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Abstract: The main target of this study was to investigate the protective effect of Ficus sycomorus L. leaves 

(FSLs) against high fat diet (HFD)-induced obesity and the possible mechanisms behind this effect in 

experimental rats. 30 male albino rats (Sprague Dawley strain) weighing 98.61 ± 5.87 g were used and 

randomly divided into five equal groups including the control besides HFD, HFD + 2.5% FSLs, HFD + 5% 

FSLs and HFD + 7.5% FSLs- fed groups. High fat diet was prepared using 20% fat (19% sheep tallow + 1% 

soybean oil), while basal diet contained 4% soybean oil. The experiment lasted for 6 weeks. Feed intake, body 

weight gain and liver weight/ body weight (%) were finally calculated. Leptin, pancreatic lipase, glucose, lipid 

profiles, liver enzymes, urea and creatinine were also determined in serum. Moreover, livers of sacrificed rats 

were histopathologically examined. Results indicated that feeding on high fat diet resulted in a significant 

increase in body weight, relative liver weight and the serum concentrations of leptin, pancreatic lipase, glucose, 

triglycerides, total cholesterol, LDL-C, VLDL-C, transaminases, alkaline phosphatase, urea and creatinine, 

while daily feed intake and serum HDL-C were significantly declined. Addition of dried FSLs to high fat diet led 
to a significant decrease in body weight gain, relative liver weight and the serum levels of leptin and pancreatic 

lipase. They also showed hypoglycemic and hypolipidemic effects, improved liver and kidney functions and 

reversed the marked lesion noticed in liver tissue. In general, the more the dose used, the better the effect 

noticed. Accordingly, it was concluded that Ficus sycomorus L. leaves could hinder weight gain and prevent its 

related disorders. So, dietary supplementation with Ficus sycomorus L. leaves should be implicated in the 

antiobesity strategies.  
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I. Introduction 
Obesity is one of the greatest threats to global health in this century, with more than 1.5 billion 

overweight adults and at least 400 million of clinically obese subjects [1]. Due to these increasing obesity rates, 

the World Health Organization (WHO) has prompted to consider it as the epidemic of XXI century and to 

promote strategies to prevent and control its complications [2]. About 35% of Egyptian adults (18.7% males & 

48.1% females) are considered to be obese [3]. 

Obesity is a multifactorial disease characterized by an excessive weight for height as a result of an 

enlarged fat deposition such as adipose tissue, which is attributed to a higher calorie intake than the energy 

expenditure [4]. Being obese can induce multiple metabolic disorders that contribute to cardiovascular disease, 

diabetes mellitus and other chronic diseases [5]. 

The key strategy to overcome obesity is to prevent chronic positive impairments in the energy equation. 

However, it is often difficult to maintain energy balance, because many available foods are high-energy yielding, 

which is usually accompanied by a decreased physical activity. The pharmaceutical industry has invested major 
efforts in producing antiobesity drugs. Nowadays trend, however, is to identify and screen new natural products 

that are more potent or have less secondary effects than these drugs [4]. 

Ficus sycomorus Linn belongs to the family Moraceae, comprising about 40 genera and over 1,400 

species of trees, shrubs, vine and herbs, often with milky latex juices. They are usually found near streams in 

Palestine and many African countries. F. sycomorus is a tree that grows up to 20 m with widely spreading 

branches and a massive crown. Sheep and cattle eat its foliage [6-8]. Ficus sycomorus is used in Nigeria, Niger, 

Mali, South Africa, Guinea, Kenya, Tanzania, Somalia, Ethiopia and Ivory Coast as extracts of fruits, leaves, 

root and stem barks to treat various ailments such as cough, diarrhea, skin infections, stomach disorders, liver 

disease, epilepsy, tuberculosis, lactation disorders, helminthiasis, infertility, sterility and diabetes mellitus [9,8]. 

