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Abstract
Background and Objective: Research on liver diseases have been on increase and have become a global concern. Cucumis sativus has
been reported to have anti-oxidant activity, high flavonoid content, anti-inflammatory and analgesic activity and may likely of help in the
management of liver disease. The hepatoprotective effect of the homogenate of Cucumis sativus fruit were therefore studied and
histopathological assessment of the liver damage was done. Materials and Methods: The fresh fruit of Cucumis sativus was homogenized
and used for all experimental analysis. The effects of the fruit homogenate on liver function biomarkers and lipid profile in rats intoxicated
with carbon tetrachloride (CCl4) were evaluated using standard biochemical methods. Data were analyzed using SPSS and two-way
ANOVA; the acceptance level of significance was p<0.05. Results: Treatment of rats with the homogenate of Cucumis sativus fruits
significantly (p<0.05) decreased CCl4-induced elevated levels of the liver enzymes and total bilirubin in the serum when compared to
positive control. The homogenate also attenuated the CCl4-induced elevation of LDL, total cholesterol and triacylglycerol concentration
and ameliorated the induced depletion of HDL. Pre-treatment with Cucumis sativus fruit homogenate significantly improved the structure
of hepatic cells. The homogenate showed a sign of liver cell protection comparable to that of the standard drug-silymarin. Conclusion:
The results of this study demonstrated that the homogenate was effective in the prevention of CCl4-induced hepatic damage in rats and
may improve the liver integrity of consumers.
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Nsukka, Enugu. The fruit of Cucumis sativus

INTRODUCTION

was

homogenized (daily before administration) with Kenwood
high speed blender and used without further dilution.

The liver plays a pivotal role in regulating various
physiological processes. It is also involved in several vital
functions, such as metabolism, secretion and storage. It has

Animals: Wistar albino rats (120-200 g) were purchased from

great capacity to detoxify toxic substances and synthesize

the Animal House of the Faculty of Pharmaceutical Sciences,

useful principle1. It helps in the maintenance, performance

University of Nigeria, Nsukka. The animals were acclimatized

and regulation of homeostasis in the body. It is involved in

to laboratory condition for 7 days before the experiments and

almost all the biochemical pathways to growth, fight against

maintained ad libitum on water and Growerʼs mash rat pellets

disease, nutrient supply, energy provision and reproduction.

(Pfizer Feeds, Aba) bought from Nsukka market. The guide for

It aids metabolism of carbohydrate, protein and fat,

the care and use of laboratory animals procedures were

detoxification, secretion of bile and storage of vitamins2. The

followed in this study.

role played by the organ in the removal of substances from
Experimental design: Thirty six Wistar albino rats acclimatized

the portal circulation makes it susceptible to first and

to laboratory condition were randomly divided into six groups

persistent attack by offending foreign compounds,

of six animals each. They were maintained under optimal

culminating in liver dysfunction. These hepatotoxic agents

atmospheric and hygienic conditions and allowed access to

activate some enzyme activities in the cytochrome P-450

both feed and water ad libitum.

system such as CYP2E1 leading to oxidative stress3. Injury to
hepatocyte and bile duct cells lead to accumulation of bile

Induction of hepatic damage: Hepatic damage was induced

acid inside liver. This promotes further liver damage.

in the rats by the administration of CCl4 at the dose of 1.5

Cucumis sativus (Cucumber) is a widely cultivated plant

ml/kg body weight (b.w.) in olive oil (1:1) every 72 h for 10

in the gourd family of Cucurbitaceae, which also includes

days. Details are as follow:

important crops such as melon, water melon and squash4.
Cucumber (Cucumis sativus) is used by native people to cure
many illnesses in some countries. In Africa, ripe raw cucumber
fruits are used as a cure for sprue, a disease that causes
flattering of the villi and inflammation of the lining of the small

