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ABSTRACT 
 
 This study aims to evaluate the effect of two fruits with high content of antioxidants namely fig (Ficus 
carica L) and sycamore (Ficus sycamore) on lowering blood cholesterol in hypercholesterolemic rats. Vitamins 
A and C, total polyphenols and total flavonoids were determined in fig and sycamore in fresh fruits and after 
being dried. All these antioxidants were found in considerable amounts in both fig and sycamore. Also, 
individual phenolic compounds were analyzed by HPLC in both fig and sycamore. Forty two male albino rats 
were divided into six groups (7each), the first group received a standard and served as a negative control, the 
second group received hypercholesterolemic diet and served as a positive control. The other four groups 
received hypercholesterolemic diet containing different levels from fig and sycamore (3and 5% for each) for 6 
weeks. At the end of this period, blood was withdrawn after overnight fasting and biochemical parameters were 
analyzed. Serum total cholesterol, serum triacylglycerol (TG), serum low density lipoprotein cholesterol (LDL-
C), serum very low density lipoprotein cholesterol (VLDL-C), serum high density lipoprotein cholesterol (HDL-
C) and atherogenic index (LDL-C/HDL-C) were estimated. Also, the activity of the liver enzymes ALT and 
AST were determined. Histopathological examination for heart, aorta and liver tissue was done.  . Results 
revealed that the positive control group showed a significant increase in TC, TG, LDL-C, VLDL-C and 
atherogenic index (LDL-C/HDL-C), while there was a significant decrease in the concentration of serum HDL-
C. Also, there was a significant increase in activities of ALT and AST for the positive control group as 
compared to the negative control group. The histopathological examination of heart, aorta and liver from the 
positive control group revealed abnormal alterations. All these alteration in biochemical parameters and 
histopathological examination were more or less normalized in the groups that were fed hypercholesterolemic 
diet supplemented with different levels from fig and sycamore compared to the negative control group. 
Depending on these results, it can be concluded that supplementing the hypercholestrolemic diet with either fig 
or sycamore can exert a hypocholesterolemic effect in rats which was attributed to the potent antioxidant power 
of these fruits.  Consequently, consuming large quantities from these fruits is believed to lower the serum 
cholesterol levels thus protecting against cardiovascular diseases. Moreover, it can be used in those patients with 
atherosclerosis as adjuvant therapy.    
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Introduction 
 
 Recently, the role of diet in human health has received considerable attention. Several epidemiological 
studies have indicated that a high intake of plant products is associated with a reduced risk of a number of 
chronic diseases, such as atherosclerosis and cancer (Podsedek, 2007). Epidemiologic studies support the view 
that a high consumption of fruit and vegetables has commonly been associated to a reduction of the risk of 
cardiovascular diseases (Ellingsen et al., 2008 & Dauchet et al., 2009). The consumption of plant foodstuff was 
shown to reduce hypercholesterolemia, oxidative stress, homocysteinemia, endothelial dysfunction and blood 
pressure (Chopra et al., 2000, Dauchet et al., 2009, Silaste et al., 2003). These beneficial effects have been 
partly attributed to the compounds which possess antioxidant activity. The major antioxidants of vegetables and 
fruits are vitamins C and E, carotenoids, and phenolic compounds, especially flavonoids (Podsedek, 2007). 
 Hypercholesterolemia is a major public health issue in developed Countries. It has been identified as a 
major cardiovascular risk factor on the basis of numerous epidemiological studies (Stamler et al., 1986 & 
Anderson et al., 1987). Cardiovascular disease (CVD) is a leading cause of mortality and is responsible for 
approximately one-third of deaths globally (Rudnichi et al., 1998). A relationship between diet and coronary 
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heart disease was observed as early as the 1950’s and 1960’s, and in the 1970’s and 1980’s (Stamler et al., 1986 
& Anderson et al., 1987). Also, Asashina et al., (2005) has reported that dietary factors such as continuous 
ingestion of high amounts of saturated fats and cholesterol are believed to be directly related to 
hypercholesterolemia and susceptibility to atherosclerosis.  
 Fig (Ficus carica L) and sycamore (Ficus sycomorus) are two fruits that are rich in antioxidants. Fig (Ficus 
carica L) has been traditionally used for its medicinal benefits as metabolic, cardiovascular, respiratory, 
antispasmodic and anti-inflammatory remedy (Duke et al., 2002). Slavin (2006), has reported that Ficus species 
are an excellent source of minerals, vitamins and dietary fiber; they are fat and cholesterol-free and contain a 
high number of amino acids. Also, Pande, and Akoh (2010), added that Ficus species contain polyphenolic 
compounds and flavonoid, which act as antioxidants and they mentioned that the predominant phenolic acids in 
fig (Ficus carica) and its leaves were Gallic (1.5–6.4 mg/100 g FW) and ellagic (0.2– 33.8 mg/100 g FW), and 
the most abundant flavonoid was catechin (12.2–37.8 mg/100 g FW). USDA (2002) concluded that figs 
produced a significant increase in plasma antioxidant capacity for 4 hours after consumption, and overcame the 
oxidative stress of consuming high fructose corn syrup in a carbonated soft drink. Zaku1, et al., (2009) reported 
that  Aqueous extract of the leaves, stem-bark and root-bark of Ficus sycomorus were screened for chemical 
constituents and effects on muscle relaxation, local anaesthetic and sleeping time on 20 Wister rats  (138.7 - 
143.9g ± 22.4 ) and one rabbit (1300 g ± 0.00). The extract contained tannins, alkaloids, reducing compounds, 
saponins, flavonoid, steroid, terpenoids and anthracenoside. The aqueous root bark extracts induced 50% 
anesthesia at 30 mg/ml on rabbit compared with xylocaine. The extract was also tested on rats to see its effect on 
aminobarbitone sleeping time as it increased the period. The extract was observed to show muscle relaxation in 
rats. It promotes muscle relaxation and increased aminobarbitone sleeping time in rats. Hence, F. sycomorus 
exhibits pharmacological activities. 
 The present study aims to evaluate the effect of the two antioxidant rich fruits namely; fig and sycamore on 
minimizing health hazards in rats fed on hypercholesterolemic diet. 
 
