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ABSTRACT  

There is an increasing demand for herbal medicines for obesity with worldwide changes in 
industry. Glycyrrhiza glabra Linne is a plant used in traditional medicine and natural sweetener, widely 
consumed as a cold summer drink in the Middle East and other parts of the world, contains specific 
flavonoids such as glabridin and glycyrrhizin have strong adipogenic activity. In this study the licorice 
extract (LE) and licorice banana mixture (LBM) has investigated that as a anti-obesity effect. The 
addition of licorice extract: Banana fruit 1:1 V / V had a very good acceptability, so select this mixture 
to investigate in biological experimental and histopathology examination as a anti-obesity natural 
plantsources. The data of lipid profile also illustrate that the groups of rats which treatment with licorice 
extract and licorice banana mixture had significant decrease in total lipids, low density lipoproteins 
(LDL), total cholesterol and total triglyceride compared with positive control (PC). While, high density 
lipoproteins (HDL) recorded significant increase in positive control (PC) compared with negative 
control (NC) and gradually increase in groups of licorice extract and licorice banana mixture, 
respectively. Licorice banana mixture group (LBM) had significant decrease in sodium (Na) and 
significant increase in potassium (K) compared with positive control (PC), but the licorice extract group 
(LE) had not significant compared with negative control (NC) in case of sodium (Na) and potassium 
(K) tests. The data also, noticed that the pressure was lower significant in licorice banana mixture group 
(LBM) followed by licorice extract group (LE) compared with positive group (PC). The histopathology 
examination recorded enhancement in histological structure of examination organs in groups 
experimental of licorice extract and licorice banana mixture compared of positive control (PC). 
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Introduction 

Obesity is characterized by increased body fat mass, arising from the prolonged  between energy 
intake and energy expenditure, The increased in fat cell number and increased fat cell size lead to a 
variety of diseases, such as cardiovascular disease, nonalcoholic fatty liver disease, cancer, carcinoma 
and hormonal imbalances in women , leading to balance sterility , raising body mass index (overweight 
and obesity) is an important cause of chronic disease, prevalence of overweight in Egypt is expected to 
remain relatively constant (Morikawa et al., 2010).  According to the World Health Org., there are 
currently more than 1 billion overweight adults, 300 million of whom are obese.  Weight loss in obese 
persons of any age can decrease the obesity related medical complications and increase physical 
function and quality of life.  Once considered a high-income country problem, overweight and obesity 
are now on the rise in low- and middle – income countries (Mackay and Mensah, 2004). In addition to 
diet therapy and exercise many different approaches to treat and control obesity have been suggested, 
such as drugs for weight loss, appetite suppressants, and food supplements.  However, some of the 
treatments have been reported to have serious side effects, such as vomiting, headaches, stomach pain, 
and heart attacks.  Some recent studies have focused on the search for functional food ingredients or 
herbal extracts that can suppress weight gain and body fat (Wu et al., 2010).   

Licorice, the root of Glycyrrhiza glabra Linne, has long been used worldwide as an herbal 
medicine and natural sweetener, widely consumed as a cold summer drink in the Middle East and other 
parts of the world, which contains species specific flavonoids (Shibata, 2000). A large number of 
components have been isolated from licorice, including triterpenes, saponins, flavonoids, iso 
flavonoids, and chalcones.  Anti- ulcer, anti-inflammatory, anti- diuretic, anti- epileptic, anti-viral, anti-
allergic, and anti- oxidant pharmacological activities have been attributed to the major licorice 
compound, glycyrrhizic acid (Visavadiya et al., 2009). 
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The anti- obesity effects of of licorice and found that glabridin possesses strong anti- adipogenic 
activity. Supercritical fluid extraction was found to be the most effective extraction method for the 
preparation of glabridin – rich licorice extract.  Glabridin- rich supercritical extract of licorice protected 
high fat diet induced weight gain and adiposity. Moreover, hepatic steatosis was effectively ameliorated 
through the regulation of genes involved in hepatic metabolism. These results indicate that glabridin is 
the main functional component of licorice for anti-obesity effect (Ahn et al., 2013). Glycyrrhizin is a 
saponin compound comprised of a triterpenoid aglycone, glycyrrhetic acid (glycyrrhetinic acid; 
enoxolone )  conjugated to a disaccharide of glucuronic acid . Both glycyrrhizin and glycyrrhetic acid 
can exist in the 18 – stereoisomers. As a tribasic acid, glycyrrhizin can from a variety of salts and occurs 
naturally in licorice root as the calcium and potassium salts. The ammoniated salt of glycyrrhizin, which 
is manufactured from licorice extracts, is used as a food X - avoring agent and specific  Actions for this 
salt form have been established in the Food Chemicals Codex FCC,2003 . Glycyrrhizin; glycyrrhizic 
acid; glycyrrhizinate constitutes 10-25% of licorice root extract and is considered the primary active 
ingredient (Wang et al., 2007).   
    
