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Abstract 
The aetiology of obesity is multifactorial and is becoming a major health concern in the current 
scenario. Hormone imbalance is one the reasons for the development of obesity. Progesterone 
is a neurosteroid female reproductive hormone.  Imbalance in the production of this hormone 
modulates lipid metabolism leading to obesity. Numerous trials have been conducted to find 
and develop new anti-obesity therapy through herbal approach to minimize side effects 
associated with the currently available anti-obesity drugs. The present study was designed to 
evaluate antiobesity efficacy of 3 plants selected; Citrus limon, Nigella sativa and Cyperous 
rotundus against progesterone induced obesity in female BALB/C mice. Progesterone was 
administered subcutaneously, and plant extracts was given orally for 28 days. Food intake and 
body weight gain were monitored regularly and lipid profile, neurotransmitters (serotonin and 
dopamine) which play key role in energy homeostasis were analysed. The results suggests  
among the 3 plants,  Citrus limon and Nigella sativa  showed better reduction in the  levels of 
circulating free fatty acids, lipid profile resulting in decrease  food intake and body weight gain 
in female BALB/C mice  in comparison with progesterone treated group followed by Cyperous 
rotundus  at  dose of 400mg/kg b w. Thus, these plants can be considered as an effective 
treatment in management of obesity owing to their potential anti-obesity effect. 
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1. INTRODUCTION  
In the current scenario obesity has become an 
epidemic worldwide, with negative impact on health, 
increased fat accumulation which eventually leads to 
decreased life expectancy. Females are more prone for 
development of obesity due to changes in oestrogen 
and progesterone hormones which cause homeostasis 
imbalance which include decrease in insulin sensitivity 
and change in glucose and lipid metabolism resulting 
in complete reduction of energy expenditure [1]. 
Progesterone is a female reproductive hormone, its 

level increases during luteal phase of menstrual cycle 
and controls secretary phase of endometrium. It acts a 
potent neuro active steroid which exerts 
neuroprotective and neurogenic activity by regulating 
the release of various neurotransmitters [2]. 
Imbalance in neurotransmitters such as serotonin, 
dopamine and GABA lead to change in feeding 
behaviour. Prolonged use of progesterone containing 
contraceptive pills and hormone replacement 
therapies lead to obesity by hyperphagia and increase 
fat accumulation by interfering in carbohydrate and 
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lipid metabolism [3, 4]. Currently available synthetic 
drugs have tremendous side effects which mimic 
sympathetic nervous system causing body to feel 
under stress or nervous which causes headache, 
insomnia irritability, palpitation and agitation.  Drugs 
which block enzyme activity causes diarrhoea, bloating 
and abdominal pain [5]. Since existing pharmaceuticals 
fall apart to come up with long term solutions, there is 
an ever pressing need to find and develop new 
strategies to overcome obesity. Since time immemorial 
herbal extracts have been tried for treating obesity. In 
the current study three plants were selected to 
evaluate anti obesity efficacy.  
Cyperus rotundus is a species of sedge (Cyperaceae). It 
is a traditional medicinal herbal used widely as anti 
diabetic, anti diarrhoeal, cytoprotective, anti 
mutagenic, antimicrobial, antibacterial and 
antioxidant [6, 7]. Cyperus rotundus extract showed 
lipolysis in 3T3-F442 adipocytes in vivo study [8]. 
Nigella sativa, known as black cumin, is an annual 
flowering plant in the family Ranunculaceae is used in 
India [9], Arabian countries [10]. and Europe for 
culinary and medicinal purposes as a natural remedy 
for a number of illnesses and conditions that include 
asthma, hypertension, diabetes and inflammation [11]. 
And also, for lipid lowering and insulin sensitizing 
activity [12]. 
Citrus limon has many important natural chemical 
components, including citric acid, ascorbic acid, 
minerals and flavonoids. It has recently been shown 
that flavonoids also play a role in this respect. Some 
authors suggest that flavonoids have different 
biological functions, including antioxidative, anti-
inflammatory, antiallergic, antiviral, antiproliferative, 
antimutagenic, and anticarcinogenic activities [13, 14, 
15, 16]. 
Thus, the present study was aimed to investigate the 
anti-obesity effect of these selected plants in 
progesterone induced obesity in female Balb/C mice. 
 
