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ABSTRACT

Progesterone imbalance modulates lipids and fats metabolism leading to obesity.
Polyherbal formulation, Fattolin is currently being used in the treatment of obesity but
not reported scientifically. Thus the present study investigates the anti-obesity effect
of Fattolin in progesterone induced obesity model. Female Swiss albino mice were
divided in four groups (n=6) and treated for 28 days, Group | received 2% gum acacia
(10 ml/kg); Group II, Ill and IV received progesterone (10 mg/kg) subcutaneously and
Group Il and IV further received Fattolin orally at dose of 200 mg/kg and 400 mg/kg
respectively. Increased food intake, body weight, liver weight, relative liver weight and,
altered exploratory behaviour and biochemical estimations as well as histopathological
changeswereobserved in non-treated progesterone control mice. Fattolin treatment (200
and 400 mg/kg) significantly decreased food intake, body weight and liver weight.
A significant increase in number of ambulation and rearing and decrease in grooming was
also observed. Moreover it significantlydecreased levels of blood glucose, triglycerides,
total cholesterol, LDL, VLDL and liver enzymes; however more significant difference
was observed with Fattolin 400 mg/kg treatment. Structural abnormality of hepatocytes
like mild congestion and focal necrosis induced by progesterone administration was
markedly improved with Fattolin treatment at both doses. Thus it can be concluded that,
a polyherbal formulation, Fattolin possesses an anti-obesity activity.
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INTRODUCTION

The current scenario suggests a significant
hike in the prevalence of lifestyle associated
disorders across the globe. A series of disorders
can be classified under this term including
obesity. Obesity reduces life expectancy and
poses a serious negative effect on the health
of an individual, owing to fat accumulation
in the body." Globally, 400 million people
are obese with Body Mass Index (BMI)
above 30.” Apart from imbalance between
the energy consumption and its utilization,
hormones play an important role in the
development of obesity. The fluctuating
levels of various hormones like leptin, insulin,
sex hormones and growth hormone are

majorly seen to influence the appetite, body
fat distribution, metabolism and storage.’*
The female population has higher prevalence
for the development of obesity owing to
the changes in the levels of sex hormones.
Ovarian sex steroids like oestrogen and proge-
sterone through action on their respective
receptors possess a significant effect on
substrate metabolism.*

Progesterone is an endogenous hormone
regulates embryogenesis, pregnancy, lactation
and menstrual cycle.” It also acts as a potent
neurosteroid and exerts neuroprotective
and neurogenic action as well as regulates
the release of various neurotransmitters.®
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It is a major component used either alone or in combi-
nation with oestrogen in Hormone replacement therapy
(HRT) and oral contraceptives. Hormone therapy sched-
ules (sequential or combined- continuous), recommends
use of progesterone over a longer duration. Oral contra-
ceptives containing progesterone are recommended
when oestrogen is contraindicated in women.” These
are highly effective with approximately 0.3% failure
" Progesterone induces hyperphagia and thereby
increased fat deposition and contributes to weight gain
by interfering with carbohydrate and lipid metabolism."'*
Progesterone induced obesity is one of the well-estab-
lished model for screening of anti-obesity agents.

rate.

Although numerous centrally and peripherally acting
agents are available for effective management of obesity,
their use is limited owing to the associated side effects
like dry mouth, constipation, insomnia and palpitations,
dizziness, paraesthesia, potential risk of psychiatric
disorders, myocardial infarction and many more.!>"
However, herbal formulations are gaining major lime-
light due to synergistic action and lesser side effects as
compared to synthetic moieties.”® Fattolin is a polyherbal
formulation recommended for the treatment of obesity.
It is composed of Shunthi (Zingiber officinale), Marich
(Piper nigrum), Pippali (Piper longum), Chitrak (Plumbago
zeylanica), Nidanga (Embeliaribes), Gokshur (Tribulus
terrrestris), Triphala and Guggul (Commiphora wightii).
These phytoconstituents have been reported for various
actions like carminative, hypolipidemic and thermo
genesis.'"” Safety profile of this formulation is already
established and is considered safe for oral administration.
Thus, the present study was undertaken to investi-
gate the anti-obesity effect of Fattolin in progesterone
induced obesity in laboratory mice.

