuolated and
nuclei were peripheral eccentric and
flattened (thick arrows). In all the sections,
cells with white adipocyte morphology were
predominant. In the sections from animals
taking Atomoxetine alone or as co-treatment

with Olanzapine, individual cells or islets of
cells with multilocular brown adipocyte
morphology could be identified (thin
arrows). The sections of Olanzapine group
showed remarkable large sized adipocytes
in many areas more than all other groups
(L). While in the co-treated group the size
of cells appeared medium in size (M)
between Olanzapine group from one side
and Control and Atomoxetine group from
the other side.

[(@) Control; (b) atomoxetine; (c)
Olanzapine; (d) co-treatment atomoxetine
and Olanzapine] (H&E stain x400; scale bar
20 micrometer).
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Figure (1): general morphology of white adipose tissue in all
groups.
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Brown adipose tissue showed cells
with multilocular small fat globules with
central rounded nuclei. No remarkable
differences by H&E stain could be observed
between different groups (Fig. 2).
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Figure (2): general morphology of brown adipose tissue in all
groups.

Photomicrographs of sections of Brown
adipose tissue; showing cells with
multilocular small fat globules with central
rounded nuclei (thin arrows). No remarkable
differences could be observed between
different groups.
[(@) Control; (b) atomoxetine; (c)
Olanzapine; (d) co-treatment atomoxetine
and Olanzapine] (H&E stain x400; scale bar
20 micrometer).

As regard immunoreactivity for
UCP1 in white adipose tissues; it could be
observed in the Atomoxetine and co-treated

groups in the form of sporadic
immunoreactive cells with either
multilocular or unilocular morphology

among non reactive white adipocyts in the
peritoneal and epidydimal adipose tissue
with no remarkable differences between the
two sites. While in the Control group and
Olanzapine group; there was no remarkable
immunoreactivity for UCP1 (Fig. 3).
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Figure (3): immunohistochemical staining of white adipose
tissue in all groups.

20Micrometer

White adipose tissues in the
Atomoxetine and co-treated groups showed
immunoreactivity for UCP1 in the form of
sporadic immunoreactive cells with either
unilocular (thick arrows) or multilocular
morphology (thin arrows) among non
reactive white adipocyts While in the
Control group and Olanzapine group; there
was no remarkable immunoreactivity for
UCP1
[(@) Control; (b) atomoxetine; (c)
Olanzapine; (d) co-treatment atomoxetine
and Olanzapine] (UCP1 immunostaining
x400; scale bar 20 micrometer).

Brown adipose tissue showed
positive immunoreactivity in all groups with
strong reactivity in the Atomoxetine and the
co-treated groups more than Control and
Olanzapine groups (Fig. 4).
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Figure (4): immunohistochemical staining of brown adipose
tissue in all groups.
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Brown adipose tissue showed
positive immunoreactivity in all groups with
strong reactivity in the Atomoxetine and the
co-treated groups (thick arrows) more than
Control and Olanzapine groups (thin
arrows). [(@) Control; (b) atomoxetine; (c)
Olanzapine; (d) co-treatment atomoxetine
and Olanzapine] (UCP1 immunostaining
x400; scale bar 20 micrometer).

Morphometric results:

ANOVA among groups as regard
the mean size of white adipocyte area and
UCP1 mean area % and optical density
immunoreactivity showed that in each
parameter; there was statistically significant
variance among different groups were P <
0.05.

ANOVA among groups as regard
the mean size of brown adipocyte area and
UCP1 mean area % showed that there was
statistically non significant variance among
different groups were P > 0.05. While
optical density immunoreactivity showed

statistically significant variance among
different groups were P < 0.05.

When ANOVA showed significant
variance among groups; comparison
between each two groups was performed
using t-test and the results were summarized
in tables (2, 3, 4):

Table (2) summarize the results of
measuring mean size of white and brown
adipocyte area:

Mean area size of white adipocyte revealed
the highest value in the group Il
(Olanzapine) while the least one was in
group Il (Atomoxetine) while group |
(control) and group IV (co-treatment)
showed no remarkable statistical difference.

