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ABSTRACT 
Background: Cape gooseberry (Physalis peruviana L.) has long held a place in folk medicine in the tropical, subtropical and temperate 
countries where it grows. In the past few years, many authors studied the chemical components and bioactivities of Cape gooseberry and 
found that it is a fruit with high nutritional value and medicinal properties. Objective: This study aimed to evaluate the potential protection 
effects of Cape gooseberry (Physalis peruviana L.) fruits feeding against CCl4-induced hepatotoxicity in rats. Results: Rats treated with 
CCl4 recorded significantly (p≤0.05) increasing in the activity levels of all biomarker liver enzymes (ALT, AST and ALP), liver 
malonaldialdehyde (MDA), and decreasing in serum albumin and liver glutathione (GSH) levels when compared with the control group. 
Feeding with Cape gooseberry fruits powder (CGFP) by 0.5- 4.0% of the basel diet intake in the presence of CCl4 induced significant 
(p≤0.05) improvements by different rates in all of these parameters. Also, CCl4 treated group had histopathological changes on liver through 
sporadic necrosis of hepatocytes, focal hepatic necrosis associated with inflammatory cells infiltration as well as Kupffer cells activation. 
Almost of these histopathological changes were also reduced as the result of CGFP feeding. Conclusion: CGFP exhibited important and 
effective roles  in  protecting  against  CCl4 –induced  hepatotoxicity. Therefore, we  recommended  this  plant part  by a level up to 4% to be 
 included in our daily diets, dishes and drinks. 
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INTRODUCTION 

 
Cape gooseberry (Physalis peruviana L., Family: Solanaceae) is a tropical bush native to South America. 

Cape gooseberry is an erect branching densely villous perennial; grown both in planes and hills (Ram et al., 
2003). Cape gooseberry fruits are succulent golden spheres the size of marbles with a pleasing taste. They are 
protected by papery husks resembling Chinese lanterns. It is somewhat tomato-like in flavor and appearance, 
though the taste (sweet and sour) is much richer with a hint of tropical luxuriance (Ramadan and Moersel, 2007 
and Hassanien, 2008). Cape gooseberry already carries prestige in some international markets. Europeans, for 
example, often pay premium prices to dip them in chocolate or decorate cakes and tortes (McCain, 1993 and 
Hassanien, 2008). The pulp has a soft and exotic aroma and is very much appreciated on the international 
markets, particularly in France and Germany where the fruit is considered a delicacy. 

In addition to having a future as fresh fruits, the exotic fruit can be enjoyed in many ways as an interesting 
ingredient in salads, cooked dishes, dessert, jam, natural snack and preservers. Its extract can also be used for 
preparing health drink (Rehm and Espig, 1991; McCain, 1993, and Ramadan and Moersel, 2003). The fruit has 
been widely used  in folk medicine for treating diseases such as malaria, asthma, hepatitis, dermatitis, diuretic 
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and rheumatism (Perry, 1980 and Wu et al., 2004). Moreover, many medicinal properties have been attributed to 
the Cape gooseberry, including antiasthmatic, diuretic, antiseptic, strengthener for the optic nerve, treatment of 
throat and jaundice, affections and elimination of intestinal parasites, amoebas as well as albumin from kidneys 
(Mayorga et al., 2001 and Ahmed and El-Deib, 2012) 

Cape gooseberry has been widely used as an excellent source of carotene, vitamins A, C, and some of the 
B-complex and minerals, mainly iron and potassium. The fruit contain ca. 15 % soluble solids (mainly sugars) 
and its high level of fructose makes it valuable for diabetics (Lim, 2013). The protein and phosphorus levels are 
exceptionally high for a fruit . Goldenberry is also an excellent source for low calorie and dietetic products. Its 
high content of dietary fiber is of importance, wherein fruit pectin acts as an intestinal regulator and a 
detoxifiying agent. It has an anti-ulcer activity and it is effective in reducing cholesterol level (Hassanien, 2008 
and Ramadan, 2012). 