2. MATERIALS AND METHODS 
2.1. Materials 
Progesterone, Orlistat and neurotransmitter standards 
were obtained from Sigma-Aldrich (MO, USA) and all 
the other reagents were of analytical grade obtained 
from SRL (Mysore). Kits were procured from Agappe 
India Pvt Ltd. Ernakulum Kerala.  To analyse plasma 
hormones Leptin and adiponectin kits were procured 
from cloud- clone Corp Houston, USA Citrus limon, 
seeds of Nigella sativa, and roots of Cyperus rotundus 
were collected from local suppliers, Mysore. The plant 
authentication was done in Plant Anatomy Research 
Centre west Tambaram, Chennai.  

2.2. Preparation of plant extracts  
Citrus Limon Peel, Seeds of Nigella sativa, and roots of 
Cyperus rotundus were collected from local market. 
Lemon fruits were cut, and its juice was removed, and 
the peels were shade dried for 2 days. Seeds of Nigella 
sativa and roots of Cyperus rotundus were ground to 
form course powder. The extracts were prepared using 
70% ethanol by keeping on orbital shaker overnight 
and the extracts were filtered using Whatmann no.1 
filter paper. The ethanol was evaporated using flash 
evaporator (Rotavac Schwabach, Germany). The plant 
extracts were lyophilized (Lyolab, Hyderabad, India). 
2.3. Experimental animals  
All the experimental procedures were approved by 
Institutional Animal Ethical Committee Reg No: 
(IAEC/2016/BN/9) Female BALB/C mice (in house 
animal stock colony, DFRL, India) weighing 20-25g. The 
experimental animals were maintained under standard 
laboratory conditions at temperature of 23 ± 2oC with 
relative humidity 55 ± 10%. 12 h light /dark cycles was 
maintained throughout the experiment. The animals 
were fed standard pellet diet and water ad libitum.  
2.4. Experimental design  
 A total of fifty-four female BALB/C mice were 
randomly divided into nine groups (n=6) and were 
treated daily for 28 days. Plant extracts were orally fed 
prior 30 minutes of progesterone administration. 
1. Group I: Control (CTL) 
2. Group II: Progesterone (PG) 10 mg/kg body 

weight subcutaneously in dorsal neck region.  
3. Group III: Standard drug Orlistat (STD) 10 mg/kg 

body weight orally + progesterone  
4. Group IV: Citrus limon peel (C.L) 200 mg/kg body 

weight orally + progesterone. 
5. Group V: Citrus limon peel (C.L) 400 mg/kg body 

weight orally + progesterone. 
6. Group VI: Cyperous rotundus (C.R) 200 mg/kg 

body weight orally + progesterone.  
7. Group VII: Cyperous rotundus (C.R) 400 mg/kg 

body weight orally + progesterone.  
8. Group VIII:  Nigella sativa (N.S) 200 mg/kg body 

weight orally + progesterone  
9. Group IX:  Nigella sativa (N.S) 400 mg/kg body 

weight orally + progesterone 
2.5. Food intake  
The effect of plant extracts on food intake was 
recorded on day 1, 14 and 28. The mice were deprived 
of food 1 hr prior to experiment. On these days 10g of 
sweetened corn was presented to groups of mice in 
glass petri dishes and food intake was recorded at 2 hr 
time interval. The result was recorded as average of all 
the weeks at respective time intervals and amount 
food consumed/20 g body weight was calculated [17]. 
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2.6. Body weight, organ weight and relative liver 
weight  
The body weight of mice was recorded every week for 
28 days using an electronic balance and the % mean 
change in their body weight was calculated. 
Anthropometric parameters such as BMI and LEE’s 
index were calculated at the 1st and 4th week of the 
experiment using the formula, 
  BMI =   weight (kg)/(Height in meters) 2 
LEE INDEX = weight 0.33/Naso – anal length 
 
At the end of the experiment mice were sacrificed and 
organs were isolated, weighed and relative weight was 
calculated.  
Relative liver weight = (liver weight/ Body weight) × 
100 
 
