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ABSTRACT 

Liver fibrosis is a pathologic phenomenon characterized by destruction of the liver parenchyma and imbalance between fibrogenesis 
and fibrolysis forming scars or fibrous tissues. Without effective treatment at an early stage, reversible hepatic fibrosis progresses to 
irreversible cirrhosis. The objective of the present study was aimed to early detection of liver fibrosis using matrix 
metalloproteinase-9 (MMP-9) as a diagnostic marker and to evaluate the curative and prophylactic roles of the two natural edible 
plants Blackberry and Rosemary (Rubus ursinus and Rosmarinus Officinalis) in mitigating the oxidative stress and inflammatory risk 
factors which have the principle role in liver fibrosis. This study demonstrated that matrix metalloproteinase-9 (MMP-9) may be an 
excellent diagnostic marker for early detection of liver disorders induced by CCL4. Additionally, supplementation of either rosemary 
or blackberry extracts to CCL4 treated rats, has been found to possess a beneficial protective effects against liver fibrosis through 
their antioxidant, anti-inflammatory, anti-apoptotic, and anti-fibrotic activities. Also, the histopathological pictures of liver sections 
of rats intoxicated with CCL4 and treated with either rosemary or blackberry appeared more or less like normal with an 
improvement in the liver architecture compared to CCL4 treated group. 
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INTRODUCTION 

he liver is the key organ regulating homeostasis in 
the body, it is involved with almost all the 
biochemical pathways related to growth, fight 

against disease, nutrient supply, energy provision and 
reproduction.1 Unique among the body’s organs, the liver 
has the ability to regenerate or form new cells as needed. 
Up to 80% of the liver’s cells can be surgically removed or 
damaged by disease before the liver ceases to function. 
However, the liver’s ability to repair itself and recover 
from injury varies among individuals. This variability may 
strongly influence the rate of liver disease severity and 
progression.2 

The development of liver fibrosis is a multi cellular 
process involving paracrine signaling between resident 
liver cells and nonresident inflammatory cells resulting in 
complex cell, matrix, cytokine and growth factor 
interactions.3,4 Physiological fibrogenesis is initiated by 
parenchymal cell destruction owing to multiple harmful 
agents and mechanisms, followed by inflammation, which 
in turn activates ‘resting’ ECM-producing cells to produce 
and secrete extracellular matrix (ECM) molecules, 
cytokines, chemokines, matrix metalloproteinases 
(MMPs) and their specific inhibitors [tissue inhibitors of 
metalloproteinases (TIMPs)].5,6 In addition during the 
process of fibrogenesis, apoptosis and its apoptotic 
markers such as (Caspase-3 and caspase-7) are activated 
with disease progression, so measuring the serum level of 
both caspases reflect the progression of liver disease.7,8 
Liver fibrosis representing the final common pathway of 
all chronic hepatic injury, it is a pathologic phenomenon 

characterized by progressive and excessive accumulation 
of fibrillar extracellular matrix (ECM) proteins that occurs 
during chronic liver tissue damage.9,10 The accumulation 
of ECM protein deranges the hepatic architecture by 
forming a fibrous scar, and the subsequent development 
of nodules of regenerating hepatocytes defines liver 
cirrhosis. Fibrosis is currently considered an abnormal 
wound-healing response to chronic liver injury.11 Fibrosis 
is a common response to chronic liver diseases because of 
infective mostly hepatitis C virus (HCV) and hepatitis B 
virus (HBV), toxic drug- induced metabolic and auto-
immune causes.12 There are another stimuli of liver 
fibrosis including, Alcohol, Non-alcoholic steatohepatitis 
(NASH), Hepatotoxins.  

There are many hepatotoxins that are present in our life 
and used as models for studying liver fibrosis, among 
them carbon tetrachloride (CCl4), nitrosamines and 
aflatoxins.13 Carbon tetrachloride was used in our study 
for induction of liver disordes. 

Carbon tetrachloride (CCl4) is a one of the chlorinated 
hydrocarbons, is widely used in various industries as a 
solvent. It is also used in medicine as a vermifuge in the 
treatment of hookworm disease. Exposure to CCl4 by 
inhalation, ingestion or absorption through the skin 
resulted in many cases of poisoning.13 In addition, CCl4 is 
highly toxic chemical agent, the most famous drug used 
to induce liver damage experimentally for studying free 
radical-induced liver injury and screening hepato-
protective drugs.14 Prolonged administration of CCl4 
causes fibrosis, cirrhosis and hepatic carcinoma.15 The 
hepatotoxic activity of CCL4 is initiated after its activation 
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by cytochrome P450-dependant monooxygenases to form 
the trichloromethyl radical (CCl3*).16 This radical can bind 
to cellular molecules (nucleic acid, protein, lipid), 
impairing crucial cellular processes such as lipid 
metabolism, with the potential outcome of fatty 
degeneration (steatosis). Adduct formation between 
(CCl3*) and DNA is thought to function as initiator of 
hepatic cancer. This radical can also react with oxygen to 
form the trichloromethyl-peroxy radical (CCl3OO*), a 
highly reactive species.17 (CCl3OO*) initiates the chain 
reaction of lipid peroxidation, which attacks and destroys 
polyunsaturated fatty acids, in particular those associated 
with phospholipids. This affects the permeability’s of 
mitochondria, endoplasmic reticulum, and plasma 
membranes, resulting in the loss of cellular calcium 
sequestration and homeostasis, which can contribute 
heavily to subsequent cell damage.18  

In view of the adverse effects associated with the 
synthetic drugs and as plants are safer, cheaper and much 
effective, herbal medicines are increasingly popular and 
becoming more mainstream in clinical practice and show 
a significant value in treating and preventing 
diseases.19,20a The new attractions of drug discovery using 
natural products remain an important issue in the current 
herbal medicine research. Many recent studies have 
suggested that dietary intake of phytochemicals could be 
a useful strategy for the chemoprevention against hepatic 
disorders. These substances have been shown to exert 
their effects via their antioxidant-related properties. The 
plant based compounds have many advantages; they are 
easily available, can be synthesized in large quantities, 
and can be administered without any deleterious side 
effects.21,22 Blackberry (Rubus ursinus) , belonging to the 
botanical family Rosaceae is a good source of natural 
antioxidants, which is one of the major reasons for 
increasing popularity in the human diet.23 It has a high 
oxygen radical absorbance activity against peroxyl radical 
(ROO*), superoxide radical, hydrogen peroxide (H2O2), 
hydroxyl radical(OH*), and singlet oxygen (O2).

24 
Blackberry has been shown to has various bioactivities 
including hepatoprotection against hepatotoxins25, 
protection against endothelial dysfunction and vascular 
failure in vitro 26, attenuating the injury by toxins-induced 
endotoxic shock in rats 27 and exhibiting cytotoxic effects 
on human oral, prostate 28, lung cancer cells.29 

The bioactive phytochemicals in Blackberry falls into 
several structural and chemical classes including phenolic 
acids (ellagic acid , hydroxycinnamic and hydroxybenzoic 
acids), flavonoids (anthocyanins, flavanols, flavonols), 
condensed tannins (proanthocyanidins), hydrolyzable 
tannins (ellagitannins and gallotannins), stilbenoids, 
lignans, triterpenes, sterols, vitamins (vitamin A, B 
complex, C and E) ,some minerals (Na, K, Ca, Se, Zn and 
P).23,28 

Rosemary (Rosmarinus Officinalis) , belonging to the 
botanical family Lamiaceae, is a woody plant and is a 
common medicinal and aromatic plant grown in many 
parts of the world. It is known as a common herb and 

household plant broadly used around all the world for 
different medicinal purposes. It is indigenous to Southern 
Europe, particularly on the dry rocky hills of the 
Mediterranean region.30-32 Rosemary is used as a naturally 
occurring antioxidant , culinary herb, flavoring agent, a 
beverage drink, as well as in cosmetics; in traditional 
Chinese medicine it is used as a tonic and stimulant, 
analgesic, anti rheumatic, carminative, diuretic, 
expectorant, anti-epileptic, anti-spasmodic in renal colic, 
in case of dysmenorrhoea, for relief of respiratory 
disorders, improve the human fertility, and the 
stimulation of hair growth.30,33 

Rosemary extract was found to contain several bioactive 
antioxidant phytochemicals, including phenolic di-
terpenes (carnosol, carnosoic acid, methyl carnosate, 
rosmanol and epirosmanol), phenolic acids such as 
(rosmarinic acid, caffeic acids and ursolic acid), 
carotenoids, tannins, flavonoids and α-tocopherol.33,34 
These high active constituents are contribute to the 
biological activity of rosemary and could provide effective 
synergy. On the other hand results of many experiments 
showed that rosemary essential oil had antimicrobial, 
cognition-improving and certain glucose level lowering 
properties which makes it useful as a natural animal feed 
additive. The essential oil of rosemary contains several 
compounds at a rather different concentration. It is 
characterized by two or three major components at fairly 
high concentrations (1,8-cineole, a-pinene, camphor and 
p-cymene) compared to other components present in 
trace amounts. They can act in synergic manner or 
regulate one another.31  

Therefore, the present work was undertaken to explore 
the antifibrotic potentials of both blackberry and 
rosemary water extracts in carbon tetrachloride induced 
fibrosis in Wistar rats. 

MATERIALS AND METHODS 

Materials 

All chemicals used in the study were of high analytical 
grade, products of Sigma Aldrich Chemical CO., St Louis 
MO, (USA). Carbon tetrachloride was obtained from EL-
Naser Chemical CO. Abu Zaabal, Egypt.  

Plants 

The two plants of Rosmery and Blackberry were obtained 
from Egyptian markets. 

Animals 

60 adult male albino rats (120-150 g.) were obtained from 
the animal house of the National Research Centre, Dokki, 
Giza, Egypt. Rats were kept for two weeks to acclimatize 
to the environmental conditions; they were kept under 
constant environmental and nutritional conditions in 
individual metabolic cages and allowed free access to 
standard diet and water all over the period of the 
experiment. The standard diet was supplied by animal 
house of the National Research Centre, Dokki, Giza, Egypt. 
It composed of 72.2% carbohydrates, 3.4% fats, 19.8% 
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proteins, 3.65 cellulose, 0.5% vitamins, minerals and 0.5% 
salts. 