In the past few years, increasing interest in bioactive phytochemicals of Cape gooseberry fruit has been 
manifested (Lim, 2013). Good amounts of phenolic compounds are estimated in Cape gooseberry fruits juice, 
wherein the level of total phenols as determined by Folin-Ciocalteu method was 6.30 mg/100 g juice as caffeic 
acid equivalents (Meyer, 1999). Phenolic compounds are reported to be responsible for the antioxidant activity 
of fruit juices (Frankel et al., 1995 and Arun and Asha, 2007). Moreover, phenolic compounds have important 
pharmacological properties and have been associated to a lowered risk of heart disease via their action toward 
low-density lipoprotein (LDL). Beside the phenolic compounds, a direct correlation was found between the 
antioxidant effectiveness of goldenberry juices and their total fat-soluble bioactives (tocopherols, sterols and 
carotenoids) content (Hassanien, 2008 and Ramadan, 2012). In addition, a positive correlation has been 
observed between ingestion of vegetables and fruits containing carotenoids and prevention of several chronic-
degenerative diseases, such as cancer, inflammation, cardiovascular disease, cataract, and age-related macular 
degeneration, among others (Coyne et al., 2005; Van den Berg et al., 2000, and Fraser et al., 2005). Finally, 
withanolides are a group of steroidal lactones which have been isolated from the Cape gooseberry fruits. 
Withanolides have been studied previously for their antifeedant, anti-inflammatory, antitumor, cytotoxic, and 
immunomodulating activity, and for protection against CCl4-induced hepatoxicity (Glotter, 1991 and Lim, 2013 
and Darakhshan et al., 2014). 

Recently, a new frontier in nutrition and food science is developing quickly which is now called 
“Functional foods”. Therefore, one example of a successful functional food is the incorporation of Cape 
gooseberry phytochemicals into common diets. Such diets will be examined to elucidate their potential 
protection effects against CCl4-induced hepatoxicity in rats. 

 
MATERIALS AND METHODS 

 
Materials: 

Cape gooseberry fruits were purchased from the local markets of Shebin El-Kom during the periods 
(January-March, 2014). Casein was obtained from Morgan Chemical Co., Cairo, Egypt. The rest of chemicals, 
reagents and solvents were of analytical grade and purchased from El-Ghomhorya for Drugs, Chemicals and 
Medical Instruments Trading Co. (Cairo, Egypt). 

 
Methods: 
Cape gooseberry fruits powder (CGFP) preparation: 

After arriving of the cape gooseberry fruits samples, they were prepared for drying process by manual 
dehulling, sorting, washing and  drying under the following condition (temperature, 50 ±5 0C, time , 10 ± 1 hrs)  
until arriving by the moisture in the final product to about 8%. The dried cape gooseberry fruits samples were 
minced in moulinex machine (AlAraby for Electronic Manufacture Co., Benha, Egypt). The powder (CGFP) 
was sieving in 1 micron mesh and samples, put in polyethylene bags and packed in cartoon boxes until used. 

 
Biological Experiments: 
Animals: 

Animals used in this study, adult male albino rats (130-150 g per each) were obtained from Helwan Station, 
Ministry of Health and Population, Helwan, Cairo, Egypt.  

 
Basal Diet: 

The basic diet prepared according to the following formula as mentioned by (AIN, 1993) as follow: protein 
(10%), corn oil (10%), vitamin mixture (1%), mineral mixture (4%), choline chloride (0.2%), methionine 
(0.3%), cellulose (5%), and the remained is corn starch (69.5%). The used vitamin mixture component was that 
recommended by (Campbell, 1963) while the salt mixture  used was formulated according to Hegsted, (1941). 
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Experimental design: 
All biological experiments performed a complied with the rulings of the Institute of Laboratory Animal 

Resources, Commission on life Sciences, National Research Council (NRC, 1996). Rats (n=30 rats), 130-150g 
per each, were housed individually in wire cages in a room maintained at 25 ± 2 0C and kept under normal 
healthy conditions. All rats were fed on basal diet for one-week before starting the experiment for 
acclimatization. After one week period, the rats were divided into two main groups, the first group (Group 1, 5 
rats) still fed on basal diet as a negative control and the other main group (25 rats) was injected by CCl4 for two 
weeks to induce liver impaired rats then classified into five sub groups as follow: group (2), fed on standard diet 
only as a positive control; group (3), fed on standard diet containing 0.5 % CGFP; group (4), fed on standard 
diet containing 1.0 % CGFP; group (5), fed on standard diet containing 2.0 % CGFP and group (6): fed on 
standard diet containing 4.0 % CGFP. 

