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ABSTRACT Cranberries are small, dark red fruits that are widely consumed as juice. Nonalcoholic steatohepatitis 
(NASH) is a condition that may progress to end-stage liver disease. Rats were classified into four groups 

as follows: normal control group, NASH rats fed high fat diet, nonalcoholic steatohepatitic rats fed high fat diet and 
received lyophilized powdered cranberry suspended in 0.5% CMC , group fed basal diet and received lyophilized pow-
dered cranberry suspended in 0.5% carboxymethylcellulose CMC. The model of NASH rats elicited significant increase 
in serum lipid parameters: total cholesterol , total lipids, tricylglycerols and phospholipids , liver antioxidant enzyme 
activities with concomitant significant elevations in liver enzymes and glucose-6-phosphate dehydrogenase, in associa-
tion with a reduction in reduced glutathione, glutathione peroxidase , serum total protein and direct and total bilirubin. 
Administration of cranberry to NASH rats produced significant increases in tested antioxidant enzyme activities, G6PD 
and serum total protein, direct and total bilirubin concomitant with significant decreases in the levels of serum lipids 
as well as liver enzymes AST, ALT, ALP, GST and ɣ-GT. In addition, it was noted that NASH rats exhibited a degree of 
DNA fragmentation; however, oral administration of cranberry extract partially inhibited the DNA fragmentation.

Introduction 
The risk of toxic liver damage has markedly increased in 
recent years due to the exposure to environmental toxins, 
pesticides and chemotherapeutics. Many compounds, in-
cluding useful drugs, can cause liver cell damage through 
their metabolic conversion to highly reactive substances and 
the generation of free radicals (White et al., 2010) .

Nonalcoholic steatohepatitis (NASH) is an increasingly rec-
ognized condition that may progress to end-stage liver 
disease. It is characterized by fat infiltration of the liver, in-
flammation, hepatocellular damage (ballooning) and fibrosis, 
with NASH patients at higher risk of developing cirrhosis, 
terminal liver failure, and hepatocellular carcinoma (Neu-
schwander et al., 2003). The mechanisms leading to NASH 
remain unclear, but the “two-hit” mechanism is often used 
as a simple description for its etiology . The “first-hit” re-
sulting in liver steatosis is caused by obesity, insulin resist-
ance and excess lipid accumulation. Then, reactive oxygen/
nitrogen species (ROS/RNS)-mediated “second hits” result 
in oxidative and nitrative modification to lipids and proteins, 
exacerbated liver injury and NASH (Bedogni et al., 2005). 
Detoxifying agents and plant-derived natural products, such 
as flavonoids, terpenoids and steroids , essential fatty acids 
for regeneration of hepatocyte membrane structure, hypo-
cholesterinemic agents, antioxidants and anti-inflammatory 
substances have received considerable attention in recent 
years in the pharmacotherapy of liver damages due to their 
diverse pharmacological and biochemical activities (White 
et al., 2010).

Cranberries are small, dark red fruits that are widely con-
sumed as juice. It contains significant amount of phenolic 
compounds which have antioxidant properties and other 
health benefits (Kahlon & Smith , 2007). Studies have 
shown that supplementations with berries were effective 
in reducing oxidative stress associated with aging. Further, 
cranberries have been reported to possess anti-inflammato-
ry and anti-mutagenic properties and provide cardio-protec-
tion (Bagchi et al., 2004).

Cranberry juice has long been consumed for the preven-
tion of urinary tract infections (Foo et al., 2000) .These and 
other health benefits, including reduced risks of cancer and 
cardiovascular disease, are due to the presence of various 
polyphenolic compounds, including anthocyanins, flavonols, 
and procyanidins, and the synergistic effects among them 
(Heinonen et al., 2007). Considerable in vitro evidence has 
shown the antioxidant potential of cranberry phenolic com-
pounds (Narwojsz & Borowska,2010).

Thus, the aim of the present study is to evaluate the anti-
oxidant and antiatherogenic efficiency of cranberry extract 
in nonalcoholic steatohepatitic rats. The protective effect of 
cranberry extract was assessed by evaluating the enzymatic 
and nonenzymatic antioxidants and DNA fragmentation, his-
topathological examination, along with liver function tests.