Experimental Design 

The 60 rats were divided into 6 groups as follows: The 
first group (Normal control group), comprised of 10 
animals that received normal diet and served as 
untreated normal control healthy group. The second 
group (carbon tetrachloride group), comprised of 10 
animals and continued to receive normal diet and 
injected with CCL4 subcutaneously in a dose of (0.15ml 
/100 g body weight) for 3 days/ week.35 The third group 
(curative rosemary group), comprised of 10 animals and 
continued to receive normal diet and injected with CCL4 

subcutaneously as in the previously mentioned dose, then 
administered Rosemary in a dose of (1gm/Kg body 
weight) for 5 weeks.36 The fourth group (curative 
blackberry group), comprised of 10 animals and 
continued to receive normal diet and injected with CCL4 
subcutaneously as in the previously mentioned dose ,then 
administered Blackberry in a dose of (1.6 gm/Kg body 
weight) for 5 weeks.25 The fifth group (prophylactic 
rosemary group), comprised of 10 animals and continued 
to receive normal diet and administered Rosemary in the 
previously mentioned dose, then injected subcutaneously 
with the previously mentioned dose of CCL4, the sixth 
group (prophylactic blackberry group), comprised of 10 
animals and continued to receive normal diet and 
administered Blackberry in the previously mentioned 
dose, then injected subcutaneously with the previously 
mentioned dose of CCL4. 

Preparation of samples 

After 6 weeks the animals were fasted overnight (12-14 
hours); the blood samples were collected from each 
animal in all groups into sterilized tubes for serum 
separation. Blood samples were centrifugated at 3000 
rpm for 10 minutes at 4°C. Serum was separated and 
stored in epindorff at - 20°C to be used for biochemical 
analysis. After blood collection, rats of each group were 
sacrificed under ether anesthesia; the livers were 
removed rapidly, weighed and small sections were cut 
with cold knife and put in 10% formalin solution and left 
for histopathological examinations. The other sections of 
livers tissue were immediately frozen at - 20 °C for other 
biochemical analyses. 

Preparation of liver homogenate for enzymatic analyses 
0.2 g of tissue was homogenated in 2 ml bidistilled water 
and centrifuged at 3000 r.p.m for 10 min then the clear 
supernatant was used in the test.  

Preparation of liver homogenate for metabolite analyses 
0.2 g of tissue was homogenated in 2 ml of 10% TCA and 
centrifuged at 3000 r.p.m for 10 min then the clear 
supernatant was used in the TBARs test. 

Blood analyses 

Matrix metalloproteinase-9, caspase-3 and caspase-7, 
Interleukin-2 and paraoxonase-1 activities in serum were 

measured by a sandwich Enzyme Linked Immune-Sorbent 
Assay (ELISA kit). Alanine aminotransferase was 
determined in blood serum using kit purchased from 
Stanbio (USA) according to Bergmeyer et al.,37 Aspartate 
transaminase was determined in blood serum using kit 
purchased from Stanbio (USA) according to.38 Alkaline 
phosphatase was determined in serum using the method 
described by Demetriou et al.,39 

Tissue analyses 

Apoptosis was detected by qualitative analysis of DNA 
fragmentation by agarose gel electrophoresis according 
to the method of Bortner et al.,40 The hepatic 
hydroxyproline content was determined using the 
method of Jamall et al.,41 Catalase activity was assayed in 
tissue liver homogenate according to Lubinsky and 
Bewley.42 Glutathione reductase was assayed in tissue 
liver homogenate according to Erden and Bor.43 
Glutathione was estimated according to the method of 
Moron et al.,44 Superoxide dismutase (EC 1.15.1.1) was 
assayed in liver homogenate according to.45 

Histopathological examination 

Immediately after removal from the animals, hepatic 
tissues were fixed in 10% buffered formaldehyde, 
processed for histopathological examination according to 
conventional method and stained with hematoxyline and 
eosin (H&E) for morphological evaluation46 and with 
Masson׳s trichrome (MT) for assessment of fibrosis.47 The 
histopathological slides were observed with a 
photomicroscope.  

Statistical analysis 

Data were analyzed with SPSS (Statistical Package for the 
Social Sciences) version 9 software package (USA). Results 
were expressed as mean ± S.D. One-way analysis of 
variances (ANOVA), followed by a non-parametric post 
hoc test (LSD) were used to determine the differences 
among groups. A p value of 0.05 or less was considered 
statistically significant. 

RESULTS 

Table 1 demonstrates that serum MMP-9, caspase-3,7, IL-
2 levels were highly significantly elevated in CCL4- treated 
group (G2) compared to control group (G1) (P≤0.0001). 
Therapeutic and prophylactic treatment with either 
Rosemary or Blackberry were significantly decreased the 
level of these measured parameters in sera of animals. 
On the other hand, results in table (1) shows a significant 
depletion in the activity of PON-1 in serum of CCL4 
intoxicated rats compared to that of normal control one. 
However, the prophylactic treatment with either of the 
water extracts of the used plants significantly (P≤ 0.0001) 
increase the decreased activity of PON-1 in sera of rats. 
Table (2) demonstrates that both hepatic hydroxyproline 
(HP) and malonedialdhyde (MDA) (markers of fibrosis) 
were significantly increased in liver of CCL4 intoxicated 
rats compared to that of normal control group (P≤ 
0.0001). Prophylactic and curative treatment of animals 
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with the tow studied plants were significantly decreased 
the elevated levels of HP and MDA in liver tissues. Also, 
data listed in table (2) a great depletion in glutathione 
content and GR, CAT and SD enzymatic activities of CCL4 
treated rats compared to that of normal control group (P≤ 
0.0001). Prophylactic and therapeutic treatment of 
animals with the current plants showed a significant 
protection against CCL4 treatment. 

Data in table (3) illustrates a significant increase in liver 
function enzymes including ALT, AST and ALP in sera of 
CCL4 treated rats compared to normal control healthy 
rats. Both prophylactic and therapeutic treatment of 
rosemary and blackberry water extracts significantly 
reduced the elevated liver enzymes. 

Table 1: Effect of rosemary and blackberry on some selected serum parameters of different studied groups 

Groups 
-ve control CCL4 

Curative 
rosemary Curative blackberry Prophylactic 

rosemary 
Prophylactic 
blackberry Parameters 

MMP-9(ng/ml) 1.03 ± 0.27 16.47 ± 0.82a 12.04 ± 0.85 a* 11.55 ± 1.32 a* 14.79 ± 0.76 a** 14.08 ± 0.31 a** 

Caspase-3 (ng/ml) 5.18 ± 1.04 15.78 ± 1.32 a 7.85 ± 0.32 b* 7.83 ± 0.25 b* 7.35 ± 0.33c* 7.02 ± 1.09 c* 

Caspase-7(ng/ml) 8.70 ± 0.81 21.06 ± 2.25 a 12.35 ± 0.79 b* 11.26 ± 1.79 c* 12.52 ± 0.68 c* 11.50 ± 1.18 c* 

IL-2(ng/ml) 8.55 ± 1.67 39.01 ± 1.74 a 24.62 ± 2.10 a* 19.85 ± 1.11 a* 31.43 ± 3.47 a** 25.20 ± 2.61 a* 

PON-1(ng/ml) 126.60 ± 6.02 54.01 ± 4.64 a 78.17 ± 5.99 a* 87.09 ± 4.94 a* 68.01 ± 2.15a** 77.17 ± 1.94 a* 

Data is presented as mean±SD of 6 rats; aP ≤ 0.0001, b P ≤ 0.001, c P ≤ 0.01, n, not significance compared with control group; *P ≤ 
0.0001, ** P ≤ 0.001, compared with CCL4 group. 

Table 2: Effect of rosemary and blackberry on some selected parameters in liver tissues of different studied groups 

Groups 
-ve Control CCL4 

Curative 
rosemary 

Curative 
blackberry 

Prophylactic 
rosemary 

Prophylactic 
blackberry Parameters 

H.p (µ mol / g 
tissue) 89.52 ± 1.61 184.27 ± 24.7 a 120.58 ± 2.90 c* 102.58 ± 2.30 n* 128.19 ± 8.08 b* 114.45 ± 4.44 c* 

MDA 
(n mol / g tissue) 

19.65 ± 2.58 29.69 ± 1.47 a 21.78 ± 2.79 b** 20.51 ± 1.69 b* 26.49 ± 1.96 
b*** 

25.21 ± 3.16 
b*** 

GSH (µ mol / g 
tissue) 1.43 ± 0.43 0.38 ± 0.12 a 1.29 ± 0.21 n** 1.61 ± 0.20 n* 1.09 ± 0.13 a*** 1.35 ± 0.31 n*** 

G.R (n mol/min 
/g protein) 14.62 ± 3.89 7.38 ± 0.71 a 14.08 ± 1.03 n* 15.31 ± 0.85 n* 12.16 ± 0.47 n** 13.39 ± 0.62 n* 

CAT (n mol/ 
min/g protein) 9.43 ± 0.44 5.52 ± 0.29 a 8.75 ± 0.53 n* 9.77 ± 0.29 n* 8.75 ± 1.30 n* 9.59 ± 0.58 n* 

SOD (µ mol / 
min/ g protein) 22.66 ± 3.23 9.86 ± 1.22 a 16.53 ± 3.03 b* 18.66 ± 3.60 b* 10.33 ± 0.64 a** 10.40 ± 0.80 a** 

Data is presented as mean ± SD of 6 rats; aP ≤ 0.0001, bP ≤ 0.001, cP ≤ 0.05, n, not significance compared with control group; *P ≤ 
0.0001, ** P ≤ 0.001, ***P ≤ 0.01 compared with CCL4 group. 

Table 3: effect of rosemary and blackberry on liver function enzymes in serum of different studied groups 

Groups 
-ve Control CCL4 

Curative 
rosemary 

Curative 
blackberry 

Prophylactic 
rosemary 

Prophylactic 
blackberry Parameters 

ALT (IU/L) 12.64 ± 0.38 20.83 ± 0.22 a 16.11 ± 1.38 b* 13.55 ± 0.56 n* 15.16 ± 1.17 c* 14.56 ± 1.53 c* 

AST (IU/ml) 14.58 ± 1.32  22.56 ± 2.62 a 20.77 ± 1.56 a** 18.98 ± 1.09 b* 22.01 ± 0.47 a** 18.84 ± 0.85 b* 

ALP (IU/ml) 19.99 ± 3.63 34.23 ± 6.18 a 26.05 ± 2.77 b* 23.02 ± 2.29 n* 26.96 ± 1.38 b** 25.14 ± 1.89 n*  

Data is presented as mean±SD of 6 rats; aP ≤ 0.0001, bP ≤ 0.001, cP ≤ 0.01, n, not significance compared with control group; *P ≤ 
0.0001, ** P ≤ 0.001, compared with CCL4 group. 
Figure (1) illustrates that apoptosis was increased in CCL4 
treated rats compared to normal control healthy rats. 
This data represented by a marked increase in the 
apoptotic bands in CCL4 treated rats compared to normal 
control healthy rats. This is due to DNA cleavage and 
multiple fragmentation of DNA strand as a result of 
hepatotoxic activity of CCL4. Both curative and 

prophylactic groups of rats treated with blackberry or 
rosemary show a highly significant reduction in apoptotic 
bands compared to normal healthy control rats.  

