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Effect of ursolic acid on olanzapine induced weight gain in Sprague Dawley rats
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Antipsychotics used in the treatment of schizophrenia are known to cause weight gain. Phytoconstituents are used to
manage such drug-induced weight gain. Ursolic acid is a pentacyclic triterpenoid commonly present in many herbs and
fruits which are used in daily life. The effect of ursolic acid on antipsychotic-induced weight gain is not clear. Here, we
investigated the effect of ursolic acid on olanzapine-induced weight gain in rats. Sprague-Dawley (SD) rats were divided
into six different groups viz., normal control, olanzapine control, betahistine (10 mg/kg), and ursolic acid 10, 20 and
40 mg/kg treated groups. All the drugs were administered once daily for 28 days orally. Except for the normal control group,
all other animals were treated with olanzapine 4 mg/kg intraperitoneally to induce weight gain. During the experiment,
animal’s behaviour variations were monitored at regular intervals. At the end of the experiment, blood sample was collected
from all the experimental animals for biochemical analysis. Part of the brain, liver, heart, lung and kidney tissues were
excised from the sacrificed animals and preserved in neutral formalin for histopathological studies. Ursolic acid showed a
significant reduction in olanzapine-induced body weight gain on the rats. Increase in locomotor activity was also observed
with the treatment of ursolic acid. Compared to ursolic acid, betahistine showed better tolerance against olanzapine-induced
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body weight gain.
Keywords: Antipsychotics, Depression, Schizophrenia

Antipsychotics are major tranquilizers used in the
treatment of schizophrenia, bipolar disorder,
dementia, unipolar depression, obsessive-compulsive
disorder, etc'. The adverse effects of antipsychotics
include impaired memory, extrapyramidal effects,
weight gain and metabolic dysfunction®. Weight gain
is often the most common and visible side effect of
atypical antipsychotic agents and it causes serious
health risks®. The atypical antipsychotics such as
clozapine and olanzapine have the most weight
gaining potential when compared with other
antipsychotic agents®. Olanzapine is a
thienobenzodiazepine and acts as antagonist at 5HT 4
and D, receptor’. While the corticostriatal pathways
are responsible for therapeutic action of olanazepine,
the actions on nigrostriatal pathway, and
antihistaminic  and  antiserotonergic  properties
probably cause adverse effects®. Many of the plant
phytoconstituents including ursolic acid found to have
preventive effect against drug-induced weight gain.
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Ursolic Acid is a pentacyclic triterpenoid, widely
distributed in herbs’. In many studies, ursolic acid
showed a beneficial effect against diet or drug-
induced weight gain®*°. Ursolic acid has significant
nitration with muscarinic, dopaminergic, peroxisome
proliferator-activated receptor (PPAR)-o. and, etc.
receptor sites'*'2. Earlier studies have reported that
PPAR-a agonist reverses the increased levels of
triglycerides and insulin resistance caused by
antipsychotics like chlorpromazine, clozapine, and
ziprasidone™™. It is reported that ursolic acid also has
the ability to increase protein kinase B (Akt) activity
in muscles that involve in multiple cellular processes
such as cell apoptosis, cell proliferation, cell
migration, transcription, glucose metabolism, and
increased fat burning. Akt, specifically located in
skeletal muscles which elevate the energy
expenditure, reduces adiposity and blood glucose and
impart resistance to glucose intolerance, diet-induced
weight gain, and fatty liver disease™. The effect of
ursolic acid on atypical antipsychotic agent-induced
weight gain remains unclear. Hence, in the present
study, we explored the effect of ursolic acid on
olanzapine-induced weight gain and associated
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metabolic and behavioural variations and compared it
with betahistine, a known inhibitor of antipsychotic-
induced weight gain, related metabolic and
behavioural variations.

Materials and Methods
Chemicals

Ursolic acid and olanzapine were purchased from
Sigma-Aldrich, USA. Betahistine Dihydrochloride
(Betaserc®) was purchased from a retail pharmacy.
Ursolic acid was suspended with 0.05% wi/v of
carboxymethyl cellulose (CMC). Olanzapine was
dissolved in 0.1 N hydrochloric acid and pH was
adjusted to ~5.5 (using 0.1 N NaOH) and the final
volume was adjusted with distilled water'.

Animals

Healthy, adult, female Sprague-Dawley (SD) rats,
weighing 150+10 g obtained from the Central Animal
house, AIMST University, Malaysia were housed in
large, spacious poly acrylic cages at ambient room
temperature (22-25°C) with 12 h light/dark cycle and
fed with water, and normal rats pellet diet ad libitum.
Prior approval was obtained from AIMST
University Human and Animal Ethics Committee
(AUHAEC1/FOP/SP/2015) to carry out the study, and
conducted according to University Animal Research
Review Panel guidelines.

Effect of ursolic acid on olanzapine-induced weight gain

The rats were divided into six groups of six
animals. Animals in group | was considered as normal
control and they were treated with CMC. Group I
animals were treated with olanzapine (4 mg/kg/day)
and group I was treated with betahistine
(10 mg/kg/day) along with olanzapine (4 mg/kg/day).
Animals in group IV to VI were treated with ursolic
acid 10, 20 and 40 mg/kg/day, respectively, along
with olanzapine (4 mg/kg/day)'’. Olanzapine was
administered intraperitoneally and ursolic acid was
administered orally every day for 28 days.

During the study, body weight changes, food and
water intake variations and, behavioural alterations
were monitored at regular intervals. At the end of the
study, animals were mildly anesthetized with diethyl
ether and one ml of blood was collected for
biochemical analysis, then they were sacrificed by
cervical dislocation. The brain, lung, heart, liver,
kidney, reproductive organs and peritoneal adipose
tissues were collected and absolute organ weight was
measured. The body weight of each rat in each group
was recorded at regular intervals.

