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ABSTRACT 

The present study was to investigate the anti-obesity effects of the freeze 
dried powder of ethanolic extract of Licorice (Glycyrrhiza Glabra) (LP) in a rat 
model of high-fat diet induced obesity and hyperlipidemia. Male wistar rats 
were fed with a high-fat diet for 8 weeks to induce obesity and 
hyperlipidemia. High fat diet induced obese rats exhibited increases in body 
weight gain, adipose tissue mass and levels of serum glucose, triglycerides 
and total cholesterol compared to rats fed a normal chow diet. However, 
administration of LP (100-400 mg/kg, o.d., p.o) along with high-fat diet for 8 
weeks significantly reduced high fat diet-induced increases in body weight 
gain and adipose tissue mass in a dose dependant manner. Moreover, LP 
attenuated high fat diet induced increased levels of serum glucose, 
triglycerides and total cholesterol. The antiobesity effects of LP were 
comparable to orlistat, a well reported pancreatic lipase inhibitor. The 
antiobesity activity of LP appears to be mediated by decreasing dietary fat 
absorption from the intestine as LP dose dependently attenuated the raising 
of the serum triglycerides level after oral lipid load test and enhanced 
excretion of fecal fat content. 

INTRODUCTION: Obesity is defined medically as a state 
of increased weight, more specifically adipose tissue, 
of sufficient magnitude to produce adverse health 
consequences 1. It is a serious public health problem 
throughout the world, affecting both developed 
societies and developing countries 2. More than two 
third of the American population is now considered 
obese or overweight, and the prevalence of obesity in 
children is escalating dramatically, signifying even 
greater medical harm in the decades to come 3, 4.  

Patients with obesity have anomalies of blood-glucose 
homoeostasis, elevated plasma triglycerides (TG) and 
low levels of high-density lipoprotein (HDL) cholesterol 
that further contributes to the later appearance of 
cardiovascular syndromes 5, 6.  

Moreover, obese and overweight patients are at 
higher risk from coronary artery disease, hypertension, 
hyperlipidemia, diabetes mellitus, cancers, gall bladder 
disorders, cerebrovascular accidents, osteoarthritis, 
restrictive pulmonary disease and sleep apnoea 7, 8.  

Despite its advance of pandemic proportions, its 
associated morbidity and mortality, and its financial 
burden for government and society, obesity remains a 
major unsolved medical problem 2, 9. Clinical 
approaches currently used to control and reduce body 
weight include lifestyle counseling, pharmacotherapy, 
and surgery1 0. However, diet and physical exercise are 
usually not very effective and even after successful 
weight loss most patients regain weight and bariatric 
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surgery is reserved for extreme obesity (BMI ≥ 40) 
because of its cost and complications 11, 12.  

Present medications approved for long term obesity 
treatment are less effective and associated with 
number of adverse effects some of which are serious in 
nature 13, 14, 15. The absence of safe and effective 
treatments for the obesity has encouraged availability 
and popularity of natural dietary supplements 
intended to help with weight loss dramatically in 
recent years, but therapeutic effectiveness of majority 
of them remains to be scientifically or medically 
evaluated 16. 

Licorice remains one of the oldest and most commonly 
prescribed herbs and has been used in the treatment 
of numerous ailments ranging from tuberculosis to 
peptic ulcers 17. Licorice has held claim for therapeutic 
use for fevers, liver ailments, dyspepsia, gastric ulcers, 
sore throats, asthma, bronchitis, Addison’s disease and 
rheumatoid arthritis and has been used as a laxative, 
anti-tussive and expectorant 18, 19. Recently, interest in 
licorice has renewed as various reports suggested its 
beneficial role on body weight in rodents 20, 21, 22.  

However, there is paucity in the literature regarding 
the effectiveness of licorice in obesity and its 
mechanism of action of anti-obesity activity is poorly 
understood. Therefore, this study has been designed 
to investigate the anti-obesity activity of licorice along 
with its mechanism of action in Wistar rats. 