The plant has also been reported to be a potent antimicrobial agent against ciprofloxacin resistant Salmonella 

typhi [10]. In Palestine, the milky sap from F. sycomorus stem bark is used for treating skin diseases while a 

decoction of the stem bark is used for problems of the gastrointestinal tract. It is also used as seasoning, leaves 
are dried and added to cake as a condiment, eaten raw or cooked as soup. Dry branches of the species are 

collected for use as fuel [11]. 
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Leaves of Ficus sycomorus Linn are heart-shaped with a round apex, 14 cm long by 10 cm wide. The 

flowering and fruiting usually occurs from July to December. The proximate composition of dry F. sycomorus 

leaves was determined by [12] and it was found that they have high contents of both protein and crude fibers, 

while ash, lipid and carbohydrate contents were within the range expected for dry leafy vegetables [13]. Ficus 

sycomorus L. leaves afforded also psoralene (0·9 per cent yield) and the unsaponiflable fraction of the fat was 

found to contain β-amyrin lupeol and β-sitosterol [14]. 

Although availability, inexpensiveness and high nutritional value, Ficus sycomorus L. "Gemmayz" 
leaves are not commonly consumed in Egypt either as a dietary source or as a therapeutic agent.  As one of the 

many studies needed to exhibit the health and nutritional benefits of this non-conventional source, this study was 

carried out to examine the protective effect of F. sycomorus L. leaves (FSLs) against obesity and its related 

disorders in experimental rats.            

 

II. Materials and Methods 
2.1 Materials: 

2.1.1 Plant material:  

Ficus sycomorus L. leaves were sampled from different parts of Nawag village, Tanta City, Al-Gharbia 
Governorate, Egypt. 

 

2.1.2 Animals:  

A total of 30 normal male albino rats (Sprague_ Dawley strain) weighing 90 ± 5g were obtained from 

the animal colony, Helwan Farm, Vaccine and Immunity Organization, Cairo, Egypt. 

 

2.1.3 Chemicals and other required materials:  

Casein, vitamins, minerals, cellulose, choline chloride and DL-methionine were obtained from 

Elgomhoreya Company for Chemicals and Drugs, Cairo, Egypt. Sheep tallow, sucrose, soybean oil and corn 

starch were obtained from the local market, Tanta City, Al-Gharbia Governorate, Egypt. 

 

2.2 Methods: 

2.2.1 Preparation of plant material:  

Ficus sycomorus L. leaves were sampled in October, 2012 and dried at room temperature away from 

sunlight. They were then milled to a fine powder-using pestle and motor (stainless steel) and stored at room 

temperature in closed glass bottles in the dark until used.  

 

2.2.2 Study design & Blood sampling:  

Male albino rats (n =30) of Sprague Dawley strain weighing (90± 5g) were housed in well-aerated 

cages under hygienic conditions "22-25°C and a 12 h light-dark cycle" and fed basal diet for one week for 

adaptation. After this period, rats were divided into five equal groups. The first group was fed basal diet as a 

control group. Other groups were fed high fat diet (HFD) alone or HFD plus 2.5%, 5% or 7.5% of dried Ficus 

sycomorus L. leaves (FSLs). Basal diet used was formulated according to Reeves et al. [15], while HFD was 
formulated according to Woods et al., [16] with some modifications "Table 1". The experiment continued for 

six weeks. Meanwhile, diet and water were provided ad-libitum and feed intake was calculated and recorded 

once a week.  

 

Table 1: Composition of basal and high fat diets used in the experiment (g/kg diet) 
Ingredient Basal diet HFD 

Casein (≥85 % protein) 

Soybean oil 

Sheep tallow 

Cellulose 

Vitamin mixture 

Mineral mixture 

Choline chloride 

L- Cystine 

Tert –butylhydroquinone 

Sucrose 

Dextrinized corn starch 

Corn starch 

140 

40 

- 

50 

10 

35 

2.5 

1.8 

0.008 

100 

155 

465.69 

164 

10 

190 

58.6 

11.7 

41 

2.9 

2.1 

0.009 

89.9 

115 

314.79 

 

At the end, animals were fasted overnight before sacrificing. Blood samples were collected from the 

aorta of each rat into dry centrifuge tubes. Sera were carefully separated by centrifugation of blood samples at 

3000 rpm (round per minute) for 10 minutes at room temperature, then transferred into dry clean ebendorf tubes 

http://jn.nutrition.org/search?author1=Stephen+C.+Woods&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Stephen+C.+Woods&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Stephen+C.+Woods&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Stephen+C.+Woods&sortspec=date&submit=Submit
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and serum glucose was immediately determined. Afterwards, sera were kept frozen at - 20˚C for other latter 

determinations. Livers also were removed by careful dissection, washed in saline solution (0.9%), dried using 

filter paper and weighed.  