Comparing each two groups
together; it was found to be statistically
significant (P value < 0.05) except between
the group | and group IV (control and the
co-treatment groups) where no statistical
significance could be observed. As regard
brown adipocyte area; there was no
statistically  significant  difference in
adipocyte size among different groups.

Table (2): Mean size of white and brown adipocyte area in y2

Gruop Gl Gll
(Control)

(Atomoxetine)

Gl GIvV

(Olanzapine) (Olanzapine-Atomoxetine)

White adipose tissue | 383.245+18.56 a

345.158+12.23 b

512.206+7.73 ¢ | 369.417+9.33 a

84.37+89 a

Brown adipose tissue

82.37+5.33 a

86.37+6.19 a 88.37+4.42 a

*Different superscripts in the same row indicate statistically significant difference (P < 0.05) compared to other groups.

Table (3) summarize the results of
measuring  immunohistochemical UCP1
Mean area % in white and brown adipose
tissue:

Mean area % of UCP1 immunoreactivity in
white adipose tissue revealed the highest
value in the group Il (Atomoxetine) and
group IV (co-treatment) while no
immunoreactivity could be detected in
group | and group Il (Control group and
Olanzapine group).

Comparing each two groups together; it was
found to be statistically significant (P value
< 0.05) except between group | and group
1l and between group Il and group IV
where no statistical significance could be
observed.

As regard brown adipocyte Mean area % of
UCP1 immunoreactivity; there was no
statistically significant difference.

Table (3): Mean area % of UCP1 immunohistochemical staining

Gruop Gl Gl Gl GIV

(Control) (Atomoxetine) | (Olanzapine) | (Olanzapine-Atomoxetine)
White adipose tissue | 0.0a 2.18+1.33b 00a 1.83+0.68 b
Brown adipose tissue | 7.05+0.09a | 12.38+1.74 b 5.13+0.25a 11.83+0.81 b

*Different superscripts in the same row indicate statistically significant difference (P < 0.05) compared to other groups.

Table (4) summarize the results of Mean optical density in white and brown
measuring immunohistochemical UCP1  adipose tissue:
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Mean  optical density of UCP1
immunoreactivity in white and brown
adipose tissue revealed the highest value in
the group Il (Atomoxetine) and group IV

(co-treatment) while the least one was in
group | and group Il (Control group and
Olanzapine group).

Table (4): The mean UCP-1 immunostained optical density

Gruop Gl Gl
(Control)

(Atomoxetine)

G GIV
(Olanzapine) | (Olanzapine-Atomoxetine)

White adipose tissue | 0.0a

37.934+7.4b 0.0a

42.45+5.9b

Brown adipose tissue | 102.474+3.4 a

138.274+3.2 b

89.081+8.1a | 121.427+6.3 b

*Different superscripts in the same row indicate statistically significant difference (P < 0.05) compared to other groups.

Comparing each two  groups
together; it was found to be statistically
significant (P value < 0.05) except between
group | and group 111 and between Group Il
and group IV where no statistical
significance could be observed.

DISCUSSION

Using long term antipsychotic
treatment is  very  important  for
schizophrenic patients. Antipsychotic-side
effects are important risk factors for
cardiovascular disease and metabolic side
effects as insulin resistance that increases
morbidity and mortality rates and
decreasing the patient’s compliance to
treatment. “° Many clinical trials showed

that antipsychotic administration
(particularly Olanzapine and clozapine) may
cause many side effects including