 
Blood sampling: 

At the end of experiment period, 28 days, blood samples were collected after 12 hours fasting using the 
abdominal aorta and rats were scarified under ether anesthetized. Blood samples were received into clean dry 
centrifuge tubes and left to clot at room temperature, then centrifuged for 10 minutes at 3000 rpm to separate the 
serum according to Drury and Wallington, (1980). Serum was carefully aspirate, transferred into clean covet 
tubes and stored frozen at -20oC until analysis. 

 
Hematological analysis: 
Liver functions: 

Liver functions were determination using specific methods as follow: serum aspartate aminotransferase 
activity (AST, U/L), serum alanine aminotransferase activity (ALT,U/L) (SGPT/ALT) and serum alkaline 
phosphatase (ALP) according to Yound, (1975), Tietz, (1976), Moss (1992), respectively. 

 
Reduced glutathione (GSH):  

GSH was determined in liver tissue by HPLC according to the method of McFarris and Reed (1987). In 
brief, 100 µl of aliquot were placed in 2 ml of 10% perchloric acid containing 1 mM bathophenanthroline 
disulfonic acid and homogenized. The homogenate was cold centrifuged at 10000 rpm for 5 min and the internal 
standard (γ-glutamyl glutamate) was added to the supernatant. A 250 µl aliquot of acidic extract was mixed with 
100 µl of 100 mM iodoacetic acid in 0.2 mM cresol purple solution. The acid solution was brought to pH 8.9 by 
the addition of 0.4 ml of KOH (2 M) – KHCO3 (2.4 M) and allowed to incubate in the dark at room temperature 
for 1 hr to obtain S-carbooxymethyl derivatives. The N-nitrophenol derivatization of the samples were taken 
overnight at 4 0C in the presence of 0.2 ml of 1% 1-fluoro-2,4-dinitrobenzene and injected onto the HPLC 
system. 

 
Malonaldialdehyde content (MDA): 

Malonaldialdehyde content (MDA) content was measured as thiobarbituric acid reactive substances 
(TBARS) as described by Buege and Aust, (1978). Half milliliter of plasma were added to 1.0 ml of 
thiobarbituric acid reagent, consisting of 15% TCA, 0.375% thiobarbituric acid (TBA) and 0.01% butylated 
hydroxytoluene in 0.25 N HCl. Twenty-five microliters of 0.1 M FeSO4.7H2O was added and the mixture was 
heated for 20 min in boiling water. The samples were centrifuged at 1000 rpm for 10 min and the absorbance 
was read at 535 nm using Labo-med. Inc., spectrophotometer against a reagent blank. The absorbance of the 
samples was compared to a standard curve of known concentrations of malonicdialdehyde. 

 
Histopathological examination: 

After rats were scarified under ether anesthetized, liver was removed, washed in slain solution, dried by 
filter paper and stored frozen in formalin solution 10% for histopathological testing according to method 
mentioned by Drury and Wallington, (1980). 

 
Statistical Analysis: 

All measurements were done in triplicate and recorded as mean±SD. Statistical analysis was performed 
with the Student t-test and MINITAB 12 computer program (Minitab Inc., State College, PA). 

 
RESULTS AND DISCUSSION 

 
Effect of Cape gooseberry fruits powder (CGFP) on Liver a Functions of rats treated with carbon tetrachloride: 

Liver functions of rats injected CCl4 and consumed Cape gooseberry fruits powder (CGFP) was shown in 
Table (1). From such data it could be noticed that treatment of animals with CCl4 caused a significant increased 
(p≤0.05) in ALT (56.04%), AST (87.43%), and ALP (159.47%) compared to normal controls. Supplementation 
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of the rat diets with CGFP (0.5 to 4.0 g/100g) prevented the rise of mean serum ALT, AST and ALP activities.  
The rate of preventative was increased with the increasing of the CGFP concentration. Such as shown in Figure 
(1), the rate of increasing in the liver enzymatic activities were recorded 49.32, 42.34, 27.46 and 23.64% (For 
ALP); 81.84, 66.80, 41.15 and 29.67% (for AST) and 127.77, 107.87, 76.73 and 55.76% (for ALP) with the rat 
diets supplemented by 0.5, 1.0, 2.0 and 4.0 g/100g of CGFP, respectively.  