Materials and methods
Animals
This study was carried out on healthy adult male Albino rats 
(Sprague-Dawley) strain weighing 60 ± 5 g, supplied from 
the breeding unit of the Egyptian Organization for Biologi-
cal Products and Vaccines (Helwan, Egypt). Animals were 
maintained on a natural light/dark cycle and given food and 
tap water ad libitum.

Materials 
Cranberry (V. macrocarpon) capsules extracts were pur-
chased from GNC products (GNC Nature’s Fingerprint- 
Cranberry 100 Capsules, USA). Each capsule contained 500 
mg of lyophilized powdered fruits. Carboxymethylcellulose 
was purchased from Sigma–Aldrich Chemical Company (St. 
Louis, MO, USA).

Experimental Design
In this experiment , the high fat diet containing 35% fat 
(31.6% saturated fat and 3.2% unsaturated fat) , 57% of the 
metabolizable energy. Animals randomly enrolled into four 
groups of eight animals each and treated as following:
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Group (1) (Control )  fed basal diet and received carboxy-
methylcellulose (CMC; 0.5%) (1 ml/200 g body weight/day) 
orally for 30 consecutive days [9] .

Group (2) (NASH) nonalcoholic steatohepatitic rats fed high 
fat diet

Group (3) (NASH+CRAN) nonalcoholic steatohepatitic rats 
fed high fat diet and received cranberry extract suspended 
in 0.5% CMC (100 mg/kg; orally once daily for 30 consecu-
tive days. The amount of food consumed was recorded eve-
ry day and the animals were weighed weekly.

Group (4) (CRAN) fed basal diet and received CRAN lyophi-
lized powder alone  suspended in 0.5% CMC (100 mg/kg; 
orally once daily for 30 consecutive days

At the end of experimental period (30 days), the final body 
weight for each rat was recorded.  Animals were fasted 
overnight then scarified under ether anesthesia and blood 
samples were collected from hepatic portal vein in centri-
fuge tubes. The serum was separated by allowing blood 
samples left for 15 minutes at temperature of 25°C then 
centrifuged at 4000 r.p.m for 20 minutes, then kept in plas-
tic vials at −20°C until analysis. Rat liver was immediately re-
moved, rinsed with ice cold saline, and blotted dry, weighed 
separately and the relative weight were calculated.

Biochemical Analysis 
Serum was analyzed for the following biochemical param-
eters: total cholesterol , triacylglycerol, total lipids  and 
phospholipids. (ALT) alanine aminotransferase and Aspartate 
aminotransferase (AST),alkaline phosphatase (ALP) , Serum 
albumin, total and direct bilirubin  and glucose-6-phosphate 
dehydrogenase (G6PD) was assigned by commercial kits. All 
the kits were provided by Greiner Diagnostic GmbH (Grein-
er Bio-One GmbH, Brunel Way, Business Park, UK), and pur-
chased from Indomedix Egypt Company

Determination of Liver Enzymatic and Non-enzymatic An-
tioxidant Status
One portion of liver (about 2 g) was used to prepare 
10% homogenate in 1.15% KCl and 5% homogen-
ate in 3% sulfosalicylic acid, centrifuged at 4000 r.p.m 
at 4ºC for 20 min. and the supernatants were used to 
obtain the cytosolic fraction which was used for the as-
say of glutathione peroxidase (GPX) (Arthur et al., 1985). 
gamma glutamyl transferase (ɣ-GT) (Szasz , 1969), glu-
tathione-S-transferase (GST) and reduced glutathione 
(GSH) (Habig et al., 1974).