Histopathological results 

Histopathological examination of liver sections in the 
present study showed that the control group showed 
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normal architecture with the central vein (CV) of the 
hepatic lobule surrounded by the normal hepatocytes 
characterized by polyhedral shape, arranged in well-
organized hepatic cords with acidophilic cytoplasm full of 
collagen granules and vesicular nuclei, and separated by 
narrow blood sinusoids (figure 2 and 8). While examined 
liver sections from group administered CCL4 showed 
perivascular fibrosis (figure3) indicated by the greenish 
blue color and also an obvious cytoplasmic edema was 
seen. Moreover, some liver sections showed areas of 
necrosis with faint cytoplasm, vacuoles of different 
shapes and sizes, many nuclei lost their vesicular 
appearance with hyperchromatic stain, and general the 
liver architecture was lost with obvious cellular damage 
(figure 9). 

However, examination of liver sections of rats in both 
curative and prophylactic groups treated with rosemary 
showed mild appearance of perivascular fibrotic areas 
and mild cytoplasmic edema (figure 4 and 6). Additionally, 
some liver sections showed an improvement in the 
hepatic architecture compared to CCL4 examined pictures 
indicated by a mild cytoplasmic swelling, appearance of 
many tinny spaces around central vein and the boundary 
of hepatocytes are intact (figure 10 and 12).  

Microscopically, liver sections of rats in both curative and 
prophylactic groups treated with blackberry showed slight 
perivascular fibrosis (figure 5 and 7). Meanwhile, some 
liver sections showed a significant improvement in the 
hepatic architecture compared to CCL4 examined liver 

sections indicated by preserved hepatocytes with a very 
slight sinusoidal dilatation between intact cord of 
hepatocytes (figure 11 and 13)  

 
-ve control 

curative 
black berry 

prophylactic black 
berry 

 
 CCL4  Curative 

rosemary 
Prophylactic 

rosemary 

Figure 1: Agarose gel electrophoresis of apoptotic bands 
in different studied groups. 

 
Figure 2: Section of rat liver from control 
group showing a normal appearance of 
parenchymal cells with blue color (red 
arrow), while the nuclei stains black (yellow 
arrow) and the erythrocytes are red stained 
(black arrow) (MT stain-X 500). 

 
Figure 3: Section of rat liver from CCL4 
treated group showing perivascular 
fibrosis indicated by greenish blue staining 
(black arrow) and also obvious cytoplasmic 
edema was seen (red arrow) (MT stain-X 
500). 

 
Figure 4: Section of rat liver from 
curative rosemary group showing a slight 
perivascular fibrosis (red arrow) with a 
mild cytoplasmic edema (black arrow) 
(MT stain-X 500). 

 
Figure 5: Section of rat liver from curative 
blackberry group showing a very slight 
perivascular fibrosis (red arrow) with a 
preserved hepatocytes (black arrow) (MT 
stain-X 500). 

 
Figure 6: Section of rat liver from 
prophylactic rosemary group showing a 
moderate perivascular fibrosis (red arrow) 
with a sinusoidal dilation (black arrow) (MT 
stain-X 500). 

 
Figure 7: Section of rat liver from 
prophylactic blackberry group showing a 
mild perivascular fibrosis (red arrow) 
with a slight sinusoidal dilation (black 
arrow) (MT stain-X 500). 
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Figure 8: Section of rat liver from control 
group showing normal hepatic architecture 
with the central vein ( ) of the hepatic lobule 
surrounded by normal hepatocytes, which 
composed of acidophilic cytoplasm full of 
collagen granules and vesicular nuclei (black 
arrow ) (H&E stain-X 500).  

 
Figure 9: Section of rat liver from CCL4 
treated group showing areas of necrosis 
with faint cytoplasm (red arrow), vacuoles 
of different shapes and sizes (blue arrow), 
many nuclei lost their vesicular 
appearance and become darkly stained 
(black arrow). Generally the liver 
architecture is lost with obvious cellular 
damage (H&E stain-X 500).  

 
Figure 10: Section of rat liver from 
curative rosemary group showing 
intracytoplasmic swelling (black arrow) 
and the boundary of hepatocytes are 
intact (H&E stain-X 500).  

 

 
Figure 11: Section of rat liver from curative 
blackberry group showing preserved 
hepatocytes with a great maintenance of 
normal hepatocellular architecture (H&E 
stain-X 500).  

 
Figure 12: Section of rat liver from 
prophylactic rosemary group showing a 
moderate sinusoidal dilation (black arrow) 
and many tinny spaces are present around 
central vein ( ) as well as between 
hepatocytes (H&E stain-X 500).  

 
Figure 13: Section of rat liver from 
prophylactic blackberry group showing a 
mild sinusoidal dilation between intact 
cord of hepatocytes (black arrow) (H&E 
stain-X 500).  

   

DISCUSSION 

Matrix metalloproteinase-9 (MMP-9) is found in liver, but 
the principal cellular source is the Kupffer cell. MMP-9 
expression is significantly increased with Kupffer cell 
activation and involves degradation and accumulation of 
basement membrane collagen during the early stage of 
hepatic fibrosis, so it closely relates to hepatic fibrosis and 
the serum level of MMP-9 considered as a key fibrogenic 
factor in early stage of liver disorders.48,49  

The present study demonstrated that the serum level of 
MMP-9 in the CCL4 treated rats was markedly increased 
compared to the normal healthy control rats .This data 
are coincide with previous studies that reported a 
significant increase in MMP-9 serum level after CCL4 
treated rats compared to normal healthy control animals. 
This increase is because MMP-9 can degrade type IV 
collagen in the basement membrane, which play an 
important role in maintaining normal function of hepatic 
cell. Thus, the action of MMP-9 activates the hepatic 
stellate cells (HSCs), which promote the development of 
hepatic fibrosis.49,50 On the other hand, Yongping et al.,51 
and Zhang et al.,52 reported that CCL4 causes either liver 
fibrosis or hepatic cirrhosis resulting in an imbalance 
between the process of the extracellular matrix protein 
production and degradation, which in turn resulting in 

accumulation of this matrix protein in the hepatic cells by 
the help of MMP-9 as one type of matrix degrading 
enzyme. The authors also stated that the serum level of 
MMP-9 in CCl4 treated rats was significantly increased 
than that of normal healthy control animals, which being 
in accordance with our data and indicated that MMP-9 is 
a sensitive measuring marker detecting the liver 
disorders. 

As seen in the present study, the prophylactic and 
curative treatment with blackberry juice significantly 
reduced the level of MMP-9 in serum compared to CCL4 
treated animals. The hepatoprotective effect of 
blackberry might be attributed to its highly content of 
antioxidant components and their ability to prevent liver 
damage through their high affinity to scavenge ROS and 
maintaining integrity of plasma membrane , so counteract 
the degradation role of MMP-9 on the hepatic basement 
membrane.53-55 These findings are in agreement with 
Bowen-Forbes et al.,23 who reported that polyphenolic 
blackberry content have highly antioxidant activity and 
used as hepatoprotective agent against hepatotoxins .  

Supplementation of rosemary extract to CCl4 treated 
animals show significant decrease in serum level of MMP-
9 in both prophylactic and curative group of animals. The 
hepatoprotective role of rosemary is due to its ability to 
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prevent HSCs activation, which in turn prevent 
extracellular matrix accumulation and alleviate the action 
of MMP-9 as one of extacellular matrix degrading 
enzymes, also this effects of rosemary is due to its high 
content of antioxidant components that maintain cellular 
structure of hepatic cells.56 Moreover Žegura et al.,57 also 
reported that rosemary has antioxidant and antigenotoxic 
effect through the modulation of cellular antioxidant 
responses and the effects on bioactivation and 
detoxification of xenobiotics such as CCL4. Recently 
Domitrovic et al.,58 reported that Rosemary extract 
significantly ameliorated oxidative/nitrosative stress and 
inflammatory response in liver tissue induced by CCL4.  

The present study demonstrated that apoptosis was 
increased in CCL4 treated rats compared to normal 
control healthy rats. This data was illustrated in figure 1 
which show a marked increase in the apoptotic bands in 
CCL4 treated rats compared to normal control healthy 
rats. This is due to DNA cleavage and multiple 
fragmentation of DNA strand as a result of hepatotoxic 
activity of CCL4. This data was in a harmony with the 
Meng et al.,59 who reported that the group of animals 
treated with CCL4 show increased mortality and enhanced 
hepatocyte apoptosis and necrosis compared to normal 
control healthy animals. Also, Srilaxmi et al.,17 and 
Xagorari et al.,60 reported that CCL4 induced apoptosis in 
the liver hepatocytes and consequent oxidative stress and 
cellular degeneration in rat liver .  

Both curative and prophylactic groups of rats treated with 
blackberry show a highly significant reduction in 
apoptotic bands compared to normal healthy control rats, 
which illustrated in figure 1. This data is in accordance 
with Tavares et al.,61 who reported that the high 
antioxidant contents of the wild blackberry were found to 
reduce levels of reactive oxygen species (ROS) , on the 
other hand treatment with blackberry juice arrests 
apoptosis as a result of highly polyphenolic and flavonoid 
antioxidant contents of blackberry. On the other hand, Yu 
et al.,62 also reported that ellagic acid, which is one of the 
major blackberry constituent has the ability to reduce the 
oxidative stress and apoptosis in hyperlipidemic rabbits 
through down regulation of both caspase-8 and caspase-
9.  