2.7. Biochemical estimations  
On 29th day blood was withdrawn by retro-orbital 
puncture from over-night fasted mice. Blood was 
centrifuged at 3000 rpm for 15 min and serum was 
separated and stored at -800C. Biochemical parameters 
like blood glucose, total cholesterol (TC), high density 
lipoprotein (HDL). Triglyceride (TG), Serum glutamate 
oxaloacetate transaminase (SGOT), Alkaline 
phosphatise (ALP) and serum glutamate pyruvate 
transaminase (SGPT) were estimated using 
commercially available diagnostic kits in Semi Auto 
analyser. Whereas very low-density lipoprotein (VLDL) 
levels were estimated using Friedwald’s formula.  
VLDL in mg % = Triglycerides/5 
2.8. Free Fatty Acid Estimation 
Free fatty acids were estimated according to the 
method of [18]. with slight modifications in sample 
volume and incubation time. The extraction of free 
fatty acid was carried out using chloroform-heptane-
methanol mixture with a phosphate buffer (pH 6.4). 
This extraction mixture allows sufficient extraction of 
FFA from serum and contamination with interfering 
agents is avoided. The copper soaps of FFA are 
determined colorimetrically with diphenyl carbazide at 
550 nm. 
2.9. Lipid Peroxidation 
The lipid peroxidation was estimated in terms of thio 
barbituric acid reactive substances (TBARS) formed in 
the liver homogenate as described by spectro 
photometry [19]. The liver homogenate was heated 
with TBA reagent for 20 min in boiling water bath. After 
cooling, the samples were centrifuged at 2000 rpm for 
10 min. Supernatant was collected and the absorbance 
was measured at 532 nm against blank. The MDA 
equivalents of the serum samples were calculated 
using an extinction coefficient of 1.56×105M -1cm-1 

 2.10. Estimation of monoamines 
Monoamine neurotransmitters serotonin and 
dopamine contents in mouse brain were measured by 
HPLC coupled with electrochemical detector [20]. The 
brain tissue (100mg) was homogenised in an ice-cold 
solution of 0.4 M percloric acid containing 5 mm 
sodium bisulfite and 0.04 mm EDTA for avoiding 
oxidation and then centrifuged at 30,000g for 15 min 
at 4°C. 10 µl of the resulting supernatant was 
chromatographed on a C18 RP column using Waters 
1465 HPLC. The mobile phase consisted of 17.6% 
methanol (v/v) and 82.4% distilled water containing 
0.0876 mm EDTA disodium, 1.512 mm triethylamine, 9 
mm DL-10-camphorsulfonic acid, 20 mm 
Na2HPO4.12H2O and 15 mm citrate at a flow rate of 0.7 
ml/min. The measurements were done at electrode 
potentials of a glassy carbon electrode +650 mV vs 
Ag/AgCl reference electrode with waters 1645 
electrochemical detector. Serotonin and dopamine 
were identified and quantified by comparing their 
retention times and peak areas to those of standards. 
The concentrations of serotonin and dopamine were 
expressed in ng/g wet tissue. 
2.11. Estimation of blood glucose level 
The mice were fasted overnight prior to the 
experiment. Blood was obtained from a tail cut (by 
removing the distal 2 mm of the tail) and was assessed 
for baseline glucose levels using a One-touch Ultra 2 
(Lifescan, Johnson & Johnson) glucometer. The glucose 
concentration was given as mg/dl of blood. 
2.12. Plasma Hormones analyses 
 Leptin and adiponectin concentration was measured 
using leptin EIA kit (SEA084mu) and adiponectin EIA Kit 
(SEA 605mu) from cloud – Clone corp Houston, USA 
according to manufacturer’s instructions. Adiponectin 
concentration was expressed in pg/ml. And leptin 
concentration was expresses in ng/ml.   
2.13. Histology analysis 
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 
using light microscope under bright field 40 x 
(Olympus, Japan equipped with COOL SNAP digital 
camera). 
2.14. Statistical analysis  
 The results are expressed as mean ± SD, n= 6. 
Comparison between progesterone and herbal 
treatment groups by one-way ANOVA followed by 
Tukey’s test. P < 0.05 (95% level). The analysis was 
performed using Graph Pad Prism 6. 
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RESULTS 
 
3.1. Food consumption  
 
Excess food intake leads to obesity by accumulation of fat treatment with plant extracts there was significant 
decrease in food intake.  