 

2.2.3 Feed intake, body weight gain and relative organ´s weight calculation: 
At the end of the experiment, total feed intake (FI) was calculated by subtracting the remainder food for 

each animal from that allocated to it. In the same time, food wastage was weighed and subtracted. Daily feed 
intake was calculated through division of total feed intake by 41. Body weight gain (BWG) was also calculated 

by subtracting the initial weight of each rat from its final weight. As for relative liver weight, it was calculated 

according to Angervall and Carlström, [17].   

 

2.2.4 Biochemical analysis: 

Sera were analyzed for the determination of leptin [18], pancreatic lipase (PL) [19] and glucose [20]. 

Lipid profiles were also determined including triglycerides (TG) [21], total cholesterol (TC) [22], high, low and 

very low-density lipoprotein-cholesterol (HDL-C, LDL-C and VLDL-C) [23]. In addition, liver functions were 

determined including aminotransferases´ (AST and ALT) activities [24] and alkaline phosphatase (ALP) activity 

[25]. Moreover, kidney functions were determined including urea [26] and creatinine [27].  

 

2.2.5 Histopathological examination: 

Livers of sacrificed rats were taken and immersed in 10% buffered neutral formalin solution. The fixed 

specimens were then trimmed, washed and dehydrated in ascending grades of alcohol. They were then cleared in xylol, 

embedded in paraffin, cut in sections of 4-6 microns thickness and stained with haematoxylin and cosin according 

to Drury and Wallington, [28]. 

 

2.2.6 Statistical analysis:  

Statistical analysis was carried out using the programme of statistical package for the social sciences 

(SPSS), PC statistical soft ware (Version 20; Untitled – SPSS Data Editor). The results were expressed as mean 

± standard deviation (mean ± SD). Data were analyzed using one-way classification, analysis of variance 

(ANOVA) test. The differences between means were tested for significance using Duncan test at p<0.05 [29]. 

 

III. Results 
Effects of high fat diet supplemented with different doses of Ficus sycomorus leaves (FSLs) on feed 

intake (FI), body weight gain (BWG), relative liver weight, as well as the concentrations of leptin and pancreatic 

lipase (PL) in sera of experimental rats were illustrated in "Table 2". 

It could be noticed that unsupplemented high fat diet-fed group recorded a significant decrease in the 

daily feed intake compared with the control group fed on basal diet. Supplementation of high fat diet with FSLs 
in all their doses resulted in a significant increase as compared to high fat diet only, while there were no 

significant differences compared with the control. On the other hand, there were no significant differences 

among FSLs-treated groups.  

There were no significant differences among all experimental groups in their initial weights. By the end 

of the experiment, the weight of HFD-fed group was significantly increased compared with the control group 

fed on basal diet. Supplementation of HFD with FSLs (2.5 %) induced no significant change in the final weight 

compared with HFD-fed group, while the higher doses of FSLs (5 and 7.5%) led to a significant decrease. 

Regarding BWG, HFD-fed group recorded a significant increase compared with the control group and all doses 

of FSLs induced significant decreases compared with HFD-fed group. In the same time, neither the final 

weights nor the mean values of BWG in the FSLs-treated groups returned toward their normal values recorded 

by the control group.  

Relative liver weight did not significantly increase in HFD-fed group as compared to the control group. 
All doses of FSLs led to no significant change compared with HFD-fed group. On the other hand, they induced 

no significant increase compared with the control group, except for the medium dose (5%) as it caused a 

significant elevation. 

The mean value of serum leptin was significantly increased in HFD-fed group as compared to the 

control one. Only the group treated with the low dose of FSLs recorded no significant difference compared with 

HFD-fed group, while other doses (5 and 7.5%) caused significant decreases and the high dose was so efficient 

that could return this parameter toward its normal value noticed in the control group. 

As for pancreatic lipase (PL), it was noticed that HFD-fed group recorded a significant increase as 

compared to the control group. All doses of FSLs induced significant decreases compared with HFD-fed group. 

In the same time, they could not return it toward its normal value recorded by the control group. 