DNA Fragmentation Analysis
Liver tissues were homogenized and incubated in 100 mM 

Tris-HCl (pH 8.0), 25 mM EDTA, 0.5 % SDS, and 0.1 μg/mL 
proteinase K at 60 ºC for 3 h. DNA was extracted with phe-
nol/chloroform (1:1) and chloroform/isoamyl alcohol (1:24). 
The extracted DNA was precipitated and digested in 10 
mM Tris–HCl (pH 5.0) containing 1 mM EDTA and 10 μg 
RNase for 1 h at 37 ºC. Five μg of DNA per sample were 
electrophoretically separated on 1.5 % agarose gel contain-
ing 0.5 μg/mL ethidium bromide. The DNA pattern was ex-
amined by with an ultraviolet transilluminator.

Assessment of Steatohepatitis
Fresh liver tissue samples were kept in 10% formalin solu-
tion and paraffin blocks were subsequently prepared. Paraf-
fin-embedded liver sections were stained with hematoxylin-
eosin and Masson-trichrome. All specimens were evaluated 
blindly by an expert pathologist, using the scoring system 
proposed ,steatosis (0-3), lobular inflammation (0-3) and bal-
looning degeneration (0-2). Fibrosis was minimal in all sam-
ples and was therefore not scored (Kleiner et al, 2005).

Histological Examinations
Formalin-fixed and paraffin-embedded liver tissues were 
processed routinely for hematoxylin and eosin staining. 
Liver histology was examined under a light microscope 
and then graded according to the magnitude of steatosis, 
inflammation, and ballooning degeneration of hepatocytes 
as described before (2,20). Briefly, the degree of steatosis 
was graded 0–3 based on the average percent of fat-accu-
mulated hepatocytes per field at ×200 magnification under 
H&E staining (grading: 0 = <5%, 1 = 5-25%, 2 = 26-50%, 
3 = 51-75%, 4 = >75%). Inflammation was evaluated by 
the number of inflammatory cells counted in 10 random 
fields at ×200 magnification. The mean of these numbers 
was calculated and regarded as inflammatory cells/mm2. 
Hepatocellular ballooning degeneration was evaluated as 
either negative (absent) or positive (present).

Statistical Analysis
The data were statistically analyzed by SPSS version 15.0 
statistical packages. The results were expressed as means 
± S.D, statistical differences between groups were per-
formed using t-test. Differences considered significantly 
when p˂ 0.05.

Results  
Weight gains and relative liver weight are shown in Table 
1. Body weights were gradually increased in all groups; 
there was a significant increase in NASH group when com-
pared to other experimental groups. On the other hand, 
relative liver weight was significantly increased in high 
fat diet groups NASH and NASH+CRAN than in Control 
group.

Table 1. Effect of oral administration of Cranberry extract on body weight gain and relative liver weight in nonalcoholic 
steatohepatitic rats

Parameters G1 (control) G2 (NASH) G3 (NASH+CRAN) G4 (CRAN)

Body weight gain (g) 110.13±5.9 162.75±10.7 148.3±10.2 137.75±6.2

Relative weight of liver 3.54±0.47 3.96±0.22 3.49±0.16 3.19±0.16

 
The results about the effect of cranberry on serum lipid profiles are shown in Table 2.  Feeding rats with high fat diet for 
4-weeks resulted in a significant elevation of serum total cholesterol (111.65 %;), total lipids (16.8%), triacylglycerol (54.1%) and 
serum phospholipids (97.75%). Concurrent administration of cranberry resulted in a significant decrease in the levels of serum 
total lipids, total cholesterol, triacylglycerol and phospholipids compared to NASH group. It was noticed that no significant dif-
ference between the value of total cholesterol and triacylglycerol in CRAN group when compared to control one.  
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Table 2. Effect of oral administration of Cranberry extract on serum total cholesterol, total lipids, triacylglycerols and 
phospholipids in nonalcoholic steatohepatitic rats

Groups Parameters G1 (control) G2 (NASH) G3 (NASH+CRAN) G4 (CRAN)