Liver is responsible for many critical functions within the body and should it become diseased or injured, 
the loss of those functions can cause significant damage to the body. (Voet and Voet, 1990 and Maton et al., 
1993). Aminotransferases are normally intracellular enzymes. Thus, the presence of elevated levels of 
aminotransferase in the plasma indicates damage to cells rich in these enzymes. For example, physical trauma or 
a disease process can cause cell lysis, resulting release of intracellular enzymes into the blood. Two amino 
transferases were found in plasma are of particular diagnostic value AST and ALT. AST enzyme is one of the 
enzymes tested in the cardiac enzyme series. This enzyme is found in very high concentration within the heart 
muscles, skeletal muscle cells, and to a leaser degree in the kidney and panaceas (Pagana and pagana, 1997). 
ALT is found predominately in the liver leaser quantities are found in the kidneys, heart and skeletal muscles 
(Pagana and pagana, 1997).  These enzymes are elevated in nearly all liver diseases, but are particularly high in 
conditions that the causes extensive cell necrosis, such as severe viral hepatitis and prolongated circulatory 
collapse. Serial enzyme measurments are often useful in determining the course of liver damage (Abd El-Aziz, 
1990; and Pagana and pagana, 1997). Also, aminotransferases may be elevated in nonhepatic disease, such as 
myocardial infraction and muscle disorders; however, these disorders can usually be distingushed clinically 
from liver disease (Champe and Harvey, 1994). Alkaline phosphatatse (AP) is an enzyme which catalyzes the 
hydrolysis of phophate esters at an alkaline pH to give pi and the corresponding alcohol, phenol or sugar. 
Although ALP is found in many tissues, the highest concentrations are found in the liver, biliary tract, 
epithelium and bone. The intestinal mucosa and placenta also contain ALP (Pagana and pagana, 1997). 
However, practically every body tissue contains at least a small amount of AP. Because of this wide distribution 
limited information can be obtain from a total AP assay. Elevated serum and leukocytic ALP leaves in patients 
with Hodgkin`s and non-Hodgkin`s lymbhoma were reported by several investigators (Abd El-Aziz, 1990). 
Also, Aiba et al., (1980) found that the elevated leukocyte ALP in patients who have hairy cell leukemia was 
inversely correlated to absolute number of neutrophils in the peripheral blood, i.e. the patients who had high 
leukocyte ALP scores has low or normal peripheral blood neutrophil counts. Abnormal leukocyte ALP scores 
are characteristic of certain myloprolifrative and lymphoproliferative disorders. The liver inflammation and 
functions-improving effects were evaluated according to ALT, AST (serum biochemical indicators for liver  
 
Table 1: Effects of Cape gooseberry fruits powder (CGFP) on CCl4 induced changes in liver functions of rats 

Groups Control (-) Control (+) 
CGFP (%) 
1 2 3 4 

       
Alanine aminotransferase activity (ALT, U/L) 
Mean* 51.74d 80.73a 77.25 ab 73.64 b 65.94c 63.97c 
SD 6.76 6.53 6.17 6.00 5.81 5.05 
% of Change 0.00 56.04 49.32 42.34 27.46 23.64 
       
Aspartate aminotransferase activity (AST, U/L) 
Mean* 30.34d 56.86a 55.17a 50.60b 42.82c 39.34c 
SD 6.76 9.35 10.98 10.87 7.82 6.42 
% of Change 0.00 87.43 81.84 66.80 41.15 29.67 
       
