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ABSTRACT
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pathways in a context of metabolic dysfunction using high-fat diet (HFD) induced obese mice (female).

Methods: A total of 1 mg/kg of OLA and HFD were given for 6 weeks to an obese mice group
as treatment. Then, body weight, abdominal fat weight, lipid profiles (serum triglycerides (TG), total
cholesterol (TC), and high-density lipoprotein cholesterol [HDL-C]), and liver functions (serum
glutamic-oxaloacetic transaminase (SGOT), serum glutamic-pyruvic transaminase, and alkaline
phosphatase [ALP]) were assessed against the HFD control group. The relative gene expression of
PPAR-y, MCP-1, and GLUT4 were also compared.

Results: This treatment of OLA (1 mg/kg) induced a significant decrease in TG, SGOT, and serum
glutamic-pyruvic transaminase levels, and a non-significant decrease in body weight, abdominal fat
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Metabolic syndrome, . Conclusion: After chronic OLA exposure, the results indicate that the declination of body and organ
Obesity, Olanzapine : weight, lipid levels, liver finction markers, and MCP-/ and PPAR-y expression except for GLUT4
(OLA), Gene expression :  showsiits effects in changing the metabolic disturbances in obese mice.
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Introduction

he increased prevalence of obesity has

become a major health problem world-

wide for all ages. Obesity rates have risen

significantly as a result of recent lifestyle

changes. World Obesity Federation fore-

casts that if current trends continue, it will
cost about US$ 1.2 trillion per year to treat the conse-
quences of obesity by 2025 [1]. Obesity is linked to a
higher risk of cardiovascular and all-cause mortality [2].
Increased adiposity increases the risk of insulin resis-
tance, hypertension, hyperglycemia, and dyslipidemia
[3]. As an endocrine organ, adipose tissue secretes a va-
riety of hormones and messengers including adiponec-
tin, resistin, angiotensin, leptin, tumor necrosis factor-
alpha (TNF-a), and fatty acids that act at distant sites [4].
Leptin is released by adipose tissue in direct proportion
to its bulk, and it binds to specific cell surface receptors
in the hypothalamus, acting as a powerful inhibitor of
food intake [4].

Antipsychotic medicines are widely used to treat men-
tal diseases, such as bipolar disorder, delusional disor-
der, and schizophrenia. Second-generation antipsychot-
ics (SGAs), also known as atypical antipsychotics, carry
a reduced prevalence of extrapyramidal syndromes like
dystonia, hypokinesia, tremors, and akathisia than do
first-generation or typical antipsychotics [5]. Out of all
SGAs, olanzapine (OLA) has the greatest impact on
weight gain and metabolic alterations that may raise the
risk of metabolic syndrome and associated diseases such
as cardiovascular disease, prediabetes, and type 2 diabe-
tes [0, 7]. It antagonizes dopamine receptor D2 and 5-HT
receptor (5-HTR) 2A/C [8]. OLA is a regularly given
medicine for the short-term treatment of acute psychosis,
psychotic and manic-depressive disorders, and agitated
states in delirium and dementia, as well as the long-term
therapy of chronic psychotic disorders, such as schizo-
phrenia [9]. However, some research reveals that OLA
has severe metabolic side effects associated with obesity,
including weight gain, increased adiposity, hepatosteato-
sis, hyperphagia, dyslipidemia, hyperglycemia, insulin
resistance, increased fat oxidation and impairments in
glucose homeostasis [10-12]. Thus, the prevalence of
obesity is higher among people with schizophrenia than
among healthy people due to the side effects of SGAs.
However, if OLA and fat combine to disrupt metabolism,
it may be very undesirable leading to further complica-
tions which are also supported by Townsend et al., [10].
The mechanisms behind metabolic disruption caused by
SGAs are likely complex and include both the central
and peripheral neural systems [13, 14].
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Except for central nervous system study, little is known
about the effects of OLA on peripheral organs, such as the
liver and adipose tissue which are crucial for lipid meta-
bolic homeostasis. Besides, how the status of metabolic
disturbance shapes the metabolic reaction to prolonged
OLA administration that changes liver function, lipid
profiles, and obesity-mediated inflammation is an open
question. Considering these clinically significant facts,
this investigation evaluates the effect of OLA treatment
on pre-existing metabolic disturbance in high-fat diet
(HFD)-induced obese mice and observes the findings for
future adaptation with metabolic disturbances.