Materials and Methods 
 
Materials: 
 
 Two fruits used in this experiment were fig (Ficus carica L) and sycamore (Ficus sycamore). They were 
purchased from the local market during their ripening season. 
 Most of the ingredients used for preparation of the diet were obtained from the local market. Ingredients 
used for formulation of vitamin and salt mixtures were obtained from Fluka (Germany) and BDH (England) 
Chemical Companies. Skim milk powder was obtained from Irish Dairy Borad, Gratten House, Dublin, Ireland. 
The animals used in the biological experiment were provided by the Animal Breading Centre, Ophthalmology 
Research Institute, Egypt. Kits used for analysis of biochemical parameters were obtained from Stanbio 
Laboratories, Texas, USA, for determination of triacylglycerols, total cholesterol and high density lipoprotein-
cholesterol. Kits used for determination of low density lipoprotein-cholesterol, AST and ALT were obtained 
from Quimica Clinica Aplicada S. A., Spain. 
 
Methods: 
 
 Fresh fig and fresh sycamore were dried in an air circulating oven regulated at a temperature of 60°C till 
complete dryness. The dry matter was then ground in a grounding mill (Braun, Germany), to fine powder and 
used in the feeding experiment. This powder was subjected to chemical analysis and extraction procedure for 
determination of total polyphenol, total flavonoid contents and differential phenolic compounds by HPLC prior 
to the feeding experiment. 
 
Chemical Analysis: 
 
 Fig and sycamore were subjected to chemical analysis as follows: the moisture was determined in fresh 
fruits according to the method of A.O.A.C (2000). The ash was estimated according to AOAC (1990). The total 
nitrogen was determined using macro kjeldahi method, according to A.O.A.C (2000), crude protein was then 
calculated as TN x 6.25. The fat content was determined as described by the A.O.A.C (2000). Crude fiber was 
determined according to the method of A.O.A.C (1990). Carbohydrates were determined according to FAO 
(1982) by difference as follows:  
Carbohydrates % = 100-( protein %+ ash %+ fat%+ fibers % )  
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Determination of antioxidants: 
 
       Fig and sycamore were analyzed for their content of antioxidant substances such as vitamins A and C and 
polyphenolic compounds. 
 
1. Determination of vitamins: 
 
 Vitamins A and C were determined as described by Strong and Koch (1976).    
 
2. Extraction and Determination of total polyphenol & total flavonoid contents: 
 
 Samples were extracted as described by Devi et al., (2009).  
 Total phenolic content (TPC) of samples were determined by Folin–Ciocalteu assay using gallic acid as 
standard (Kim et al., 2003). The total phenolic content was expressed as mg gallic acid per 100g sample.  
 Total flavonoid content (TFC) was determined using a colorimetric method described previously by Pric et 
al., (1978). The results were expressed as mg of catechin per 100 g sample. 
 Individual phenolic compounds in the extract of each of fig and sycamore were estimated by HPLC 
according to the method of Ben- Hammouda et al., (1995).  
 
Formulation of the diet: 
 
 The standard control diet was prepared according to Reeves et al., (1993). as shown in table (1). The high 
cholesterol diet was prepared by adding 2% pure cholesterol, 2.5% bile salts and 20% fat to the standard diet. 
The other diets given to the rats that contain the fig and sycamore powder were prepared by adding the amount 
of powder to the diet on the expense of starch (table 1). Two concentrations were used from each item; 3% and 
5%.  
 
Table 1: Composition of diets given to different groups (g/100g diet). 

           Group     
Ingredients 

Gr 1 Gr 2 Gr 3 Gr 4 Gr 5 Gr 6 

Casein* 12.5 12.5 12.5 12.5 12.5 12.5 
Fat 0 20 20 20 20 20 
Cholesterol 0 2 2 2 2 2 
Bile salts 0 0.25 0.25 0.25 2.5 2.5 
Sucrose 5 5 5 5 5 5 
Cellulose 4 4 0 0 0 0 
Corn oil 8 0 0 0 0 0 
Salt mixture * 3.5 3.5 3.5 3.5 3.5 3.5 
Vitamin  mixture*  1 1 1 1 1 1 
Choline choloride 0.06 0.06 0.06 0.06 0.06 0.06 
Corn starch 65.5 53.04 50.04 48.04 50.04 48.04 
Fig powder 0 0 3 5 0 0 
Sycamore powder 0 0 0 0 3 5 

• protein content of casein was estimated as 80%. 
• Control diet was prepared according to Reeves et al (1993).  
• Salt  and vitamin mixture were prepared according to Reeves et al. (1993) . 
 