C

Group 1 = Olive oil (5 mL kgG1 b.w.) only

C

Group 2 = CCl4 treated (1.5 mL kgG1 b.w.) only

C

Group 3 = Cucumis sativus fruits homogenate (2 mL kgG1
b.w) and CCl4 (1.5 mL kgG1 b.w.)

intestine and in Indo China, cooked immature fruits are used

C

to treat dysentery in children5. It is also useful in fighting

Group 4 = Cucumis sativus fruits homogenate (4 mL kgG1
b.w) and CCl4 (1.5 mL kgG1 b.w.)

constipation, as the fibre content helps to overcome the

C

hypotony which is the cause of constipation5. Swapnil et al.6

Group 5 = Standard drug-Silymarin (100 mg kgG1) and
CCl4 (1.5 mL kgG1 b.w.)

reported the use of Cucumis sativus in the treatment of

C

patients with high blood pressure and with irritated skin as a

Group 6 = Cucumis sativus fruits homogenate (4 mL kgG1
b.w.) only

result of sun burn. Cucumis sativus fruit has been reported to
have anti-oxidant activity, high flavonoid content, anti-

At the end of the treatment period, all the animals were

inflammatory and analgesic effect7-9. This study was aimed to

fasted for 18 h, then blood samples were collected into

assess the effect of the homogenate of Cucumis sativus fruit

centrifuge tubes (non-heparinised sample bottles) through

on CCl4-induced hepatotoxicity in rats so as to know its

rectobulba plexus in the eye. Each blood sample was allowed

efficacy in the management of liver diseases.

to clot and the serum obtained by centrifugation at 3000 rpm
for 10 min. The clear serum obtained as the supernatant was

MATERIALS AND METHODS

then carefully aspirated with syringe and needle and used
freshly for the assessment of some biochemical and liver

Plants materials: Cucumis sativus fruits were obtained from

function tests.

Nsukka main market, Nsukka, Enugu State, Nigeria and were
identified by Mr. Alfred Ozioko of Bioresources Development

Assessment of liver damage: Liver damage was assessed by

and Conservation Programme (BDCP) Research Centre,

the estimation of serum activities of ALT and AST, using the
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method of Reitman and Frankel10 and ALP using the method
of Babson et al.11, serum concentration of bilirubin was
estimated using the method of Jendrassik and Grof12, total
cholesterol by the method of Abell et al.13, HDL by the method
of Rao et al.14, triacylglycerol by the method of Tietz15 and LDL
using the method of Assmann et al.16. These assays were done
by using commercial kit (Randox, UK) in the experimental
animals. Histopathological assessment of the liver damage
was done using the method of Culling17 by studying
haematoxylin and eosin stained slides of liver tissue.
Histopathological changes such as fatty changes, necrosis,
vacuole, space formation and loss of cell boundaries were
observed under a microscopy.

only showed a hepatic damage as observed by the increase
level of hepato-specific enzymes as well as severe alteration in
different liver parameters. There was significant increase in the
serum ALT, AST, ALP, total bilirubin, LDL, total cholesterol,
triacylglycerol and significant reduction in the level of serum
HDL in CCl4-intoxicated groups compared to group 1 animals.
In this study, results in Table 1 showed CCl4 administration
produced significant elevations of serum ALT, AST and ALP in
other groups compared to the group 1 (normal control).
However, pre-treatment of rats with 2 and 4 mL kgG1 b.w. of
Cucumis sativus L. homogenate significantly decreased ALT
levels in group 3 and group 4 respectively when compared to
group 2, treated with CCl4 only. While there were no
significant reductions in AST and ALP enzyme activities in the
group 3 pre-treated with 2 mL kgG1 b.w., of Cucumis sativus
fruit homogenate, group 4 pre-treated with 4 mL kgG1 b.w., of
the fruit homogenate gave significant decrease in AST and
ALP activities as compared to CCl4 treatment group 2.
Per oral (p.o.) administration of CCl4 in olive oil to group
2 rats caused the concentration of total bilirubin, cholesterol,
triacylglycerol and LDL to increase (p<0.05) significantly with
respect to control group 1 as showed in Table 2. In the
group 3, treated with 2 mL kgG1 b.w., of the homogenate
before CCl4 administration, total bilirubin, cholesterol, TAG and
LDL concentration decreased significantly relative to group 2,
CCl4 treated group while there was significant elevation in HDL
concentration as compared with the CCl4 treatment group 2.
Treatment of rats with 4 mL kgG1 b.w., of the fruit homogenate
and silymarin (Standard drug) decreased the concentration of
total bilirubin, cholesterol, TAG and LDL significantly (p<0.05)
and increased the concentration of HDL significantly (p<0.05)
relative to CCl4 treatment group 2. These effects were doses