Total Cholesterol mg/dl 104.11±3.86 220.35±5.25 175.44±7.30 100.48±3.20

Total lipids mg/dl 618.75±8.68 723.25±15.52 635.5±9.89 549.5±15.87

Triacylglycerol mg/dl 65.49±1.87 100.93±2.45 85.32±3.13 67.99±1.7

Phospholipids mg/dl 124.25±5.06 245.71±17.29 190.45±5.20 139.1±8.32

Results obtained in Table (3) summarized that, feeding rats 
high fat diet resulted in Nonalcoholic fatty liver disease 
which was manifested by significant increase in serum AST, 
ALT, ALP and G6PD activities by 83.17% , 95.32%, 45.5% 
and 112.35% respectively when compared to normal con-

trol rats, thus indicating liver damage . It was noticed that, 
oral administration of cranberry to NASH rats significantly 
reduced the elevated levels of ALT, AST, and ALP activities 
along with more increasing activity of G6PD. 

Table 3. Effect of oral administration of Cranberry extract on serum concentrations of AST, ALT and ALP of nonalcoholic 
steatohepatitic rats

Groups Parameters G1 (control) G2 (NASH) G3 (NASH+CRAN) G4 (CRAN)

Aspartate aminotransferase (AST) 
(U/L) 107.00±8.91 196.00±9.72 154.0±8.6 106.6±9.98

Alanine aminotransferase (ALT) (U/L) 72.70±3.37 142.00±3.33 119.6±3.4 75.3±2.98

Alkaline phosphatase (ALP) (U/L) 199.97±4.48 291.09±4.80 231.9±4.1 179.8±3.78

G6PD (mol/mg protein/min) 21.85 ± 2.29 46.4 ± 1.48 53.50 ±4.84 29.12 ±4.04

Table (4) showed that feeding rats high fat diet causes 
a reduction in  total albumin level by 28.4% compared to 
normal controls (p < 0.05) this change was increased by 18 
% following oral administration of cranberry. On the other 
hand, the levels of direct and total bilirubin significantly 
reduced in NASH rats by 43.6% and 44.4% respectively 

indicating liver injury. Oral administration of cranberry elic-
ited dramatic increase in direct and total bilirubin levels by 
15.9% and 14.8% when compared to pretreated NASH rats. 
Meanwhile, administration of cranberry to control rats did 
not cause any effect. 

Table 4. Effect of oral administration of Cranberry extract on serum concentrations of Albumin , Direct and total bilirubin 
of nonalcoholic steatohepatitic rats

Groups Parameters G1 (control) G2 (NASH) G3 (NASH+CRAN) G4 (CRAN)
Total Albumin (g/dl) 6.82±0.10 4.88±0.43 5.77±0.49 6.91±0.46

Direct bilirubin (mg/dl) 0.94.01 0.53±0.02 0.79±0.09 0.92±0.03

Total bilirubin (mg/dl) 0.81±0.01 0.45±0.01 0.69±0.01 0.84±0.03

High fat diet resulted in liver injury manifested by significant 
decreases in the activities of the liver antioxidant enzymes: 
GSH and GPX activities by 36.78% and 46.4% respectively, 
compared to normal controls. Oral administration of Cran-
berry extract elicited dramatic increase in these enzymes. 
On the other hand, there was an increased activity of ɣ-GT 
and GST followed feeding high fat diet in NASH rat group 

(45.5% and 62.9 % respectively) when compared to normal 
control rats. Cranberry supplementation to NASH rats de-
creased the levels of ɣ-GT and GST activities compared to 
NASH rat group. The levels of reduction of ɣ-GT and GST 
activities were 19.9% and 30.6% respectively when com-
pared to NASH rats (Table 5).

Table 5. Effect of oral administration of Cranberry extract on hepatic concentrations of GSH , GPX,  ɣ-GT and GST activi-
ties nonalcoholic steatohepatitic rats

Groups Parameters G1 (control) G2 (NASH) G3 (NASH+CRAN) G4(CRAN)

(GSH) (μmol/dL) 40.21±0.12 25.42±0.25 35.9 ±0.25 43.85±0.6

(GPX) (nmol/ml) 93.2 ± 9.4 49.9 ± 3.4 71.8±0.6 100.8±2.6

(ɣ-GT) (nmol/mg protein)	 98.1 ±7.1 142.8±10.6 114.3 ± 4.3 92.6±8.3

(GST) (nmol/mg protein/min) 234.3±12.4 381.8 ±9.68 264.7 ± 19.2 225.5 ± 17.3

Liver DNA
NASH rats showed a degree of hepatic DNA fragmentation 
which was nearly abolished in Cranberry treated rats (Fig.1)