MATERIALS AND METHODS: 

Plant material and Preparation of Freeze Dried 
Powder of Licorice: Roots of licorice purchased from 
local market were identified and authenticated by the 
Department of Botany, Punjab University, Chandigarh.  
The dried plant material was pulverized, coarsely 
powdered and extracted with 95% alcohol using a 
Soxhlet extractor.  

After exhaustive extraction, the alcoholic extract was 
filtered, concentrated and completely lyophilized by 
continuous freeze drying as previously described 23. 
The yield was ~7.6 g powder/100g of licorice root 
powder. The freeze dried powder of licorice (LP) so 
obtained was stored in airtight container at low 
temperature and suspended in 0.5% 

carboxymethylcellulose (CMC) before oral 
administration. 

Phytochemical Screening and Standardization: 
Phytochemical screening of the MC was carried out 
employing standard procedures and tests 24. One gram 
of LP was weighed accurately and suspended in 100 ml 
of water. The mixture was vortexed (3 min) followed 
by ultrasonication (30 min) and then centrifuged at 
1500×g (10 min) to get supernatant sample solution 
for total phenolic content, total flavonoid. For total 
phenolic content, the sample solution (200 mL) was 
added to 800mL of 7.5% sodium carbonate solution, 
1mL of Folin-Ciocalteu reagent was added, and the 
mixture was left to stand for 30 min. The absorbance 
was measured at 765nm using UV 1700, Shimadzu 
spectrophotometer.  

The total phenol content was expressed as micromoles 
of gallic acid equivalent in 1 g of LP 25. For total 
flavonoid content 0.5 ml of sample solution was mixed 
with 2ml of distilled water and subsequently with 0.15 
ml of NaNO2 (5%) solution. After 6 min of incubation, 
0.15 ml of AlCl3 (10%) solution was added and then 
allowed to stand for 6 min, followed by adding 2 ml of 
sodium hydroxide (4%) solution to the mixture. Water 
was added immediately to the sample to bring the final 
volume to 5 ml, the mixture was thoroughly mixed, 
allowed to stand for another 15 min and measured 
spectrophotometrically at 510 nm. The total flavonoid 
content was estimated using a standard curve with 
quercetin and expressed as g of quercetin equivalents 
in 1 g of LP 26.  

Acute Toxicity Study: For acute toxicity study 18 h 
fasted animals were divided into several groups of 10 
rats each. The LP in the dose range of 100–4000 mg/kg 
was administered orally to different groups. The 
animals were examined continuously for 3 h and then 
occasionally for further 4 h; finally, overnight mortality 
if any was recorded 27.  

Preparation of High fat diet: Obesity was induced by 
high-fad diet, prepared by mixing 33% normal chow 
(Ashirwad Diets, Punjab, India), 33% Nestle milk 
powder, 7% sucrose and 27% tap water by weight 28. 
This diet provides 68% energy as carbohydrate, 20% as 
protein and 12% as fat and is reported to produce 
reliable weight gain (obesity) in Wistar rats while as 
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normal chow (NC) provides 65% of energy as 
carbohydrate, 20% as protein and 4% as fat 29.  

Animal Treatments: Male Wistar rats of 7-8 weeks of 
age were procured from the animal facility of the 
Institute. The animals were housed in standard 
polypropylene cages (two rats/cage) and maintained 
under controlled room temperature (25±2oC) with 
12:12 h light and dark cycle. The guidelines of 
committee for the purpose of control and supervision 
of experiments on animals (CPCSEA), Govt. of India 
were followed and prior permission was sought from 
the institutional animal ethics committee for 
conducting the study. 

Animals were randomized on the basis of their body 
weight and divided into various groups (n=10). Normal 
control group was fed NC and high fat control group 
was fed high-fad diet for 8 weeks. The low LP, medium 
LP and high LP groups were administered with LP at a 
dose of 100, 200 and 400mg/kg, respectively, for 8 
weeks. The orlistat group was administered with 
orlistat at a dose of 30mg/kg. LP and orlistat were 
orally administered daily to the rats by gavage while as 
control groups received vehicle every day by same 
route.  