Alkaline phosphatase activity (ALP, U/L) 
Mean* 104.39 e 270.85 a 237.76b 216.99 b 184.49 c 162.59d 
SD 18.45 27.98 33.79 20.89 13.56 8.84 
% of Change 0.00 159.47 127.77 107.87 76.73 55.76 

* Each value represents the mean of five replicates. Values with the different letters in the same raw are significantly different P≤ 0.05. 
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Fig. 1: Effects of Cape gooseberry fruits powder (CGFP) on CCl4 induced changes in liver functions of rats (as 

a % of control)  
 
inflammation), albumin, total protein (liver cell regeneration indicators).  
Such as reviewed in many studies plant parts including CGFP rich source of different classes of 

phytochemicals such phenolics, tocopherols, sterols, carotenoids and steroidal lactones (Frankel et al., 1995; 
Arun and Asha, 2007; Hassanien, 2008; Lim, 2013, and Zhang et al., 2013). Many studies reported that the 
effect of CGFP on decreasing the serum liver function enzymes activity could be attributed to their high level 
content of that phytochemicals. For example, Glotter, 1991 and Lim, (2013) found that withanolides are a group 
of steroidal lactones isolated from the cape gooseberry fruits have been studied for their antifeedant, 
antiinflammatory, antitumor, cytotoxic, and immunomodulating activity,and for protection against CCl4-induced 
hepatotoxicity. Also, DeLeve and Kaplowitz, (1995) found that water, ethanol and hexane extracts of Cape 
gooseberry (500 mg/kg body weight) showed antihepatotoxic activities against CCl4 induced hepatotoxicity. 
Furthermore, Darakhshan et al., (2014) reported that whereas animal treated/fed with various preparations of 
Physalis peruviana showed significant lowering effect (p<0.05) in the elevated  levels of serum markers like 
ALT, AST, ALP, LDH and bilirubin indicating the protection against hepatic cell damage. The water extract of 
Physalis peruviana showed highest activity in both rat models while ripe fruit and ethanol extract showed 
moderate activity compared to standard drug. 

Among the various mechanisms involved in the hepatotoxic effect of CCl4, one is oxidative damage 
through free radical generation (DeLeve and Kaplowitz, 1995). The antioxidant property is claimed to be one of 
the mechanisms of hepatoprotective impact (Bhatt and Bhatt, 1996). Various phytochemical compounds such as 
withanolides, kaempferol, quercetin di- and tri-glycosides, carotenoids, tocopherols and phenolics are reported 
to be present in Cape gooseberry (Dinan et al., 1997; Keith et al., 1992; Elliger et al., 1992; Jacek et al., 2013; 
Shreesh et al., 2015). Some of these compounds have strong antioxidant property and prevent peroxidative 
damage to liver microsomes and hepatocytes (Wang et al., 1999; Lim, 2013). The other possible mode of action 
of liver serum enzymes-lowering activity of the CGFP could be explained by the effect of one of its important 
phenolic compounds, flavonoids. Such compounds are known to block the hepatocellular uptake of bile acids 
(Dawson, 1998).  Also, flavonoids and  their  glycosides  derivatives pretreatment improved the antioxidant 
capacity of the liver, diminished the bilirubin concentration compared with the groups without treatment 
(Beattic et al., 2005). Furthermore, El-Nashar, (2007) found that flavonoids have exhibited strong antioxidant 
activity against reactive oxygen species (ROS) in vitro. The hepatoprotective activity of flavonoids was possibly 
due to its antioxidant properties, acting as scavengers of ROS. In this direction, studies by Lee et al., (2009) 
found that cape gooseberry induced oxidative stress in human oral cancer HSC-3 cells and that reactive oxygen 
species may play a dominant role in this process. Cape gooseberry initiated apoptosis was caused through 
oxidative stress dependent induction of heme oxygenase-1, Cu/ Zn superoxide dismutase and heat shock protein 
70 (HSP70) proteins expression. They also found that antioxidants inhibited cape gooseberry –induced cell 
death through inhibition of the proteins expression of HO-1, Cu/Zn superoxide dismutase and HSP70. 
Furthermore, Ahmed and. El-Deib (2012) Physalis peruviana bioactive compounds confers an appealing 
nephroprotective effect which might be explained partially via diminishing the generation of MDA and NO, 
induction of antioxidant systems. 
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Effect of Cape gooseberry fruits powder (CGFP) on serum albumin of rats treated with carbon tetrachloride: 
Serum levels of albumin was tested and compared. Albumin of rats injected CCl4 and consumed Cape 