 
Assessment of food consumption behavior. Data represented ± SD *p < 0.05 versus control group and # p< 0.05 
verses progesterone group.  
 
 
3.2. Body weight change  
 
 Obesity leads to excess accumulation of adipose tissue which leads increase in body weight. 

 
Data represented ± SD *p < 0.05 versus control group and # p< 0.05 verses progesterone group.  
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3.3. Effect of progesterone on BMI by plant extracts 
 
BMI is marker for determining obesity. Treatment with plant extracts there was significant decrease in these 
indices compared with control group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Data represented mean ± SD *p < 0.05 versus control group and # p< 0.05 verses progesterone group.  

 
3.4. Change in organ weights  
 
Effect of progesterone on organ weight by plant extracts 
Organ weight was taken on 29th day of the experiment after sacrifice of mice. During obesity there is increase 
in adipose tissue mass and infiltration of fatty acids in liver.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data represented mean ± SD *p < 0.05 versus control group and # p< 0.05 verses progesterone group.  
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3.5. Lipid profile 
 
Effect of progesterone on lipid profile by plant extracts 
Obesity is due to deregulation in lipid metabolism leading to dyslipdemia Progesterone treated group showed 
increases serum lipid profile; total cholesterol, triglycerides, LDL and VLDL with decreased in HDL levels.  
A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lipid profile A and B: Data represented mean ± SD *p < 0.05 versus control group and # p< 0.05 verses 
progesterone group.  
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3.6. Liver function test  
 
Effect of progesterone on liver function test by plant extracts 
During obesity there is excess infiltration of lipids which causes liver tissue damage which in turn releases 
SGOT, SGPT and ALP.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.7. Free Fatty Acid Estimation 
 
During obesity there is increase in free fatty acid in serum Progesterone treated group showed increases free 
fatty acid in serum concentration Co – administration of plant extracts at different concentration significantly 
reduced.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data represented ± SD *p < 0.05 versus control group and # p< 0.05 verses progesterone group.  
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3.8. Lipid Peroxidation  
Excess of lipid in liver causes lipid peroxidation which generate free radical that is measured by malanoldehyde 
release. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data represented ± SD *p < 0.05 versus control group and # p< 0.05 verses progesterone group 
 
3.9. Fasting blood glucose  
Fasting blood glucose  
Fasting blood glucose was measured before sacrificing mice. Progesterone treated group showed increased 
glucose concentration. Co – administration of plant extracts at different concentration significantly reduced 
glucose level compared with progesterone treated group. 400mg/kg b.w of Citrus limon and Nigela sativa showed 
better result compared to other treatment group.  
 

Sl.no.  Groups  Glucose mg/dl  

1  Control  96   ± 1.2  
2  Progesterone  134 ± 3.5*  
3  Standard 10mg/Kg + Prog  78 ± 2.2#  
4  Citrus limon200mg/Kg b.w  89 ± 1.6#  
5  Citrus limon 400mg/Kg  b.w  86 ± 2.4#  
6  Nigella sativa 200mg/kg b.w  92 ± 2.7#  
7  Nigella sativa 400mg/kg b.w  87 ± 1.1#  
8  Cyperous rotundus 200mg/kg b.w  94 ± 2.3#  
9  Cyperous rotundus 400mg/kg b.w  90 ± 1.5#  

Table 1: FBS Data represented ± SD *p < 0.05 versus control group and # p< 0.05 verses progesterone group 
3.10. Nuerotransmitters  
There is strong neurondocrine regulation in food intake serotonin and dopamine play important role in appetite 
regulation 

Group  Serotonin (ng/g wet tissue)  Dopamine (pg/g wet tissue)  