Ethical approval: All experimental protocols including the use
of animal models were approved and followed the guidelines
of the Faculty of Biological Sciences Ethical Committee of the
University of Nigeria, Nsukka, Nigeria.
Statistical analysis: Data obtained were analyzed using
Statistical Product and Service Solutions (SPSS), IBM version
20. The values were expressed as Mean±standard error of
mean (SEM). Statistical analysis was performed by one way
analysis of variance (ANOVA) followed by least significance
difference (LSD) multiple comparison test and the acceptance
level of significant was p<0.05 for all results. Differences
between means were assessed by Duncanʼs test.
RESULTS
The serum biochemical parameters of the experimental
groups are presented in Table 1 and 2. Rats treated with CCl4

Table 1: Effect of Cucumis sativus on the liver function biomarkers of rat intoxicated with CCl4
Group

ALT (IU LG1)

AST (IU LG1)

ALP (IU LG1)

TB (mg dLG1)

Group 1
Group 2
Group 3
Group 4
Group 5
Group 6

41.00±0.71
67.25±0.48*
50.75±1.44
42.25±2.14
42.75±1.65
42.50±1.66

21.00±1.15
40.00±2.61*
38.75±3.42
32.50±0.65
31.75±1.65
23.25±0.63

45.84±0.42
54.17±1.22*
51.99±0.94
47.67±0.36
47.03±0.19
47.33±1.44

4.13±0.34
8.00±0.53**
5.80±0.44
5.65±0.71
5.43±0.37
3.53±0.80

*p<0.01, **p<0.05, significantly different from Group 1, ALT: Alanine amino transferase, AST: Aspartate amino transferase, ALP: Alkaline phosphatase, TB: Total bilirubin
Table 2: Effect of Cucumis sativus on the lipid profile of rat intoxicated with CCl4
Group

CHOL (mmol LG1)

TAG (mmol LG1)

HDL (mmol LG1)

LDL (mmol LG1)

Group 1
Group 2
Group 3
Group 4
Group 5
Group 6

3.15±0.32
6.93±0.48*
4.73±0.09
4.41±0.35
4.17±0.16
3.39±0.19

1.36±0.12
1.67±0.07
1.49±0.07
1.39±0.11
1.32±0.22
1.29±0.06

1.74±0.17
0.72±0.07*
1.56±0.09
1.62±0.14
1.57±0.15
1.96±0.11

0.79±0.27
5.45±0.55*
2.49±0.16
2.16±0.30
2.00±0.20
0.84±0.30

*p<0.01, significantly different from Group 1, TAG: Total cholesterol triacylglycerol, HDL: High density lipoprotein, LDL: Low density lipoprotein, CHOL: Cholesterol
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SD

N

Plate 2: Photomicrograph of sections of liver from rats
treated with 1.5 mL kgG1 b.w. of CCl4 with severe
centrilobular necrosis (N), cell infiltration, mild
sinusoidal dilatation (SD) and minimal degree of
lobular disarray with multiple spotty pyknosis