gooseberry fruits powder (CGFP) was shown in Table (2) and Figures (2). From such data it could be noticed 
that treatment of animals with CCl4 caused a significant decreased (p≤0.05) in albumin (-16.35%) compared to 
normal control. Supplementation of the rat diets with CGFP (0.5 to 4.0 g/100g) prevented the lower of mean 
serum albumin level.  The rate of preventative was increased with the increasing of the CGFP concentration. 
The rate of decreasing in the albumin level was recorded -11.43, -9.80, -6.63 and -5.14% with the rat diets 
supplemented by 0.5, 1.0, 2.0 and 4.0 g/100g of CGFP, respectively.  

In according with the studies of Abd El-Rahman, (2013) and Abd El-Fatah, (2013) the present study 
showed that CCl4 induced significant decrease in the serum albumin content. It was reported that 
hypoalbuminaemia is most frequent in the presence of advanced chronic liver diseases. Hence decline in total 
protein and albumin can be deemed as a useful index of the severity of cellular dysfunction in chronic liver 
diseases. So, it is worthy to report that pretreatment with cape gooseberry fruits produced significant 
improvement in serum albumin compared to CCl4 group. Such findings are in accordance with that observed by 
Ahmed, (2014) who found that pretreatment with cape gooseberry fruits extract produced significant 
improvement in serum total protein, albumin, and total globulin compared to cisplatin (kidney failure inducer) 
group.  

 
Table 2. Effects of Cape gooseberry fruits powder (CGFP) on CCl4 induced changes in serum albumin of rats 

Groups Control (-) Control (+) 
CGFP (%) 
1 2 3 4 

Mean* 4.16a 3.48b 3.69ab 3.76ab 3.89a 3.95a 
SD 0.17 0.19 0.09 0.07 0.04 0.05 
% of Change 0.00 -16.35 -11.43 -9.80 -6.63 -5.14 

* Each value represents the mean of five replicates. Values with the different letters in the same raw are significantly different P≤ 0.05. 
 

Effect of Cape gooseberry fruits powder (CGFP) on CCl4 induced changes in liver oxidant/antioxidant status of 
rats Oxidant (Malondialdehyde, MDA) level: 

Table (3) and Figure (3) showed the effect of CGFP on the liver lipid peroxidation (malondialdehyde, 
MDA) concentration of rats injected by CCl4 and CCl4 plus CGFP. Treatment of animals with CCl4 caused a 
significant increased (p≤0.05) in liver lipids malondialdehyde (263.35%) compared to normal controls. The 
control positive recorded 13.70 nmol/mg tissue protein which decreased after treated with 0.5, 1.0, 2.0 and 4.0 
g/100g CGFP to 11.44, 7.97, 6.65 and 5.34 nmol/mg tissue protein, respectively. Therefore, supplementation of 
the rat diets with CGFP prevented significantly (p ≤ 0.05) the rise of mean liver content MDA levels.   
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Fig. 2: Effects of Cape gooseberry fruits powder (CGFP) on CCl4 induced changes in serum albumin levels of 

rats 
 
In different organisms, endogenous and exogenous free radicals can damage lipids, proteins, carbohydrates 

and nucleic acids which themselves end up as new free radicals. Among all biomolecules, lipids are the most 
sensitive molecules to free radical attacks (Frodovrich, 1993). Double bonds in fatty acids form peroxide 
products by reacting with free radicals, and lipid radicals can be formed subsequently upon removal of electrons 
(Cheeseman, 1993 and Girotti,  1998). As a result of lipid peroxidation, harmful degradative products (namely 
MDA) can be formed in cell membranes.  Malondialdehyde shows both mutagenic and carcinogenic effects by 
changing membrane properties (Nielsen et al., 1997 and Gerbhart, 2002). Lipid peroxidation usually results in 
decreasing membrane fluidity, cell injury and may cause the formation of atherosclerotic plaques (Kris-
Etherton, 1999). Cross linking with the membrane components, MDA causes inactivation of enzymes and 
receptors in membranes and thus changes membrane properties. Malondialdehyde also causes mutations by 
reacting with guanine nucleotide in DNA (Girotti 1998 and Cline et al., 2004). The estimation of free radical 
activity was done through the determination of malondialdehyde (MDA) which is a by-product of lipid 
peroxidation (Chen et al., 1995).  