Daily food and water intake was measured in each
group and compared with that of control.

Behavioural analysis

The locomotor activity, anxiety levels, learning and
memory activities, and grip strength were evaluated at
regular intervals.

Locomotor activity

The mobility of rats were recorded in a rodent
activity cage (actophotometer [manufactured by
Jainsons (India) Regd. Haryana, India]) equipped with
acrylic cage and six built-in photo sensor and digital
counters beams on both x and y horizontal axis. The
activity of the individual rat was monitored at room
temperature for 5 min.

Learning and memory (water maze test)

Water navigation test was employed to assess
learning and memory parameters and, escape latency
time (ELT) to evaluate the spatial learning and
memory functions. The water maze consists of
circular tank with 90 cm diameter and wall 20 cm
above the water level with 25°C water. A square
platform (10x5 cm) is hidden 2 cm below the water
level. Training had been taken place for 3 consecutive
days, with a 4 consecutive trials/day for each
experimental rat at the inter-trial interval of 30 min.
The tank was divided into 4 equal quadrants and trail
was started from one of four assigned polar positions
with different sequence each day. The latency was
measured by observing the time to reach the platform
by the animal. Any animal fails to reach the platform
in any trial within 3 min will be excluded from the
study™®.

Anxiogenic effects (elevated plus maze)

The rodent elevated plus maze consists of two open
arms and two enclosed arms with the dimension of
50x10x60 (L-W-H) cm. Two open and enclosed arms
are opposite to each other and maze is elevated to a
height of 60 cm. Prior to the experiment and at 14"
and 28" day of the experiment, the rat was placed in
the center of the maze, facing one of the enclosed
arms and monitored for 10 min. The number of
entries to each arm and time spent in each arm were
recorded. The experiment was conducted at a quiet
environment®®.

Wire grip strength

This test employed to assess the skeletal muscle
function in rodents. The apparatus consisted of a
metallic wire (90 cm length, 4 mm in diameter), fixed
horizontally between two retort stands and 60 cm
above a smooth surface®. The rats were forced to hold



762 INDIAN J EXP BIOL, NOVEMBER 2020

the middle of the wire. Training was conducted for
three consecutive days. Control rats as well as
olanzapine administered rats were observed for the
duration taken by rats to support their weight holding
on the metal string attached. Each rat was subjected to
5 trials with at least 10 min rest period in between
tests?’. The latency to fall from the wire was noted.

Biochemical parameters

At the end of the study, one ml of the blood was
collected from all the animals through retro-orbital
sinus puncture by using a plain glass tube. The serum
was separated by centrifugation at 3000 RPM for
20 min at 4°C, and stored at —80°C until further
biochemical analysis.

The serum levels of alkaline Phosphatase (ALP),
glucose, aspartate transaminase (AST), alanine
transaminase (ALT), total protein, urea, creatinine,
total cholesterol (TC), triglyceride (TG), and high
density lipoprotein-cholesterol (HDL) were analyzed
using biochemical analyzer (Reflotron Plus System,
Hoffmann-La Roche, USA). The Non-HDL, LDL,
HDL ratio, VLDL and Atherogenic dyslipidemia
[AD] were calculated using following formula TC-
HDL; TC/1.19 + TG/1.9 — HDL/1.1 — 38; [HDL-
cholesterol/TC-HDL-cholesterol] x100; LDL/5 and
log (TG/HDL-C)**%,

Histopathological analysis

Part of the liver and kidney samples from normal
control, olanzapine control, betahistine and ursolic
acid 40 mg/kg groups were preserved in 10% neutral
formalin for histopathological analysis. The brain,
liver, and kidney tissue was embedded in paraffin
after being dehydrated in alcohol and subsequently
cleared with xylene. Paraffin-embedded tissue blocks
were prepared and five-micrometer thickness of
section was taken with Microtome (Thermo Electron
Corporation, England) for routine histopathology.
Briefly, the sections for histopathology was placed on
an albuminized glass slide, deparaffinized, rehydrated
and stained with routine hematoxylin and eosin
(H&E). After mounting with DPX and coverslip the
slides were examined under a light microscope and
reporting was done.

Statistical analysis

The mean + standard error of the mean (n = 6)
values was calculated for each group except group Il
and IV (n = 5). It was found that one animal from
Group 11l and IV were dead on the 6™ day of the
experiment. Statistical differences among the groups

were determined using One-way ANOVA followed
by Tukey’s post-hoc test. P <0.05 is considered as
significant.

Results
Effect of ursolic acid on food and water intake

The group treated with olanzapine and olanzapine
+ ursolic acid 10 mg showed a significant increase in
food intake while the group treated with olanzapine +
ursolic acid 40 mg did not show any significant
alteration in regular food intake when compared to
control. Rats treated with olanzapine and olanzapine +
ursolic acid 10 mg showed a significant increase in
food intake from 14"™day onwards when compared
with that of control. The effect of ursolic acid on
olanzapine-induced changes in food intake of rats is
summarized in Fig. 1. Significant changes in regular
water intake were not observed with any of the treated
group when compared to control.

Effect of ursolic acid on olanzapine-induced weight gain

The animals treated with olanzapine alone were
found to have significant weight gain. The animals
treated with olanzapine plus ursolic acid 10 mg/kg a
showed significant increase in body weight compared
to other groups. While the rats treated with olanzapine
+ ursolic acid 40 mg showed a significant decrease in
olanzapine-induced weight gain when compared to
olanzapine control. The rats treated with olanzapine +
betahistine showed no significant increase in body
weight. The effect of ursolic acid on olanzapine-
induced weight gain on rats is summarized in Table 1.