 

Histopathological Analyses
The histological studies of the liver samples from the con-
trol and the test groups were performed to investigate the 
occurrence of steatohepatitis. Liver samples of the control 
animals showed no evidences of steatosis, inflammation or 
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fibrosis (Fig.  2A), the NASH group showed grade.Two liver 
steatosis, inflammation and ballooning degeneration. Fur-
thermore, no incidence of fibrosis was recorded among the 
control and the CRAN-fed rats (Fig. 2, B and 2D). 

Lane1   Lane2    Lane3    Lane4

Fig. 1. Influence of Cranberry extract administration on 
NASH hepatic DNA fragmentation
 
Lanes 1 : no DNA fragmentation in normal control. Lane 2 
depicts strong DNA fragmentation in NASH rats. Lane 3 de-
picts weak DNA fragmentation in NASH +CRAN rats. Lane 
4 depicts no DNA fragmentation in rats administered CRAN 
only

 
Fig. 2. Histological evaluation of rats’ livers.
 
Photographs of tissues after Hematoxylin-eosin (A-D). Origi-
nal magnifications ×100. (A) Normal liver histology of a rat 
fed the standard diet. (B) (NASH group) showing ballooning 
degeneration, pericentral macrovesicular steatosis and lobu-
lar inflammation. (C) group NASH+CRAN  showing slight 
ballooning degeneration and steatosis. (D) group CRAN 
normal architecture with neither steatosis nor inflammation.

Discussion 
This study examined the serum lipid profile, ameliorative 
and antioxidative effects of cranberry extract in rats fed ath-
erogenic diet. Cranberry is known to be a good source of 
antioxidants, which have health benefits such as anti-adhen-
sion activity, antiviral, and anticancer properties (Howell et 
al., 2005).

Feeding rats with high fat diet leads to induction of nonal-
coholic steatohepatitis. In the case of high dietary intake of 
fats, animal studies have shown that fatty liver is the result 
of increased delivery of fatty acids through the portal cir-
culation together with a 25% higher de novo lipogenesis 

(Mastrocola et al., 2003).

After 30 days of feeding high fat diet treatment, the animals 
showed typical signs of nonalcoholic steatohepatitis with in-
creased markers of liver damage. Plasma ALT and AST ac-
tivities were elevated and bilirubin level (both total and free 
bilirubin) in plasma decreased, and the ratio of liver weight / 
body weight increased. 

Weight gains and relative liver weight are shown in Table 1. 
Body weights were gradually increased in all groups; there 
was a significant increase in NASH group when compared 
to other experimental groups. On the other hand, rela-
tive liver weight was significantly increased in high fat diet 
groups NASH and NASH+CRAN than in Control group. 
NASH is observed in a subset of patients with nonalcoholic 
fatty liver disease (NAFLD), defined as fat accumulation in 
the liver exceeding 10% by weight (Vuppalanchi & Chalas-
ani , 2009). Although still poorly understood, NASH patho-
genesis is widely recognized as a two-hit model in which 
the first hit is an initial metabolic disturbance that increases 
inflow of free fatty acids and de novo lipogenesis, leading 
to steatosis; the “second hit” includes oxidative stress, de-
creased hepatic ATP production, and induction of proinflam-
matory cytokines, which triggers necroinflammation leading 
to the progression of steatohepatitis  (Day & James ,1998).

Results showed that feeding rats with high fat diet for 
4-weeks resulted in a significant elevation of serum total 
cholesterol, total lipids, triacylglycerol and serum phospho-
lipids. Concurrent administration of cranberry resulted in a 
significant decrease in the levels of serum total lipids, total 
cholesterol, triacylglycerol and phospholipids compared to 
NASH group. Lipid metabolism (fatty acid oxidation and 
lipogenesis) involves several interdependent and “cross-reg-
ulated” pathways. It is closely connected to the metabolism 
of carbohydrates that may be converted to fats. The liver 
takes up nonesterified fatty acids from the blood in propor-
tion to their concentration, because there is no evidence 
that uptake of fatty acids is regulated (Tamura & Shimomu-
ra, 2005).