 Materials and Methods 
 
Materials 
 
Plant material  

Dried licorice root and banana fruit were obtained from a local market in Down Town, Cario, 
Egypt  
    
Chemical and kits  

All chemical and stander were purchased from sigma Chemical Co. (St. Louis, MO, USA). All 
kits for biochemical analysis were purchased from Biodiagnostic Co., Dokki, Giza, Egypt.   
                               
Animals  

The albino female rats with average weight 200 g ± 5g were obtained and housed individually in 
animal unit in Food Technology Research Institute, Agricultural Research Center, Giza, Egypt.  
 
Methods 
 
 Preparation of licorice extract (LE): 

Dried licorice was extracted with 10 times of boiling distilled water for 4 h (licorice extract, LE) 
Ahn et al., (2013). 
 
Preparation of licorice extract (LE) and licorice banana mixtures (LBM). 
1) Licorice extract 100%    V / V 
2) Licorice extract: Banana fruit   1:1   V / V 
3) Licorice extract: Banana fruit   1:2   V / V 
4) Licorice extract: Banana fruit   1:3   V / V 
5) Licorice extract: Banana fruit   1:4   V / V 
6) Licorice extract: Banana fruit   1:5   V / V 
 
Chemical analysis:   

Total phenols and flavonoids contents: total phenols and flavonoids contents were described by 
Arnous et al. (2001) and Joyeux et al. (1995), respectively. The glabridin invention with a method by 
utilizing vanillin-sulfuric acid with glabridin standard test solution with range of the concentration of 
0.01 to 0.5mg/mL is prepared, the absorbency value is collected, the chromogenic reagent is stable and 
reliable within 60 minutes under the room temperature (A.O.A.C., 2018). Glycyrrhizin content 
determined by Cundiff and Renyolds (1964).  The antioxidant activity (DPPH) Determination by the 1, 
1-diphenyl-2-picryl-hydrazyl (DPPH) method according to Brand-Williams et al. (1995). 
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Sensory evaluation of banana licorice mixtures 
Samples of banana licorice mixtures were evaluated by 10 panelists (Staff in Institute Agric. Res. 

Center) for color, odor, taste, texture, appearance. The total value of these sensory properties were 
evaluated as overall acceptability and descriptive category as follows that: 90-100, very good 80-90 
good 70-79, satisfactory (Waghray et al., 2012). 
 
Biology Experimental protocol 

The fourty female albino rats were kept under normal health laboratory conditions and fed on 
basal diets and distilled water for one week (adaptation period) at room temperature was maintained at 
20 ºϹ ± 2 ºϹ with timed lighting 12h and relative air humidity. The basal diet prepared according to 
AIN-93M diet guidelines, casein 20.9%, soybean oil 4%, salts mixture 3.5%, vitamins mixture 1% and 
cellulose 5% and the remaining were completed with corn starch. High fat diet 31.2% soybean oil 
(Kamisoyama et al., 2008). Rats were adapted divided into four groups. Group one fed on basal diet 
and reserved as negative control (NC). Group 2 fed on high fat diet and reserved as positive control 
(PC). Groups 3 and 4 fed on high fat diet and handid by stomic tube with licorice extract and banana 
licorice mixture1:1 (v). At the end of experimental (60 days), blood samples were also taken and 
centrifuged at 3000 rpm for 15min to obtain the serum, which was kept frozen at -20 ºϹ until analysis. 
The organs and abdominal adipose tissues were excised immediately and weighted. 
  
Biochemical analysis of blood serum:  

Total lipids, high density lipoproteins (HDL), low density lipoproteins (LDL), total cholesterol 
and total triglycerides were determination according to the methods of Zollner and Kirsh, (1962). 
Aspartate aminotransferase and alanine aminotransferase were determination according to the methods 
of  Reitman and Frankel, (1957) , urea, uric acid and  creatinine were eastimated according to Tomas, 
1998a),  (Tomas, 1998b) and (Tietz 1990) respectively. Sodium and potassium determination according 
to the methods of (A.O.A.C., 2000). Pressure (Hg) were determination by Sigurjonsdottir et al. (2001). 
Insulin hormone was coronary risk index was determined by Insulin Elisa Kit/DRG Diagnostics using 
ETI Max 3000/ DiaSorin. Serum glucose determined by Barham and Trinder, (1972).  
 