—+— Control

—&— Olanzapine control

10 == Qlanzapine + Betahistine

== QOlanzapine + Ursolic acid 10 mg
54 == Olanzapine + Ursolic acid 20 mg
=&~ QOlanzapine + Ursolic acid 40 mg

8-14th day 15-21stday  22-28th day

Average daily food intake (g/group)
8

1-7th day

Fig. 1 — Effect of ursolic acid on olanzapine-induced changes in
food intake. [All the values are mean + SEM (n=6, except
olanzapine + betahistine [n=5] and olanzapine + ursolic acid
10 mg [n=5] treated group). °P <0.05; °P <0.01 and P <0.001
compare to 1-7" day. (One-way ANOVA followed by Tukey
post-hoc test). SEM: Standard error of the mean].
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Table 1 — Effect of ursolic acid on olanzapine-induced body weight gain of rats

Treatment Body weight (g) % changes (at
Pre-study day 7" day 14™ day 21% day 28Mday the end of study)
Control 152.50+£3.74 153.50+4.06 156.67%3.29 158.83+2.39 162.67£2.40 6.87+2.06
Olanzapine control 149.33£3.99 154.17+3.85 165.00%4.07 168.33+4.18 179.17+3.31% 20.13£1.40
Olanzapine + Betahistine 150.20+3.32  152.80+2.37 154.80+2.59  155.80+2.71 157.00£1.87***  4.66+1.41
Olanzapine + Ursolic acid 10 mg 149.00+2.58 152.40+3.20 156.60+2.59  159.80+2.47 166.40+2.30* 11.71+0.62
Olanzapine + Ursolic acid 20 mg 149.17+2.41 149.33+1.50 151.67+1.63* 152.33+2.01** 158.00+£1.77***  5,99+1.09
Olanzapine + Ursolic acid 40 mg 148.83+2.81 150.17+3.16 149.67+3.13* 149.50+2.95*** 149.17+2.74***  0.25+0.88

[All the values are mean + SEM (n=6, except olanzapine + betahistine [n=5] and olanzapine + ursolic acid 10 mg [n=5] treated group). *P
<0.05, **P <0.05, ***P <0.05 compare to olanzepine treated group; “P <0.05 compare to control group (One-way ANOVA followed by
Tukey post-hoc test). SEM: Standard error of the mean, SD: Sprague-Dawley]

Table 2 — Effect of ursolic acid on locomotor activity, escape latency time and grip strength of rats

Locomotion (Unit/5 min)

Escape latency time in seconds

Wire screen holding time in seconds

Treatment

Pre-studyday 14" day 28"day  Prestudyday 14"day 28"day  Prestudyday 14"day 28" day

Control 106.67+10.21 93.67+28.21 101.50+11.11 47.1745.26 48.00+4.68 43.67+3.06 26.00+3.43 27.50+2.73 28.83+4.10
Olanzapine control 101.50£24.30 90.17+22.58 10.67+2.81%  44.67+9.66 31.67+858 2550+895% 27.33+7.70 20.33+5.28 19.50+5.83
Olanzapine+Betahistine  91.40+17.66 114.60+17.12 101204651 44.80+4.17 44.80+4.93 27.60+4.05 30.00+12.41 48.20+13.19 59.80+14.47*

Olanzapine+Ursolic

?.((:)Krj‘ng 96.20£1156 99.80+28.14 68.00+16.55* 46.33+3.73 22.00+5.38 35.00+8.90 29.83+8.77 33.60+9.27 35.60+11.02

20 mg 101.17¢11.29 73.83+14.42 101.50+11.11 44.00#8.99 36.33+7.84 29.67+6.22 31.00+4.32 36.17+7.36 45.83+7.87

40 mg 106.3348.39  97.33+14.90 154.00+16.68** 44.83+8.90 30.83+7.89 23.00+4.41 28.83+6.85 41.00+6.94 48.17+6.12

[All the values are mean £ SEM (n=6, except olanzapine + betahistine [n=5] and olanzapine + ursolic acid 10 mg [n=5] treated group). *P <0.05;
**P <0.001 compare to olanzepine treated group; *P <0.001 compare to control group (One-way ANOVA followed by Tukey post-hoc test).
@value of two animals (Only two animals reached platform, remaining animals failed to reach platform). SEM: Standard error of the mean]

Effect of ursolic acid on Behaviour
Effect of ursolic acid on locomotion

Locomotion is considered as one of the indices for
mental alertness. The rats treated with olanzapine
showed a decrease in locomotor activity by 11.16%
on the 14™ day and 88.17% on the 28" day when
compared to initial values. The rats treated with
ursolic acid 20 and 40 mg/kg showed significant
dose-dependent increases in locomotor activity
throughout the study when compared to the
olanzapine treated group. The effect of ursolic acid on
motor coordination on rats is summarized in Table 2.
Throughout the study, betahistine administered
animals did not show any alteration when compared
to the pre-study locomotor activities.
Effect of ursolic acid on Escape latency time

Effect of ursolic acid on water navigation of rats is
summarized in Table 2. In post training, ursolic acid
treated animals showed decreased ELT compared
with that of control.
Effect of ursolic acid on grip strength

Throughout the study, the rats treated with
olanzapine showed a decrease in their grip strength
(—25.61% on the 14™ day and —4.08% on the 28"
day). The rats treated with betahistine showed a
significant increase in their grip strength. The rats
treated with ursolic acid also showed an increase
in grip strength, but the values are not significant.