MATERIALS AND METHODS
Drug and Chemicals

Fattolin (Sharangdhar Pharmaceuticals, Pune, India) and
Progesterone (Proluton Depot 250 mg/ml (hydroxy-
progesterone) was purchased from local market of
Pune. Commercial diagnostic kits were procured from
Biolab (Mumbai, India), Crest systems (Goa, India) and
Robonik (Navi Mumbai, India). All other reagents and
chemicals used were purchased from local suppliers of
Pune, India.

Experimental animals

Female Swiss albino mice (25-30 g) were procured from
National Institute of Biosciences, Pune. The experimental
animals were maintained under standard laboratory
conditions at temperature of 23 * 2°C with relative
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humidity 55 = 10%. 12 h light and 12 h dark cycle was
maintained throughout the experiment. The animals
were fed with standard pellet diet and water ad libitum.
All the experimental procedures and protocols were
approved by the Institutional Animal Ethical Committee.

Experimental design

Twenty four female Swiss albino mice were randomly
divided into four groups (n=06) and were treated daily
for 28 days. Group I received 2% gum acacia (10 ml/kg,
p.0.). Group 1II received progesterone (10 mg/kg) subcu-
taneously. Group III and IV received Fattolin orally at
dose of 200 mg/kg and 400 mg/kg, 30 min before
progesterone administration. Progesterone was dissolved
in arachis oiland administered subcutaneously in the dorsal
neck region. Powder of Fattolin tablet was suspended in
2% gum acacia.”!

Food intake

The effect of Fattolin on food intake was recorded on
day 1, 7, 14, 21 and 28. The mice were deprived of food
1 hr prior to experimentation. On these days 10 g of
sweetened corn was presented to groups of mice in
glass petri dishes and food intake was recorded at 0.5,
1 and 2 hr time intervals. The result was recorded as
average of all the weeks at respective time intervals
and amount of food consumed/20 g body weight was
calculated.”

Body weight, organ weight and relative organ weight

The body weight of mice was recorded on day land
day 29 using an electronic balance and the % change
in their body weight was calculated. At the end of the
experiment mice were sactificed and liver was isolated,
weighed and relative liver weight was calculated.
Relative liver weight = (liver weight/ Body weight) X 100

Exploratory behaviour

On 28" day, post 30 min of drug administration ambu-
lation, grooming and rearing was noted by means of
open field test. The animals were kept under laboratory
conditions for one hour prior to the test. Open field
test was performed by placing the mice in the centre
and ambulatory activity (squares crossed by horizontal
movement) as well as frequency of rearing

(Standing up vertically) and grooming (face washing and
repetitive licks directed to body) wasrecordedfor five
minutes using a camcorder for noting the exact reading
and storage of data.”

Biochemical estimations

On 29" day blood was withdrawn by retro-otbital puncture
from over-night fasted mice. Blood was centrifuged at
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3000 rpm for 15 min and serum was separated. Biochemi-
cal parameters like blood glucose® total cholesterol
(TC),” high density lipoprotein (HDL) (25), triglyceride
(TG),* serum glutamate oxaloacetate transaminase
(SGOT), and serum glutamate pyruvate transaminase
(SGPT)* were estimated using commercial diagnostic kits
by Chem star Biochemical Semi Auto analyser. Where as
the low density lipoprotein (LDL) and very low density
lipoprotein (VLDL)levels were calculated according to
Friedwald’s formula.”®
LDL in mg % = Total cholesterol — HDL-C —
Triglycerides/5
VLDL in mg % = Triglycerides/5

Histopathological examinations

At the end of experiment mice were sacrificed by
cervical dislocation, liver was isolated and stored in 10%
formalin solution. The sections of liver were stained
with haematoxylin and eosin and observed under light
microscope (100x).

STATISTICAL ANALYSIS

The results were expressed as mean = SEM. The data
was analysed by one way analysis of variance (ANOVA)
followed by Tukey’s test and two way analysis of variance
(ANOVA) followed by Bonferroni test. Whereas P<0.05
was considered as minimum level of significance.