Control  17.77 ± 0.4  43.3 ± 0.3  
Progesterone  10.35 ± 0.1*  37.7 ± 0.3*  
Citrus limon 200 mg/kg b.w + progesterone  19.2 ± 0.2#  51.6 ± 0.2#  
Citrus limon 400 mg/kg b.w + progesterone  24.6 ± 0.1#  54.6 ± 0.3#  
Cyperous Rotundus 200 mg/kg b.w + progesterone  17.4 ± 0.21#  38.3 ± 0.1#  
Cyperous Rotundus 400 mg/kg b.w + progesterone  20.3 ± 0.3#  41.2 ± 0.5#  
Nigella Sativa 200 mg/kg b.w + progesterone  18.6 ± 0.2#  47.1 ± 0.2#  
Nigella Sativa 400 mg/kg b.w + progesterone  23.7 ± 0.3#  51.7 ± 0.3#  
Standard drug+ progesterone  26.4 ± 1.3#  57.5 ± 0.4#  

Table 2:   Neurotransmitters. Data represented ± SD *p < 0.05 versus control group and # p< 0.05 verses 
progesterone group 
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3.11. Histology of liver 

                                                                                                                                          
                   Control                                                  progesterone                                                        Standard drug                                                                            

                                     
     Citrus limon 200mg/kg bw           Cyperous rotundus 200mg/kg bw                       Nigella sativa 200mg/kg bw                            

                     
     Citrus limon 400 mg/kg bw                 Cyperous rotundus 400 mg/kg bw              Nigella sativ 400 mg/kg bw                            

Figure 11: Histological section of liver stained with H and E - 40X 
 

4. DISCUSSION  
Obesity is a disorder caused due to imbalance in 
calorie inatake and expenditure. It is multifactorial in 
origin.  There is strong interaction between 
horomone imbalance and development of obesity 
[21]. Progesterone, a neurosteriod impairs fat 
metabolism and induces lipid accumulation leading 
to obesity [22]. Fundamental cause of obesity is 
increase in fat mass. Progesterone treatment led to 
increase in body weight however co–administration 
of a plant extracts along with progesterone 
significantly reduce body weight in a dose dependent 
manner with respect to plant extracts.  Citrus limon 
and Nigella sativa at 400 mg/ kg bw showed 
comparatively better results than Cyperous rotundus 
group. Body mass index (BMI), a measure which 

compares weight and height, defines people as over 
weight (pre-obese), if their BMI is between 25 to 30 
kg/m2, and obese when it is greater than 30 kg/m2. 
Lee’s Index is also a factor considered for 
measurement of obesity [23]. Progesterone 
treatment increases BMI and LEE index compared to 
control, standard drug and plant extracts treatment 
groups. Progesterone administration was associated 
with increase in food intake leading to increase in 
body weight. In the present study, subcutaneous 
administration of progesterone produced significant 
increase in food intake and thereby body weight gain 
in agreement with previous reports [24]. There was 
significant decrease in food intake comparatively 
with plant extracts and orlistat standard drug as 
measured on 1st ,14th and 28th day (Figure 1). 
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Progesterone has been reported as the steroid 
hormone that promotes synthesis and storage of 
fats. There was increase in mass of adipose tissue in 
progesterone treated mice. As liver is a highly 
metabolically active organ, prone to deposition of 
fat, the present investigation showed significantly 
increased liver weight with progesterone 
administration. Plant extracts treated mice showed 
significant decrease in mass of adipose tissue and 
liver weight which is represented in (Figure 6). An 
increase in liver weight and adipose tissue suggests 
hypertrophy or hyperplasia [25]. 
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 lead to gestational diabetes due to hyperphagia 
[26].In our study progesterone treated group 
showed significant rise in the blood glucose level 
which was completely reversed by the effect of  
Citrus limon and Nigella sativa (400 mg/kg bw) 
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, and a significant increase in serum lipid 
profile [27].Progesterone 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. Herbal extracts treated mice showed a 
significant decrease in TG, TC, LDL and VLDL. Oral 
administration of herbal extracts produced a 
significant increase in levels of HDL which is shown in 
(Figure 7). 
 The present study indicated an increase level of 
marker enzymes of liver damage viz. SGOT, SGPT and 
ALP with progesterone administration indicating 
hepatic injury or abnormality. 28 days treatment 
with 3 different plant extracts (200 mg/kg and 400 
mg/kg bw) significantly reduced the levels of SGOT, 
SGPT and ALP when compared to progesterone 
treated group. All the results suggesting maximum 
anti-obesity action at higher dose which is 
represented in (Figure 8). 
As seen from graph 9, plant extracts stimulated a 
significantly lower free fatty acid response when 
compared to progesterone treated group. The 
concentration of plasma fatty acids may be regulated 
by the utilization or release of fatty acids by a 
number of tissues such as adipose tissue, muscle and 
liver. The slow release of glucose contributes to the 
suppression of free fatty acids in blood, thereby 