Generally, it could be observed that the more the dose of FSLs used, the better the results obtained.               

http://www.sciencedirect.com/science/article/pii/0022519363900043
http://www.sciencedirect.com/science/article/pii/0022519363900043
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Table 2: Effects of high fat diet supplemented with different doses of Ficus sycomorus leaves 

(FSLs) on feed intake (FI), body weight gain (BWG), relative liver weight, as well as the 

concentrations of leptin and pancreatic lipase (PL) in sera of experimental rats 
                 Groups 

Parameters 
Control HFD 

HFD+FSLs 

(2.5 %) 

HFD+FSLs 

(5 %) 

HFD+FSLs 

(7.5 %) 

FI (g/day) 12.36±1.09 
b
 10.19±0.5 9 

a
 12.13±0.41 

 b
 12.56 ±1.10

 b
 12.98±0.82 

 b
 

Initial weight (g) 99.25±4.26 
a
 98.00±7.01 

a
 100.80±6.70 

a
 97.33 ±8.73

  a
 97.67±1.21

 a
 

Final weight (g) 112.36±5.36 
a

 164.92±0.15 
d

 160.27±5.79 
cd

 156.43±5.42 
c

 148.61±2.74 
b

 

BWG (g) 13.11±1.11 
a

 66.92±0.76 
d

 59.47±0.55 
c

 59.10±4.35 
c

 50.94±2.10 
b

 

Liver weight (%) 2.66±0.11 
a

 2.74±0.11 
ab

 2.78±0.09 
ab

 2.78±0.10 
b

 2.69±0.04 
ab

 

Leptin (ng/mL) 6.04±0.24 
a

 6.85±0.12 
c

 6.84±0.10 
c

 6.45±0.15 
b

 6.16±0.07 
a

 

PL ( U/l) 17.50±1.58 
a

 39.50±3.85 
e

 30.50±3.39 
d

 26.50±2.85 
c

 22.50±0.32 
b

 

- Values that have different letters in each row differ significantly, while the difference among those with 

similar letters completely or partially is not significant. 

 

Effects of high fat diet supplemented with different doses of Ficus sycomorus leaves (FSLs) on glucose 

and lipid profiles in sera of experimental rats were illustrated in "Table 3". 
It could be noticed that unsupplemented high fat diet-fed group recorded a significant increase in the 

mean values of glucose, TG, TC, LDL-C and VLDL-C in sera compared with the control group fed on basal diet. 

In contrast, serum HDL-C was significantly reduced.  

Supplementation of high fat diet with FSLs in all their doses resulted in a significant decrease in the 

mean values of serum glucose, TG, TC, LDL-C and VLDL-C as compared to high fat diet only. When 

compared with the control group, groups treated with either 2.5% or 5% FSLs recorded no significant 

differences in the mean values of serum glucose, TG and VLDL-C, while the group treated with 7.5% FSLs 

recorded a significant decrease. While all FSLs-treated groups recorded no significant decreases in serum total 

cholesterol compared with the control group, they recorded significant increases in serum LDL-C.  

Serum HDL-C did not significantly differ in all FSLs-treated groups compared with high fat diet-fed 

group and only the group treated with 7.5% FSLs recorded no significant decrease as compared to the control 
group.  

 
Table 3: Effects of high fat diet supplemented with different doses of Ficus sycomorus leaves (FSLs) on 

glucose and lipid profiles in sera of experimental rats 
                 Groups 

Parameters 
Control HFD 

HFD+FSLs 

(2.5 %) 

HFD+FSLs 

(5 %) 

HFD+FSLs 

(7.5 %) 

Glucose (mg/dl) 102.0±9.49
  b

 125.0±9.94
  c

 107.4±11.0
  b

 105.50±9.89 
b

 79.50±3.61
 
 
a

 

TG (mg/dl)  85.67±6.94 
b
 102.5±7.06

 c
 79.83±6.68 

ab
 79.00±5.66  

ab
 76.40±3.77

  a
 

TC (mg/dl)  85.00±5.02
  a

 93.50±2.26 
b

 84.83±6.41 
a

 83.80±2.93 
a

 82.00±5.02 
a

 

HDL-C (mg/dl)  56.00±2.28 
b

 47.67±3.37 
a

 48.40±4.63 
a

 49.00±5.51 
a

 51.40±3.71 
ab

 

LDL-C (mg/dl) 11.87±0.80 
a

 25.33±2.06 
d

 20.47±1.38 
c

 19.00±1.30 
c

 15.32±1.25 
b

 

VLDL-C (mg/dl) 17.13±1.39
 b

 20.50±1.41 
c

 15.97±1.34 
ab

 15.80±1.13 
ab

 15.28±0.75 
a

 

- Values that have different letters in each row differ significantly, while the difference among those with 

similar letters completely or partially is not significant. 