Fatty acids are synthesized mainly in liver from acetyl-CoA, 
althought most tissues can assemble triacylglycerols from 
acyl-CoAs and glycerol-3-phosphate. Fatty acids are con-
verted back to acetyl- CoA by β-oxidation and used as fuel, 
and the synthesis and breakdown isregulated to meet the 
cellular energy needs. The traditional perception of adipose 
tissue as a mere storage place for fatty acids has been re-
placed over the past years (Hajer et al., 2009). In addition 
to its role in insulating and cushioning the body and stor-
ing free fatty acids (FFA) after food intake and releasing 
FFAs during the fasting, the adipose tissue produces a wide 
range of hormones and cytokines involved in glucose me-
tabolism, lipid metabolism, and feeding behaviour as well as 
in inflammation, coagulation, and blood pressure (Trayhurn  
& Beattie, 2001).

It was noticed that no significant difference between the 
value of total cholesterol and triacylglycerol in CRAN group 
when compared to Control one. Polyphenols in cranberry 
might reduce the cardiovascular disease risk factor such as 
LDL oxidation, platelet aggregation, and high blood pres-
sure. Previous studies have shown that the proanthocyani-
dins found in cranberry powder inhibit low-density lipopro-
tein oxidation and have an overall positive effect on lipid 
metabolism and cholesterol (Howell et al., 2005).

It was reported that plasma LDL-cholesterol and LDL oxida-
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tion were reduced by cranberry extract fortification. How-
ever, Ruel et al. (2006) reported that total and LDL-choles-
terol were not changed but HDL-cholesterol was increased 
by cranberry juice consumption in men. On the other hand, 
dysregulation of triglycerides and free fatty acids, resulting 
in lipid and inflammatory stress, which favors the progres-
sion of NASH, were markedly reduced in rats in which orally 
supplemented with cranberry extract.

In the current study, similar results was observed that serum 
total cholesterol and triacylglycerols levels were not sig-
nificantly different in rats that administered  cranberry when 
compared to control rats .

In this study it was observed that, Nonalcoholic fatty liver 
disease was manifested by significant increase in serum AST, 
ALT, ALP and G6PD when compared to normal control rats, 
thus indicating liver damage . On the other hand, oral ad-
ministration of cranberry to NASH rats significantly reduced 
the elevated levels of ALT, AST, and ALP activities along 
with more increasing activity of G6PD. 

Vozarova et al., (2002) mentioned that the elevated activi-
ties of AST, ALT and ALP enzymes were signs of impaired 
liver functions in the elevation of liver enzymes occurred 
due to their release from the cytoplasm into the blood cir-
culation after rupture of the plasma membrane and cellular 
damage.

Glucose-6-phospahe dehydrogenase G6PD is an enzyme 
that catalyzes the first step in the hexose monophosphate 
pathway, produces ribose, which is incorporated into nu-
cleotides and NADPH, the major cytoplasmic reducing 
compound. NADPH is a substrate for phase I and II detoxi-
fication enzymes. G6PD is elevated in response to external 
stimuli like toxic agents and oxidative stress. The activity of 
G6PD is up regulated by carcinogens and oxidative stress. 
Cranberry administration to NASH rats showed elevated 
G6PD activity, indicating that increased amounts of NADPH 
are required for detoxification process (Frederiks et al., 
2003).