Histopathology Examination: 

Tissue specimens were collected from liver, kidney, heart, pancreas, spleen and uterus,  preserved 
in 10% neutral buffered formalin ,dehydrated in different grades of alcohol ,cleared in 
xylene,embedding in paraffin, sectioned with microtome at 5μ thickness and finally stained with 
hematoxylin and eosin (H&E) and masson`s trichrome (MTC)  on other hand tissue section of blood 
vessels were dewaxed in xylene, rehydrated and pretreated with 3 % hydrogen peroxide for blocking 
the activity of endogenous peroxidase .microwave assited antigen retrieval was done for 20 minutes 
and sections were incubated overnight at 40º C with primary antibody for vascular endothelial growth 
factor (VEGF) (catalog MA1-166629, Thermo Scientific Co., UK) was dilutes with phosphate buffer 
saline (PBS) (1:50) then washed with PBS and incubated with biotinylated mouse secondary antibody 
(Cat No.32230,ThermoScientific Co., UK) and finally conjugated with streptavidin-peroxidase 
.sections were washed with PBS and incubated with diaminobenzidid (DAB) for 5 minutes and 
counterstained with Mayer`s hematoxylin (Banchroft et al., 1996).  
 
Statistical Analysis 

Statistical analysis were carried out by SPSS Program. Data were expressed as means ± SE and 
performed using one- way analysis of variance followed by Duncan s test.   
                                  
 Results and Discussion  

From the results presented in Table (1), it could be noticed that sensory evaluation were decreased 
with increasing the percentage of supplements for banana fruit. Also, it could be noticed that the mixture 
(1) was the highest of color, odor, taste, texture and appearance. Generally ,  licorice Banana mixtures 
produced from licorice and banana fruit 1:1 V/V (the first mixture)  was very good overall acceptability 
followed by mixture (2), mixture (4), mixture (3) and mixture (5), respectively. So, mixture (1) that 
level of supplementation licorice extract: Banana fruit 1:1(V/V) was selected with licorice extract group 
(LE) to continue the investigation of chemical analysis and biology experimental.   
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Table 1: Sensory evaluation of licorice banana mixtures. 

Mixtures 
 

Color 
15 

Odor  
15 

Taste  
30 

Texture 
15 

Appearance 
25 

Overall 
acceptability 

100 
Grade 

1 13.6A±0.33 13.7A±0.89 27.7A±0.90 13A±0.87 23.0A±0.96 91A±0.95 Very good 
2 11.7B±0.34 13.0A±0.80 25.7B±0.89 12.3A±0.95 21.0B±0.97 83.7B±0.92 Good  
3 12.0B±0.57 12.0A±0.50 24.6B±0.90 12.6A±0.49 21.3AB±0.94 83.0B±0.98 Good 
4 12.3B±0.33 12.7A±0.78 22.0C±0.89 11.6A±0.43 21.7AB±0.93 80.3BC±0.96 Good 
5 11.6B±0.33 12.3A±0.41 21.3C±0.87 11.3A±0.75 21.0B±0.98 77.5C±0.99 Satisfactory 

1: Licorice extract: Banana fruit   1:1   V / V, 2: Licorice extract: Banana fruit   1:2   V / V, 3: Licorice extract: Banana  fruit  

1:3   V / V, 4: Licorice extract: Banana fruit   1:4   V / V  , 5: Licorice extract: Banana fruit   1:5   V / V 
 

As shown in Table (2). It is noticed that the antioxidant activity of licorice extract group (LE) 
and licorice banana mixture group (LBM) , Also, it could be noticed that the  group of licorice banana 
mixture (LBM) had higher contents of total phenols , total flavonoids and glybridin than the  group of 
licorice extract group (LE)  and consequently the antioxidant activity (DPPH). The current study also 
noticed that the group of the licorice extract group (LE) was the highest content of glycyrrhizin.   
 