Except normal control, all the groups were continually 
fed the high-fat diet during the experiment. All the 
animals had free access to water and the animals were 
inspected daily. Food intake and body weight were 
measured twice weekly. Feces of rats were collected 
on three consecutive days at the beginning of 6th 
week for the determination of total fat content. One 
week before the sacrifice, animals were subjected to 
oral glucose tolerance test (OGTT). At the end of the 
stipulated period, blood for various biochemical 
parameters was obtained retrorbitally under light 
ether anesthesia and the animals were sacrificed by 
cervical dislocation.  

The blood was collected into tubes, serum separated 
and analyzed on the same day. The gastrocnemius 
muscle, epididymal, mesenteric and retroperitoneal 
white adipose tissue (WAT) were dissected, cleaned of, 
weighed and stored in 10% buffered formalin solution. 
Lee index 30 i.e., (Body Wt in gms)1/3 / (ano-nasal length 
in cm), an index of obesity, was calculated at the end 
of the experiment. 

Histological Analysis and Morphometry: Epididymal 
adipose tissue was fixed in 10% formalin and then 
embedded with paraffin. Tissue sections (10 µm) were 
cut and mounted on microscope slides. After being air-
dried, they were stained with hematoxylin and eosin 
and photographed at 100X magnification. At least two 
fields per slice and six slices per fat mass were 
analyzed for the purpose of quantifying adipocyte size. 

Oral Lipid Load Test: Normal Wistar rats were 
randomly divided into five groups (n=6). A lipid 
emulsion was prepared with 7ml of olive oil; 93 mg of 
cholic acid and 7ml of distill water31. After fasting for 
24 h, male Wistar rats were orally administrated by the 
lipid emulsion (final concentration 10 ml/kg body 
weight) and different doses of LP, orlistat (30mg/kg) or 
vehicle. Blood samples were taken from retro-orbital 
plexuses at 0, 1, 2 and 3 h after administration of 
emulsion using a capillary tube, and centrifuged at 
8000 rpm for 10 min. to obtain the serum. Control rats 
received 0.5% CMC along with lipid emulsion. Serum 
triglyceride level was measured using a commercially 
available kit (Tulip Diagnostic (P) Ltd, Goa, India). 

Measurements: Serum glucose, triglyceride, total 
cholesterol and HDL cholesterol, SGOT and SGPT 
concentrations were measured by using commercially 
available kits (Tulip Diagnostic (P) Ltd, Goa, India). 
During OGTT glucose levels were quantified at the start 
(t = 0), 30, 60, 90 and 120 min after the administration 
of the glucose load (2g/kg). The total fat content in 
feces was determined gravimetrically. The samples 
were dried (105°C for 12 h) and then extracted with 
petroleum ether under reflux 32. 

Statistics: All values are expressed as mean ± standard 
deviation (S.D). Glucose responses during the glucose 
tolerance test were evaluated by estimation of the 
total area under the curve (AUC0-2hr), using the 
trapezoidal method. The significance of the differences 
between the means of various groups was established 
by one way ANOVA with a Tukey’s post hoc test using 
the Graphpad Prism 4 software. The p value < 0.05 was 
considered to be statistically significant. 

RESULTS: 

Phytochemical screening and determination of 
Polyphenols and Flavonoids: Qualitative 
phytochemical screening of the LGP showed the 
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presence of bioactive principles such as phenolic 
compounds, alkaloids, tannins, glycosides, saponins, 
steroids, flavonoids, carotenoids, among others. The 
total phenolic and flavonoids were estimated to be 
145.7 ± 12.1 mg gallic acid equivalents/g of the LP and 
89.6 ± 9.1 mg of quercetin equivalents/g of LP, 
respectively.  

Acute Toxicity Study:  No treatment- related signs of 
toxicity or mortality in any of the animals were 
observed. The three doses 100, 200 and 400 mg/kg 
used in the present study correspond to 2.5, 5 and 10 
% of no-observed-adverse-effect level (NOAEL) of the 
LP (4000 mg/kg), respectively. 