The decreasing in liver MDA levels as the result of feeding CGFP could be attributed to their higher content 
of different phytochemicals classes. Such finding was confirmed by the study of El-Nashar, (2007) who found 
that cinnamon extract including flavones similar in CGFP  showed highly decreased in rats serum MDA when 
compared with control group. High levels of MDA, lipid peroxidation products, were noted in the present study 
represents an important finding to support our hypothesis, i.e., depression of the antioxidant defense potential in 
liver of rats as the result of CCl4 injection. Based on the current finding, highly significant decreasing rate on the 
formation of MDA in liver as the result of CGFP treatment could be represented an important mode of action of 
the antioxidant activity of the plant fruits. In similar study, Wu et al., (2006) cape gooseberry extracts 
demonstrated strong superoxide anion scavenging activity (Wu et al., 2006). Free radicals have been regarded as 
a fundamental cause of different kinds of diseases, including aging, coronary heart disease, inflammation, 
stroke, diabetes mellitus, rheumatic disease, liver disorders, renal failure and cancer (Cheng et al., 2003). Also, 
Ahmed and. El-Deib (2012) reported that bioactive compounds of Cape gooseberry fruits confers an appealing 
nephroprotective effect which might be explained partially via diminishing the generation of MDA, induction of 
antioxidant systems. 
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Table 3. Effects of Cape gooseberry fruits powder (CGFP) on CCl4 induced changes in liver oxidant/antioxidant status of rats 

Groups Control (-) Control (+) 
CGFP (%) 
1 2 3 4 

       
Malondialdehyde concentration (MDA, nmol/mg tissue protein) 
Mean* 3.77e 13.70a 11.44b 7.97c 6.65cd 5.34d 
SD 0.91 4.82 3.03 1.41 1.47 2.09 
% of Change 0.00 263.35 203.29 111.46 76.42 41.47 
       
Reduced glutathione concentration (GSH, µmol / mg tissue protein) 
Mean* 8.67a 5.74c 6.16 bc 6.70b 6.89b 7.31ab 
SD 1.04 1.23 1.10 1.14 0.95 1.09 
% of Change 0.00 -33.82 -28.93 -22.81 -20.56 -15.68 

* Each value represents the mean of five replicates. Values with the different letters in the same raw are significantly different P≤ 0.05. 
 

Antioxidant (reduced glutathione, GSH) level : 
Data presented in Table (3) and Figures (3) showed the effect of feeding CGFP  on liver tissue reduced 

glutathione (GSH) content of rats treated with CCl4. It was observed that the mean value of GSH  for control (-) 
group was 8.67 µmol / mg tissue protein while there were significantly (P≤0.05) decreased in liver tissue GSH 
for control (+) group with percent of change 33.82% compared to control (-) group. Supplementation of the rat 
diets with CGFP (0.5 to 4.0 g/100g) prevented the lower of mean liver tissue GSH content.  The rate of 
preventative was increased with the increasing of the CGFP concentration. The rate of decreasing in the GSH 
content was recorded -28.93, -22.81, -20.56 and -15.68 % with the rat diets supplemented by 0.5, 1.0, 2.0 and 
4.0 g/100g of CGFP, respectively.  