Table 2: Total phenols, total flavonoids, glybridin, glycyrrhizin and DPPH of licorice extract and 

licorice banana mixture (%). 
Treatments Total phenols Total flavonoids Glybridin Glycyrrhizin DPPH 

LE 5.96B± 0.19 0.87B±0.06 0.1B±0.070 5.6A±0.27 90B±0.65 
LBM 6.48A±0.69 1.633A±0.02 0.3A±0.060 3.3B±0.09 94A±0.82 

LE        Licorice extract, LBM   licorice banana  mixture 

 
Results in Table (3) showed that the rats fed on high fat diet (HFD) had significant increase in 

food intake and body weight compare with negative control (basal diet group, NC). Also, it could be 
noticed that the groups feeding on licorice extract (LE) and licorice banana mixture (LBM) that recorded 
significant decrease in food intake and body weight compared with rats fed on high fat diet. So, the 
increasing of final body weight was characterized in positive control (high fat diet, PC) followed by 
licorice banana mixture group (LBM) than licorice extract group (LE). 

 
Table 3: Effect of feeding by licorice extract and licorice banana mixture on body weight (g).  

Groups IBM FBW BG FI 
NC 195.8A±4.43 250D±8.42 46.2D±13.0 925D ±8.02 
PC 195.6A±4.01 318A±4.83 122.4A±3.71 962A±0.76 
LE 193.8A±5.76 265.2C±6.01 69.4C±1.71 936C±0.90 

LBM 198.6A±9.43 269.6B±9.94 74.0B±1.58 956B ±7.90 
NC      Negative control,  PC   Positive control,  LE      Licorice extract,  LBM   Licorice banana mixture, IBM     Initial body 

weight, FBW    Final body weight,  BG   Body gain,  FI     Feed intake  
 

From the results presented in Table (4). It be noticed that the liver weight had a higher significant 
in liver weight of licorice banana mixture (LBM) and licorice extract (LE), respectively compared with 
positive control (PC). Also, it be noticed that the kidney weight had recorded significant decrease in the 
positive group (PC), but the weight of heart slightly significant decrease compared with positive control 
(PC). In case of weights of Pancreas organ, it be noticed that the groups of licorice banana mixture 
(LBM) and licorice extract (LE) had slowly significant nearly to negative control (NC). However, 
spleen had significant decrease in the positive group (PC) while recorded no significant with licorice 
extract (LE) and licorice banana mixture (LBM). Uterus weight had not any significant compared with 
negative control (NC).   

From the results presented in Table (5) , it could be noticed that the hepatic adipose tissue, 
perirenal adipose tissue and mesenteric adipose tissue had recorded  noticeably  significant increase in 
positive  group  (PC) compared with negative control  (NC). In case of hepatic adipose tissue in licorice 
extract group (LE) had not significant increase compared with negative control (NC). whearse, it could 
be noticed that  the licorice extract group (LE) and licorice banana mixture group ( LBM) had significant 
decrease in hepatic adipose tissue,  Perirenal adipose tissue and mesenteric adipose tissue compared 
with positive  control  (PC).   
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Table 4: Effect of feeding by licorice extract and licorice banana mixture on weight of organs (g).  

Groups 
Liver 

weight 
Kidney 
weight 

Heart 
weight 

Pancreas 
weight 

Spleen 
weight 

Uterus 
weight 

NC 3.60A±0.28 1.40A±0.05 0.26B±0.02 0.50B±0.02 0.88A±0.00 1.43A±0.01 
PC 2.29C±0.13 1.33B±0.10 0.28A±0.03 0.59A±0.04 0.58B±0.09 0.61A±0.00 
LE 3.75B±0.32 1.31A±0.05 0.27B±0.09 0.53B±0.02 0.83A±0.02 0.49A±0.08 

LBM 3.90B±0.25 1.36A±0.01 0.22B±0.00 0.51B±0.08 0.86A±0.03 0.51A±0.07 

 
Table 5: Effect of feeding by licorice extract and licorice banana mixture on abdominal adipose tissue 

weight in rats (g) 

Groups 
Hepatic adipose  

tissue 
Perirenal adipose  

tissue 
Mesenteric adipose 

tissue 
NC 0.40C±0.05 1.33B±0.02 1.52B±0.13 
PC 1.27A±0.08 2.18A±0.07 2.54A±0.19 
LE 0.47C±0.06 2.13C±0.05 1.21C±0.03 

LBM 0.53B±0.03 2.14C±0.06 1.25C±0.12 
    

Results presented in Table (6) illustrate the effect of feeding by high fat diet ( positive  group  , 
PC) , licorice extract (LE) and licorice banana mixture (LBM) on lipid profile , the rats fed on HFD had 
significant increase in total lipids, low density lipoproteins  (LDL) , total cholesterol and total 
triglyceride compared with negative control  (NC). The data of lipid profile also illustrate that the groups 
of rats which treatment with licorice extract (LE) and licorice banana mixture (LBM) had significant 
decrease in total lipids, low density lipoproteins  (LDL) , total cholesterol and total triglyceride, 
respectively compared with positive  control  (PC). While, high density lipoproteins (HDL) recorded 
significant decrease in positive control (PC) compared with negative control (NC) and gradually 
increase in groups of licorice extract (LE) and licorice banana mixture (LBM), respectively. 
 