Effect of LP on Body Weight Adipose Tissue Weight 
and Lee’s Index: Obesity was induced in normal rats by 
feeding a high-fat diet for 8 weeks. The mean body 
weights of the six experimental groups were similar at 
the start of the experiment.   After 8 weeks, rats fed a 
high-fat diet had 21.5% higher body weights compared 
to NC diet-fed control group (p<0.05). Adipose tissue 
mass was also significantly increased by 142% in high-

fat diet-fed rats compared to normal chow-fed animals 
(p<0.05). In contrast, LP-treated groups continued to 
gain weight at a slower rate than the high fat control 
group. After 8 weeks of the treatment, the rats 
administered low dose LP (LP-L), medium dose LP (LP-
M) and high dose LP (LP-H) had gained 1.7% (p>0.5), 
8.2% (p>0.5) and 13.6% (p< 0.5)  less body weight than 
the high fat fed-control group respectively (Table 1).  

Similarly, high fat diet induced increase in adipose 
tissue weights were 12.5% (p>0.5),  22.6% (p< 0.5) and 
39.3% (p< 0.5) reduced compared to the high fat 
control rats by LP-L LP- M and LP-H treatment, 
respectively. On the other hand, the body weight and 
adipose tissue weight in orlistat-treated group were 
14.9% (p<0.5) and 30.5% (p<0.5) respectively 
decreased compared to high fat control animals. 
Compared with the normal control group Lee’s index 
was significantly increased in high fat fed animals and 
was significantly reduced in rats fed a high-fat diet plus 
LP or orlistat groups compared to the high fat diet 
animals (Table 1). 

TABLE 1: EFFECT OF LP ON BODY WEIGHT, ADIPOSE TISSUES WEIGHT AND VARIOUS BIOCHEMICAL PARAMETERS IN RATS FED A HIGH-
FAT DIET FOR 8 WEEKS 

Parameters NC HFD-C 
Licorice (mg/kg) 

Orlistat (30mg/kg) 
100 200 400 

Initial Body Wt (g) 159 ± 13.8 157.4 ± 18.3 153.4±13.53 156.8±14.1 157.8±13.8 155.6±12.8 

Final Body Wt (g) 265 ± 8.2 322.5 ±36
a
 316.8±38.5 296±28.3 278.6±24.3

b
 274.4±22.6

b
 

Lee index 0.27± .01 0.28± 0.01
a
 0.28±0.01 0.27±0.01

b
 0.26±0.01

b
 0.26±0.01

 b
 

Energy Intake 
(kcal/day) 

64± 4.8 79 ± 8.1
a
 80.2±9.4 79.4±9.8 81.6±11.8 83.7±12.7 

Fecal fat (g/day) 0.06 ±0.02 0.31± 0.03
a
 0.48±0.03

b
 0.66±0.05

b
 0.72±0.05

 b
 0.55±0.06

 b
 

WAT (g) 8.9±1.3 21.6±3.6
a
 18.9±3.9 16.7±3.9

b
 13.1±2.03

 b
 15±1.9

b
 

Epididymal 2.6± 1.3 6.6± 1.7 6.9±3 6±2.5 4.5±1.4 4.8±1.8 

Retroperitoneal 3.3±0.8 8.9 ± 1.7 6.5±1.9 6.2±3.5 4.5±1.2 6.4±2.8 

Mesenteric 2.9±0.9 6± 0.8 5.5±1.8 4.6±1.7 4.1±1.7 3.8±1.3 

Gastrocnemius mass 
(g) 