 

Effects of high fat diet supplemented with different doses of Ficus sycomorus leaves (FSLs) on liver 

and kidney functions in experimental rats were illustrated in "Table 4".  

It could be noticed that feeding on unsupplemented high fat diet resulted in a significant increase in the 
activities of liver enzymes (AST, ALT and ALP), as well as the concentrations of urea and creatinine in sera 

compared with the control group fed on basal diet. 

Supplementation of high fat diet with FSLs in all used doses caused a significant decrease in creatinine 

concentration and the activities of AST, ALT and ALP in sera compared with high fat diet only. When 

compared with the control group, groups treated with 5% or 7.5% FSLs recorded significant decreases in AST 

activity in serum, while the group treated with 2.5% FSLs recorded no significant decrease. While all FSLs-

treated groups recorded no significant changes in the activities of both ALT and ALP in sera compared with the 

control group, they recorded significant decreases in serum creatinine. 

Serum urea was not significantly affected in the groups fed on high fat diet supplemented with either 

2.5% or 5% FSLs compared with the group fed on HFD only, while supplementation with 7.5% FSLs was so 

efficient that not only significantly reduced serum urea compared with HFD-fed group, but also returned it 

toward its normal value recorded by the control group. 
Generally, it could be observed that the more the dose of FSLs used, the more the decrease in enzyme 

activities and protein metabolites recorded.   
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Table 4: Effects of high fat diet supplemented with different doses of Ficus sycomorus leaves (FSLs) on 

liver and kidney functions in experimental rats 
                Groups 

Parameters 
Control HFD 

HFD+FSLs 

(2.5 %) 

HFD+FSLs 

(5 %) 

HFD+FSLs 

(7.5 %) 

AST (U/L) 95.33±5.85 
c
 104.83±7.24 

d 88.83±3.47 
c 77.20±7.98  

b 68.60±6.77
 a 

ALT (U/L) 20.67±0.37 
a
 24.75±1.60

 b 20.80±2.48 
a 20.25±1.72 

a 20.25±1.16
 a 

ALP (U/L) 186.07±3.17 
ab 214.50±9.60 

c 196.83±8.47
 b 188.42±16.77

 ab 177.50±9.13 
a 

Urea (mg/dl)  30.20±2.87  
a 35.50±2.41  

b 35.33±2.85
  b 34.25±0.67  

b 29.40±2.42 
a 

Creatinine (mg/dl) 0.57 ±0.05
  b 0.66±0.02 

c 0.52±0.04 
a 0.51±0.04 

a 0.50±0.02 
a 

-  Values which have different letters in each row differ significantly, while the difference among those with 

similar letters completely or partially is not significant. 

 
Results of the histopathological examination of rat livers from different experimental groups were 

illustrated in Figs. (1-6):- 

Fig. (1) represents liver of rat from control group, in which the normal histological structure of hepatic lobule 

can be observed. Feeding HFD led to marked lesions in liver tissue including congestion of portal vein, 

proliferation of bile ductules and fibroplasia in portal triad associated with portal infiltration with inflammatory 

cells (Fig. 2), vaculation of cytoplasm, kupffer cells activation and fatty degeneration of hepatocytes (Fig. 3). 

Addition of FSLs to HFD somewhat decreased these lesions. For example, Fig. (4) represents liver of rat from 

the group fed HFD+2.5% FSLs, in which kupffer cell activation, karyolysis of many nuclei, elongation and 

congestion of blood vessel can be noticed. In Fig. (5), liver of rat from the group fed HFD+5% FSLs was 

represented, in which congestion and disruption of blood vessels and dilatation of sinusoids can be observed. 

Increasing the dose of FSLs to 7.5% resulted in obvious improvement in liver tissue as normal like architecture 

of hepatocytes around the central vein was found, Fig. (6). As noticed, the more the dose of FSLs used, the more 
the improvement in liver tissue recorded.  