Table 6: Effect of feeding by licorice extract and licorice banana mixture on lipid profiles (mg/dl). 

Groups Total lipids HDL* LDL* 
Total 

cholesterol 
Total 

triglyceride 
NC 411D±0.57 39.03C±0.08 32.3B±0.92 101.6B±0.082 101.9A±0.94 
PC 580.6A±0.33 26.57D±0.29 89.4A±0.32 167.3A±0.074 151.7A±0.95 
LE 480.6B±0.32 45.53B ±0.31 20.3C ±0.03 92.6C ±0.420 120.4B±0.92 

LBM 440.3C±0.67 54.63A ±0.25 19.3C ±0.25 90.3C±0.910 114.5C±0.91 
HDL*    high density lipoproteins    , LDL*   low density lipoproteins    

The Result in Table (7) showed that the group feeding on high fat die (positive group, PC) had 
significant increase in aspartate aminotransferase, alanine aminotransferase, urea and uric acid 
compared with negative control (NC), but the rats feeds on the licorice extract group (LE) and licorice 
banana mixture group (LBM) had significant decrease in the tests of aspartate aminotransferase, alanine 
aminotransferase, urea and uric acid compared with positive group (PC). On the other hand the 
creatinine was no significant increase in positive group (PC), licorice extract group (LE) and licorice 
banana mixture group (LBM) compared with negative control (NC). 
Table 7: Effect of feeding by licorice extract and licorice banana mixture on liver and kidney functions 

(mg/dl).  
Groups AST* ALT* Urea Uric acid Creatinine 

NC 21.6C±0.33 19.7D±0.33 59.5B±0.29 3.36B±0.03 0.42A±0.09 
PC 81.6A±0.03 66.4A±0.28 64.3A±0.33 3.66A±0.08 0.41A±0.02 
LE 36.3B ±0.57 47.8B ±0.28 47.4B±0.30 2.73B±0.03 0.44A±0.03 

LBM 21.0C±0.33 30.5C ±1.43 50.7B±0.38 2.43B±0.08 0.49A±0.02 
AST* Aspartate aminotransferase ALT* alanine aminotransferase 

Data presented in Table (8) showed that licorice banana mixture group (LBM) had significant 
decrease in sodium (Na) and significant increase in potassium (K) compared with positive control (PC) 
but the licorice extract group (LE) had not significant level compared with negative control (NC) in 
case of sodium (Na) and potassium (K) tests. The data also, noticed that the pressure was lower 
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significant in licorice banana mixture group (LBM) followed by licorice extract group (LE) compared 
with positive group (PC).  
  
Table 8:  Effect of feeding by licorice extract and licorice banana mixture on serum sodium, potassium 

and Pressure (mmol/l). 
Groups Sodium (Na) Potassium (K) Pressure (Hg) 

NC 138.83A±0.44 4.12B±0.12 1.21D±0.01 
PC 139.67A±0.33 3.8B±0.15 1.28A±0.00 
LE 139.77A±0.96 4.03B±0.03 1.27B±0.02 

LBM 136.73B±0.37 4.92A±0.01 1.25C±0.00 
 

As show in Table (9), it could be noticed that the high fat diet (HFD) positive group (PC) had 
noticeably significant increase in insulin and glucose. Also, it could be noticed that the licorice extract 
group (LE) and licorice banana mixture group (LBM) had significant decrease compared with positive 
group (PC). Glucose had no significantly in case of groups licorice extract (LE) and licorice banana 
mixture (LBM) compared with negative control (NC). 
 