Animal experiment: 
 
 The animal experiment was done on male albino rats of Sprague dawley strain with body weight ranging 
from 113 to 145 g. Forty two rats were divided into 6 groups each of 7 rats as follows:  
Group 1:  fed on the control diet (negative control group)  
Group 2: fed on control diet + 2% cholesterol + 0.25% bile salt  + 20% animal fat (hypercholesterolemic diet) 
(positive control group). 
Group 3: fed on hypercholesterolemic diet with 3% dried fig. 
Group 4: fed on hypercholesterolemic diet with 5% dried fig.  
Group 5: fed on hypercholesterolemic diet with 3% dried sycamore.  
Group 6: fed on hypercholesterolemic diet with 5% dried sycamore.  
 Each rat was housed individually into separate cage in an air conditioned room regulated at a temperature of 
25 0C. The experiment lasted for 6 weeks during which, food and water were allowed ad-libtum to each rat. 
Body weight was followed twice a week. Food intake of each rat was recorded daily. At the end of the 
experiment, body weight gain and food intake were recorded. Food efficiency ratio for each rat was calculated.  
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 At the end of the experimental period, a blood sample was obtained from each rat, after overnight fasting, 
by open heart puncture under slight diethyl ether anesthesia and delivered in heparinized tube. Blood was 
centrifuged at 3500 rpm for 15 minutes and plasma was separated and stored at – 40 °C until being used for 
determination of the different biochemical parameters. The liver, aorta and heart of each rat were separated and 
immersed in 10% formalin solution for further histopathological examination.  
 
Biochemical analysis: 
 
 Plasma triacylglycerol (TG) was determined according to Scheletter and Nussel, (1975). Plasma total 
cholesterol was estimated as described by Allain et al., (1974). Plasma HDL-cholesterol was determined 
according to Warnick and Albers, (1978). Plasma LDL-cholesterol was determined as described by Assmann et 
al., (1984). Plasma ALT and AST were estimated according to Bergmeyer, (1985). The concentration of all of 
the previously mentioned biochemical parameters were measured by a colorimetric technique using a 
spectrophotometer (Shimadzu UV-2401 PC, Australia). 
 
Histopathological analysis: 
 
 Specimens from liver, aorta, and heart were histopathologically examined after being cleared in xylol, 
embedded in paraffin, sectioned at 4-6 micron thickness and stained with Heamatoxylin and Eosin according to 
Carleton (1976). 
 Data were represented as mean ± SE, and statistically analyzed by independent "T" test. A probability level 
of 0.05 or less (P<0.05) was taken as a significance level. Statistical analysis was performed using SPSS 
program, version "17". 
 
Results: 
 
Chemical composition: 
 
 The chemical composition as shown in table (2) of each of the fresh fig, dried fig, fresh sycamore and dried 
sycamore, respectively expressed as g per 100 g sample or % was as follows: the moisture% was 79.0±4.54, 
30.05±2.07, 23.45±2.11 and 8.15±0.136. The protein% was 0.85±0.030, 3.3±0.173, 0.89±0.02 and 5.404±0.1. 
The fat% was 0.34±0.045, 0.93±0.05, 0.3±0.032 and 1.24±0.24. The fiber% was 2.74±0.24, 9.8±0.5, 3±0.3 and 
6.11±0.26. The ash% was 0.75±0.097, 1.86±0.096, 1.98±0.10 and 4.36±0.2. The carbohydrate% was 4.31±0.33, 
63.86±1.05, 19±0.51 and 80.846±1.86. The energy in K cal was 71.74±1.89, 262.01±3.85, 82.26±2.35 and 
356.16±5.61.  
 
Table 2: Chemical composition of fresh and dried fig and fresh and dried sycamore (g\100g). 

Dried Sycamore 
(100g) 

Fresh Sycamore 
(100g) 

Dried fig 
(100g) 

Fresh fig 
(100g) 

Chemical comp 

8.15±0.136 23.45±2.11 30.05±2.07 79.0±4.54 Moisture % 
5.404±0.1 0.89±0.02 3.3±0.173 0.85±0.030 Protein % 
1.24±0.24 0.3±0.032 0.93±0.05 0.34±0.045 Fat % 
6.11±0.26 3±0.3 9.8±0.5 2.74±0.24 Fiber % 
4.36±0.2 1.98±0.10 1.86±0.096 0.75±0.097 Ash % 

80.846±1.86 19±0.51 63.86±1.05 4.31±0.33 Carbohydrate % 
356.16±5.61 82.26±2.35 262.01±3.85 71.74±1.89 Energy k.Cal. 

  
Antioxidants in fig and sycamore: 
 
 Results in table (3) showed that the values obtained for antioxidants of fresh fig, dried fig, fresh sycamore 
and dried sycamore were: vitamin A (161.03±2.5, 142±2.32, 92±1.62 and 80±0.77 IU respectively); vitamin C 
(2.27± 0.10, 1.2±0.079, 3.2±0.22 and 1.8±0.16 mg/100g respectively); polyphenols as galic acid (192±2.64, 
36±0.89, 97±2.64 and 56±2.64 mg galic /100g respectively); total flavonoids as catchin (82±2.64 mg, 40±1.31, 
78.48±0.43 and 19.62±0.85 mg catchin /100 g respectively).  
 
Table 3: Levels of antioxidant in of fresh fig, dried fig, fresh sycamore and dried sycamore.   