RESULTS

Food intake

As shown in Figure 1. Subcutaneous administration
of progesterone (10 mg/kg) in mice for 28 days signi-
ficantly increased food intake post 2 h when compared
with normal control mice (P<0.001). Whereas, oral
administration of Fattolin (200 and 400 mg/kg) along
with progesterone injection produced significant
decrease in food intake in mice post 0.5 hr (P<0.05 and
P<0.001), 1 hr (P<0.01 and P<0.001), 2 hrs (P<0.05
and P<0.001) when compared with progesterone
control mice. Further a significant difference was also
noted in Fattolin 400 mg/kg treated mice as compared
to 200 mg/kg.

Body weight, liver weight and relative liver weight

A significant increase in the body weight of non-treated
progesterone control mice was observed when compared
with normal control mice (P<0.001). Fattolin treatment
at doses of 200 and 400 mg/kg body weight in pro-
gesterone injected mice significantlyrestored the body
weight as compared to the non-treated progesterone
control mice (P<0.001 and P<0.001; respectively).
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Further a significant difference in the body weight was
also observed in the Fattolin 400 mg/kg treated mice as
compared to Fattolin 200 mg/kg treatment (P<0.05).
Moreover significantly increased liver weight due to
progesterone injection was also restored with the oral
administration of Fattolin at dose levels of 200 and 400
mg/kg body weight as compared to non-treated proges-
terone control mice (P<0.05 and P<0.01;respectively).
However administration of progesterone or Fattolin
could not produce significant change in the relative liver
weight (Table 1 and Figure 2).

Exploratory behaviour

As shown in Table 2, A significant decrease in the number
of ambulation and rearing (P<0.001 and P<0.001;
respectively) as well as increase grooming (P<0.01)
was observed in non-treated progesterone control as
compared to control mice. Whereas mice treated with
Fattolin 200 and 400 mg/kg orally for 28 days along
with progesterone significantly increased the number of
ambulation (P<0.001 and P<0.01; respectively), rearing
(P<0.05 and P<0.05; respectively) and decreased grooming
(P <0.01) as compared to progesterone control mice.
However no significant change was observed between
Fattolin 400 and 200 mg/kg treatment.

Biochemical estimations

As shown in Table 3, daily subcutancous administration
of progesterone for 28 days significantly increased the
levels of blood glucose (P<0.001), total cholesterol
(P<0.001), triglyceride (P<0.001), and LDL (P<0.001)
and VLDL (P<0.001) as well as decreased HDL
(P<0.001) as compared to control mice. However the
mice treated with Fattolin at a dose level of 200 and
400 mg/ kg body weight significantly decrease the
elevated levels of blood glucose (P<0.001 and P<0.001;
respectively), total cholesterol (P<0.05 and P<0.001;
respectively), triglyceride (P<0.05 and P<0.001; respec-
tively), and LDL (P<0.01 and P<0.001; respectively)
and VLDL (P<0.05 and P<0.001; respectively) as well
as increased HDL (P<0.05 and P<0.01; respectively)
compared to the progesterone treated mice. Moreovert,
in compatison with Fattolin 200 mg/kg treatment,
Fattolin 400 mg/kg produced a significantlydecrease-
blood glucose (P<0.05), total cholesterol (P<0.01),
triglyceride (P<0.05), LDL (P<0.01)and VLDL (P<0.05)
levels whereas, no significant effect was observed in
HDL.

An elevated levels of SGOT and SGPT (P<0.001 and
P<0.001 respectively) in the non-treated progesterone
control mice were significantly decreased with 28 days
of Fattolin 200 mg/kg and 400 mg/kg treatment,
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Table 1: Effect of four weeks treatment of Fattolin on body weight (%),

liver weight and relative liver weight

Treatment (mg/kg) BOd);;v )e okt L|ver(;v)e|ght Absolute liver weight (%)
(]
Control 15.13+1.23 1.39 £ 0.02 9.18 £ 0.01
Progesterone (10) 40.59 £ 1.05° 2.34 £ 0.11° 5.76 £ 0.10
Fattolin (200) 23.77 £ 1.50@ 1.89 + 0.08* 7.95 £ 0.05
Fattolin (400) 17.01 £ 2.02@¢ 1.79 £ 0.107 10.52 £ 0.04

n=6, One way ANOVA followed by Tukey’s test.
‘P< 0.001 VsControl. *P < 0.05, *P < 0.01, ®P < 0.001 Vs Progesterone. *P < 0.05 VsFattolin (200).