Materials and Methods
Experimental animals and diets

A total number of 15 mature Swiss albino mice (female,
weight=22-25 g) were used in this study. Mice were ob-
tained from the animal house of the International Center
for Diarrheal Disease Research, Bangladesh (ICDDR,
B). The mice were housed in separate metal cages while
maintaining constant environment and nutritional condi-
tions and under controlled conditions of 12-h dark/light
cycles. Through the particular nipple, unlimited supplies
of clean, fresh drinking water were provided. Water and
food were given to the mice twice a day and their cages
were cleaned regularly. Seven days were dedicated to ac-
climatization before the start of the study. Every animal
experiment was carried out at the Department of Phar-
macy, Noakhali Science and Technology University,
Bangladesh.

Study design

At first, a total of 15 mice (5 weeks old) were random-
ly categorized into two groups, namely the HFD group
which consisted of 10 mice with HFD for five weeks in
a row, and the normal diet (ND) group, which consisted
of 5 mice given normal diets for five weeks in a row. The
study design has been summarized and represented in
Figure 1. Throughout the duration, the body weight of
all mice was determined by a weight balance machine
daily and the average weight of each group of mice was
determined. After 5 weeks, the HFD group was further
divided into two groups with 5 mice. One remained with
the previous name HFD group. Another was renamed
with HFD+OLA which was given 1 mg/kg dose of OLA
via oral gavage for 6 weeks. All of these two groups
were continued with regular HFD and the previous ND
group was continued with normal diets. Accordingly, the
overall mice groups after 5 weeks in this study design
are as follows: Group 1 (n=5), including a control group,
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Figure 1. Flowchart of the study design

fed with only ND and water: Group 2 (n=5), including
the HFD group, was provided with HFD (normal diet
along with 20% cow fat) and water; and group 3 (n=5),
including HFD with OLA (HFD + OLA) group, was
given HFD along with OLA (1 mg/kg of body weight)
and water.

Method of serum collection for biochemical tests
and liver function tests

The mice’s heart was used to extract blood, which was
then left to stand at room temperature for 30 min to al-
low it to clot. After that, blood samples were centrifuged
in a centrifuge machine for 10 min at 2600 rounds per
min (rpm) to extract serum for tests of liver function (as-
partate transferase [AST]/serum glutamic-oxaloacetic
transaminase [SGOT], alanine aminotransferase [ALT]/
serum glutamic-pyruvic transaminase [SGPT], and al-
kaline phosphatase [ALP] level) and biochemical pa-
rameters (triglycerides [TG], total cholesterol [TC], and
high-density lipoprotein cholesterol [HDL-C] level) ac-
cording to the procedure applied in our previous study
[15]. Before analysis, the serum was finally transferred
into an Eppendorf tube and kept in a freezer at -80 'C.
Using Human Diagnostics kits (Germany) in a semi-au-
tomated chemistry analyzer (Mindray BA-88A), the test
was conducted following the guidelines provided in the
relevant manufacturing protocol.

December 2024. Volume 10. Number 4

Determination of organ weight

After 6 weeks of drug treatment, the mice were anes-
thetized by using chloroform and dissected by using
a dissection box, and their abdominal fat was collected
and weighed separately.

Extraction of messenger ribonucleic acid from adi-
pose tissue, quantification and analysis

After 6 weeks of drug treatment, using the Trizol tech-
nique, messenger ribonucleic acid (mRNA) was ex-
tracted from mouse adipose tissue using Trizol T-reagent
(SRL, India). Ribonucleic acid (RNA) was quantified
using a Colibri Micro Volume Spectrometer (Titertek-
Berthold, Germany). Protoscript-II (Biolabs Inc., New
England) was then used to reverse transcribe 1 ug of
RNA. Primers of a particular sequence were provided
by Macrogen Inc. (Korea) (Table 1). Quantitative poly-
merase chain reaction (PCR) was conducted in dupli-
cate using the Luna Universal real-time PCR (qPCR)
Master mix (Bio labs Inc. New England) in the CFX96
Touch real-time PCR detection system (Bio-Rad, US)
for 40 cycles. Relative mRNA expression for each gene
was calculated using the AACT method, normalized to
B-actin [16-18].