Dried sycamore Fresh sycamore Dried fig Fresh fig Antioxidants 
80±0.77 92±1.62 142±2.32 161.03±2.5 Vitamin A  (IU/100g) 
1.8±0.16 3.2±0.22 1.2±0.079 2.27±0.10 Vitamin C (mg/100g) 
56±2.64 97±2.64 36±0.89 192±2.64 Polyphenols 

(mg galic/100g sample) 
19.62±0.85 78.48±0.43 40±1.31 82±2.64 Total flavonoids    

(mg catchin/100g) 



4237 
J. Appl. Sci. Res., 9(7): 4233-4244, 2013 

 Results of table (4) showed that phenolic compounds found in dried fig as analyzed by HPLC were 
pyrogallic (2.653 ± 0.32 mg), phenol (1.869 ± 0.1mg),  feralic (1.779 ± 0.1mg),  3-5 dimethoxy (7.795 ± 
0.18mg), coumaric (0.5785 ± 0.04mg), Phenolphthlin (0.425 ± 0.005 mg), Piocembrine (4.6935 ± 0.28mg), 
Chysin (0.764 ± 0.012 mg) and Galangin (2.476 ± 0.045mg). 
 On the other hand, the phenolic compounds found in dried sycamore (table 5) as analyzed by HPLC were 
catechol (9.396 ± 0.379 mg), catechein (1.2597 ± 0.155mg), chlorogenic acid (2.7871 ± 0.19 mg), synergic acid 
(5.209 ± 0.2mg), coumarine (8.084 ± 0.17mg) and cinnamic acid (0.621 ± 0.035mg). 
 
Table 4: Identification of phenolic compounds in dried fig by HPLC.  

phenolic compounds dried fig (mg /100g) 
Pyrogallic 2.653±0.32 
Phenol 1.869±0.1 
Feralic 1.779±0.1 
3-5 dimethoxy 7.795±0.18 
Coumaric 0.5785±0.04 
Phenolphethlin 0.425±0.005 
Piocembrine 4.6935±0.28 
Chysin 0.764±0.012 
Galangin 2.476±0.045 

 
Table 5: Identified Phenolic Compounds in dried sycamore by HPLC. 

phenolic compounds dried sycamore mg /100g 
Catechol 9.396±0.379 
Catechein 1.2597±0.155 
chlorogenic acid 2.7871±0.19 
Synergic 5.209±0.2 
Coumarine 8.084±0.17 
Cinnamic 0.621±0.035 

 
Biological evaluation: 
 
Body weight gain (BWG), food intake (FI) and feed efficiency ratio (FER) in different groups: 
 
 The results in table (6) illustrated body weight gain of different groups. It was clear that body weight gain 
for positive control (38.75±5.36) was significantly higher than negative control (23.19±5.25). However, groups 
fed on 3% & 5 % fig and 3% & 5 % sycamore showed a significant decrease in body weight gain compared to 
the positive control with mean values of  22.49 ± 4.216, 18.47 ± 3.51, 21.66 ± 3.94, 20.413 ± 1.55 and 38.75 ± 
5.36 g, respectively. The decrease in the body weight gain for these groups rendered them become more or less 
near the values of the negative control. 
 
Table 6: Food intake (g), body weight gain % and feed efficiency ratio (FER) of different groups. 

                      Parameter 
group 

Food intake 
(g) 

Body weight gain 
(%) 

(FER) 

Negative control 388.35 ± 7.54 b 23.19 ± 2.15 b 0.059 ± 0.005 b 
Positive control 491.53 ± 4.87 a 38.75 ± 2.19 a 0.078 ± 0.004 a 
3% dried fig 405.15 ± 4.07 ab 22.49 ± 1.72 b 0.055 ± 0.005 b 
5% dried fig 397.66 ± 3.31 b 18.47 ± 1.43 b 0.046 ± 0.004 ab 
3% dried sycamore 404.37 ± 4.83ab 21.66 ± 1.61 b 0.053 ± 0.004 b 
5% dried sycamore 396.52 ± 2.46 b 20.41 ± 0.64 b 0.051 ± 0.002 b 

a: Significant (p<0.05) compared to negative control. 
b: Significant (p<0.05) compared to positive control.  
 
 The food intake (table 6) for positive control (491.54 ± 11.94 g) was significantly higher than that for the 
negative control (388.35 ± 7.54 g). The group that was given 5% fig and that which was given 5% sycamore 
showed significant decrease in food intake than 3 % fig, 3 % sycamore compared with positive control group 
with mean values of  397.660± 8.114, 396.516 ± 6.035, 405.146 ± 9.989, 404.368 ± 11.832 and 491.536 ± 
11.944 g,  respectively.  
 The food efficiency ratio is shown in table (6). It is obvious from results that FER for positive control was 
significantly higher than negative control with mean values of 0.078 ± 0.004 and 0.059 ±0.012, respectively. 
Groups fed on 3 & 5 % fig and 3 & 5 % sycamore showed a significant decrease in FER (0.055 ± 0.011, 0.046 ± 
0.0095; 0.0531 ± 0.00972, 0.0510 ± 0.00368, respectively) compared with positive control (0.078 ± 0.004).  
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Biochemical analysis: 
 
Effect of fig & sycamore on lipid parameters in rats fed on hypercholesterolemic diet: 
 
 Table (7) illustrated the total cholesterol (TC), triacyglycerol (TG) and very low density lipoprotein-
cholesterol (VLDL-C). As shown in the table, total cholesterol for positive control (184.726 ± 10.48 mg/dl) was 
higher than negative control (135.52 ± 2.54 mg/dl). On the other hand the intake of figs and sycamore with 
different concentrations alleviated the elevation of total cholesterol. Total cholesterol for 3% and 5% fig and 3% 
and 5% sycamore fed hypercholesterolemic rats was 135.9 ± 4.44, 130.315 ± 3.269, 135.666 ± 2.300 and 
133.285 ± 3.563 mg/dl, respectively compared to the negative control value (135.52 ± 2.54 mg/dl).   
 