Table 2: Effect of four weeks treatment of Fattolin on exploratory behaviour

Treatment (mg/kg) Ambulation Rearing Grooming
Control 83.33+ 1.49 10.50 £ 1.17 2.0 £0.36
Progesterone (10) 59.50 + 3.46° 5.66 + 0.33¢ 4.33 +0.49°
Fattolin (200) 73.83 £ 1.10@ 8.66 £ 0.55 3.16 +0.30
Fattolin (400) 69.67 + 0.76* 9.16 £ 0.65 2.0 +0.25%

n=6, One way ANOVA followed by Tukey’s test.
°P< 0.01,°P< 0.001VsControl; “P< 0.05, #P < 0.01,®P < 0.001 Vs Progesterone.

Table 3: Effect of four weeks treatment of Fattolin on biochemical parameters

Control Progesterone (10) F?zt:;:)l)in F?::)cal)in

Blood glucose (mg/dl) 72.33+2.04 123.00 + 1.89° 104.20 + 3.0@ 94.67 + 2.47@%
TC (mg/dl) 90.33 + 2.59 129.7 + 2.90° 117.0£ 219 101.3 + 2.98@

TG (mg/dl) 98.50 + 3.78 133.7 £ 2.26° 123.3 + 1.67* 113.2 +1.26@°

HDL (mg/dl) 25.17 £ 0.98 15.02 + 1.70° 20.17 +£0.94 22.67 +0.98%

LDL (mg/dl) 45.47 +2.52 87.90 + 3.39° 7217 + 2.31* 56.03 + 2.59@4
VLDL(mg/dl) 19.70 £ 0.74 26.73 *0.45° 24.67 +0.33* 22.63 + 0.25@%
SGOT (IU/L) 136.8 + 1.01 152.5 + 1.33° 1412+ 1.13@ 139.2 £ 0.74@
SGPT (IU/L) 66.33 + 1.28 82.50 + 1.64° 76.00 * 1.00* 69.33 £ 0.81@%

n=6, One way ANOVA followed by Tukey’s test

“P< 0.001 Vs control; *P < 0.05,”P < 0.01,2P < 0.001Vs Progesterone; *P<0.05,%P <0.01Vs Fattolin 200.
TC- Total cholesterol, TG-Triglyceride, HDL- High density lipoprotein, LDL- Low density lipoprotein, VLDL- Very low density lipoprotein , SGOT- Serum glutamate

oxaloacetate transaminase ,SGPT- Serum glutamate pyruvate transaminase.

SGOT (P<0.001 and P<0.001;respectively) and SGPT
(P<0.01 and P<0.001 respectively) as compared to non-
treated progesterone control mice.

Histopathological examination

As shown in Figure 2, stained sections of liver of the
control mice revealed no structural abnormalities. Mild
congestion and focal necrosis was observed in hepatocyte
of non-treated progesterone control mice which was
restored significantly in Fattolin 200 and 400 mg/kg
treated mice.

DISCUSSION

Obesity is considered as one of the major health
threats and is a disorder of civilization. The appropriate
changes in the style of living and pharmacotherapy can
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be considered for effective management.”” Obesity is a
multifactorial disorder with a strong link being already
established between imbalance of hormones and devel-
opment of obesity.*

Progesterone is a steroidal female sex hormone playing
an important role in menstrual cycle and pregnancy.’
Progesterone impairs fat metabolism and induces obesity
due to fat accumulation.'>"* Progesterone induced obesity
is a well-known model for screening the anti-obesity
effect of drugs. Polyherbal formulations are considered
as one of the safe and effective treatment for management
of numerous lifestyle disorders and disease.” Hence the
present study was undertaken to investigate the effect
of Fattolin, a polyherbal formulation in progesterone
induced obesity model.
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n=0, One way ANOVA followed by Tukey’s test
*Pe 001 Fs Control; ‘F<O.US= “P< 001, 2p< 0001 7% Progesterone; £p (.017s Fattolin 200

Figure 1: Effect of four weeks treatment of Fattolin on food
intake.