 

IV. Discussion 
Feeding high fat diet, in the present study, led to a significant increase in BWG and serum leptin. These 

findings are in harmony with Woods et al., who demonstrated that high fat diet-fed rats weighed more than low 

fat controls and defended this weight in the face of changes in energy availability. Additionally, they developed 

substantially more adipose tissue than controls and acquired the insulin insensitivity and hyperleptinemia 

typically associated with obesity [16]. It was also suggested that fat accumulation is greater when more energy 

comes from dietary fat than from carbohydrate or protein [30,31]. Loss of leptin, an adipocyte-derived hormone, 
or leptin receptor expression, in both humans and animal models [32,33], leads to a striking elevation in feed 

intake. Thus, the decreased feed intake of the HFD-fed group, in the present study, can be attributed to the 

elevated concentration of serum leptin. However, this elevated leptin concentration failed to return body 

adiposity to the normal range reflecting a somewhat resistance to hormone action.  

The elevating effect of HFD on relative liver weight, as noticed in the present study, is in consistence 

with Zivkovic et al., who explained that excessive or inappropriate dietary fat intake combined with peripheral 

insulin resistance, continued insulin-stimulated triglyceride hydrolysis via lipoprotein lipase (LpL), and many 

other possible genetic alterations in key lipid metabolic pathways tend to result in increased blood free fatty acid 

concentrations. This leads to excessive skeletal muscle fat accumulation and increased liver concentrations of 

TG and cholesterol esters [34].  

In accordance with the present result regarding the effect of HFD on the level of pancreatic lipase in 
serum, Gidez has demonstrated that levels of pancreatic lipase are increased when the fat content of the diet is 

raised from about 5% to 15–22% [35].  

Dietary fibers exert inhibitory actions on pancreatic lipase [36,37]. Thus, the high content of crude 

fibers in dry F. sycomorus leaves (31.54±0.11 /100 g) [12] can account the reduced effect of FSLs –

supplemented HFD diet compared with HFD alone on serum pancreatic lipase. On the other hand, acetone 

extract of dried F. sycomorus leaves was found to be a weak and a potent inhibitor of α-glucosidase (sucrase) 

and α-amylase activities, respectively [38]. Indigestion of fats and carbohydrates, the basic energy providers, is 

a logic cause for the decreasing effect of FSLs –supplemented HFD diet on body weight. The total polyphenol 

content of dried F. sycomorus leaves (12.33±0.26 mg gallic acid equivalent /g) [38] may also add another cause 

for such effect since polyphenols can prevent obesity via several mechanisms including suppression of fat 

absorption from the gut, uptake of glucose by skeletal muscles, suppression of anabolic pathways, stimulation of 

catabolic pathways in adipose, liver and other tissues, inhibition of angiogenesis in adipose tissues, inhibition of 
differentiation of pre-adipocytes to adipocytes and stimulation of apoptosis of mature adipocytes [39]. Because 

circulating leptin concentrations are commensurate with overall adipose mass [40] and there is a significant 

inverse association between dietary fibers and serum leptin concentration [41,42], FSLs –supplemented HFD 

diet, in the present study, had a lowering effect on serum leptin compared with HFD alone. This effect, in turn, 

http://ajcn.nutrition.org/search?author1=Angela+M+Zivkovic&sortspec=date&submit=Submit
http://www.jlr.org/search?author1=Lewis+I.+Gidez&sortspec=date&submit=Submit
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resulted in a significant increase in daily feed intake. Through enhancing insulin sensitivity and decreasing fat 

digestion and/or absorption, fibers [43, 36, 37], and polyphenols [39] in F. sycomorus leaves may exert 

inhibitory actions on fat accumulation in liver tissues leading to a marked decrease in relative liver weight. 

Serum glucose of HFD-fed group, in our study, was significantly higher compared with the control 

group. The mechanisms by which HFD induces hyperglycemia include increased amylase secretion [44], insulin 

resistance and islet dysfunction [45]. Through inhibiting of pancreatic enzymes responsible for carbohydrate 

digestion [38], inducing weight loss and alleviating insulin resistance, FSLs –supplemented HFD diet, in the 
present study, had a hypoglycemic effect compared with HFD alone. 