significant weight gain. ) Researchers are
trying to find methods that can prevent
antipsychotics induced weight gain. Few
clinical trials used Atomoxetine as an
augmentation for Olanzapine to alleviate the
depressive  and  agitation  symptoms
associated with schizophrenia, some of them
reported an effect of Atomoxetine treatment
on Olanzapine-induced weight gain, with an
unindentified mechanism of action. (2!
Adipose tissue is divided mainly into
white adipose tissue (WAT) with unilocular
fat cells distributed all over the body and
acting as energy storing cells and brown
adipose tissue (BAT) with multilocular fat
cells found in few areas as periaortic and
interscapular areas which is characterized
by the presence of UCP1 in the
mitochondria leading to energy dissipation
as heat (thermogenesis) so decreasing the

amount of (WAT) and energy storage in the
body. 2 This type of brown adipocytes is
stimulated mainly through adrenergic
stimulation. ! Some drugs and natural
products were found to have the ability of
activating brown adipocytes activity and
even activating white adipocytes to have
UCP1 (browning of white adipose tissue) so
performing a (BAT) like effect. ¥ These
drugs and natural products may be effective
in reducing weight which can be a great way
in fighting obesity.

Atomoxetine was found to have
controversial effects as regard its effect on
body weight in different studies. It is a drug
acting as a Norepinephrine reuptake
inhibitor (NRI) so it can stimulate the
UCP1. In addition to that; it can be used as
an augmentation therapy with Olanzapine
and clozapine to enhance their therapeutic
effects. 21 So it may be a great
combination to increase the effect of
Olanzapine and at the same time decrease
one of its great side effects if it is proved to
be effective.

This work aimed at investigating the
role of Atomoxetine in  reducing
Olanzapine-induced weight gain through its
effect on the adipose tissue in rats.
Histological and immunohistochemical
techniques in addition to morphometric
measurements and statistical analysis of the
data were applied in this study.

In the present study; according to
dosage translation between species based on
body surface area following the FDA
guideline; & Olanzapine was administered
to rats in a dose of 1 mg/kg orally for 4
weeks. This dose is equivalent to 10 mg/
day for human average body weight 60 kg
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which is the average common safe
recommended dose used in different
indications. This dose of Olanzapine was
sufficient to promote adipocyte
accumulation of fat droplets with decreased
level of thermogenesis which was
implicated as one important causative factor
of adipose tissue accumulation with
Olanzapine treatment. 23!

Using Atomoxetine to counteract

weight gain may be adventitious to other
drugs as it is already could be used as an
augmentation therapy to increase the
Olanzapine antipsychotic action especially
in agitated patients or even used in treating
some co-morbid disorders. B¥  The
recommended dose for human in ADHD
range from 0.5 tol.2 mg/kg/day which is
equivalent to 3 to 7.5 mg/kg/day for rats
while as an augmentation therapy it can be
used in lower doses, % so we used a dose
of 1 mg/kg/day in our experiment.
In our study, we observed beneficial effect
of Atomoxetine treatment in reducing
Olanzapine-induced weight gain in rats.
This finding in rats also enabled us to
further investigate the mechanism of
Atomoxetine's action. Olanzapine treatment
was reported to increase fat accumulation in
rats and in humans. B3 In our study, the
results demonstrated that Olanzapine
treatment, in addition to increasing the body
weight compared to other groups, there was
increase in adipocyte average size in
different sample places compared to similar
sites in other groups. These changes were
reduced markedly with the concomitant use
of Atomoxetine with Olanzapine in the co-
treated group in addition to appearance of
few cells with brown adipocyte morphology
or cells with UCP1 reactivity. In this
research work; we demonstrated the
Atomoxetine effect on browning of white
adipose tissue in Olanzapine treated rats that
may be an important mechanism in
preventing Olanzapine-induced weight gain,
which might imply a potential effectiveness
on human patients taking Olanzapine
treatment.