The effect of ursolic acid on olanzapine on grip
strength of rats is shown in Table 2.

Anxiogenic effects ursolic acid

The normal control animals did not show any
alterations in behaviour whereas betahistine and
ursolic acid treated animals showed significant
alterations in anxiogenic behaviour (Fig. 2). The rats
administered with olanzapine showed an increased
number of entries in dark arm and the rats treated with
betahistine showed increased time spent in dark
compared with that of pre-study values. The rats
treated with ursolic acid showed decreased duration of
stay and number of entries in dark.

Effect of ursolic acid on absolute and relative organ weights

Effects of ursolic acid on absolute and relative
organ weight of experimental rats were summarized
in Table 3. The rats treated with olanzapine showed a
significant increase in the absolute organ weight of
brain, kidney, and uterus when compared to control.
Betahistine and ursolic acid 10 mg/kg treated animals
showed a significant increase in lung weight when
compared to control. Olanzapine treated animals
showed a significant increase of relative uterus weight
when compared to control. Betahistine and ursolic
acid 10 mg/kg treated animals showed a significant
increase in lung’s weight when compared to the
olanzapine treated group.
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Fig. 2 — Effect of ursolic acid on anxiety (elevated plus maze) of rats. [All the values are mean + SEM (n=6, except olanzapine +
betahistine [n=5] and olanzapine + ursolic acid 10 mg [n=5] treated group). P <0.05; ®P <0.01 and P <0.001 compare with that of pre-
study values (One-way ANOVA followed by Tukey post-hoc test).SEM: Standard error of the mean].

Table 3 — Effect of ursolic acid on (A) absolute; and (B) relative organ weight of rats

Absolute organ weight (g)

Treatment . . Kidney Kidney Kidney

Brain Lung Heart Liver (Left) (Right) (Mean) Uterus
Control 1714006 154006 0574003 50962033 0324002 031+0.02 0632004 2.62+0.14
Olanzapine control 201+008%  1.66+005  0.65+0.03 6.44+0.17 0.38+001° 0.37+0.01% 0.75+0.03" 1.83+0.15"
Olanzapine+Betahistine 1.68+0.08** 1242009+ 0574004 577+0.19 0.3020.01** 0.29+0.01** 0.58+0.03** 1.94+0.14
Olanzapine+Ursolic acid 10 mg  1.65+0.04** 1.12+0.06™™ 056+0.04 6224056 0.35+001 0.35+0.01 0702003 1.98+0.19
Olanzapine+Ursolic acid 20 mg  1.5240.04*** 1424003  053#0.02 5.13#0.10 0.3020.01** 0.29+0.01** 0.59+0.02** 1.80+0.21"
Olanzapine+Ursolic acid 40 mg  1.53x0.04*** 133+0.04** 057+0.07 557+0.36 0.30+0.01** 0.3020.01** 0.59+0.02** 2.04%0.20

Relative organ weight (g)

Control 1.05£0.03  0.94+0.03 0.35+0.01 3.65+0.16 0.20+001 0.19+0.01 0.39+0.02 161+0.10
Olanzapine control 1.13+0.06  0.92+0.02  0.36+0.02 3.61+0.14 021001 021000 0.42+0.01 1.02+0.07*
Olanzapine+Betahistine 1.07£0.04  0.79+0.06° 0.36+0.03 3.67+0.12 0.19+001 0.18+#0.01 0.37#0.01 1.24+0.10
Olanzapine+Ursolic acid 10 mg ~ 0.99+0.03  0.67+0.03"" 0.34+0.02 3.73x0.31 0.21+0.01 021+0.01 0424001 1.20%0.12
Olanzapine+Ursolic acid 20 mg ~ 0.96+0.03  0.90+0.02  0.34+0.01 3.25+0.07 0.19+0.01 0.19+0.01 0.38x0.01 1.14+0.14
Olanzapine+Ursolic acid 40 mg ~ 1.03#0.03  0.89+0.03  0.38+0.05 3.73:0.21 0.20¢0.00 0.20+0.00 0.40+0.01 1.37+0.13

[All the values are mean + SEM (n=6, except olanzapine + betahistine [n=5] and olanzapine + ursolic acid 10 mg [n=5] treated group).
*P <0.01; **P <0.001 compared to olanzepine treated group; *P <0.05, *P <0.01 and **P <0.001 compared to control group (One=way
ANOVA followed by Tukey post-hoc test). SEM: Standard error of the mean]

Effects of ursolic acid on serum biochemical parameters

The animals treated with olanzapine showed
significantly increased levels of serum glucose and
creatinine when compared with that of the control
group. Animals treated with betahistine and ursolic
acid showed prevention of olanzapine-induced raise
in serum glucose (Fig. 3A) and creatinine (Fig. 3B)
levels. Olanzapine significantly increased the levels of
triglycerides, LDL, VLDL and AD compared to that
of control, whereas betahistine and ursolic acid
prevented the olanzapine-induced raise in these
parameters. Effect of wursolic acid on serum

biochemical parameters and
summarized in Figs 3 and 4.

lipids profile are
Effects of ursolic acid on histology of organs
Histopathological findings are presented in Table 4
and Fig. 5. Olanzapine treated animals showed
mononuclear infiltration, dilated alveoli and vascular
congestion in lungs (Fig. 5 A-C) whereas normal
features and mild lymphocyte infiltration were
observed with betahistine (Fig. 6A) and ursolic acid
(40 mg/kg) treated animals, respectively. Fatty changes
and degeneration of hepatocytes in the liver, cardiac
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Fig. 3 — (A) Effects of ursolic acid on serum biochemical
parameters of rats; and (B): Effects of ursolic acid on serum
biochemical parameters of rats. [All the values are mean + SEM
(n=6, except olanzapine + betahistine [n=5] and olanzapine +
ursolic acid 10 mg [n=5] treated group). P <0.05 and P <0.01
compared to control group; and P <0.05, ®P <0.01 and P <0.001
compared to olanzepine treated group (One-way ANOVA
followed by Tukey post-hoc test). AST: Aspartate
aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline
phosphatase and SEM: Standard error of the mean].
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congestion in heart and severe tubular cell degeneration
in kidney were observed in olanzapine treated animals
(Fig. 5 D-F) whereas betahistine and ursolic acid
reversed these effects (Fig. 6 A & B) and Fig. 7.