Besides increasing pancreatic lipase levels, high fat diet has an indirect dyslipidemic action. High fat 

diet increases the fat mass in the body, which, in turn, is associated with low circulating adiponectin 

concentrations [46]. Adiponectin, a 30-kDa protein, is an anti-inflammatory, anti-atherogenic and insulin-

sensitizing hormone [47]. It is thought that in the insulin-resistant state, due to low adiponectin levels and/or 

other causes, triglyceride-rich lipoproteins accumulate in the circulation due to decreased activity of lipoprotein 

lipase [48], increased lipolysis in adipose tissue [49] and increased output of VLDL particles from the liver [50]. 

Progressive elimination of lipid and apolipoproteins from the VLDL particle results in an increased formation of 

intermediate-density and low-density lipoproteins, both of which are atherogenic [51]. Moreover, the delay in 

plasma lipoprotein triglyceride clearance allows for cholesterol esters to be passed on from HDL to triglyceride-

rich particles, which leads to potentially atherogenic lipoproteins particles [52]. Via decreasing pancreatic lipase 
level and /or activity and improving insulin sensitivity, FSLs –supplemented HFD diet, in the present study, 

exerted a hypolipidemic effect. 

High-fat diets have been shown to produce fatty liver in both animal [53] and human [54] studies 

through various mechanisms. Of them, insulin resistance and oxidative stress are the most important [55]. 

Undoubtedly, a disturbance of liver functions is the result of this injury including the increased production and 

excretion of liver enzymes. FSLs are rich in crude fibers [12] and possess antioxidant activity [56,38]. This, in 

turn, accounts for the lowering effect of FSLs on the three studied liver enzymes. 

Mice on a HFD developed increased urinary albumin excretion and glomerular lesions with the 

accumulation of extracellular matrix protein. Moreover, renal pathophysiological alterations, including lipid 

accumulation, macrophage infiltration, increased oxidative stress and impaired sodium handling were also 

noticed [57]. On the other hand, it was found that insulin resistance correlated linearly with decline in renal 

function [58]. Thus, these studies support the present findings and explain the mechanisms by which HFD 
induces renal dysfunction. Accordingly, FSLs are expected to improve kidney functions via combating oxidative 

stress and insulin insensitivity.  

Almost all the beneficial effects of FSLs were attributed to their fiber and antioxidant contents. 

Undoubtedly, the more the dose used, the higher the content of fiber and antioxidants in the obtained diet, hence 

the better the effect noticed. 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

Fig. 1. Representative hematoxylin and eosin staining of the rat liver tissues of control group shows normal 

histological structures of hepatic lobule (H and E ×400). 
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Fig. 2. Representative hematoxylin and eosin staining of the rat liver tissues of HFD –fed group  shows 

congestion of portal vein  (thick arrow), and proliferation of  bile ductules (thin arrows), as well as fibroplasia in 

portal triad (arrowhead) that was associated with a portal infiltration with inflammatory cells (double arrowhead 

, H and E ×400). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Representative hematoxylin and eosin staining of liver tissues of another rat from HFD –fed group shows 

vaculation of cytoplasm (thick arrow), and kupffer cells activation (thin arrows) as well as fatty degeneration of 
hepatocytes (arrowhead H and E ×400). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Representative hematoxylin and eosin staining of liver tissues from the rat group that was fed on 

HFD+2.5% FSLs shows kupffer cell activation (thick arrow), and karyolysis of many nuclei (thin arrow), as 

well as both elongation (arrowhead) and congestion (double arrowhead) of blood vessels (H and E ×400).  
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Fig. 5. Representative hematoxylin and eosin staining of liver tissues from the rat group that was fed on 

HFD+5% FSLs shows both congestion (thick arrow) and disruption of blood vessels (thin arrows) as well as 

dilatation of sinusoids (arrowhead; H and E ×400).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Representative hematoxylin and eosin staining of liver tissues from the rat group that was fed on 

HFD+7.5% FSLs shows normal-like arichitecture of hepatocyte around the centeral vein (H and E ×400). 

 

V. Conclusion 
 According to the current findings, it could be concluded that Ficus sycomorus L. leaves can hinder 

HFD- induced weight gain and prevent its related disorders. So, dietary supplementation with Ficus sycomorus 
L. leaves is recommended to be implicated in the antiobesity strategies.  
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