lowering the serum triglycerides [28].Since free fatty 
acids have been shown to impair insulin mediated 
glucose disposal and enhance hepatic glucose 
output, prolonged free fatty acid suppression results 
in improved glucose and triglyceride concentrations, 
both of which directly influence the factors leading 
to obesity ( Figure 9). 
Malonaldehyde (MDA) is a degradation product that 
is generated by oxidative degradation of 
polyunsaturated fatty acids in the cell membranes 
which is an important cause for cell damage and cell 
membrane destruction [29]. lipid peroxidation 
(MDA) has been used as a marker for the oxidative 
stress. In this study, we found that treatment with 
plant extracts significantly inhibits the peroxidation 
of lipids (Figure10). 
Progesterone producing hyperphagia via progestin 
receptors, which has been reported to be expressed 
on the serotonergic neurons [30].Progesterone-
induced hyperphagia by inhibiting reuptake of 5-HT 
(serotonin) at the hypothalamic site which regulate 
the food intake, which suggests the possible 
interaction exists between the neurosteroid and 
serotonin receptor system in regulating food intake 
and body weight. Further, these data implicate that 
disturbances in the ovarian hormone levels may 
predispose females to eating disorders. The 
reduction in the food intake by alteration in 
dopamine and serotonin levels by administration of 
plant extracts [31,32].From this study, we are 
predicting that after absorption of plant extracts 
from gastro intestinal track it cross the blood brain 
barrier (BBB) and enter the brain and amplify 
signaling in the basal hypothamus energy sensing 
function, which is the master regulator of food intake 
and energy expenditure or it may also possibly 
inhibits the re-uptake of 5-HT in the hypothalamus to 
activate β-adrenergic receptors which are involved in 
the burning of fats [33]. (Table 2) 
Leptin and adiponectin are the key hormones in 
treatment of obesity. Leptin, a satiety hormone 
regulates energy balance by inhibiting hunger 
regulating food intake and body weight to regulate 
adipose tissue mass by decreasing food intake and 
modulating glucose and fat metabolism. Circulating 
adiponectin is capable of targeting multiple tissues 
and regulating insulin sensitivity as well as energy 
homeostasis in our study Citrus limon and Nigella 
sativa at 400mg / kg bw followed by Cyperus 
rotundus also at 400mg / kg showed decreased leptin 
concentration and increased adiponectin levels [34]. 
(Table 3). 
The histological examination reveals the probable 
toxic effect of the drug on vital organs. The sections 
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of liver from progesterone treated mice indicated 
distorted structures of functional unit as mild 
congestion and focal necrosis in hepatocytes. 
However, the hepatic damage was reversed with the 
co–administration of 3 different plants extracts in a 
dose dependent manner visualized in (Figure 11). 
Thus, our results suggest that plant extracts Nigella 
sativa and Citrus limon of 400mg / kg bw can be used 
for the treatment of obesity. 
 
5. CONCLUSION  
In general, the culmination with the present results 
we suggest that 3 different plants extract posses anti 
obesity efficacy against progesterone induced 
obesity model. From this study Citrus limon at 400mg 
/ kg bw, Nigella sativa 400mg / kg bw followed by 
Cyperus rotundus 400mg / kg bw exhibited a 
significant anti-obesity activity. Oral administration 
of these extracts reduced the level of circulating 
lipids resulting in the decrease of food intake and 
body weights in female BALB/C mice, which bearing 
close resemblance to human obesity. Thus, it can be 
considered as an effective treatment in management 
of obesity owing to its potential anti-obesity effect. 
 