Figure 2: Histological section of liver stained with H & E- 100
X [A] Control mice [B] Progesterone showed mild congestion
and minor focal necrosis in hepatocyte. However, [C] Fattolin
(200 mg/kg) [D] Fattolin (400 mg/kg) restored the hepatic
architecture.

Progesterone administration is associated with increase
in food intake and body weight. In the present study,
subcutaneous administration of progesterone produced
significant increase in food intake and thereby body
weight in agreement with previous reports.”’ We have
observed significantly decreased food intake and body
weight in mice treated with Fattolin at dose level of 200
mg/kg and 400 mg/kg, The effect of Fattolin on food
intake is mainly due to its active principles which have
been reported for various therapeutic effects like hypo
lipidaemia, thermo genesis and carminative.'"” An increase
in liver weight suggests hypertrophy or hyperplasia.””
Progesterone has been reported as the steroid hormone
that promotes synthesis and storage of fats. As liver
is highly metabolising organ, prone to deposition of
fat, the present investigation suggested significantly
increased liver weight on progesterone administration.”
Fattolin treated mice produced significant decrease
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in the liver weight. However, it failed to produce any
remarkable change in the relative liver weight.
Progesterone is seen to influence the measures of habi-
tuation including ambulation, grooming and rearing.”
This effect of progesterone was may be due to increased
body weight which results in lethargy, leading to
decreased motility.** Progesterone administration for 28
days in female mice significantly decreased the number
of ambulation and rearing while increased grooming
as evident from open field test. Fattolin administration
at both dose levels produced significant increase in the
number of ambulation and rearing while decrease in
grooming. This effect is mainly due to decrease in body
weight and thereafter its effect on motility in Fattolin
treatment.

The impairment in fat and carbohydrate metabolism
is reflected in the biochemical parameters like blood
glucose and lipid profile associated with progesterone
administration. It is reported that increased progesterone
level in pregnant women may suffer from gestational
diabetes due to hyperphagia. Thus in our study proges-
terone treated group showed significant rise in the
blood glucose level which completely reversed by the
effect of Fattolin 200 mg/kg and 400 mg/kg treatment.**
Progesterone modulated various biochemical parameters
in female mice by stimulation of lipoprotein lipase
which is responsible for hydrolysis of dietary fat leading
to enhancement of fat storage in body, leading to a
significant increase in serum lipid profile.® Proges-
terone produced an increase in blood glucose levels,
and other parameters of lipid profile viz. TG, TC, LDL
and VLDL while decrease in levels of HDL. Fattolin
treated mice showed a significant decrease in TG, TC,
LDL and VLDL. Oral administration of Fattolin at
both doses produced a significant increase in levels of
HDL. The present study indicated an increase level of
liver enzymes viz. SGOT and SGPT with progesterone
administration. An increase in the levels of these enzymes
is an indication of hepatic injury or abnormality.” 28 day
treatment with Fattolin (200 mg/kg and 400 mg/kg)
significantly reduced the levels of SGOT and SGPT
when compared to progesterone non treated group. All
the results indicated a significant difference in the
Fattolin 400 mg/kg treated mice when compared to
Fattolin 200 mg/kg, thus suggesting maximum anti-obesity
action at higher dose.

The histopathological examination reveals the probable
toxic effect of the drug on vital organs.”” The section
of liver in progesterone treatmed group indicated
distorted structures of functional unit as mild congestion
and focal necrosis of hepatocytes. However, the hepatic
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architecture was restored with Fattolin (200 mg/kg and
400 mg/kg) treatment.

In conclusion, 28 days of oral administration of poly-
herbal formulation, Fattolin restored body weight,
exploratory behaviour as well as biochemical and histo-
pathological alterations due to the various constituents.
Maximum activity was observed at dose of 400 mg/kg.
Thus, it can be considered as an effective treatment in
management of obesity owing to its potential anti-obesity
effect.
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