1.9±0.3 2.1± 0.2 2.1±0.1 2.1±0.3 2.2±0.2 2.1±0.2 

Glucose (mg/dl) 93.8± 20.1 131.6±20.1
a
 103.7±19.1

 b
 100.2±18.6

b
 95.1±10.8

 b
 105.8±17.3

b
 

OGTT (AUC0-2hr) 14558±1400 18219±2055
a
 16935±1400 16228±1600 15755±1720

 b
 16005±1175 

TG (mg/dl) 49.9 ±13.4 119.8±24.9
a
 94.8±18

b
 86.6±13

b
 81.4±9.9

 b
 90.4±11.3

 b
 

TC (mg/dl) 54.3 ±11.7 81.6± 13.9
a
 79.1±13.8 70.1±12.5 61.0±6.8

 b
 62.8±12.2

 b
 

HDL (mg/dl) 23.46±5.1 29.14 ± 4.9
a
 29±6.8 28.7±6.5 31.2±5.9 30.7±5.4 

AST (IU/L) 62.7±20.5 83.4± 13.4 74.1±16.4 64.8±11.1
b
 60.9±8.8

b
 79.1±9.8 

ALT (IU/L) 32.5±4.5 35.2± 9.3 33.8±8.5 30.6±8.7 30.3±8.6 36.2±7.2 

Results: mean ± SD. a= p<0.05 vs NC (Normal Control); b= p<0.05 vs HFD-C (High Fat Diet Control) 
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Effect of LP on average daily energy intake and fecal 
fat content: The food intake per day per rat was 
weighed in all groups for calculation of energy intake. 
The daily energy intake was analyzed by average for 8 
weeks. The average daily energy intake of each animal 
over the experimental period is illustrated in Table 1. 
The rats in the high fat control group consumed 
significantly more energy than the normal chow fed 
rats and subsequently excreted higher fecal fat 
content. The daily energy intakes in LP or orlistat-
treated groups were not significantly different 
compared to high fat fed control in all study period. 
However average daily fecal fat content of rats on LP 
groups were significantly increased compared to high 
fat fed control in a dose dependant manner indicating 
reduced apparent fat absorption. The fecal fat content 
of orlistat group was also significantly increased 
compared to high fat diet control group. 

Effect of LP on Serum Biochemical Parameters: 
Compared to a normal chow diet, high-fat diet 
produced significant hyperglycemia (40%), 
hypertriglyceridemia (140%) and hypercholesterolemia 
(50%). However, administration of LP for 8 weeks 
caused significant reductions in serum glucose, 
triglyceride and total cholesterol levels in a dose 
dependant manner, compared to high-fat diet control 
(Table 1). This suggests that LP treatment suppresses 
biochemical disorders found in high-fat diet-fed obese 
rats, thereby preventing their hyperglycemia, 
hypertriglyceridemia and hypercholesterolemia. 
Orlistat also significantly decreased high fat diet 
induced increase in serum glucose, triglyceride and 
total cholesterol. 

Effect of LP on Oral Glucose Tolerance Test (OGTT): 
There were no significant changes in the fasting 
glucose concentrations in the normal and high-fad diet 
control indicating high-fad diet did not produce frank 
diabetes (data not shown). However, the glucose 
tolerance ability of the high-fad diet control group was 
significantly lower than that of the NC group. In 
contrast, LP significantly prevented high-fat diet 
induced glucose intolerance in a dose dependent 
manner but the results were statistically significant 
only in case of high dose of LP. Orlistat also attenuated 
high fat diet induced glucose tolerance but did not 
reach statistically significant level (Fig. 1). 
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FIG. 1: EFFECT OF LP ON OGTT IN RATS FED A HIGH-FAT DIET FOR 
8 WEEKS 
Values are expressed as total AUC ± S.D of OGTT. a=p< 0.05 Vs NC; 
b=p< 0.05 Vs HFD-C. NC: Normal Control; HFD-C: High Fat Diet 
Control; LP-L: Licorice 100mg/kg treated animals; LP-M: Licorice 
200mg/kg treated animals; LP-H: Licorice 400mg/kg treated 
animals; Orli: Orlistat 30 mg/kg treated animals. 