Discussion

Ursolic acid at 20 and 40 mg/kg has significantly
resisted the olanzapine-induced weight gain and its
effect was comparable with that of betahistine. This
suggests that ursolic acid inhibits olanzapine-induced

Table 4 — Effects of ursolic acid on histology of organs

Non-HDL

Treatment Organ Findings
Control  Brain, Lung, Heart, Normal
(normal) Liver, Kidney
Olanzapine Brain Normal
control Lun Mononuclear cell infiltration, dilated
(4 mg/kg) 9 alveoli and vascular congestion.
Heart Mild cardiac congestion
. Mild degeneration of hepatocytes and
Liver f
atty changes
Kidney No changes in glom_eruli and sever
tubular cell degeneration
Olanzapine Brain, Lung Normal
+ Heart No ev_idence_ of necrosis or
Betahistine myocardial toxin
(10 mg/kg) Liver Mild degeneration of hepatocytes
. No changes in glomeruli and mild
Kidney .
tubular cell degeneration
Olanzapine  Brain, Kidney  Normal
+Ursolic Lung Mild lymphocyte infiltration
acid Heart No evidence of necrosis.
(40 mgrkg) Li No evidence of degeneration of
iver
hepatocytes
Control
& Olanzapine control
@ Olanzapine + Betahistine
B Olanzapine + Ursolic acid 10 mg
& Olanzapine + Ursolic acid 20 mg
B QOlanzapine + Ursolic acid 40 mg
b
eEfe
ot a d e
LDL HDL ratio VLDL ADv

Fig. 4 — Effects of ursolic acid on plasma lipid profile of rats. [All the values are mean £ SEM (n=6, except olanzapine + betahistine
En:S] and olanzapine + ursolic acid 10 mg [n=5] treated group). %P <0.05; °P <0.01 compare to olanzepine treated group; P <0.05 and
P <0.01 compare to control group (One-way ANOVA followed by Tukey post-hoc test)] TC: Cholesterol, TG: Triglycerides, HDL:
High-density lipoprotein, LDL: Low-density lipoprotein, LDL: Low-density lipoprotein, AD: Atherogenicdyslipidemia, SEM: Standard

error of the mean].
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Fig. 5 — Histological features of various organs of rat treated with olanzapine 4 mg/kg. Section from lung of olanzapine 4 mg/kg treated
animals shows (A) dilated alveoli; (B) infiltration of mononuclear cell; (C) vascular congestion; (D) heart showing mild cardiac
congestion; (E) kidney showing sever tubular cell degeneration; and (F) liver showing mild degeneration of hepatocytes fatty changes.

H&E, 400X.

Fig. 6 — Histological features of various organs of rat treated
with betahistine 10 mg/kg. (A) Section from kidney of betahistine
treated animals showing mild tubular cell degeneration; and (B)
liver showing mild degeneration of hepatocytes. H&E, 400X.

Fig. 7 — Section from lungs of ursolic acid 40 mg/kg treated
animals shows mild lymphocyte infiltration. H&E, 400X.

weight gain. In some of the previous studies,
betahistine, an H; agonistic or Hz antagonist showed a
beneficial effect against antipsychotics-induced
weight gain. Lian etal reported that betahistine at
2.7 mg/kg (t.i.d.) showed significant weight reduction
in the rats co-administered with olanzapine (1.0 mg/kg;
ti.d) for 2 weeks®. In another study, betahistine
reduced olanzapine-induced body weight by ~45%%.
In humans, betahistine showed a significant weight
reduction when it was co-administered with
olanzapine (10 mg/day) in first-episode schizophrenia
patients for 6 weeks”. These studies clearly showed
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that partial histamine agonist/antagonist has a
beneficial effect on the reduction of olanzapine-
induced weight gain. The effect of ursolic acid on
olanzapine-induced weight gain was compared with
betahistine.

A pilot study of ‘olanzapine-induced weight gain’
was carried out in both the genders of SD rats. In the
pilot study, both gender of animals received
1.0 mg/kg intraperitoneal injection of olanzapine for
two weeks. At the end of the study, it was found that the
male rats did not respond to olanzapine as they did
not show any significant increase in regular food
intake and olanzapine-induced weight gain when
compared to control. Whereas female rats showed a
significant increase in regular food intake and weight
gain compared to control. Hence, further studies were
carried out with female SD rats. Albaugh et al., also
studied metabolic effects of olanzapine in rodents and
found that A/J mice, C57B1/6J mice, and male SD
rats are not suitable to mimic the human pathological
conditions of olanzapine-induced metabolic alterations
and weight gain. From there study it is exhibited that,
olanzapine-induced weight gain in female but not in
male SD rats”’. In human also, it was suggested that
olanzapine caused weight gain which is mediated by
increased food intake and lack of physical activity®.
Interaction of olanzapine with monoaminergic
receptors and the effect of olanzapine administration
on the regulation of hypothalamic mechanisms lead to
hyperphagia, weight gain, and metabolic changes®.