ACKNOWLEDGEMENT 
The authors provide immense full thanks to the 
Director, DFRL, Mysore for providing necessary 
facilities to carry out work.  
 
REFERENCES  
1. Carlson M, Thiel K, Yang S, Kimberly and. Leslie K. 

Catch It Before It Kills: Progesterone, Obesity, and 
the Prevention of Endometrial Cancer, Discov Med.  
14(76): 215-22, (2012) 

2. Graham J and Clarke C. Physiological Action of 
Progesterone in Target Tissues, Endocrine Rev, 18(4): 
502-19, (1997)   

3. Mandour T, Kissebah A and Wynn V. Mechanism of 
oestrogen and progesterone effects on lipid and 
carbohydrate metabolism: alteration in the insulin: 
glucagon molar ratio and hepatic enzyme activity. 
Eur J Clin Invest, 7(3): 181-7, (1977)  

4. Amatayakul, Kosin, Boonlong Sivasomboon, and 
Ousa Thanangkul. "A study of the mechanism of 
weight gain in medroxyprogesterone acetate 
users," Contraception 22.6: 605-622, (1980) 

5. Gamal A. Mohamed a, Sabrin R.M. Ibrahim b*, Ehab 
S. Elkhayat,Riham Salah El Dine Natural anti-obesity 
agents, Bulletin of Faculty of Pharma., Cairo 
University 52: 269–284, (2014)  

6. Sundaram MS, Sivakumar T, Balamurugan G. Anti-
inflammatory effect of Cyperus rotundus Linn. 
Leaves on acute and subacute inflammation in 
experimental rat models. Biomedicine. 28: 30 (2008) 

7. Kilani S, Sghaier MB, Limem I, Bouhlel I, Boubaker J, 
Bhouri W, Skandrani I, Neffatti A, Ammar RB, Dijoux-
Franca MG, Ghedira K. In vitro evaluation of 
antibacterial, antioxidant, cytotoxic and apoptotic 
activities of the tubers infusion and extracts of 
Cyperus rotundus, Bioresource Techn.  31; 99 (18) 
9004-8, (2008) 

8. Lemaure B, Touché A, Zbinden I, Moulin J, Courtois 
D, Macé K, Darimont C. Administration of Cyperus 
rotundus tubers extract prevents weight gain in 
obese Zucker rats. Phytotherapy Research. 1; 21 (8)  
: 724-30, (2007) 

9. Mishra AK. Asava and aristha: An ayurvedic 
medicine–An overview. International Journal of 
Pharmaceutical & Biological Archive. 17: 1 (1), (2010) 

10. Sayed, M. D. Traditional medicine in health 
care. Journal of ethnopharma, 2(1): 19-22, (1980) 

11. Datau EA, Surachmanto EE, Pandelaki K, Langi JA. 
Efficacy of Nigella sativa on serum free testosterone 
and metabolic disturbances in central obese male, 
Acta Medica Indonesiana. 42(3): 130-4, (2010) 

12. Le PM, Benhaddou-Andaloussi A, Elimadi A, Settaf A, 
Cherrah Y, Haddad PS. The petroleum ether extract 
of Nigella sativa exerts lipid-lowering and insulin-
sensitizing actions in the rat, Journal of 
Ethnopharma. 31; 94 (2):251-9, (2004) 

13. Benavente-García O, Castillo J, Marin FR, Ortuño A, 
Del Río JA. Uses and properties of citrus flavonoids, 
Journal of Agri. and Food Chemistry. 15;45 (12): 
4505-15, (1997)   

14. Meyer OC. Safety and security of Daflon 500 mg in 
venous insufficiency and in hemorrhoidal disease. 
Angiology. 45(6_part_2): 579-84, (1994)   

15. Middleton E, Kandaswami C. Effects of flavonoids on 
immune and inflammatory cell functions. Biochemi. 
Pharmacol, 7;43(6): 1167-79, (1992) 