Supplementation of rosemary to both curative and 
prophylactic groups of animals show a highly significant 
reduction in apoptotic bands compared to normal healthy 
control rats, which illustrated in figure 1. This data was in 
harmony with Domitrović et al.,58 who reported that 
rosmarinic acid, which is one of the major polyphenolic 
component of rosemary extract arrests apoptosis through 
decrease the activation of caspase-3 in case of liver 
fibrogenesis induced by carbon tetrachloride in mice. 
Moreover our results are coincide with Zunino and 
Storms63 who reported that carnosol, another constituent 
of the herb rosemary, has been shown to prevent 
apoptotic cell death in high-risk acute lymphoblastic 
leukemia. 

In our study we also documented the apoptotic pathway 
in all studied groups of animals by determination of 
caspases cascade associated with apoptosis. Caspases are 
an endogenous family of intracellular aspartate-specific 
cysteine proteases that participate in critical steps of the 
apoptotic cascade in numerous pathologic processes. 
Caspases cascade are responsible for the biochemical and 
morphological changes associated with apoptosis64, and 
the activation of caspase-3 and caspase-7 is considered to 
be the final step in many apoptotic pathways and 
caspase-3/7 activity reflects the net contributions of 
several activators of apoptosis because of their 
downstream location in both the intrinsic and extrinsic 
pathways of apoptosis.51,64,65 

The present study demonstrated that the serum levels of 
the apoptotic markers caspase-3 and caspase-7 in the 
CCL4 treated rats were markedly increased compared to 
the normal healthy control rats. This data was in 
accordance with previous studies of Schrieber et al.,65 
Yongping et al.,51 and Sun et al.,64 who reported a 
significant increase in caspase-3 and caspase-7 serum 
level after CCL4 treated rats compared to normal healthy 
control animals, the elevated serum levels of both 
caspases indicated that apoptosis will enhanced as a 
result of hepatotoxic activity of CCl4. Also, Schrieber et 
al.,65 and Kukner et al.,7 reported that CCL4 induced 
massive necrosis, apoptosis in the liver tissues and 
consequent oxidative stress. On the other hand, Srilaxmi 
et al.,17 reported that CCl4 induced oxidative stress, 
cellular degeneration apoptotic cell death enhanced by 
caspase-3 activation . 

In our study, we found that both curative and 
prophylactic treated rats with blackberry juice 
significantly decreased serum level of both caspases-3 
and caspase-7 compared to the CCL4 treated animals. This 
results indicated that blackberry juice can counteract the 
effect of CCL4 as a powerful hepatotoxin and also can 
scavenge the ROS through its high antioxidant content. 
This was in agreement with Tavares et al. 61 who reported 
that the high antioxidant contents of the wild blackberry 
were found to reduce levels of reactive oxygen species 
(ROS), on the other hand they reported that the increased 
serum level and activity of caspase-3 and caspase-7 
decreased after treatment with blackberry juice, so arrest 
apoptosis as a result of highly polyphenolic and flavonoid 
antioxidant contents of blackberry.  

In addition, Hseu et al.,66 revealed that the ellagic acid, 
which is one of the major blackberry constituent protects 
human keratinocyte cells against oxidative stress and also 
prevent apoptosis and decrease cell death execution 
through the inhibition of Caspase-3 activity. This data was 
in harmony with our results and stated that blackberry 
constituent have the ability to prevent the liver fibrosis 
through inhibition of apoptotic markers, which in turn 
arrest apoptosis.  

Supplementation of rosemary extract show significant 
decrease in serum level of the two apoptotic markers, 
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caspase-3 and caspase-7 in both curative and prophylactic 
treated rats compared to CCL4 treated animals. This 
evidence indicates the hepatoprotective effect of 
rosemary against CCL4 induced hepatic damage. This is 
coincide with a previous study of Kontoqianni et al.,67 
who reported that the rosemary extract developed more 
pronounced antioxidant, cytotoxic and immunomodifying 
activities, probably due to the presence of betulinic acid 
and a higher concentration of carnosic acid in its 
phytochemical profile. On the other hand, our present 
results are in agreement with Wang et al.,68 and Kar et 
al.,69 who reported that carnosic acid, which is the major 
polyphenolic component of rosemary extract arrests 
apoptosis through decrease the activation of both 
caspase-3 and caspase-7 in case of prostate cancer. 
Moreover our results are coincide with Zunino and 
Storms,63 who reported that carnosol, another 
constituent of the herb rosemary, has been shown to 
prevent apoptotic cell death in high-risk acute 
lymphoblastic leukemia and also decrease the activation 
of caspase-3.  

Cytokines are small secreted proteins which regulate 
immunity, inflammation and haematopoiesis in 
connection with liver disease progression, which is 
associated with an imbalance between pro- and anti-
inflammatory cytokines. Therefore, elevated serum 
cytokines could be a risk factor for the occurrence of liver 
disorders and used as biomarkers for early detection of 
liver diseases.70 IL-2 is a cytokine produced by T cells in 
response to inflammatory stimuli and could be possibly a 
useful marker in chronic liver diseases (CLD) due to its 
close association with inflammatory processes, given the 
fact that chronic inflammation is believed to be the key 
driver for disease progression.71  

The present study demonstrated that the serum level of 
IL-2 in the CCL4 treated rats was markedly increased 
compared to the normal healthy control rats. The 
elevated serum level of IL-2 indicated that there is an 
inflammatory process occurred. This is in line with Seidler 
et al.,71 who reported that IL-2 could be possibly a useful 
marker in chronic liver diseases (CLD) due to its close 
association with inflammatory processes.  

Data of the present work revealed that administration of 
blackberry and rosemary water extracts before or after 
CCL4 treatment markedly decreased the highly elevated 
level of IL-2 in serum of rats. The literature survey 
revealed that there is no experimental evidence of the 
current plants on IL-2, therefore, the present work was 
the first one in studying the effect of these plants on this 
cytokine. 

In the normal liver, the rate of extracellular matrix (ECM) 
production equals that of its degradation, resulting in no 
net accumulation of matrix. Hepatic fibrosis is a process 
where production of ECM protein surpasses its 
degradation. Collagen is the main component of 
extracellular matrix. Abnormal accumulation of collagen 
in chronic liver injury is a direct index that indicates the 

hepatic fibrosis.72 Hydroxyproline, which is a major 
component of the protein collagen, is produced by 
hydroxylation of the amino acid proline, and helps 
provide stability to the triple-helical structure of collagen 
by forming hydrogen bonds. Changes in hydroxyproline 
content in the liver are considered as an index for 
collagen metabolism and provide valuable information on 
the biochemical and pathological states of liver 
fibrosis.73,74 Therefore the hydroxyproline assay was used 
as a method for collagen measure. 

The present study showed that the tissue level of 
hydroxyproline content in the CCL4 treated animals was 
significantly elevated than that of normal control rats, 
which is in agreement with the previous study of Zhao et 
al., 75 who stated that CCL4 causes a significant increase in 
hydroxyproline content in CCL4 treated rats compared to 
normal control animals as a result of hepatic damage 
caused by the hepatotoxic activity of CCL4. On the other 
hand these results are in accordance with Li et al.,56 and 
Tao et al.,76 

The curative and prophylactic treatment of the 
experimental rats with blackberry juice show significant 
decrease in the tissue hydroxyproline content compared 
to the tissue content of hydroxyproline in CCL4 treated 
animals. This data was in accordance with Devipriya et 
al.,77 who reported that the ellagic acid, which is one of 
the phenolic component of the blackberry extract can 
reduce the tissue hydroxyproline content in the group of 
rats with alcohol induced liver injury compared to the 
normal healthy control ones.  

Supplementation of rosemary extract to both curative 
and prophylactic groups of animals show a marked 
decrease in hydroxyproline content in the liver tissue 
compared to that of CCL4 treated rats. This is in 
agreement with Li et al.,56 who reported that the 
rosmarinic acid, which is the major component of 
rosemary content, has powerful anti-fibrotic effect 
against CCL4 through its high antioxidant activity and can 
ameliorate the toxic effect on the liver tissue by 
decreasing the elevated hydroxyproline content in CCL4 
treated rats compared to the normal healthy control 
animals. 

Oxidative stress is a redox imbalance between pro-
oxidants and antioxidants leading to potential cellular 
damage. Most cells can tolerate a mild degree of 
oxidative stress, because they have sufficient antioxidant 
defense capacity and repair systems, which recognize and 
remove molecules damaged by oxidation. The imbalance 
can result from a lack of antioxidant capacity caused by 
disturbances in production and distribution, or by an 
overabundance of reactive oxygen species (ROS) from 
other factors.78 The excessive ROS accumulation will lead 
to cellular injury, such as damage to DNA, protein and 
lipid membrane. Because of their potential harmful 
effects, excessive ROS must be promptly eliminated from 
the cells by a variety of enzymatic antioxidant and the 
non-enzymatic antioxidant such as Glutathione (GSH).79  
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Paraoxonase (PON) aryldialkyl phosphatase is an ester 
hydrolase that catalyzes the hydrolysis of some 
xenobiotics, such as organophosphates, unsaturated 
aliphatic esters, aromatic carboxylic esters and, possibly, 
carbamates. The paraoxonase gene family contains at 
least three members, PON-1, PON-2, and PON-3. PON-1 
and PON-3 mRNA are predominantly expressed in liver, 
whereas PON2 mRNA is found in different tissues 
including human endothelial and aortic smooth muscle 
cells. The enzyme PON-1 is circulating in serum and tightly 
bound with serum HDL, and several studies suggested 
that this association contributes to the protection 
conferred by HDL against LDL oxidation.80 PON-1 protects 
against liver impairment and attenuates the production of 
the pro-inflammatory monocyte chemoattractant 
protein-1 (MCP-1).81 Also, it was suggested that there is 
an active role of PON-1 in the regulation of oxidative 
stress, fibrosis and hepatic cell apoptosis in chronic liver 
diseases.82 The liver plays a key role in the synthesis of 
PON1 and the gene expression has been confined only to 
the liver. Several previous studies indicated that PON1 
protects hepatocytes against inflammation, fibrosis and 
liver diseases, so serum PON-1 activity would be useful as 
an index of liver function status.81, 83 

The present study demonstrated that paraoxonase 
activity in CCL4 treated group is significantly decreased 
than that of normal healthy control rats. The decreased 
serum level of the paraoxonase is due to the oxidative 
stress induced by CCL4, which results in production of 
reactive oxygen species ROS that cause cellular damage 
and imbalance between the pro-oxidants and 
antioxidants in the liver tissue. This data was coincide 
with the previous study of Hussein et al.,80 who stated 
that CCL4 has a powerful hepatotoxic activity and has 
highly oxidative stress power, that is resulting in lipid 
peroxidation and liver injury with decrease in liver 
microsomal PON-1 activity. On the other hand, Bindu et 
al.,84 also stated that serum PON-1 levels decline in 
various types of liver diseases as a result of peroxidative 
changes that occur in the hepatocytes due to the 
oxidative stress induced by certain hepatotoxins such as 
CCL4. 