The animals treated with olanzapine showed
significant increases in regular food intake and an
increase in body weight when compared to normal
animals. No significant changes in water intake were
observed during the study. Murashita et al., reported
that, olanzapine increases appetite by stimulating
secretion of ghrelin in ghrelinergic cells of
gastrointestinal tract, which results in an increase in
food intake and weight gain®. The food intake and
olanzapine’s effect on body weight was effetely
resisted by ursolic acid. This may be due to the
antisecretory effect or hyposecretion of ghrelin by
ursolic acid'. Olanzapine increased water intake, but
the values are not significant. Fell et al.*! found that
olanzapine increases regular weight gain, food and
water intake, abdominal fat significantly. Ursolic acid
inhibits olanzapine-induced weight gain by enhancing
skeletal muscle insulin (IGF-1) signaling, activating
Akt (reduces weight gain and elevate energy
expenditure), reducing adiposity and  blood
glucose level®™.

Olanzapine found to have increased animals’ body
weight and reduced locomotion, immobilization time,
grip strength and increased level of anxiety, lipids
level and, glucose level whereas ursolic acid inhibits
all these olanzapine-induced metabolic effects. This
indicates ursolic acid has significant antianxiety, anti-
hyperlipidemic and anti-hyperglycemic effects. Liu
et al.* studied the effect of olanzapine on MK-801
induced cognitive deficits and found that, the animals
treated with olanzapine + MK-801 decreased locomotor
activity in the first 10 min of the test (results are not
statistically significant) and olanzapine rescued
animals from MK-801 induced cognitive deficits.
Reduction in locomotor activity effects of olanzapine
may be due to the reduction of accumbens nucleus
(Acb) GABAergic activity®.

Yuliang et al.** reported the hypolipidemic effect of
ursolic acid (50 mg/kg) in rats and Wang et al.®
demonstrated the hypolipidemic effect of ursolic acid
(25 mg/kg) in rabbits. In male rats, ursolic acid also
showed anxiolytic effect and this effect was comparable
to diazepam®. Betahistine showed anxiogenic effect but
no effect on locomotion. Imaizumi et al.*’ also reported
the same, but in their study betahistine showed a
significant reduction in locomotion and this effect may
be mediated through H; receptor. Both ursolic acid and
betahistine reduced the ELT, suggesting that short-term
hippocampus-dependent spatial memory is improved®.
Ursolic acid 40 mg/kg increased the muscular
coordination and this may be due to inhibition of muscle
breakdown via genetic signalling™.

At the end of the study, olanzapine showed
increased levels of glucose, liver enzymes and cellular
metabolites/ nitrogenous end products and this was
supported by histopathological reports. In absolute
and relative weight of organs, betahistine showed a
reduction in the weight of lungs and kidneys.
The reason for weight reduction is unknown.
Olanzapine is known to cause hyperglycaemia and
hypertriglyceridemia, and the same was reported in
many studies®**!. The animal treated with ursolic acid
also showed hepatoprotective effect and the same was
reported by Shukla et al.*2. Ursolic acid normalizes
the bile flow in a dose-dependent manner and
anticholestatic property as it increases the bile flow,
bile acids, and bile salts, which possibly due to
induction of bile salt-dependent fraction or repair of
bile duct®.

Olanzapine treated rats were observed to have
increased in their aminotransferase (ALT, AST) level
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compared to other groups. Olanzapine has been
reported to be causing the most transient,
asymptomatic increase in hepatic enzyme among all
these atypical antipsychotics. The pathogenesis of
olanzapine-associated hepatotoxicity is still not well
known and is mostly a transient phenomenon®. In
histopathology, olanzapine, betahistine, and ursolic
acid-treated groups showed mild degeneration of
hepatocytes and this may be due to olanzapine-
induced metabolic changes including dyslipidemia®.
Rats treated with ursolic acid showed a reduction in
aminotransferase level, maybe due to its antioxidant
properties®®. During the study, the animal administered
with olanzapine + betahistine and olanzapine + ursolic
acid 10 mg/kg (Gr. V) showed animal mortality and
the reason for the death of an animal from each of
these groups is not clear. But the olanzapine has two
times higher risk on the incidence of sudden cardiac
or sudden unexpected death compared to nonusers in
humans®’.

Conclusion

Chronic administration of olanzapine increased
body weight and altered the metabolic pattern of
experimental animals whereas ursolic acid at
40 mg/kg significantly resisted the olanzapine-induced
metabolic changes which include hyperglycemia,
hyperlipidemia, and weight gain. These effects of
ursolic acid at 40 mg/kg were comparable with that of
betahistine 10 mg/kg. From the results, it is inferred
that ursolic acid at 40 mg/kg inhibits olanzapine-
induced metabolic changes and, this effect may be
due to its action on insulin signaling, protein kinase B,
adiposity, blood glucose level and/or oxidative
stress.

Conflict of interest
The authors declare no conflict of interests.

References

1 Kazhungil F & Mohandas E, Management of obsessive-
compulsive disorder comorbid with bipolar disorder. Indian J
Psychiatry, 58 (2016) 259.

2  Garcia S, Martinez-Cengotitabengoa M, Lopez-Zurbano S,
Zorrilla I, Lopez P, Vieta E & Gonzalez-Pinto A, Adherence
to Antipsychotic Medication in Bipolar Disorder and
Schizophrenic Patients: A Systematic Review. J Clin
Psychopharmacol, 36 (2016) 355.