16. Rice-Evans C, Miller N, Paganga G. Antioxidant 
properties of phenolic compounds. Trends in Plant 
Sci, Apr 30;2 (4):.152-9, (1997) 

17. Kaur G, Kulkarni SK, Evidence for serotonergic 
modulation of progesterone-induced hyperphagia, 
depression and algesia in female mice, Brain Res, 
943: 206–215, (2002) 

18. Falholt K, Lund B, Falholt W. An easy colorimetric 
micromethod for routine determination of free fatty 
acids in plasma. Clin Chim Acta. 46: 105–111, (1973) 

19. Wright JR, Colby HD, Miles PR. Cytosolic factors 
which affect microsomal lipid peroxidation in lung 
and liver, Archives of Biochemistry and Biophysics; 
206(2): 296-304, (1981) 

20. Alburges, Mario E., Neelam Narang, and James K. 
Wamsley. "Alterations in the dopaminergic receptor 
system after chronic administration of 
cocaine."  Synapse 14.4: 314-323, (1993) 

21. Björntorp P. The regulation of adipose tissue 
distribution in humans. Int J Obes Relat Metab 
Disord. 20(4): 291-302, (1996) 

22. Graham J and Clarke C. Physiological Action of 
Progesterone in Target Tissues, Endocrine Rev. 18(4) 
: 502-19,(1997) 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


        

 
International Journal of Pharmacy and Biological Sciences                                                                                Farhath Khanum* et al    

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 
 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

205 

23. Novelli, E. L. B., Diniz, Y. S., Galhardi, C. M., Ebaid, G. 
M. X., Rodrigues, H. G., Mani, F., ... & Novelli Filho, J. 
L. V. B. Anthropometrical parameters and markers of 
obesity in rats, Lab. animals, 41(1): 111-119, (2007).   

24. Schwartz S and Wade G. Effects of estradiol and 
progesterone on food intake, body weight, and 
carcass adiposity in weanling rats. Am J Physiol. 240 
(5):  499-503, (1981) 

25. Sellers R, Morton D, Michael B and Roome N. Society 
of Toxicologic Pathology Position Paper: Organ 
Weight Recommendations for Toxicology Studies. 
Tox Pathol. 35(5): 751-5, (2007) 

26. Henry R.J.U.M. Clinical Chemistry, 2nd ed. Harper 
and Row Publishers, New York. 1440-3: (1974). 

27. Shirling D, Ashby J and Baird J. Effect of progesterone 
on lipid metabolism in the intact rat. J Endocrinol. 
90(2) : 285-94, (1981) 

28. Liljeberg HGM, Bjorck IME Effects of low-glycaemic 
indexspaghetti meal on glucose tolerance and 
lipaemia at a subsequent meal in healthy subjects. 
Eur J Clin Nutr. 54: 24–28, (2000)   

29. Kubo S. Routes of formation of toxic consequences of 
lipid oxidation products in foods. Free Radical 
Biological Medicines 12(1): 63–81, (1992) 

30. Kretschmer BD, Schelling P, Beier N, Liebscher C, 
Treutel S, Krüger N, et al. Modulatory role of food, 
feeding regime and physical exercise on body weight 
and insulin resistance. Life Sci 76:15: 53-73, (2005) 

31. Ohkoshi E, Miyazaki H, Shindo K, Watanabe H, 
Yoshida A, Yajima H. Constituents from the leaves of 
Nelumbo nucifera stimulate lipolysis in the white 
adipose tissue of mice. Planta Med 73:12; 55-9, 
(2007) 

32. Kaur G, Kulkarni SK. Evidence for serotonergic 
modulation of progesterone-induced hyperphagia, 
depression and algesia in female mice. Brain. Res. 
943 :206-15, (2002) 

33. Yun JW. Possible anti-obesity therapeutics from 
nature – A review. Phytochemistry 71:16 25-41, 
(2010) 

34. Luo, Liping, and Meilian Liu. "Adipose tissue in 
control of metabolism." Journal of 
Endocrinology 231, no. 3 R77-R99, (2016) 

 
 
 
 
 
 

 
 
 
 
 
 
 

http://www.ijpbs.com/
http://www.ijpbsonline.com/