In the current study, we found that administration of 
blackberry and rosemary water extracts before or after 
CCL4 treatment significantly increased the observed 
decreased activity of PON-1 in serum of rats. The 
literature survey revealed that there is no experimental 
evidence of the current plants on PON-1, therefore, the 
present work was the first one in studying the effect of 
these plants on this antioxidant enzyme. 

The MDA is a major reactive aldehydic end product 
produced from the peroxidation of polyunsaturated fatty 
acids present in the biological membranes and has been 
recognized to cause some cell alterations by modifying 
protein structure and serves as an oxidative damage 
index. The reaction between MDA and the primary amino 
groups of proteins forms Schiff base compounds, which 
give rise to intra and intermolecular linkages which can 

lead to polymerization and inactivation of enzymes.82 
Now MDA is widely used as one of the most reliable 
indices of oxidative stress to evaluate the oxidative 
damage in diseased status including liver injury, hepatic 
fibrosis and hepatocellular carcinoma.75 

Data presented in this study indicated that CCL4 

administration resulting in augmentation of oxidative 
stress in livers of treated rats accompanied by impaired 
anti oxidative defense, as indicated by a significant 
elevation in the level of oxidative stress marker MDA. This 
data are in accordance with 17 who reported that, the 
oxidative stress in livers of CCL4 treated rats may be 
attributed to the metabolic biotransformation of CCL4 by 
the cytochrome P-450 system to two free radicals. The 
first metabolite, a trichloromethyl free radical (CCl3*) has 
been formed from the metabolic conversion of CCl4 and 
reacts very rapidly with O2 and forms a second 
metabolite, a trichloromethyl peroxy free radical 
(CCl3OO*) or abstract hydrogen atoms to form 
chloroform. These free radicals initiate the peroxidation 
of membrane poly-unsaturated fatty acids and covalently 
bind to microsomal lipids and proteins.  

Quenching lipid peroxidation and enhancing endogenous 
enzymatic and non-enzymatic antioxidant status by the 
hepatoprotective compounds represent an effective 
strategy in the prevention of hepatic disorders.85 
Supplementation of the extracts under investigation 
(Blackberry and Rosemary) to CCL4 treated animals 
effectively modulate the deterioration in MDA. 

The current investigation revealed that the treatment of 
both curative and prophylactic groups of rats with 
blackberry was significantly reduced the level of MDA in 
the treated animals compared to that of CCL4 

administered group. This hepatoprotective effect of 
blackberry could be attributed to its ability to scavenge 
the free radicals that induce lipid peroxidation.23,55 The 
current results are in line with previous studies that 
reported depletion in lipid peroxides level after 
administration of blackberry to CCL4 treated rats.25,86,87  

Another explanation of the anti-lipid peroxidative role of 
blackberry is that, the ellagic acid and anthocyanine 
phenolic contents of blackberry have the ability to 
decrease activities of cytochrome P450 enzymes and 
hence, decrease the production of reactive metablolites 
that cause lipid peroxidation.77  

The current investigation revealed a significant decrease 
in MDA level in both curative and prophylactic treated 
groups of animals with rosemary compared to the CCL4 

treated ones. This might be attributed to the protective 
effect of rosemary extract on the liver against chemically 
induced oxidative injury.32,57 These effects are closely 
related to the rosemary active constituents such as 
rosmarinic acid, carnosic acid, carnosol, rosmanol, 
carotenoids and α-tocopherol, which act as a powerful 
antioxidants with an excellent ability to scavenger the 
peroxyl radicals and are able to block the formation of 
hydroxyl radical generated in non-lipid system. In addition 
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these compounds have been shown to inhibit the lipid 
peroxidation in liver microsomes.67 The current results 
are also in accordance with Domitrović et al.,58 who 
reported that rosmarinic acid, a major component of 
rosemary was significantly ameliorated oxidative/ 
nitrosative stress and inflammatory response in liver 
tissue in animals treated with CCL4 to induce liver damage 
and fibrogenesis. In addition, Gutiérrez et al.,16 also 
reported that the administration of rosemary was 
significantly decrease the elevation of MDA level caused 
by CCL4 in the experimental animals; this enlightened the 
possible way of anti-lipid peroxidative activity of 
rosemary. These beneficial effects of rosemary could be 
explained by its ability to scavenge (Cl3COO*) and (OH*) 
radicals and converting them into a less toxic substances 
or acting as antioxidants, in addition to inhibition of 
CYP2E1 that metabolizes CCL4 inducing ROS generation 
and lipid peroxidation. 

The body has an effective defense mechanism to prevent 
and neutralize the free radical induced damage. This is 
accomplished by a set of endogenous antioxidant 
enzymes such as GR, SOD and CAT and non-enzymatic 
antioxidants such as (GSH, vitamin C, and vitamin E). All of 
them constituting a mutually supportive team of defense 
against reactive oxygen species (ROS) and considered as 
index of cellular damage.18 

Data presented in this study indicated that CCL4 

administration resulting in augmentation of oxidative 
stress in livers of treated rats accompanied by impaired 
antioxidative defense, as indicated by a significant 
depletion of free radical scavenging non-enzymatic 
antioxidant; GSH and enzymatic antioxidants including 
CAT, SOD, GR, compared to normal healthy control group. 

The observations of current study are in accordance with 
previous studies that revealed a significant decrease in 
the level of GSH and the activities of GR in CCL4 treated 
rats compared to the healthy control animals. This might 
be attributed to the reduction in their biosynthesis during 
hepatocellular damage or their excessive utilization in 
scavenging the free radicals formed during the 
metabolism of CCL4. It has been also reported that the 
detoxification pathway of CCL4 reactive metabolities 
involves GSH conjugation of the trichloromethyl radical, a 
cytochrome P450 mediated CC14 metabolite and forms 
adducts with these toxic metabolites, which led to 
depletion of GSH.82 It has been also reported that the 
decreased concentration of GSH in liver may be due to 
NADPH reduction or GSH utilization in the exclusion of 
peroxides. The decreased level of cellular GSH caused a 
reduction in the activities of GSH dependant enzymes; GR 
and GPx; as GSH act as a vital co-factor for these 
enzymes.88 Similarly, Acharya et al.,89 demonstrated that 
the decreased activity of SOD and CAT in CCL4 treated rats 
could be due to the over utilization of these antioxidant 
enzymes to scavenge the products of lipid peroxidation. 

Supplementation of the extracts under investigation 
(Blackberry and Rosemary) to CCL4 treated animals 

effectively modulate the deterioration in the antioxidant 
indices; GSH, GR, SOD, and CAT implying the beneficial 
antioxidant abilities of these extracts.  

The current investigation revealed that the treatment of 
both curative and prophylactic groups of rats with 
blackberry was significantly increased the level of GSH 
and the activities of antioxidant enzymes; GR, SOD, and 
CAT in the treated animals compared to that of CCL4 

administered group. The current results are in line with 
previous studies that reported elevation of GSH level and 
the activities of GR, SOD, and CAT after administration of 
blackberry to CCL4 treated rats.86,87 This might be 
attributed to the ability of blackberry content to affect 
CAT, SOD, and enzyme systems associated with GSH 
enhancing their activities. Blackberry has been reported 
to maintain GSH homeostasis in CCL4 treated animals and 
this might be the reason for elevated GSH level observed 
during blackberry treatment and this will lead to similarly 
to maintenance of the GR activity.90 

Another explanation of the role of blackberry and its 
ability to improve the activities of the liver antioxidant 
enzymes is that, the ellagic acid and anthocyanine 
phenolic contents of blackberry have the ability to 
scavenge the free radicals such as; (O2*), (OH*), peroxy 
radical and peroxynitrite by donation of their phenolic 
hydrogen atoms and therefore, prevent depletion of the 
antioxidant enzymes in scavenging the ROS.25  

The current investigation revealed a significant increase in 
GSH level and GR, SOD, and CAT activities in both curative 
and prophylactic treated groups of animals with rosemary 
compared to the CCL4 treated ones. This might be 
attributed to the protective effect of rosemary extract on 
the liver against chemically induced oxidative injury.32, 57 
The rosemary is well known for its antioxidant properties 
through its ability to scavenge the free radicals and 
modulation of cellular antioxidant responses by 
enhancing the activities of antioxidant enzymes.91,92 
These effects are closely related to the rosemary active 
constituents such as rosmarinic acid, carnosic acid, 
carnosol, rosmanol, carotenoids and α-tocopherol, which 
act as a powerful antioxidants with an excellent ability to 
scavenger the peroxyl radicals and are able to block the 
formation of hydroxyl radical generated in non-lipid 
system.67 

The activities of serum AST, ALT and ALP are considered 
as hepatic marker enzymes and used as diagnostic 
indicators of hepatic injury since they are related to the 
function of the hepatic cells. Alterations in the activities 
of these enzymes may be due to cellular impairment and 
dysfunction93, thus analysis of these marker enzymes 
reflects mechanisms of cellular damage and subsequent 
release of protein, their extracellular turnover and also 
reflect mechanisms of neoplastic process.94 

The present study demonstrated that the activities of 
ALT, AST, and ALP in the sera of CCL4 treated rats were 
markedly increased compared to the normal healthy 
control rats. This data was in harmony with previous 
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studies that reported a significant increase in ALT, AST, 
and ALP activities after CCL4 injection compared to 
control animals. This increase is due to the production of 
free radicals during the course of CCL4 metabolism, which 
led to lipid peroxidative degradation of the hepatocellular 
membrane and as a result, these cytoplasmic enzymes 
are released into the systemic circulation.95,96  

As seen in the present study, treatment with blackberry 
significantly reduced serum AST, ALT, and ALP activities in 
both curative and prophylactic groups of animals, 
compared to CCL4 treated rats. In agreement with these 
results, previous studies showed that blackberry treated 
animals showed a significant decrease in the activities of 
AST, ALT, and ALP in the serum compared to CCL4 treated 
rats. The hepatoprotective effect of blackberry as well as 
its active constituents might be attributed to its 
antioxidant properties and its ability to prevent the liver 
damage by maintaining the integrity of plasma 
membranes, leading to the restoration in the activities of 
these marker enzymes.87  

Rosemary supplementation of both curative and 
prophylactic groups of rats cause a highly significant 
decrease in serum activity of ALT, AST, and ALP, which 
elevated as a result of hepatotoxic activity of CCl4. This 
data are met with the published results of Xiang et al., 32 
who reported that Carnosic acid, one of the major active 
constituents of rosemary, attenuates lipopolysaccharide-
induced liver injury in rats and decrease the elevated 
serum activities of ALT, AST, and ALP as a result of liver 
damage, via fortifying cellular antioxidant defense 
system, counteract lipid peroxidation and enhance the 
free radical scavenging activity , thus preventing the 
formation of MDA, which causes peroxidation and 
denaturation of cell membrane leading to leakage of 
cytoplasmic enzymes into the blood circulation. 
Moreover, Domitrović et al.,58 reported that rosmarinic 
acid, another major active component of rosemary, can 
decrease the high serum activities of ALT, AST, and ALP 
induced by CCL4 due to its protective effect against 
necrosis of hepatocyte induced by CCL4.  