3 Lieberman JA 3™ Metabolic changes associated with
antipsychotic use. Prim Care Companion J Clin Psychiatry,
6 (2004) 8.

4 Alberti KG, Zimmet P & Shaw J, Metabolic syndrome-a new
world-wide definition. A Consensus Statement from the

10

11

12

13

14

15

16

17

18

19

20

INDIAN J EXP BIOL, NOVEMBER 2020

International Diabetes Federation. Diabet Med, 2006 (23)
469.

Bhana N, Foster RH, Olney R & Plosker GL, Olanzapine: an
updated review of its use in the management of
schizophrenia. Drugs, 61 (2001) 111.

Harvey RA, Lippincott’s illustrated reviews: Pharmacology,
5" ed., (Wolters Kluwer Health, Lippincott Williams &
Wilkins, Philadelphia), 2012.

Kim M, Han CH & Lee MY, Enhancement of platelet
aggregation by ursolic Acid and oleanolic Acid. Biomol Ther
(Seoul), 22 (2014) 254.

Liu J, Pharmacology of oleanolic acid and ursolic acid.
J Ethnopharmacol, 49 (1995) 57.

Somova LO, Nadar A, Rammanan P & Shode FO,
Cardiovascular, antihyperlipidemic and antioxidant effects of
oleanolic and ursolic acids in experimental hypertension.
Phytomedicine, 10 (2003) 115.

Rao VS, de Melo CL, Queiroz MG, Lemos TL, Menezes DB,
Melo TS & Santos FA, Ursolic acid, a pentacyclictriterpene
from Sambucusaustralis, prevents abdominal adiposity in
mice fed a high-fat diet. J Med Food, 14 (2011) 1375.

Jia Y, Bhuiyan MJ, Jun HJ, Lee JH, Hoang MH, Lee HJ,
Kim N, Lee D, Hwang KY, Hwang BY & Choi DW, Ursolic
acid is a PPAR-a agonist that regulates hepatic lipid
metabolism. Bioorg Med Chem Lett, 21 (2011) 5876.
Machado DG, Neis VB, Balen GO, Colla A, Cunha MP,
Dalmarco JB, Pizzolatti MG, Prediger RD & Rodrigues AL,
Antidepressant-like effect of ursolic acid isolated from
Rosmarinu sofficinalis L. in mice: evidence for the
involvement of the dopaminergic system. Pharmacol
Biochem Behav, 103 (2012) 204.

Arulmozhi DK, Dwyer DS & Bodhankar SL, Antipsychotic
induced metabolic abnormalities: an interaction study with
various PPAR modulators in mice. Life Sci, 79 (2006) 1865.
Nasrallah HA, Atypical antipsychotic-induced metabolic side
effects: insights from receptor-binding profiles. Mol
Psychiatry, 13 (2008) 27.

Kunkel SD, Elmore CJ, Bongers KS, Ebert SM, Fox DK,
Dyle MC, Bullard SA & Adams CM, Ursolic acid increases
skeletal muscle and brown fat and decreases diet-induced
obesity, glucose intolerance and fatty liver disease. PLoS
One, 7 (2012) e39332.

Cooper GD, Pickavance LC, Wilding JP, Halford JC &
Goudie AJ, A parametric analysis of olanzapine-induced
weight gain in female rats. Psychopharmacology (Berl), 181
(2005) 80.

Richards M, Chiba S, Ninomiya M, Wakabayasi C &
Kunugi H, Inhibition of olanzapine-induced weight gain by the
retinoid analog AM-80. Pharmacopsychiatry, 46 (2013) 267.
Parasuraman S, Hoong S, Christapher P, Zou L, De Wei D,
Loshini S, Ching T & Leong C, Effect of ethanolic extract of
leaves of Solanum trilobatum on scopolamine-induced
memory impairment in Sprague Dawley rats. J Pharm
Negative Results, 10 (2019) 41.

Zarrindast MR, Khalifeh S, Rezayof A, Rostami P,
Aghamohammadi  Sereshki A & Zahmatkesh M,
Involvement of rat dopaminergic system of nucleus
accumbens in nicotine-induced anxiogenic-like behaviors.
Brain Res, 1460 (2012) 25.

Vogel HG, Drug Discovery and Evaluation: Pharmacological
Assay, 2"ed., (Springer, Berlin), 2002, 1660.



21

22

23

24

25

26

27

28

29

30

31

32

33

PARASURAMAN et al.: EFFECT OF URSOLIC ACID ON OLANZAPINE-INDUCED WEIGHT GAIN

Hermans MP, Ahn SA & Rousseau MF, log(TG)/HDL-C is
related to both residual cardiometabolic risk and p-cell
function loss in type 2 diabetes males. Cardiovasc Diabetol,
14 (2010) 88.

Park J, Yeom M & Hahm DH, Fucoidan improves serum
lipid levels and atherosclerosis through hepatic SREBP-2-
mediated regulation. J Pharmacol Sci, 131 (2016) 84.

Singh J, Parasuraman S & Kathiresan S, Antioxidant and
antidiabetic activities of methanolic extract of Cinnamomum
cassia. Phcog Res, 10 (2018) 237.

Lian J, Huang XF, Pai N & Deng C, Effects of olanzapine
and betahistine co-treatment on serotonin transporter,
5-HT2A and dopamine D2 receptor binding density. Prog
Neuropsychopharmacol Biol Psychiatry, 47 (2013) 62.