Table 7: Total cholesterol, triacylglycerol and vey low density lipoprotein cholesterol of different groups. 

              Parameter 
Group 

TC 
(mg/dl) 

TG 
(mg/dl) 

VLDL-C 
(mg/dl) 

Negative control 135.52 ± 1.039 b 62.48 ± 2.37 b 12.49 ± 0.47 b 
Positive control 184.73 ± 4.28a 93.75 ± 2.52a 18.75 ± 0.50 a 
3% dried fig 135.91 ± 1.81 b 52.59 ± 1.46ab 10.52 ± 0.29 ab 
5% dried fig 130.32 ± 1.33 b 47.75 ± 2.13 ab 9.55 ± 0.43 ab 
3% dried sycamore 135.67 ± .94 b 50.32 ± 0.74 ab 10.06 ± 0.15 ab 
5% dried sycamore 133.29 ± 1.45 b 47.15 ± 1.0 ab 9.43 ± 0.20 ab 

a: Significant (p<0.05) compared to negative control. 
b: Significant (p<0.05) compared to positive control.  
  
 Triacylglycerol as shown in table (7) was significantly higher for positive control compared to negative 
control with mean values of 93.74 ± 6.16 and  62.47 ± 5.801 mg/dl, respectively. It was noticed that groups fed 
on 3, 5 % fig and 3, 5 % sycamore showed significant decrease in triacylglycerol when compared to positive 
control with mean values of 52.586 ± 3.56, 47.75 ± 5.21, 50.31 ± 1.81, 47.145 ± 2.44 and 93.74 ± 6.16 mg/dl, 
respectively. 
 The results in table (7) showed that there was a significant increase in VLDL-C for positive control when 
compared to the negative control with mean values of   18.74 ± 1.23 and 12.49 ± 1.15 mg/dl, respectively. 
However, intake of 3, 5 % fig and 3, 5 % sycamore significantly improved the increase in VLDL-C which 
became more or less as the value of the negative control. The mean values were 10.51 ± 0.71,     9.55 ± 1.0, 
10.062 ± 0.362 and 9.42 ± 0.489 mg/dl, respectively compared to the positive control whose value was 18.74 
±1.23 mg/dl and the negative control with a value of 12.49 ± 1.15 mg/dl.  
 Table (8) illustrated the high density lipoprotein-cholesterol (HDL-C), the low density lipoprotein-
cholesterol (LDL-C) and the atherogenic index ( LDL-C /HDL-C).    As shown in the table, HDL-C for the 
positive control decreased significantly compared to negative control, with mean values of 44.923± 3.33 and 
79.37 ± 4.895 mg/dl, respectively. While, HDL-C was significantly increased in groups fed on 3, 5% fig and 3, 
5% sycamore compared to the positive control. The mean values were 97.625± 2.14, 109.81 ± 6.82, 99.46 ± 
3.46, 114.29 ± 3.78 and 44.92± 3.33 mg/dl, respectively.  
 
Table 8: High density lipoprotein cholesterol, low density lipoprotein cholesterol and LDL-C/HDL-C (atherogenic index) of different 

groups. 
              Parameter 
Group 

HDL-C 
(mg/dl) 

LDL-C 
(mg/dl) 

(LDL-C/HDL-C) 

Negative control 79.38 ± 2.00 b 43.65 ± 2.44b 0.56 ± 0.043 b 
Positive control 44.92 ± 1.37 a 121.06 ± 4.38 a 2.70 ± 0.141 a 
3% dried fig 97.63 ± 0.87 ab 27.76 ± 1.63 ab 0.29 ± 0.018 ab 
5% dried fig 109.81± 2.79 ab 10.89 ± 2.85 ab 0.10 ± 0.028 ab 
3% dried sycamore 99.47 ± 1.42 ab 26.13 ± 1.24 ab 0.26 ± 0.015 ab 
5% dried sycamore 114.30 ± 1.55 ab 9.56 ± 2.50 ab 0.08 ± 0.024 ab 

a: Significant (p<0.05) compared to negative control. 
b: Significant (p<0.05) compared to positive control.  
 
 Data in table (8) demonstrated that LDL-C for positive control was significantly higher than negative 
control, with mean values of 121.05 ± 10.71 and 43.65 ± 5.98 mg/dl, respectively. This increase was lowered 
significantly by addition of fig and sycamore with different concentrations to the hypercholesterolemic diet. 
Values for the LDL-C of 3 or 5% fig and 3 or 5% sycamore were 27.76 ± 3.98, 10.894 ± 6.98, 26.13 ± 1.24 and 
9.56 ± 6.11 mg/dl, respectively compared to negative control with a value of  43.65 ± 5.98. 
 Atherogenic index (LDL-C/HDL-C) as illustrated in table (9) for the positive control was significantly 
higher than the negative control with mean values of 2.7 ± 0.344 and 0.55 ± 0.104, respectively.  It is obvious 
that groups fed on 3, 5 % fig and 3, 5 % sycamore showed significantly decrease in the LDL-C/HDL-C ratio 
compared to the positive control. The mean values were 0.28 ± 0.044, 0.10 ± 0.069, 0.26 ± 0.036, 0.083 ± 0.058 
and 0.55 ± 0.104, respectively.  
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Effect of fig & sycamore on liver function in rats fed on hypercholesterolemic diet: 
 