We tried to investigate the role of
Atomoxetine on the white adipose tissue
deposition occurred during Olanzapine
treatment. The increased energy storage
induced by Olanzapine was extensively
considered a result of both increased energy
intake (such as hyperphagia) B® and
reduced energy expenditure (such as
decreased thermogenesis). ! In this work
we minimized the effect of increased intake
by fixing the amount of food available for
rats in each cage and adjusting it to be
similar to that consumed by the control
group. So in our study; we can say that no
remarkable effect of food intake and
appetite could be a contributing factor in
weight gain in Olanzapine treated rats or in
proportional lesser weight gain in co-treated
rats as we fixed the amount of food intake to
all groups as much as possible. Some
studies reported a varying degree of
Atomoxetine effect on food intake as
reduced food intake, while other studies
showed that Atomoxetine treatment did not
affect food intake. " ¥ In our study we
found no remarkable effect of atomoxetine
in reducing appetite in rats as the same
amount of food was nearly consumed in all
groups. Histological and morphometric
study of the brown adipose tissue in the
interscapular area showed more reactivity to
UCPL1 in rats of Atomoxetine group and co-
treatment group with no remarkable
differences among other groups. This may
be due to the stimulatory effect of
Atomoxetine as an NRI that elevate the
level of Norepinephrine in the brain and
circulating Norepinephrine that increase the
activity of UCP1 present in brown adipose
tissue, B9 in addition to that the white
adipose tissue that is normally negative for
UCP1 showed mild reactivity in rats taking
Atomoxetine either alone or as a co-
treatment with Olanzapine. Our results
strongly suggest the mechanism of action
for Atomoxetine occurs by increasing
energy expenditure or by reducing energy
storage through its effect on the UCP1 in
brown adipose tissue or even browning of
white adipose tissue, rather than inhibition
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of energy intake through decreasing the
amount of food intake.

Atomoxetine is a drug used mainly
for the treatment of ADHD in children and
can be useful in treating co-morbid diseases
with a high efficacy and safety profile. (4
The treatment with Atomoxetine did not
moderate Olanzapine-induced food intake,
so the drug treatment only partially
prevented Olanzapine-induced weight gain.
With the aim of elucidating the mechanism
of Atomoxetine efficacy, we performed
immunohistochemical study for UCP1
expression in brown adipose tissue (BAT),
and white adipose tissue (WAT); we found
that Olanzapine treatment resulted in
significantly reduced expression of UCP1
suggesting that thermogenesis would be
decreased, which is consistent with
Olanzapine-reduced = BAT  temperature
reported by another research group. %!

Up till now, there is no specific
agent being used to control Olanzapine
induced weight gain. So the new finding in
this study is that Atomoxetine can activate
brown adipose tissue and stimulate
browning of white adipose tissue which is
more prominent at the time of need with
high fat deposition after Olanzapine
treatment suggesting the presence of
feedback mechanism that increase the
reactivity of adipose tissue to Atomoxetine
after certain period of higher degree of fat
deposition due to Olanzapine treatment.
Further investigation about this effect may
help in decreasing the Olanzapine induced
weight gain that lead to non compliance of
this treatment in many patients taking that
medication.

CONCLUSIONS

This study provides evidence that
significant Olanzapine induced weight gain
could be controlled to some extent with
concomitant use of Atomoxetine in small
doses. Since schizophrenic patients usually
need long term and repeated antipsychotic
treatment, it is very important to control
weight gain caused by chronic antipsychotic
treatment. In this study, we found that co-

treatment with Atomoxetine is effective in
significantly reducing weight gain induced
by Olanzapine through the chronic
treatment course. This study further
demonstrated that the mechanisms of
Atomoxetine in  reducing Olanzapine-
induced body weight gain may be in part to
its effect on the adipose tissue through
activation of UCP1 in brown and even in
white adipose tissue. This study provides
further evidence to support a clinical trial to
test the effectiveness of co-treatment of
Olanzapine and Atomoxetine for controlling
the weight gain in schizophrenic patients
with chronic and repeated Olanzapine
treatment.
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