Serum total Albumin is present in blood plasma abundant-
ly (60%) and structurally well characterized. In the present 
study it was observed decreased levels of serum albumin 
which is an evidence of existence of NASH when compared 
to normal animals. Studies have shown that cellular proteins 
may be affected by free radical accumulation leading to the 
formation of carbonyl derivatives. The carbonyl derivatives 
of proteins may result from oxidative modification of ami-
no acid side chains and reactive oxygen-mediated peptide 
cleavage .Further, Bala et al., (2006) have reported that the 
primary target of the oxygen-radical attack, promoted by 
ethanol, is represented on cellular proteins. Serum albumin 
level was increased following oral administration of cranber-
ry. In a human intervention study with the dried cranberry 
juice, serum albumin level was significantly increased by 
dried cranberry consumption (Serviddio et al., 2008).

On the other hand, the levels of direct and total bilirubin 
significantly reduced in NASH rats indicating liver injury. 
This may due decreased conjugation  and decreased secre-
tion from the liver or blockage of bile ducts (Mahmoud & 
Elnour ,2013)  .  Oral administration of cranberry elicited 
dramatic increase in direct and total bilirubin levels as com-
pared to pretreated NASH rats. High fat diet resulted in 
liver injury manifested by significant decreases in the activi-
ties of the liver antioxidant enzymes: GSH and GPX activi-
ties compared to normal controls. A decrease in antioxidant 

defenses is also a major factor promoting oxidative stress 
in NASH cases. Decreases in antioxidant factors including 
glutathione, and glutathione S-transferase correlate with the 
severity of liver disease .Lower mitochondrial GSH has been 
detected in many models of NASH (Llacuna et al., 2011).
The reduction of mitochondrial GSH could be due, at least 
in part, to its reduced importation into mitochondria as a 
result of increased levels of cholesterol within the inner mi-
tochondrial membrane (Caballero et al., 2010).Depletion 
in hepatic GSH content may be caused by the decrease in 
synthesis of S-adenosylmethionine (SAMe), the major me-
thyl donor in liver and precursor to GSH  . Superoxide an-
ion is dismutated by mitochondrial manganese superoxide 
dismutase into hydrogen peroxide, which is detoxified into 
water by the mitochondrial glutathione peroxidase (GPx).Im-
portantly, GPx needs an adequate amount of reduced glu-
tathione (GSH) within the mitochondrial matrix to detoxify 
H2O2, so that the depletion of mitochondrial GSH below a 
crucial level can lead to, or favor, mitochondrial dysfunction 
and cell death (Schafer & Buettner , 2001).

Oral administration of Cranberry extract elicited dramatic in-
crease in these enzymes. With a reduction in the levels of 
ɣ-GT and GST activities compared to NASH rat group. Dey-
him et al. (2007). reported that cranberry juice increased 
plasma antioxidant capacity and reduced malondialdehyde 
concentrations. Vattem et al. (2005) also reported that 
cranberry phenolics decreased MDA formation in oxidatively 
stressed porcine muscle and it suggested that exogenously 
treated phenolic phytochemicals could be reducing the oxi-
dative stress. Including the results from the current study, 
several trials have shown beneficial effect of cranberry con-
sumption on protein and lipid oxidation. These consensus 
outcomes may explain the antioxidative effect of cranberry 
powder and juice against oxidative damage. 

Phenolic extracts obtained from berries (blackberries, red 
raspberries, sweet cherries, blueberries, and strawberries) 
were shown to inhibit the oxidation of low-density lipopro-
teins and of liposomes. Berries have also shown a remark-
ably high scavenging activity toward chemically generated 
ROS .Historically, cranberry juice has been consumed to 
prevent urinary tract infections. These and other health ben-
efits, including reduced risks of cancer and cardiovascular 
disease, are believed to be due to the presence of various 
polyphenolic compounds, including anthocyanins, flavonols, 
and procyanidins, and the synergistic effects among them 
. Considerable in vitro evidence has shown the antioxidant 
potential of cranberry phenolic compounds  (Khanal et al., 
2010).

Cranberry is rich in phenolic phytochemicals such as phenol-
ic acids, flavonoids and ellagic acid. These phytochemicals 
act as antioxidants, and showed health benefits including 
reduction of oxidative damage that can cause cancer, heart 
disease, and other degenerative diseases . Chu and Liu 
(2005) reported that phytochemicals in cranberries could in-
hibit LDL oxidation and induce expression of LDL receptors. 
Mckay and Blumberg (2007) also reported that cranberry 
reduced the risk of cardiovascular disease (CVD) by inhibi-
tion of LDL oxidation and platelet aggregation, and reduc-
ing blood pressure via other anti-thrombotic and anti-inflam-
matory mechanisms. 