Deng C, Lian J, Pai N & Huang XF, Reducing olanzapine-
induced weight gain side effect by using betahistine: a study
in the rat model. J Psychopharmacol, 26 (2012) 1271.
Poyurovsky M, Pashinian A, Levi A, Weizman R & Weizman A,
The effect of betahistine, a histamine H1 receptor agonist/H3
antagonist, on olanzapine-induced weight gain in first-
episode schizophrenia patients. Int Clin Psychopharmacol,
20 (2005) 101.

Albaugh VL, Henry CR, Bello NT, Hajnal A, Lynch SL,
Halle B & Lynch CJ, Hormonal and metabolic effects of
olanzapine and clozapine related to body weight in rodents.
Obesity, 14 (2006) 36.

Gothelf D, Falk B, Singer P, Kairi M, Phillip M, Zigel L,
Poraz |, Frishman S, Constantini N, Zalsman G & Weizman A,
Weight gain associated with increased food intake and low
habitual activity levels in male adolescent schizophrenic
inpatients treated with olanzapine. Am J Psychiatry, 159
(2002) 1055.

Ferng J, Varela L, Skrede S, Vazquez MJ, Nogueiras R,
Diéguez C, Vidal-Puig A, Steen VM & Lopez M,
Olanzapine-induced hyperphagia and weight gain associate
with orexigenic hypothalamic neuropeptide signaling without
concomitant AMPK phosphorylation. PLoS One, 6 (2011)
€20571.

Murashita M, Kusumi I, Inoue T, Takahashi Y, Hosoda H,
Kangawa K & Koyama T, Olanzapine increases plasma
ghrelin  level in  patients  with  schizophrenia.
Psychoneuroendocrinology, 30 (2005) 106.

Fell MJ, Marshall KM, Williams J & Neill JC, Effects of the
atypical antipsychotic olanzapine on reproductive function
and weight gain in female rats. J Psychopharmacol, 18
(2004) 149.

Liu X, Li J, Guo C, Wang H, Sun Y, Wang H, Su YA, Li K
& Si T, Olanzapine reverses MK-801-induced cognitive
deficits and region-specific alterations of NMDA receptor
subunits. Front Behav Neurosci, 11 (2018) 260.

Chee MJ, Douris N, Forrow AB, Monnard A & Lu S,
Flaherty SE 3rd, Adams AC, Maratos-Flier E, Melanin-
concentrating hormone is necessary for olanzapine-

34

35

36

37

38

39

40

41

42

43

44

45

46

47

769

inhibited locomotor activity in  male mice. Eur
Neuropsychopharmacol, 25 (2015) 1808.

Yuliang W, Zejian W, Hanlin S, Ming Y & Kexuan T, The
hypolipidemic effect of artesunate and ursolic acid in rats.
Pak J Pharm Sci, 28 (2015) 871.

Wang YL, Wang ZJ, Shen HL, Yin M & Tang KX, Effects
of artesunate and ursolic acid on hyperlipidemia and its
complications in rabbit. Eur J Pharm Sci, 50 (2013) 366.
Pemminati S, Gopalakrishna HN, Venkatesh V, Rai A,
Shetty S & Vinod A, Anxiolytic effect of chronic
administration of ursolic acid in rats. J App Pharm Sci,
1(2011) 68.

Imaizumi M, Miyazaki S & Onodera K, Effects of
betahistine, a histamine H1 agonist and H3 antagonist, in a
light/dark test in mice. Methods Find Exp Clin Pharmacol,
18 (1996) 19.

Reid SN, Ryu JK, Kim Y & Jeon BH, GABA-enriched
fermented Laminaria japonica improves cognitive impairment
and neuroplasticity in scopolamine-and  ethanol-induced
dementia model mice. Nutr Res Pract, 12 (2018) 199.

Sengupta P, Bagchi C, Sharma A, Majumdar G, Dutta C &
Tripathi S, Olanzapine-induced hepatopathy in albino rats: A
newer model for screening putative hepatoprotective agents,
namely silymarin. Indian J Pharmacol, 42 (2010) 376.
Marwick KF, Taylor M & Walker SW, Antipsychotics and
abnormal liver function tests) systematic review. Clin
Neuropharmacol, 35 (2012) 244.

Lui SY, Tso S, Lam M & Cheung EF, Possible olanzapine-
induced hepatotoxicity in a young Chinese patient. Hong
Kong Med J, 15 (2009) 394.

Shukla B, Visen PK, Patnaik GK, Tripathi SC, Srimal RC,
Dayal R & Dobhal PC, Hepatoprotective activity in the rat of
ursolic acid isolated from Eucalyptus hybrid. Phytother Res,
6 (1992) 74.

Binduja S, Visen PK, Dayal R, Agarwal DP & Patnaik GK.
Protective action of ursolic acid against chemical induced
hepato-toxicity in rats. Indian J Pharmacol. 28 (1996) 232.
Ozcanli T, Erdogan A, Ozdemir S, Onen B, Ozmen M,
Doksat K & Sonsuz A, Severe liver enzyme elevations after
three years of olanzapine treatment) a case report and
review of olanzapine associated hepatotoxicity. Prog
Neuropsychopharmacol Biol Psychiatry, 30 (2006) 116.
Kneeman JM, Misdraji J & Corey KE, Secondary causes of
nonalcoholic fatty liver disease. Therap Adv Gastroenterol,
5(2012) 199.

Saravanan R, Viswanathan P & Pugalendi KV, Protective
effect of ursolic acid on ethanol-mediated experimental liver
damage in rats. Life Sci, 78 (2006) 713.

Gulac P, Arnold M, Grman M, Carrel T, Longnus S,
Stankovicova T & Tomasova L, Olanzapine-mediated
cardiotoxicity is associated with altered energy metabolism
in isolated rat hearts. Acta Biochim Pol, 67 (2020) 15.