Effect of LP on Adipocyte size: Histological 
examination of epididymal WAT revealed that high-fat 
diet fed rats had markedly increased adipocyte size 
(Fig. 2) than did normal chow-fed rats. LP or orlistat 
markedly suppressed epididymal adipocyte size 
compared to high-fat diet fed rats (Fig. 3).  
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FIG. 2: EFFECT OF LP ON SERUM TRIGLYCERIDE LEVELS AFTER 
ORAL LIPID LOAD TEST IN NORMAL RATS 
Values are mean ± S.D.a=p<0.05 Vs NC; NC: Normal Control;LP-L: 
Licorice 100 mg/kg treated animals; LP-M: Licorice 200mg/kg 
treated animals; LP-H: Licorice 400mg/kg treated animals; Orli: 
Orlistat 30 mg/kg treated animals 
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FIG 3: HISTOLOGICAL CHANGES IN EPIDIDYMAL ADIPOSE TISSUE. Representative sections of Hematoxylin-Eosin stained epididymal WAT 
from Normal control (NC), High Fat Diet control (HFD-C), Licorice 400 mg/kg (LP-H) and Orlistat 30 mg/kg (Orli) treated animals (open 
magnification, X100) 

Effect of LP on Fat Absorption in Normal Rats after a 
Single Oral Administration of Lipid Emulsion: For the 
purpose of clarifying the mechanism of body weight 
reduction the effect of LP on absorption of 
triglycerides in the intestine was investigated by a lipid 
loading test in normal rats. The serum triglyceride level 
at 1 h after oral administration of a lipid emulsion to 
normal rats was elevated considerably and was 
significantly (p < 0.05) decreased in the groups treated 
with medium and high doses of LP and orlistat (Fig. 2). 
The results suggest that LP has pancreatic lipase 
inhibitory activity akin to orlistat. 

Effect of LP on Liver Function and Lean tissue mass: 
The effect of high fat diet and different treatments on 
liver function is shown in Table 1. High fat diet 
produced slightly modifications of the AST levels 
indicating slight damage to the liver but did not reach 
statistically significant level.  However, LP treatment 
produced significant decrease in AST levels compared 
to high fat fed animals indicating protective effect of 
LP against high fat diet induced liver damage. On the 
other hand orlistat did not exhibit any significant 
change in liver function.  Furthermore LP or orlistat did 
not produce any change in gastrocnemius muscle 
weight, an index of lean tissue mass, indicating LP or 
orlistat promotes loss of body fat rather than lean 
tissue mass (Table 1). 

DISCUSSION: We examined the anti-obesity effect of 
LP in high-fat diet-fed rats, since this metabolic model 
of obesity reproduces human obesity better than the 
genetic obese models. In the present study Wistar rats 
fed a high-fat diet had significant increased body 
weight, adipose tissue weight and levels of serum 
glucose, triglycerides and total cholesterol compared 
to rats fed a normal chow diet. 

Treatment with LP not only reduced the body weight, 
various adipose pad weights and Lee’s index, but also 
attenuated high-fad diet induced increase in serum TC, 
TG and glucose levels. The anti-obesity activity of LP 
appears partly to be mediated by decreasing dietary 
fat absorption from the intestine via inhibition of 
pancreatic lipase activity.  

Obesity is a multifactorial disease that develops from 
the interaction between genotype and environment 33. 
Although genetic factors can contribute to the 
development of obesity, the rapid surge in the global 
prevalence of obesity suggest that common 
environmental and lifestyle factors may be promoting 
and exacerbating the problem 33. The consumption of 
high fat diet is thought to be one of the main factors 34. 
Dietary fat is calorically dense and extremely palatable. 
It is easily over consumed because it can cause less 
satiety than carbohydrate and protein 35. Moreover, 
ingestion of fat does not acutely stimulate fat 
oxidation or energy expenditure, but rather, it 
promotes fat storage 36.  

Therefore, a high fat diet can lead to hyperphagia, 
weight gain and increased adiposity. Moreover, high 
fat dietary obesity is the simplest obesity induction 
model and possibly the one that closely resembles the 
reality of obesity in humans 37. Based on this model, 
the anti-obesity effect of LP in rats fed a high-fat diet 
was investigated by analyzing the changes in body 
weight, adipose tissue weight and blood biochemicals.  