 Table (9) illustrated the activity of ALT and AST for different groups. It is clear from the results that ALT 
for positive control was significantly higher than negative control with mean values of 41.33 ± 6.77 and 27.00 ± 
3.16 IU/L, respectively. However, the intake of fig and sycamore with different concentrations significantly 
alleviated the elevation in these enzyme activities. The highest decrease was found in group fed on 5 % fig and 
5% sycamore 28.33 ± 2.58 and 28.66 ± 2.73 IU/L, respectively. 
 The activity of AST for positive control was significantly higher than negative control with mean values of 
84.666 ± 7.0616 and 42.000 ± 5.6213 IU/L, respectively. Meanwhile, groups fed on 3 or 5 % fig and 3 or 5 % 
sycamore showed significant decrease in the AST activity compared with positive control. The mean values 
were 50.83 ± 5.91, 43.83 ± 5.46, 49.50 ± 4.28, 39.33 ± 3.01 and 84.67 ± 7.06 IU/L, respectively. The highest 
decrease was observed in the groups fed on 5 % fig and 5 % sycamore. 
 
Table 9: Activity of ALT (U/ml) and AST (U/ml) of different groups. 

              Parameter 
Group 

ALT 
(U/ml) 

AST 
(U/ml) 

Negative control 27.00 ± 1.29 b 42.00 ± 2.29b 
Positive control 41.33 ± 2.76 a 84.67 ± 2.89a 
3% dried fig 32.17 ± 1.56 ab 50.83 ± 2.41ab 
5% dried fig 28.33 ± 1.05b 43.83 ± 2.23b 
3% dried sycamore 33.50 ± 1.78 ab 49.50 ± 1.75ab 
5% dried sycamore 28.67 ± 1.12 b 39.33 ± 1.23b 

a: Significant (p<0.05) compared to negative control. 
b: Significant (p<0.05) compared to positive control.  
 
Histopathological Results: 
 
 Histopathological examination of heart of the negative control group revealed no changes (fig. 1a). 
However, examination of heart of the positive control group showed focal myocarolitis and necrosis of cardiac 
myocytes (fig. 1b). Examined heart sections from groups 3, 4 or 5 revealed no histopathological changes (fig. 1 
c, d & e, respectively). However, examination of heart section from group 6 revealed congestion of myocardial 
blood vessels (fig.1f). 
 Examined aorta sections of the negative control group revealed no histopathological changes (fig. 2a). On 
the other hand, examination of aorta of the positive control group showed vacuolation of tunica media as well as 
hemorrhage and perivascular hemorrhage (fig. 2b). Examination of aorta from groups 3 & 4 revealed slight 
vacuolation of tunica media (fig. 2c & 2d, respectively). Meanwhile, examined sections of aorta from groups 5 
& 6 showed no histopathological changes (fig. 2e & 2f, respectively). 
 
Heart: 
 

                
                     (a)                                          (b)                                        (c)  

                      
                  (d)                                            (e)                                         (f) 
 
Fig. 1: (a) Heart of rat from group 1 fed on basal diet (control negative group) showed no histopathological    

changes (H and E x200). (b) Heart of rat from group 2 (control positive) showed necrosis of cardiac 
myocytes (H and E x200). (c)  Heart of rat from group (3) hypercholesterolemic + 3% fig showed no 
histopathological changes (H and E x200). (d) Heart of rat from group 4 fed on hypercholesterolemic + 
5% fig showed no histopathological changes (H and E x200). (e) Heart of rat from group 5 fed on 
hypercholesterolemic +3% sycamore showed no histopathological changes (H and E x200). (f) Heart of 
rat from group 6 fed on hypercholesterolemic +5% sycamore showed congestion of myocardial blood 
vessel. (H and E x200). 
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Aorta: 
 

            
                            (a)                                             (b)                                        (c)               

                           
                             (d)                                           (e)                                            (f)      
 
Fig. 2: (a) Aorta of rat from group 1 fed on basal diet (control negative) showed no histopathological changes 

(H and E x 200). (b) Aorta of rat from group 2 fed on hypercholesterolemic for showed perivascular 
hemorrhage. (H and E x 200). (c) Aorta of rat from group 3 fed on hypercholesterolemic + 3% fig 
showed no histopathological changes except slight vacuolation of tunica media (H and EX200).(d) 
Aorta of rat from group 4 fed on hypercholesterolemic +5% fig showed no histopathological changes 
except vacuolations of tunica media (H and E x 200). (e) Aorta of rat from group 5 fed on 
hypercholesterolemic + 3% sycamore showed no histopathological changes (H and E x200). (f) Aorta of 
rat from group 6 fed on hypercholesterolemic +5% sycamore showed no histopathological changes (H 
and E x200). 