Table 9: Effect of feeding by licorice extract and licorice banana mixture on serum insulin and glucose 

concentrations in final of the experimental (mg/dl). 
Groups Insulin Glucose 

NC 0.51B±0.001 105B±0.004 
PC 2.00A±0.002 135A±0.008 
LE 0.04C±.0.001 104B±0.044 

LBM 0.03C±0.008 102B±0.008 

 

 

  
   

Fig. 1: Effect of feeding by licorice extract and licorice banana mixture on serum   insulin, glucose and 
pressure in the end of period. 
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Histopathologyical examination:  
 
Histopathologyical examination of liver: 

Microscopically, liver of rats from group (1) showed the normal histological structure of hepatic 
lobule). While liver of rats from group (2) showed cytoplasmic vacillations of hepatocytes, necrosis of 
sporadic hepatocytes, buffer cells activation, fibroplasia in the portal triad and appearance of newly 
formed bile ductless. However, liver of rats from group (3) revealed few leucocytes in the hepatic 
sinusoids and small vacuoles in the cytoplasm of hepatocytes. Liver of rat from group (4) showed 
congestion of central vein and hepatic sinusoids as well as small vacuoles in the cytoplasm of 
hepatocytes and cytoplasmic vacillation of hepatocytes. 
 

    

2 1 

    

4 3 

Fig. 2:  Liver of rat from group (1) showing the normal histological structure of hepatic lobule, group 
(2) showing fibroplasia in the portal triad and appearance of newly formed bile ductless,  group 
(3) showing small vacualers in the cytoplasm of hepatocytes and few leucocytes, group (4) 
showing cytoplasmic  vacuolation of hepatocytes (H&EX400). 

Histopathologyical examination of kidney: 
Microscopically, kidneys of rats from group (1) revealed the normal histological structure of 

renal parenchyma. Meanwhile, kidneys of rats from group (2) showed vacuolation of epithelial lining 
renal tubules.  However, kidneys of rats from group (3) and (4) showed vacuolation of epithelial lining 
some renal tubules. 

 
Histopathologyical examination of heart: 

Heart of rat from group (1) revealed normal cardiac myocytes. However, heart of rats from group 
(2) showing oedema between the cardiac myocytes, group (3) showing few inflammatory cells 
infiltration between the cardiac myocytes and group (4) showing revealed no histopathological changes. 
 
Histopathologyical examination of pancreas: 

Microscopically, pancreas of rats from group (1) reveald no histopathological changes, group ( 
2) showing pancreatic acinar epithelium and vacuolar degeneration of pancreatic acinar epithelium, 
while groups( 3) and (4) showing no histopathological change. 
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4 3 

Fig. 3: Kidney of rat  from group (1) showing the normal histological structure of renal  parenchyma, 
group (2) showing inerstitial nephriti , while groups (3) and (4) showing  some vacuolation of 
epithelial (H&EX400). 

  

    

2 1 

    

4 3 
Fig. 4: Heart of rat from group (1) showing normal cardiac myocytes, group (2) showing oedema 

between the cardiac myocytes, while groups (3) and (4) showing no histopathological changes 
(H&EX400). 
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Fig. 5: Pancreas of rat from group (1) showing no histopathological changes, group (2) showing 

vacuolar degeneration of pancreatic acinar epithelium, groups (3) and (4) showing no 
histopathological changes (H&EX400). 

Histopathologyical examination of spleen:  

Microscopically, spleen of rats from group (1) showed normal lymphoid follicle follicle and 
normal white pulp, group (2) revealed lymphocytic necrosis, while groups (3) and (4) showing no 
histopathological changes. 
      

    

2 1 
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Fig. 6: Spleen of rats from group (1) showing normal lymphoid follicle and normal white pulp  , group 
(2) showing atrophy of lymphoid follicle , while groups (3) and (4) showing no 
histopathological changes (H&EX400).  

 
Histopathologyical examination of uterus: 

Histopathologyical, uterus of rats from group (1) revealed no histopathologyical change . while, 
section from group (2) showing cytoplasmic vacuolation of endometrial epithelium, focal hyperplasia 
of endometrial epithelium and inflammatory  cells infiltration in lamina propria. However, uterus from 
group (3)  revealed no histopathological changes, and group (4) revealed no histopathological changes  
except  cytoplasmic vacuolation of endometrial in some sections. 
 

    

2 1 

    

4 3 

Fig. 7: Uterus of rat from group (1) showing no histopathological changes, group (2) showing 
cytoplasmic vacuolation of endometrial epithelium, group (3) showing no histopathological 
changes except  cytoplasmic vacuolation of endometrial in some sections and group (4) 
showing no histopathological changes (H&EX400). 
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Conclusion 
In conclusion, Licorice (Glycyrrhiza glabra Linne) is a plant with pharmacological importance 

and prevents of high fat diet induced fat storage in adipose tissue be flexible it has possesses strong 
anti-adipogenic activity, aslo licorice banana mixture have a good effect against of obesity and due to 
enhancement of the health and therefore  protect of many diseases. 
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