A high fat diet not only lowers glucose uptake but also 
inadequately suppresses hepatic glucose production 
stimulated by insulin leading to insulin resistance as 
well as hyperglycaemia 38. High fat diet also alters both 
basal and stress induced hypothalamic pituitary 
adrenal activity to increase adrenal glucocorticoid 
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production in rats 39. Elevated glucocorticoids can 
subsequently lead to hypertriglyceridemia by 
decreasing the level of lipoprotein lipase 40. Thus, the 
observed high fat diet induced increased levels of 
serum glucose, triglycerides and total cholesterol may 
be due to insulin resistance and combination of above 
effects. Licorice or its active constituent, glycyrrhitinic 
acid, (GA) has been reported to reduce body fat mass, 
however, prolonged administration of licorice or GA 
can produce hypokalemic hypertension 41, 42. 

 The non-aqueous fraction of licorice which mainly 
contains flavonoids in high proportion but GA in trace 
amount improved blood glucose level, reduced 
accumulated abdominal fat, decreased adipocyte size, 
improved fatty liver condition and upregulated genes 
for beta oxidation and down regulated those for fatty 
acid synthesis in high fat induced obese mice 20, 21, 22. 
The non-aqueous fraction of licorice appears to have 
more appealing anti-obesity potential; therefore, the 
ethanolic extract of licorice was employed in the 
present study in Wistar rats.  

The anti-obesity effect of LP on high-fat diet was 
thoroughly studied. It was observed that the fecal fat 
content of the LP treated animals increased in a dose 
dependant manner suggesting reduced apparent fat 
absorption. To confirm the hypothesis that prevention 
of obesity by LP is caused by reduced lipid absorption, 
the effect of LP on absorption of triglycerides in the 
intestines was investigated by lipid load test. LP 
decreased the serum triglyceride gain caused by lipid 
load suggesting inhibition of lipid from intestines.  

It is well reported that dietary fat is absorbed by the 
intestine only after the fat has been subjected to the 
action of pancreatic lipase and converted to 
chylomicrons composed mainly of triglycerides and 
cholesterol 43. It is also reported that lipids stored in 
adipose tissue are largely derived from circulating 
triglycerides derived from these chylomicrons and the 
remnants of the chylomicrons ultimately circulate in 
the blood stream in the form of cholesterol 44, 45.  

Thus, it may be suggested that decreased dietary fat 
absorption from the intestine via inhibition of 
pancreatic lipase activity by LP may be responsible for 
attenuation of high fat diet induced body weight gain, 
adipose tissue weight and hyperlipidemia.  

This contention is supported by the observation that LP 
treatment significantly increased fecal fat content in 
obese rats in a dose dependant manner. A decrease in 
the size of the adipocyte further support the argument 
that LP suppresses high fat diet induced fat 
accumulation. Moreover, the changes in body weight 
suggest that decreases in body weight may be 
attributed to decreases in body fat rather than lean 
tissue. Both the changes in the weight of the visceral 
fat pads and no significant change in gastrocnemius 
muscle weight are supportive of this interpretation.  

The beneficial effect of high dose of LP in preventing 
the high fat diet induced body weight gain has been 
observed to be almost similar to the effect produced 
by orlistat, well reported pancreatic lipase inhibitor. 
But, the LP was noted to be slightly superior in 
attenuating the high fat diet induced increase in 
hyperglycemia. LP has been reported to have 
beneficial effect on insulin resistance by decreasing 
insulin level even in case of feeding high fat diet 46.   

Thus, the better attenuation of high fat diet induced 
hyperglycemia by LP may be due to reduction of insulin 
resistance and subsequent decreased insulin level. This 
contention is supported by the fact that the high fat 
diet induced glucose intolerance was noted to be 
significantly reduced by treatment with high dose of 
LP. On the other hand, the results demonstrated that 
there were no general toxicities associated with LP 
treatment. In fact, licorice was found to be 
hepatoprotective against high fat diet induced liver 
damage. This observation is in keeping with the 
hepatoprotective effect of licorice and its constituents 
47. 

CONCLUSION: On the basis of above discussion, it may 
be concluded that LP attenuated high fat diet induced 
increase in the body weight, visceral adipose pad 
weights and Lee’s index, serum TC, TG and glucose 
levels. The anti-obesity activity of LP appears partly to 
be mediated by decreasing dietary fat absorption from 
the intestine. 
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