All of the drastic changes occurring in the biochemical 
parameters after intoxication with CCL4 were confirmed 
by the histopathological observations of livers of CCL4 
treated rats which showed a perivascular fibrosis with 
cytoplasmic edema, obvious cellular damage and death. 
The hepatocytes loss their normal shape and 
arrangement and showed a necrotic areas with faint 
cytoplasm, vacuoles with different shapes and sizes, and 
the nuclei became hyperchromatic and lost their vesicular 
appearance. These changes might be attributed to that 
CCL4 is primarily metabolized in the liver generating 
excessive free radicals that cause damage to the 
hepatocytes.17  

The current results are in agreement with previous 
studies which reported that the histopathological pictures 
of liver tissue of CCL4 treated rats showed loss of normal 
hepatocellular architecture indicated by centilobular 

hepatic necrosis, apoptosis of hepatocytes, edema, acute 
inflammatory infiltration, and hepatocyte degeneration 
characterized by cytoplasmic swelling and nuclear 
pyknosis.7,97 Additionally, Li et al.,56 also reported that 
histopathological observations of livers of CCL4 treated 
rats showed appearance of fibrous tissues and extended 
into the hepatic lobules to separate them completely, a 
large number of inflammatory cells infiltrated in the 
intralobular and interlobular regions, the liver structure 
was disorded and become necrotic, and fatty 
degenerated liver cells with more collagen deposition 
were also seen. 

Histopathological examination of the liver tissue of both 
curative and prophylactic groups of rats treated with 
rosemary showed an improvement in the hepatocytes 
exhibiting less disarrangement and degeneration of 
hepatocytes compared to CCL4 treated rats. The liver 
sections of rats treated with rosemary in both curative 
and prophylactic groups showed a significant 
improvement in the liver architecture indicated by lesser 
degree of vacuolated hepatocyte with minimal nuclear 
vesiculation compared to CCL4 treated rats. In agreement 
with these results, Li et al.,56 and Gutierrez et al. 16 
reported that animals treated with CCL4 and rosemary 
showed improved hepatocellular architecture with 
decrease in hepatocyte degeneration, necrosis, and 
infiltration of inflammatory cells were all apparently 
ameliorated and collagen deposition was also markedly 
reduced with signs of recovery compared to animals 
treated with CCL4 alone. This improvement may be 
attributed to that rosemary is well known for its 
antioxidant properties through its ability to scavenge the 
free radicals and modulation of cellular antioxidant 
responses by enhancing the activities of antioxidant 
enzymes, thus preventing oxidative stress-induced 
cellular damage.91,92 

Supplementation of blackberry to both curative and 
prophylactic groups of rats was beneficially ameliorated 
the histopathological deteriorations induced by CCL4. 
Liver sections of rats treated with blackberry showed a 
highly significant improvement in the hepatic cells 
architecture with slight deviation from normal structure 
of the liver. The improved liver architecture was indicated 
by lesser degree of vaculated hepatocytes and less 
disarrangement and degeneration of hepatocytes 
compared to CCL4 treated group. In accordance with 
these results, Srigopalrama et al.,87 also reported that 
ellagic acid, which is one of the major active constituent 
of blackberry can ameliorate the degenerative effect of 
diethylnitrosamine (DEN) induced hepatocellular 
carcinoma through maintenance of the liver architecture 
with preserved cytoplasm and decrease the vacuolated 
hepatocytes with slight appearance of neoplastically-
transformed cells compared to DEN treated rats. The 
hepatoprotective effect of blackberry might be attributed 
to its highly content of antioxidant components and their 
ability to prevent liver damage through their high affinity 
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to scavenge ROS and maintained integrity of plasma 
membrane.  

CONCLUSION  

This study demonstrated that matrix metalloproteinase-9 
(MMP-9) found to be an excellent diagnostic marker for 
early detection of liver disorders induced by CCL4. 
Additionally, supplementation of either rosemary or 
blackberry extracts to CCL4 induced liver fibrosis in rats, 
has been found to possess a beneficial protective effect 
against liver fibrosis through their antioxidant, anti-
inflammatory, anti-apoptotic, and anti-fibrotic activities, 
but the best results were obtained from the curative 
groups rather than the prophylactic groups of both 
rosemary and blackberry, and data obtained from 
blackberry was better than that obtained from rosemary.  

REFERENCES 

1. Hamaerich L, Heymann F, Tacke F, Role of IL-17 and Th17 cells in 
liver disease, Clin Dev Immunol, 2011, 1-12. 

2. Arias IM, Alter HJ, Boyer JH, Cohen DE, Fausto N, Shafritz DA, 
Wolkoff AW, The liver: biology and pathobiology, Wiley- black well, 
West Sussex, UK, 5, 2009, 3-15. 

3. Desmet V, Roskams T, Cirrhosis reversal: a duel between dogma 
and myth, J Hepatol, 40, 2004, 860 - 867. 

4. Liu T, Wang P, Cong M, Xu Y, Jia J, You H, The CYP2E1 inhibitor DDC 
upregulates MMP-1 expression in hepatic stellate cells via an 
ERK1/2 and Akt-dependent mechanism, Biosci Rep, 33(3), 2013a, 
439-450.  

5. Iredale J, Models of liver fibrosis: exploring the dynamic nature of 
inflammation and repair in a solid organ, J Clin Invest, 17, 2007, 
539 - 548. 

6. Wynn T, Cellular and molecular mechanisms of fibrosis, J Pathol, 
214, 2008, 199 - 210. 

7. Kukner A, Tore F, Firat T, Terzi H, Oner H, Balaban Y, Ozogul C, The 
preventive effect of low molecular weight heparin on CCL-
4induced necrosis and apoptosis in rat liver, Annals of hepatology, 
9(4), 2010, 445-454. 

8. Chakraborty J, Oakley F, Walsh M, Mechanisms and biomarkers of 
apoptosis in liver disease and fibrosis, International Journal of 
Hepatology, 2012, 1-10. 

9. Wu J, Wang Y, Huang W, Tan R, Anti-proliferative and pro-
apoptotic effects of tectorigenin on hepatic stellate cells, World 
Gastroenterol, 16 (31), 2010, 3911-3918. 

10. Nasir G, Mohsin S, Khan M, Shams S, Ali G, Khan S, Riazuddin S, 
Mesenchymal stem cells and Interleukin-6 attenuate liver fibrosis 
in mice, Journal of Translational Medicine, 11, 2013, 78. 

11. Priya S, Sudhakaran R, Curcumin-induced recovery from hepatic 
injury involves induction of apoptosis of activated hepatic stellate 
cells, Indian journal of biochemistry & biophysics, 45, 2008, 317-
325. 

12. Bataller R, Brenner D, Liver fibrosis, J Clin Invest, 115, 2005,209 -
218. 

13. Bala A, Haldar PK, Kar B, Naskar S, Mazumder UK, Carbon 
tetrachloride: a hepatotoxin causes oxidative stress in murine 
peritoneal macrophage and peripheral blood lymphocyte cells, 
Immunopharmacol Immunotoxicol, 34(1), 2012, 157-162. 

14. Althnaian T, Albokhadaim I, El-Bahr S, Biochemical and 
histopathological study in rats intoxicated with carbon 
tetrachloride and treated with camel milk, Springer Plus, 2, 2013, 
57-66. 

15. Wernke M, Schell J, Solvent and malignancy, J Clin Occup Environ 
Med, 4, 2004, 513-527. 

16. Gutiérrez R, Alvarado J, Presno M, Pérez-Veyna O, Serrano C, 
Yahuaca P, Oxidative stress modulation by Rosmarinus officinalis in 
CCl4-induced liver cirrhosis, Phytother Res, 24(4), 2010, 595–601. 

17. Srilaxmi P, Sareddy G, kishor P, Setty O, Babu P, Protective efficacy 
of natansnin, a dibenzoyl glycoside from Salvinia natans against 
CCl4 induced oxidative stress and cellular degeneration in rat liver, 
BMC Pharmacol, 10, 2010, 13-20. 

18. Jian M, Kapadia R, Jadija R, Thounaojam M, Devkar R, Mishra S, 
Protective role of standardized Feronia Lemonia stem bark 
methanolic extract against carbon tetrachloride induced 
hepatotoxicity, Annals of hepatology, 11(6), 2012, 935-943.  

19. Stickel F and Schuppan D, Herbal medicine in the treatment of liver 
diseases, Digestive and Liver Disease, 39, 2007, 293–304. 

20. Liu H, Wang J, Zhou W, Wang Y, Yang L, Systems approaches and 
polypharmacology for drug discovery from herbal medicines: An 
example using licorice, Journal of Ethnopharmacology, 146(3), 
2013b, 773–793. 

21. Kim N, Jung H, Cho S, Park S, Park J, Ko C, Liver enzyme 
abnormalities during concurrent use of herbal and conventional 
medicines in Korea: A retrospective study, Phytomedicine, 18(14), 
2011, 1208–1213. 

22. Darvesh A, Aggarwal B, Bishayee A, Curcumin and liver cancer: a 
review, Curr Pharm Biotechnol, 13(1), 2012, 218-228. 

23. Bowen-Forbes C, Zhang Y, Nair M, Anthocyanin content, 
antioxidant, anti-inflammatory and anticancer properties of 
blackberry and raspberry fruits, Journal of Food Composition and 
Analysis, 23, 2010, 554–560. 