 
Liver: 

                                               
                         (a)                                              (b)                                              (c)  

                                             
                           (d)                                             (e)                                             (f) 
 
Fig. 3: (a) Liver of rat from group 1 fed on basal diet (control negative) showed the normal histological 

structure of hepatic lobule (H and E x200). (b) Liver of rat from group 2 fed on hypercholesterolemic 
(control positive) showed vacuolar degeneration of hepatocytes (H and E x200). (c) Liver of rat from 
group 3 fed on hypercholesterolemic + 3% fig showed no histopathological except hydropic 
degeneration of hepatocytes (H and E x 200). (d) Liver of rat from group 4 fed on 
hypercholesterolemic +5% showed no histopathological changes except hydropic degeneration of 
hepatocytes (H and E x200). (e) Liver of rat from group 5 fed on hypercholesterolemic +3% sycamore 
showed no histopathological changes except hydropic degeneration of hepatocytes (H and E x200). (f) 
Liver of from group 6 fed on hypercholesterolemic +5% sycamore showed no histopathological 
changes except vacuolations of hepatocytes (H and E x200). 

 
 Histopathological examination of liver of the negative control group showed a normal hepatic architecture 
with distinct hepatic cells and sinusoidal spaces (fig. 3a). However, examined liver section of the positive 
control group showed vacuolar degeneration of hepatocytes (fig. 3b). Examination of liver sections from groups 
3, 4 & 5 revealed hydropic degeneration of hepatocytes (fig. 3c, d & e, respectively). However, vacuolation of 
hepatocytes was noticed in liver of group 6 (fig. 3f).  
 
Discussion: 
 