Begu Kh, et al. Effect of OLA in Metabolic Syndrome in Obese Mice. PBR. 2024; 10(4):345-354.
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Table 1. Summary of primer sequences for polymerase chain reaction analysis of targeted genes

Gene Name Forward (5’-3’) Reverse (3’-5’)
MCP1 TCAGCCAGATGCAGTTAACGC CTGTCACACTGGTCACTCCTA
GLUT4 GGATTCCATCCCACAAGGCA CCAACACGGCCAAGACATTG
PPAR-y CTTCGCTGATGCACTGCCTAT GGGTCAGCTCTTGTGAATGGA
B-actin GTTTGAGACCTTCAACACCCC GGAGGAGCAATGATCTTGATC
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Figure 2. Development of obese mice and confirmation of obesity during 5 weeks of HFD to make diet-induced obese model
against the control group (normal diet)

A) Percentage of body weight gain, B) Comparison of body weight, C) Changes in body weight, D) Effect of HFD on Lee index
"P<0.05, "P<0.01, ""P<0.001.

Notes: Values are presented as Mean+SEM and students t-test.
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Figure 3. Effect of OLA on body and organs” weight

A) Effect on Body weight, B) Effect on abdominal fat weight
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Figure 4. Effect of OLA on lipid profile

A) Effect on TG Level, B) Effect on TC level, C) Effect on HDL-C level
"P<0.05, "P<0.01, ""P<0.001.

Notes: Values are presented as Mean+SEM and students t-test.
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Figure 5. Effect of OLA on liver function

A) Effect on SGOT level, B) Effect on serum glutamic-pyruvic transaminase level, C) Effect on ALP level

*P<0.05, *"P<0.01, *"P<0.001.

Notes: Values are presented as Mean+SEM and students t-test.

Results

Development of obese mice and confirmation of
obesity

The weight of mice increased every week and at the
end of the fifth week, obesity was established. After 5
weeks, the HFD group showed a significant increase in
body weight than the control group (ND). For confirma-
tion of the mice as obese, we analyzed the Lee index
values and also the p-value of Lee index values of HFD
groups compared to the control group. Lee considered
values greater than 310 as an indicator of obesity. So,
mice with Lee index >310 were considered as obese
[19]. We found that the Lee index was higher when mice
fed with HFD significantly (364) compared to the con-
trol (307) confirming the mice with HFD as obese and
the control mice as non-obese. Data are presented in Fig-
ure 2.

Begu Kh, et al. Effect of OLA in Metabolic Syndrome in Obese Mice. PBR. 2024; 10(4):345-354.

Effect of OLA on Body weight and organ weight

After 6 weeks of the experiment, the body weight of
the mice was measured and then the mice were dis-
sected and abdominal fat was weighed. The result of the
study indicates that after drug treatment, body weight,
and abdominal fat weight were increased significantly
in the obese (HFD) control group than the normal diet
group. But drug treatment group showed a non-signif-
icant decreasing trend in the parameters than the obese
(HFD) control group. Data are presented in Figure 3.

Effect of OLA on lipid profiles

This study indicates that after 6 weeks of drug treat-
ment, the HFD group showed a significant increase in
TG and TC levels than the control group, and a signifi-
cant level of declination was noticed in the HDL-C level
than the control group. On the other hand, the OLA-
treatment group showed a significant decrease in TG
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Figure 6. Effect of OLA on relative gene expression

A) MCP-1 gene expression, B) PPARy gene expression, C) GLUT4 gene expression

"P<0.05, "P<0.01, ""P<0.001.

Notes: Values are presented as Mean+SEM and students t-test.

level but a non-significant decrease was noticed in TC
and HDL-C levels when compared with the HFD group.
Data are shown in Figure 4.

Effect of OLA on liver function

The present study indicates that after 6 weeks of drug
treatment, the HFD group showed a significant increase
in SGOT and ALP levels but a non-significant increase
in SGPT levels compared to the control group. On the
other hand, the OLA treatment group showed a signifi-
cant decrease in SGOT and SGPT but a non-significant
decrease in ALP levels when compared with the HFD
group. Data are presented in Figure 5.