24. Wang SY, Jiao H, Scavenging capacity of berry crops on superoxide 
radicals, hydrogen peroxide, hydroxyl radicals and singlet oxygen, 
Journal of Agricultural and Food Chemistry, 48, 2000, 5677–5684. 

25. Hassan H, Yousef M, Mitigating effects of antioxidant properties of 
black berry juice on sodium fluoride induced hepatotoxicity and 
oxidative stress in rats, Food and Chemical Toxicology, 47(9), 2009, 
2332-2337. 

26. Serraino I, Dugo L, Dugo P, Mondello L, Mazzon E, Dugo G, Caputi 
AP, Cuzzocrea S, Protective effects of cyanidin-3-O-glucoside from 
blackberry extract against peroxynitrite-induced endothelial 
dysfunction and vascular failure, Life Sci, 73, 2003, 1097–1114. 

27. Sautebin L, Rossi A, SerrainoI Dugo P, Di Paola R, Mondello L, 
Genovese T, Britti D, Peli A, Dugo G, Caputi AP, Cuzzocrea S, Effect 
of anthocyanins contained in a blackberry extract on the 
circulatory failure and multiple organ dysfunction caused by 
endotoxin in the rat, Planta Med, 70, 2004, 745–752. 

28. Seeram NP, Adams LS, Zhang Y, Lee R, Sand D, Scheuller HS, Heber 
D, Blackberry, black raspberry, blueberry, cranberry, red raspberry 
and strawberry extracts inhibit growth and stimulate apoptosis of 
human cancer cells in vitro, Journal of Agriculture and Food 
Chemistry, 54, 2006, 9329–9339. 

29. Feng R, Ni HM, Wang SY, TourkovaI L, Shurin MR, Harada H, Yin 
XM, Cyanidin-3-rutinoside, a natural polyphenol antioxidant, 
selectively kills leukemic cells by induction of oxidative stress, J 
Biol. Chem, 282, 2007, 13468–13476. 

30. Sancheti G, Goyal PK, Role of rosemary leaf extract against various 
doses of gamma radiation, Trees for Life Journal, 2(2), 2007, 1-10. 

31. Horvathova E, Slamenova D, Navarova J, Administration of 
rosemary essential oil enhances resistance of rat hepatocytes 
against DNA-damaging oxidative agents, Food Chemistry, 123, 
2010, 151–156. 

32. Xiang Q, Liu Z, Wang Y, Xiao H, Wu W, Xiao C, Liu X, Carnosic acid 
attenuates lipopolysaccharide-induced liver injury in rats via 



Int. J. Pharm. Sci. Rev. Res., 24(2), Jan – Feb 2014; nᵒ 12, 65-78                                                                       ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

77 

fortifying cellular antioxidant defense system, Food and Chemical 
Toxicology, 53, 2013, 1–9. 

33. Terpinc P, Bezjak M, Abramovič H, A kinetic model for evaluation 
of the antioxidant activity of several rosemary extracts Food 
Chemistry, 115 (2), 2009, 740-744. 

34. Erkan N, Ayranci G, Ayranci E, Antioxidant activities of rosemary 
(Rosmarinus Officinalis L.) extract, blackseed (Nigella sativa L.) 
essential oil, carnosic acid, rosmarinic acid and sesamol, Food 
Chemistry, 110(1), 2009, 76-82. 

35. Ilhan N, Seckin D, Protective effect of Nigella sativa on CCL4 
induced hepatotoxicity, F.U.Saglik Bil. Dergisi, 19(3), 2005, 175-
179. 

36. Amin A, Hamza AA, Hepatoprotective effects of hibiscus, 
rosmarinus and salvia on azathioprine-induced toxicity in rats, Life 
Sciences, 77 (3), 2005, 266-278. 

37. Bergmeyer HV, Herder M, Rej R, Approved recommendation, on 
IFCC methods for the measurement of catalytical concentration of 
enzymes, Patr 2.IFCC method for aspartate aminotransferase, J 
Clin Chem Clin Biochem, 24, 1986, 486-497. 

38. Young DS, Effects of drugs on clinical laboratory tests, AACC press 
3, 1997. 

39. Demetriou JA, Drewes DA, Gin JB, Enzymes: In clinical chemistry, 
principles and techniques, 2, 1974.  

40. Bortner CD, Oldenburg NB, Cidlowski JA, Apoptosis: The role of 
DNA fragmentation in apoptosis, Trends Cell Biol, 5, 1995, 21-26. 

41. Jamall IS, Finelli VN, Que M, Hee SS, A simple method to determine 
nanodram levels of 4-hydroxyproline in biological tissues, Anal 
Biochem, 112 (1), 1981, 70-75. 

42. Lubinsky S and Bewley GC, Genetics of catalase in Drosophilia 
melanogaster: Rates of synthesis and degradation of the enzyme in 
flies aneuploid and euploid for the structural gene, Genetics, 91, 
1979, 723-742. 

43. Erden M, Bor NM, Changes in reduced glutathione, glutathione 
reductase and glutathione peroxidase after radiation in guinea 
pigs, Biochem Med, 31(2), 1984, 217-227. 

44. Moron MS, Depierre JW, Mannervik B, Levels of glutathione, 
glutathione reductase and glutathione S- transferase activities in 
rat lung and liver, Biochim Biophys Acta, 582(1), 1979 , 67-78. 

45. Nishikimi M, Rao NA, Yagi K, The occurrence of superoxide anion in 
the reaction of reduced phenazine methosulfate and molecular 
oxygen, Biochem Biophys Res Commun, 46, 1972, 849-854. 

46. Bancroft D, Stevens A, Tuner R, Theory and practice of histological 
techniques: Churchill Livingstone, Edinburgh, London, Melbourne, 
4th ed, 1996. 

47. Garvey W, Modified elastic tissue-Masson Trichrome stain, J 
Biotechnic and Histochemistry, 59, 1984, 213-216. 

48. Hemmann S, Graf J, Roderfeld M, Roeb E, Expression of MMPs and 
TIMPs in liver fibrosis – a systematic review with special emphasis 
on anti-fibrotic strategies, Journal of Hepatology, 46(5), 2007, 955-
975.  

49. Tipoea GL, Leunga TM, Lionga EC, Lau T, Fung M, Nanji AE, 
Pigallocatechin-3-gallate (EGCG) reduces liver inflammation, 
oxidative stress and fibrosis in carbon tetrachloride (CCl4)-induced 
liver injury in mice, Toxicology, 273, 2010, 45–52. 

50. Vassiliadis E, Veidal SS, Barascuk N, Mullick JB, Clausen ER, Larsen 
L, Simonsen H, Larsen VB, Bay-Jensen A, Segovia-Silvestre T, Diana 
JD and Karsdal M, Measurement of matrix metalloproteinase 9-
mediated Collagen type III degradation fragment as a marker of 
skin fibrosis, BMC Dermatology, 11, 2011, 6-11. 

51. Youngping M, Ping L, Guangli D, Jinxing D, Gaoqiang W, Aihua L, Lei 
W, Fenghua L, Action mechanism of Yi Guan Jian decoction on CCL4 

induced cirrhosis in rats, Journal of Ethnopharmacology, 121, 2009, 
35-42. 

52. Zhang Y, Guo J, Dong H, Zhao X, Zhou L, Li X, Liu J, Niu Y, Hydroxy 
safflor yellow A protects against chronic carbon tetrachloride-
induced liver fibrosis, Eur J Pharmacol, 660(2-3), 2011, 438-444. 

53. Daia J, Guptea A, Gatesa L, Mumper RA, Comprehensive study of 
anthocyanin-containing extracts from selected blackberry cultivars: 
Extraction methods, stability, anticancer properties and 
mechanisms, Food and Chemical Toxicology, 47(4), 2009, 837-847. 

54. Işık E, şahin S , Demir C, Tűrkben C, Determination of total phenolic 
content of raspberry and blackberry cultivars by immobilized 
horseradish peroxidase bioreactor, Journal of Food Composition 
and Analysis, 24, 2011, 944–949. 

55. Mudnic I, Budimir D, Modun D, Gunjaca G, Generalic I, Skroza D, 
Katalinic V, Ljubenkov I, Boban M, Antioxidant and vasodilatory 
effects of blackberry and grape wines, J Med Food, 15(3), 2012, 
315-321.  

56. Li XM, Hu YY, Duan XH, Uniform designed research on the active 
ingredients assembling of Chinese medicine prescription for anti-
liver fibrosis, Zhongguo Zhong Xi Yi Jie He Za Zhi , 30(1), 2010, 58-
63. 

57. Zegura B, Dobnik D, Niderl M, Filipic M, Antioxidant and 
antigenotoxic effects of rosemary (Rosmarinus officinalis L.) 
extracts in Salmonella typhimurium TA98 and HepG2 cells, 
Environmental Toxicology and Pharmacology, 32(2), 2011, 296–
305. 

58. Domitrović R, Škoda M, Marchesi V, Cvijanović O, Pugel E, Štefan 
M, Rosmarinic acid ameliorates acute liver damage and 
fibrogenesis in carbon tetrachloride-intoxicated mice, Food and 
Chemical Toxicology, 51, 2013, 370–378. 

59. Meng Z, Wang Y, Wang L, Jin W, Liu N, Pan H, Liu L, Wagman L, 
Forman B, Huang W, FXR regulates liver repair after CCl4 –induced 
toxic injury, Molecular Endocrinology, 24, 2010, 886 – 897. 

60. Xagorar A, Siotou E, Yiangou M, Tsolaki E, Bougiouklis D, Sakkas L, 
Fassas A, Anagnostopoulos A, Protective effect of mesenchymal 
stem cell-conditioned medium on hepatic cell apoptosis after 
acute liver injury, Int J Clin Exp Pathol, 6(5), 2013, 831-840. 

61. Tavares L, Figueira I, McDougall G, Vieira H, Stewart D, Alves B, 
Ferreira R, Santos C, Neuroprotective effects of digested 
polyphenols from wild blackberry species, European Journal of 
Nutrition, 52, 2012, 225-236. 

62. Yu Y, Chang W, Wu C, Chiang S, Reduction of oxidative stress and 
apoptosis in hyperlipidemic rabbits by ellagic acid, Journal of 
Nutritional Biochemistry, 16, 2005, 675–681. 