 It has been reported that consumption of high cholesterol food led to hypercholesterolemia which increases 
oxidative stress and leads to lipid peroxidation. (Cox et al., 1996). Hypercholesterolemia is a lipoprotein 
metabolic disorder characterized by high serum low density lipoprotein and blood cholesterol. It has been 
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reported by Rerkasan et al. (2008), that hypercholesterolemia is one of the most important risk factors in the 
development and progression of atherosclerosis, which in turn increases the risk of heart disease, stroke, and 
other vascular diseases. Fortunately, it may be possible to reduce high lipid levels and, therefore, prevent or 
slow the progression of atherosclerosis through lifestyle changes like exercising and eating a healthy diet 
(Livrea and Tesoriere, 2006).  
 Epidemiological studies have demonstrated that regular consumption of fruits and vegetables can reduce the 
risk of cardiovascular diseases. A major health benefit from fruits and vegetables may be attributed to their 
antioxidant content (Giugliano, 2000 and Falchi et al., 2006). The studies demonstrated a wide diversity of 
antioxidant capacities among the common fruits and vegetables that can largely be attributed to their antioxidant 
vitamins and phenolic compounds, such as phenolic acids and flavonoids (Prior et al., 1998; Huang et al., 
2007). Thus, it is important to evaluate the ability of some fruits in reducing the risk of consuming high 
cholesterol diet. 
 Data obtained from the present study highlighted the high nutritive value of fresh and dried fig and 
sycamore. Dried fig is excellent source of protein, ash, sugar, fiber, carbohydrate and energy as reported by 
Oettle, et al. (1987). Sadhu (1990) also added that fig has a great nutritive importance due to their being 
important sources of carbohydrates and essential amino acids and are rich in vitamins A, B1, B2 and C and 
minerals.  
 The nutrient composition of dried fig was referred to as the best nutrient score among the dried fruits, being 
an important source of minerals and vitamins (USDA, 2002). Farahnaky, et al., (2009) found that chemical 
composition of the dried fig was about 69.1 % of polysaccharides, 4.3% protein; 2.46% fat, 12.1% carbohydrate 
and 3.1% ash. The obtained results in this study for chemical composition either for fig or sycamore were more 
or less similar. These results supported the high nutritive value of fig.   
 Analysis of antioxidants in both fig and sycamore revealed that they contain considerable amounts of the 
antioxidant vitamins; vitamin A and vitamin C. This accounted for their antioxidant potency. Also, the high total 
polyphenol content of both sycamore and fig as obtained by the analysis participated in the antioxidant power of 
these fruits. Lattanzio, (2003) reported that besides antioxidant effects, phenolic compounds possess a wide 
spectrum of biochemical properties and can also have a beneficial effect in preventing the development of 
disease like cancer and cardiovascular diseases. Several studies established a linear correlation between the total 
content of phenolics and the antioxidant capacity (Cai et al., 2004; kumaran and karunakaran, 2006). It is worth 
mentioning here that total polyphenol content of both fresh fig and sycamore was highly reduced by drying and 
this was referred to also by Donovan, et al. (1998) who reported that dried fig lost 87% of total polyphenols 
compared to the fresh fig.  
 There was an increase in body weight gain, food intake and feed efficiency ratio (FER) for the positive 
control group compared to the negative control group. This was due to the high caloric content of this diet. 
Myung et al., (1982) reported similar results that rats fed on high cholesterol diet recorded increased food 
intake, body weight gain and feed efficiency ratio. Also, Milagro et al., (2006) reported that animals fed on the 
high fat diet showed higher body weight gain and increased energy intake compared with those on the standard-
fat diet. This increase in each of the body weight gain, food intake and FER for the positive control group was 
more or less normalized in the groups that were fed on the hypercholesterlemic diets which were supplemented 
by either 3% or 5% fig or 3% or 5% sycamore and became near the values reported for the negative control 
group. Addition of these items to the hypercholesterlemic diet exerted a reduction in the food intake for these 
groups and hence decreased the gain in body weight compared to that of the positive control group. 
 Analysis of serum lipid parameters revealed that rats fed on hypercholesterolemic diet showed increased 
total cholesterol (TC), triacyglycerol (TG), LDL-C, VLDL-C and atherogenic index (LDL-C /HDL-C) and 
decreased HDL-C compared to the negative control group. Hypercholesterolemia leads to increased cholesterol 
accumulation in cells thereby activating the production of oxygen free radicals. Thus, cells are extremely 
vulnerable to these oxidative challenges and hypercholesterolemia (kay, 1991). It is established that oxidative 
stress is one of the causative factors that link hypercholesterolemia with atherogenesis (Young and Enemy, 
2001; Krzeminski et al., 2003). Meanwhile, groups that were fed on hypercholesterolemic diet and 
supplemented with different levels of fig or sycamore showed a decrease in (TC, TG, LDL-c, VLDL-c and 
LDL-c /HDL-c) and an increase in HDL-C compared to the positive control group. This hypocholesterolemic 
effect is attributed to the presence of antioxidants including; vitamin A, vitamin C and polyphenols in both fig 
and sycamore (table 3). Vitamin A is believed to alter the rate of cholesterol absorption in the intestine while 
vitamin C has a role in activating the conversion of cholesterol into bile acids and then eventually excreted. 
Also, it has been reported that vitamin C participates in increasing the mobilization and transport of cholesterol 
to the liver by increasing the activity of lecithin cholesterol acyl transferase enzyme which in turn plays an 
important role in the elimination of cholesterol from the body (Hoda et al., 2008). Polyphenols was reported to 
exert its hypocholesterolemic effect by inhibition of dietary cholesterol absorption in the intestine or its 
production by liver or stimulation of the biliary secretion of cholesterol and cholesterol excretion in the faeces 
(Skottova et al, 2003). In this respect, Gorinstein et al. (2002) reported that polyphenols decreased plasma LDL-
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C levels and prevent their oxidation in vivo. Lowering levels of TC and LDL-C and improving level of HDL-C 
has been linked to a lower risk of CHD (Libby et al., 2000). Also Young et al., (2004) reported that the decrease 
in LDL-C concentration and the increase in HDL-C level could fasten the removal of cholesterol from 
peripheral tissues to liver for catabolism and excretion. Also, high HDL-C levels may compete with LDL 
receptor sites on arterial smooth muscle cells and thus inhibit the uptake of LDL. In addition, the increase in 
HDL-C concentration could protect the LDL against oxidation in vivo because lipids in HDL are preferentially 
oxidized before those in LDL (Young et al., 2004). Shukla et al., (2004) have shown that figs possess 
antioxidant, hypolipidemic, and hypoglycemic activities. In a study using rabbits on high cholesterol diets, an 
aqueous extract of the bark of Ficus benghalensis significantly reduced cholesterol and triglyceride levels 
compared with those fed the same high cholesterol diet alone. In addition to this hypolipidemic activity, there 
was a decrease in lipid peroxidation and an increase in antioxidant enzymes in rabbits given the fig extract.  
 Results obtained from this study showed that rats fed on hypercholesterolemic diet had increased liver 
enzymes AST and ALT meanwhile rats fed on that hypercholesterolemic diet but supplemented with different 
levels of fig and sycamore recorded improvement in liver function. The increased levels of serum AST and ALT 
indicated the increased permeability and damage and/or necrosis of hepatocytes since hypercholesterolemia was 
reported to cause libration of free radicals which in turn led to lipid peroxidation of membrane lipids (Goldberg 
and Watts, 1965). Vitamins A and C and polyphenols found in fig and sycamore exerted their antioxidant action 
through stabilizing the membrane of hepatocytes by scavenging the free radicals formed by the 
hypercholesterolemia thus preventing lipid peroxidation of hepatocyte membranes, consequently, render the 
activity of AST and ALT near to the normal levels (Heibatollah et al., 2008) 
 Histopathological examination as shown in fig. 1, 2 and 3 illustrated that feeding animals with the 
hypercholestrolemic diet resulted in pathological changes represented by focal myocarolitis and necrosis of 
cardiac myocytes in the heart, vacuolation of tunica media and perivascular hemorrhage of the aorta and 
vacuolar degeneration of hepatocytes in the liver. These results are in harmony with the previously obtained 
biochemical results. Jemai et al., (2008), reported thickening of cardiac muscle cells and the onset of cardiac 
muscle hypertrophy in rats fed hypercholesterolemic diet. Martinello et al., (2006) reported that aortae of all 
animals treated with the cholesterol diet showed a well-developed and mature lesion with lipid accumulation 
(black arrow) and a deep invasion of the intima vessel (white arrow). Bolkent et al., (2004) found that treatment 
with a high concentration of cholesterol can cause degeneration of hepatocytes. Most of the alterations in the 
examined sections due to the hypercholesterimic diet were corrected more or less in the groups of rats that were 
fed on 3 or 5% fig and 3 or 5% sycamore. Also, Dimitrova-Shumkovska, et al., (2010) reported that high fat and 
high cholesterol levels present a contributing factor to pathologies including fatty liver and atherosclerosis and 
oxidative stress is considered to play a role in these pathologies.  
 Thus, from this study, it can be concluded that fig (Ficus carica L) and sycamore (Ficus sycamore) have an 
effective role against hypercholesterolemia so lowering the risk of atherosclerosis and hence lowering the risk of 
cardiovascular diseases and coronary heart diseases. Consequently, consuming large quantities from these fruits 
is believed to lower the serum cholesterol levels thus protecting against cardiovascular diseases. Moreover, it 
can be used for patients suffering from atherosclerosis as adjuvant therapy.   
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