The data obtained confirmed the free radical-scavenging 
and antioxidant properties of cranberry extracts. Still, cran-
berry phenolic compounds have been shown to have free 
radical-scavenging properties against superoxide radical 
(O2−), hydrogen peroxide (H2O2), hydroxyl radicals (•OH), 
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and singlet oxygen (1O2), and they can also inhibit lipid 
peroxidation, as well as protein and lipid oxidation in li-
posomes  (Seeram & Heber, 2007).

Mitochondria are a principal source of cellular ROS as the 
result of inefficiencies in the flow of electrons along the 
electron transport chain (ETC) . In the physiological state, 
most reactive incompletely reduced forms of oxygen, such 
as superoxide, are detoxified into water, keeping the steady 
state of oxidants at a relatively low rate (less than 1% of to-
tal oxygen consumed by mitochondria, by a variety of anti-
oxidant defenses and repair enzymes ( Brand , 2010). 

Impairment of oxidative phosphorylation, such as reduced 
hepatic ATP synthesis and increased ROS production, has 
been reported in patients with NASH (Hensley et al., 2000) 
. These biochemical changes are associated with ultrastruc-
tural abnormalities in liver mitochondria that appear scarce in 
number, swollen, and rounded, with loss of cristae and pres-
ence of paracristalline inclusions . A report by  Teodoro et 
al. (2006) showed that in spite of the increase in the volume 
density of mitochondria in cells of the cirrhotic liver (by 28%), 
the concentration of internal mitochondrial membranes and 
the total length of the internal membrane were reduced.

MtDNA is extremely sensitive to oxidative damage because 
of its proximity to the inner membrane (the main cellular 
source of ROS), the absence of protective histones, and in-
complete repair mechanisms in mitochondria  .Therefore, 
oxidative damage to mtDNA by ROS may lead to DNA 
strand breaks and the occurrence of somatic mtDNA mu-
tations . The accumulation of mtDNA mutations may result 
in dysfunction of the respiratory chain, leading to increased 
ROS production in mitochondria and subsequent accumula-

tion of more mtDNA mutations. Genetic susceptibilities, in 
particular related to mitochondrial dysfunction, could ex-
plain, at least in some patients, a faster progression of the 
liver disease. Indeed, genetic defects in mitochondrial DNA 
(mtDNA) cause impairment of mitochondrial function and, 
therefore, decrease their capacity to oxidize fatty acids and 
increases the production of reactive oxygen species (ROS) 
that in turn trigger lipid peroxidation, cytokine release, and 
cell death (Wallace & Fan, 2010).

The observed decrease in the antioxidant enzyme activities 
can be explained on the basis of their exhaustion in com-
bating the previously observed oxidative stress. Our results 
indicated that CRAN mitigated the decrease of the activity 
of the antioxidant enzymes. CRAN rich in these compounds 
were reported to inhibit oxidative processes in other tissues 
. Specifically, most of CRAN’s protective properties may be 
attributed to its proanthocyanidins content. They have been 
shown to scavenge 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and 
superoxide effectively  and improve the ferric- reducing anti-
oxidant power in plasma (Chang et al., 2007).

Conclusion
The data obtained from this study, indicate that oral admin-
istration of Cranberry extract (which has potent free radical 
scavenging and antioxidant properties) to NASH rats, at least 
partially, alleviates liver injury by preventing lipid peroxidation 
enzyme system, reducing serum lipid levels inhibiting DNA 
fragmentation, and increasing antioxidant enzyme activities. 
Thus indicating that cranberry had different mechanisms of 
antioxidant action and lipid improving effects, helps There-
fore, cranberry administration seems to be a highly promising 
agent for protecting hepatic tissue against oxidative damage 
and in preventing hepatic injury and dysfunction.
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