Effect of OLA on relative gene expression of MCP-
1, PPAR-y, and GLUT4

Using real-time RT-PCR and RNA isolated from adi-
pose tissues of age- and gender-matched obese mice,
we examined the expression of the MCP-1, PPAR-y,

and GLUT4 genes in vivo. In comparison to ND mice,
HFD mice had a noticeably higher basal level of MCP-1
expression in their adipose tissue and a non-significant
decrease in the OLA treatment group compared with
the HFD group. On the other side, PPAR-y expression
in the adipose tissue was significantly elevated in HFD
mice compared with ND mice and non-significantly
decreased in the OLA treatment group compared with
the HFD group. The result of the present study also in-
dicates that HFD-fed mice showed a significant increase
in GLUT4 expression compared to the control group
and the OLA-treatment group also showed significant
increasing trend in GLUT4 expression when compared
with HFD group. Data are presented in Figure 6.

Discussion

Obesity as an emerging health problem is developing
various chronic diseases [20, 21]. As both humans and
rodents have a similar tendency to gain weight with high-
calorie intake [22], we also observed that an increase in
body weight significantly occurred confirming obesity

Begu Kh, et al. Effect of OLA in Metabolic Syndrome in Obese Mice. PBR. 2024; 10(4):345-354.
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by Lee index when mice fed with HFD than the control
group. Besides, significant changes in body and organ
weight, lipid profile, liver functions, and relative gene
expressions confirmed obesity in HFD-induced obese
mice. The findings in the OLA-treated group indicate
a decreasing trend in body and organ weight. The OLA
treatment group showed significantly less amount of se-
rum TG than the HFD group. Serum TC is decreased af-
ter treatment but there is also a non-significant decrease
in HDL-C level in the treated mice. Zhang et al. stated
that OLA exerted minor effects on lipids in mice with
obesity [11]. Our study also supported this but exhibited
an overall lipid-lowering effect. Since SGOT, SGPT, and
ALP are leakage enzymes, their elevated levels in the
blood indicate severe hepatocellular injury [23]. How-
ever, in this study in case of HFD-fed mice showed a
significant level of elevation in SGOT, SGPT, and ALP
enzymes than the control group but a significant level
of declination of them was noticed after OLA treat-
ment. Elevated levels of serum SGOT, SGPT, and ALP
in HFD-fed mice, a reliable indicator of liver damage,
were dropped following OLA exposure supporting that
chronic OLA is associated with declination in necrosis
in liver cells.

In this study, OLA in HFD-fed mice non-significantly
decreases MCP-1 mRNA expression by reducing MCP-
1 gene transcription compared to only HFD-treated
mice. We speculate that such effects may contribute to
the salutary effect of OLA in hepatic steatosis and many
other metabolic syndromes in the context of pre-existing
obesity. Reduction in MCP-1 level also indicates anti-
inflammatory effects of OLA exposure. The result of this
study also showed a significant upregulation of PPAR-y
in HFD-fed mice than the control group and a decreasing
trend non-significantly in the OLA treatment group. In
this research, GLUT-4 expression showed a significant
increase after OLA treatment. Notably, multiple investi-
gations in mice/rats on HFD have found increased weight
gain and metabolic disruption following acute OLA
treatment [10, 24]. One possible explanation for the dif-
ference between our results and those of other research
could be the significantly shorter HFD duration in those
earlier trials. According to a different study, long-term
exposure to OLA reduced adiposity and hepatic steatosis
in obese mice [11]. This evidence supports our findings
in HFD-induced obese mice, where OLA was not asso-
ciated with exacerbated metabolic syndrome in female
mice. However, this study suggests that when obesity is
established, OLA exposure is related to reduced adipos-
ity accumulation and liver injury. Finally, OLA exposure
presents anti-obesity effects including the reduced gene
expression of MCP-I as an anti-inflammatory effect
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mainly. Moreover, to enhance the current study’s thera-
peutic significance and to have a deeper understanding
of OLA’s metabolic effect, it is recommended for future
research employing a larger mouse population.

Conclusion

Following prolonged exposure to OLA, the results re-
veal a decrease in body and organ weight, lipid levels,
liver function markers, and the expression of MCP-1 and
PPAR-y, with the exception of GLUT4. These changes
suggest that OLA influences metabolic disturbances in
obese mice. Moreover, to enhance the current study’s
therapeutic significance and to have a deeper under-
standing of OLA’s metabolic effect, it is recommended
for future research employing a larger mouse population.
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