  

 
Antioxidant (GSH) 

 

 
Oxidant (MDA) 

Fig. 3: Effects of Cape gooseberry fruits powder (CGFP) on CCl4 induced changes in liver oxidant/antioxidant 
status of rats 
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Reduced glutathione (GSH) is a tripeptide-thiol (γ-glutamyl cysteinyl-glycine) that has received 
considerable attention in terms of its biosynthesis, regulation, and various intracellular functions Among these 
function are two constructing roles in detoxifications: 1) as a key conjugate of electrophilic intermediates, 
principally via glutathione-s-transferase activities in phase II metabolism, and 2) as an important antioxidant. 
The antioxidant functions of GSH includes its role in the activities of GSH-Px and GSH-Rd . In addition, GSH 
can apparently serve as a nonenzymatic scavenger of oxyradicals. CGFP was described by its higher content of 
different classes of phytochemicals including phenolics, carotenoids, tocopherols and flavonoids etc which 
exhibited high antioxidative activities (Jacek et al., 2013 and Shreesh et al., 2015). So, supplementation of the 
rat diets with CGFP leads to reduce the lipid peroxide content subsequently elevate the GSH content in liver . In 
similar study, Sayed Ahmed, (2016) reported that a fall in GSH observed generally accompanied by a 
concomitant increased in the liver lipid peroxidation (MDA content).   

 
Effect of cape gooseberry fruits powder (CGFP) on liver histopathology of rats treated with carbon 
tetrachloride: 

Microscopically, liver of rats from negative control group showing the normal histological structure of 
hepatic lobule (Fig. 1a-b). Meanwhile, liver of rats from positive control group (CCl4 group) showed sporadic 
necrosis of hepatocytes, focal hepatic necrosis associated with inflammatory cells infiltration as well as Kupffer 
cells activation (Fig. 1 c-d). However, liver of rats from group 3 (CCl4 group consumed 0.5 % CGFP) revealed 
slight hydropic degeneration of hepatocytes (Fig.1 e-f) and congestion of central vein (Fig. 1f). Moreover, liver 
of rat from group 4 (CCl4 group consumed 1.0 % CGFP) showed congestion of hepatic sinusoids and slight 
hydropic degeneration of hepatocytes (Fig. 1 g-h). Some examined sections from group 5 (CCl4 group 
consumed 2.0 % CGFP) revealed no histopathological changes (Fig. 1-i), whereas, other sections from rats of 
group 6 (CCl4 group consumed 4.0 % CGFP) showed focal hepatic necrosis associated with inflammatory cells 
infiltration (Fig. 1-j). 

In similar studies, Arun and Asha, (2007) reported that histopathological changes induced by CCl4 were 
also significantly reduced by the CGP extracts. Also, ethanol extract of CGP possesses potent antihepatoma 
activity and its effect on apoptosis is associated with mitochondrial dysfunction (Wu et al., 2004). 
Mitochondrial dysfunction causes energy impairment and/or oxidative stress, and also contributes to the early 
and common process of apoptotic cell death. The diverse pro-apoptosis stimuli converging on mitochondria 
cause mitochondrial permeability transition, mitochondrial depolarization, intracellular glutathione depletion 
and cytochrome c release, are critical events provoking a caspase cascade and eventually lead to cell death (Mari 
et al., 2002 and Yang et al., 2003). Furthermore, El-Nashar, (2007) reported that pre-treatment with flavonoids, 
an important phytochemical found in CGFP, reduce the damage of hepatocytes in vitro.  

 

a b 
Group 1:  BD (Negative control) 

c d 
Group. 2: CCl4 + BD (Positive control) 
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e f 
Group. 3: CCl4 + BD + 0.5 % CGFP 

g h 
Group. 4: CCl4 + BD + 1.0 % CGFP 

i j 
Group. 5: CCl4 + BD + 2.0 % CGFP Group. 6: CCl4 + BD + 4.0 % CGFP 
 

Fig. 4: Effect of gooseberry fruits powder (CGFP) on liver histopathology of rats treated with carbon 
tetrachloride* * H & E X 400, BD, Basal diet, CGFP, Cape gooseberry fruits powder 

 
Conclusion: 

CGFP exhibited important and effective roles in protecting against CCl4-induced hepatotoxicity. The 
potential protection effects of that plant part could be principally attributed to its high content of different 
classes' bioactive phytochemicals.  

Therefore, we recommended this plant part by a level up to 4% to be included in our daily diets, dishes and 
drinks. 
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