63. Zunino SJ, Storms DH, Carnosol delays chemotherapy-induced DNA 
fragmentation and morphological changes associated with 
apoptosis in leukemic cells, Nutr Cancer, 61(1), 2009, 94-102. 

64. Sun F, Mikuni S, Kinjo M, Monitoring the caspase cascade in single 
apoptotic cells using a three-color, Biochemical and Biophysical 
Research Communications, 404, 2011, 706–710. 

65. Schrieber S, Wen Z, Vourvahis M, Smith P, Fried M, Kashuba A, 
Hawke R, The Pharmacokinetics of silymarin is altered in patients 
with hepatitis C virus and nonalcoholic fatty liver disease and 
correlates with plasma Caspase-3/7 activity, American Society for 
Pharmacology and Experimental Therapeutics, Drug Metabolism 
and Disposition, 36 (9), 2008, 1909-1916. 

66. Hseu Y, Chou C, Kumar S, Fu K, Wang H, Hsu L, Kuo Y, Wu C, Chen 
S, Yang H, Ellagic acid protects human keratinocyte (HaCaT) cells 
against UVA-induced oxidative stress and apoptosis through the 
upregulation of the HO-1 and Nrf-2 antioxidant genes, Food and 
Chemical Toxicology, 50, 2012, 1245–1255. 

67. Kontogianni VG, Tomic G, Nikolic I, Nerantzaki AA, Sayyad N, 
Stosic-Grujicic S, Stojanovic I, Gerothanassis IP, Tzakos AG, 
Phytochemical profile of Rosmarinus officinalis and Salvia 



Int. J. Pharm. Sci. Rev. Res., 24(2), Jan – Feb 2014; nᵒ 12, 65-78                                                                       ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

78 

officinalis extracts and correlation to their antioxidant and anti-
proliferative activity, Food Chem, 36(1), 2013, 120-129. 

68. Wang R, Li H, Guo G, Li X, Yu X, Li H, Wang J, Liu F, Chen X, 
Augmentation by carnosic acid of apoptosis in human leukaemia 
cells induced by arsenic trioxide via upregulation of the tumour 
suppressor PTEN, The Journal of International Medical Research, 
36, 2008, 682 – 690. 

69. Kar S, Palit S, Ball W, Das P, Carnosic acid modulates Akt/IKK/NF-jB 
signaling by PP2A and induces intrinsic and extrinsic pathway 
mediated apoptosis in human prostate carcinoma PC-3 cells, 
Apoptosis, 17, 2012, 735–747. 

70. Zekri A, Alam El-Din H, Bahnassy A, Zayed N, Mohamed W, El-
Masry S, Gouda S, Esmat G, Serum levels of soluble Fas, soluble 
tumor necrosis factor-receptor II, interleukin-2 receptor and 
interleukin-8 as early predictors of hepatocellular carcinoma in 
Egyptian patients with hepatitis C virus genotype-4, Comparative 
Hepatology, 9, 2010, 1-12. 

71. Seidler S, Zimmermann H, Weiskirchen R, Trautwein C, Tacke F, 
Elevated circulating soluble interleukin-2 receptor in patients with 
chronic liver diseases is associated with non-classical monocytes, 
Gastroenterology, 12, 2012, 29-38. 

72. Hofman K, Hall B, Cleaver H, Marshall S, High-throughput 
quantification of hydroxyproline for determination of collagen, 
Analytical Biochemistry, 417, 2011, 289–291. 

73. Liu C, Sun M, Wang L, Wang G, Chen G, Liu C and Liu P, Effects of 
Yinchenhao Tang and related decoctions on DMN- induced 
cirrhosis/fibrosis in rats, Chinese Medicine, 3, 2008, 1-9. 

74. Kim HK, Yang TH, Cho HY, Antifibrotic effects of green tea on in 
vitro and in vivo models of liver fibrosis, World J Gastroenterol, 
15(41), 2009 , 5200-5205. 

75. Zhao J, Zhao Y, Wang H, Gu X, Ji J, Gao C, Association between 
metabolic abnormalities and HBV related hepatocelluar carcinoma 
in Chinese: A cross-sectional study, Nutr, 10, 2012, 49-59. 

76. Tao Q, Wang XN, Mu YP, Feng Q, Peng JH, Liu P, Fu WW, Zhang 
WM, Hu YY, Dynamic change of lipid peroxidation-related protein 
expression and the intervention effects of Yiguanjian decoction in 
a rat model of CCl4-induced liver fibrosis, Zhonghua Gan Zang Bing 
Za Zhi, 20 (2), 2012, 116-21. 

77. Devipriya N, Srinivasan M, Sudheer AR, Menon VP, Effect of ellagic 
acid, a natural polyphenol, on alcohol-induced prooxidant and 
antioxidant imbalance: a drug dose dependent study, Singapore 
Med J, 48 (4), 2007, 311- 320. 

78. Ha H, Shin H, Feitelson M, Yu D, Oxidative stress and antioxidants 
in hepatic pathogenesis, World J Gastroenterol, 16(48), 2010, 
6035–6043.  

79. Usunomena U, Ademuyiwa A, Tinuade O, Uduenevwo E, Martin O, 
Okolie N, N-nitrosodimethylamine (NDMA), Liver function 
enzymes, renal function parameters and oxidative stress 
parameters: A Review, British Journal of Pharmacology and 
Toxicology, 3(4), 2012, 165-176. 

80. Hussein O, Zidan J, Abu Jabal K, Shams I, Szvalb S, Grozovski M, 
Bersudsky I, Karry R, Aviram M, Paraoxonase Activity and 
Expression Is Modulated by Therapeutics in Experimental Rat 
Nonalcoholic Fatty Liver Disease, Int J Hepatol, 2012, 2012, 1-9.  

81. Marsillach J, Camps J, Ferré N, Beltran R, Rull A, Mackness B, 
Mackness M, Joven J, Paraoxonase-1 is related to inflammation, 
fibrosis and PPAR delta in experimental liver disease, 
Gastroenterology, 9, 2009, 3-10. 

82. Abdel-Wahhab K, Khadrawy Y, Mannaa F, Aged garlic extract 
enhances paraoxonase 1 activity and suppress oxidative stress in 
CCl4- intoxicated rats, Comunicata Scientiae, 3(1), 2012, 55-63. 

83. Kedage V, Muttigi M, Shetty M, Suvarna R, Rao S, Joshi C, Prakash 
M, Serum paraoxonase 1 activity status in patients with liver 
disorders, Saudi J Gastroenterol, 16(2), 2010, 79–83.  

84. Bindu C, Anand U, Anand C, Serum paraoxonase levels in patients 
with acute liver disease, Indian J Clin Biochem, 26(3), 2011, 230–
234. 

85. Ferreira R, da Silva V, Rodrigues A, Gevehr C, Silva J, da Silva R, 
Benefits of blackberry nectar (Rubus spp.) relative to 
hypercholesterolemia and lipid peroxidation, Nutr Hosp, 26(5), 
2011, 984-990. 

86. Cho BO, Ryu HW, Jin CH, Choi DS, Kang SY, Kim DS, Byun MW, 
Jeong IY, Blackberry extract attenuates oxidative stress through 
up-regulation of Nrf2-dependent antioxidant enzymes in carbon 
tetrachloride-treated rats, J Agric Food Chem, 59(21), 2011, 11442-
8. 

87. Srigopalrama S, Ilavenilb S, Jayraaja A, Apoptosis associated 
inhibition of DEN-induced hepatocellular carcinogenesis by ellagic 
acid in experimental rats, Biomedicine & Preventive Nutrition, 2, 
2012, 1– 8.  

88. Huang Q, Zhang S, Zheng L, He M, Huang R, Lin X, 
Hepatoprotective effects of total saponins isolated from 
Taraphochlamys affinis against carbon tetrachloride induced liver 
injury in rats, Food and Chemical Toxicology, 50 ( 3–4), 2012, 713–
718. 

89. Acharya SR, Acharya NS, Bhangale JO, Shah SK, Pandya SS, 
Antioxidant and hepatoprotective action of Asparagus racemosus 
Willd root extracts, Indian J Exp Biol, 50(11), 2012, 795-801. 

90. Wang S, Chen H, Ehlenfeldt M, Variation in antioxidant enzyme 
activities and nonenzyme components among cultivars of 
rabbiteye blueberries (Vaccinium ashei Reade) and V ashei 
derivatives, Food Chemistry , 129 (1), 2011, 13–20. 

91. Posadas S, Caz V, Largo C, De la Gandara B, Matallanas B, Reglero 
G, De Miguel, Protective effect of supercritical fluid rosemary 
extract, Rosmarinus officinalis, on antioxidants of major organs of 
aged rats, Experimental Gerontology, 44(6–7), 2009, 383–389. 

92. Ojeda-Sana AM, van Baren CM, Elechosa MA, Juárez MA, Moreno 
S, New insights into antibacterial and antioxidant activities of 
rosemary essential oils and their main components, Food Control, 
31, 2013, 189-195. 

93. Mershiba S, Dassprakash M, Saraswathy S, Protective effect of 
naringenin on hepatic and renal dysfunction and oxidative stress in 
arsenic intoxicated rats, Mol Biol Rep, 40(5), 2012, 3681-3691. 

94. Jahan M, Vani G, Shyamaladevi C, Anti-carcinogenic effect of 
Solarium trilobatum in diethylnitrosamine induced and 
Phenobarbital promoted hepatocarcinogenesis in rats, Asian J 
Biochem, 6 (1), 2011, 74-81. 

95. Olorunnisola O, Akintola A, Afolayan A, Hepatoprotective and 
antioxidant effect of Sphenocentrum jollyanum (Menispermaceae) 
stem bark extract against CCl4- induced oxidative stress in rats, 
African Journal of Pharmacy and Pharmacology, 5(9), 2011, 1241-
1246. 

96. Khan R, Khan M, Sahreen S, CCl4-induced hepatotoxicity: protective 
effect of rutin on p53, CYP2E1 and the antioxidative status in rat, 
BMC Complement Altern Med, 12, 2012, 178- 189.  

97. Sotelo-Félix JI, Martinez-Fong D, Muriel P, Santillán RL, Castillo D, 
Yahuaca P, Evaluation of the effectiveness of Rosmarinus officinalis 
(Lamiaceae) in the alleviation of carbon tetrachloride-induced 
acute hepatotoxicity in the rat, Journal of Ethnopharmacology, 
81(2), 2002, 145-154. 

Source of Support: Nil, Conflict of Interest: None.  