Plate 1: Photomicrograph of sections of liver administered
with 5 mL kgG1 b.wt. olive oil (Group 1; normal
control)
H and E X400

dependent as pre-treatment with 4 mL kgG1 b.w., decreased
the concentration of total bilirubin, cholesterol, TAG and LDL
and elevated the concentration of HDL further relative to that
of group 3 treated with 2 mL kgG1 b.w., group 6, treated with
4 mL kgG1 b.w., of Cucumis sativus homogenate only did not
produce any significant (p>0.05) change in total bilirubin,
cholesterol, TAG, LDL and HDL concentrations when
compared with normal control group 1. From these results
the degree of protection observed was maximum with
higher dose of the homogenate of Cucumis sativus L.
(4 mL kgG1 p.o.). These effects were doses dependent as pretreatment with 4 mL kgG1 b.w., decreased the activity of ALT,
AST and ALP and the concentration of total bilirubin,
cholesterol, TAG and LDL and elevated the concentration of
HDL further relative to that group which treated with
2 mL kgG1 b.w., if it is significant that per se (Group 6, only
homogenate treated), the homogenate did not produce
any significant (p>0.05) change in ALT, AST, ALP activities and
total bilirubin, cholesterol, TAG, LDL and HDL concentrations
when compared with normal control group. From these
results the
degree of protection observed was
maximum with higher dose of the homogenate of Cucumis
sativus L (4 mL kgG1. p.o.).
The photomicrograph of the liver of the rats in group 1
treated with only olive oil (Plate 1) showed intact and normal
liver architecture. Reference to Plate 2 Result obtained for liver
section of CCl4 treated rats revealed severe centrilobular
necrosis with sinusoidal dilatation (SD), multiple spotty
pyknosis and severe cell infiltration when compared to that of
the control (Plate 2). The photomicrograph of liver of rats
treated with silymarin, group 5 and CCl4 revealed protective

H and E X400

N

Plate 3: Photomicrograph of sections of liver from rats
administered with 2 mL kgG1 b.w. of the
homogenate of

Cucumis

sativus

fruit and

1.5 mL kgG1 of CCl4 showing severe to mild
necrosis (N), moderate degree of cell infiltration.
H and E X400

normal liver architecture (Plate 3 and 4, respectively).
The liver section of group 6 rats that received only the
fruit effect on the liver tissue (Plate 5). Similarly, pre-treatment
with Cucumis sativus homogenate 2 and 4 mL kgG1 b.wt.
showed homogenate, 4 mL kgG1 b.wt. was not different from
that of the control. It also showed normal liver architecture
(Plate 6).
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N

Plate 4: Photomicrograph of sections from rats administered
with 4 mL kgG1 b.wt. of the homogenate of Cucumis
sativus fruit and 1.5 mL kgG1 of CCl4 showing mild
centrilobular necrosis (N) and minimal degree of cell
infiltration

Plate 6: Photomicrograph of sections from rats administered
with 4 mL kgG1 b.wt. of homogenate Cucumis sativus
fruit showing no severe pathological change
H and E X400

were investigated using CCl4-induced hepatotoxicity in rat
models. The study revealed some pharmacological potential
of Cucumis sativus fruits in management of liver diseases,
thus improving the integrity of the liver. Carbon tetrachloride
(CCl4) challenge caused a marked rise in the serum levels of
the liver enzymes alanine amino transferase (ALT), aspartate
amino transferase (AST) and alkaline phosphatase (ALP) of the
rats used in this study demonstrating severe hepatic damage.
It also caused elevated levels of total bilirubin, serum low
density lipoprotein (LDL), total cholesterol, triacylglycerol
(TAG) and decreased level of serum high density lipoprotein
(HDL), demonstrating oxidative stress. The treatment of the
animals with the homogenate of Cucumis sativus fruits
decreased the CCl4 induced elevated levels of the liver
enzymes and total bilirubin in the serum suggesting that
Cucumis sativus possesses anti-hepatotoxic and liver
protective activities.
Bilirubin, a major breakdown product of haemoglobin
rises when there is liver injury or damage leading to the
discolouration of the skin known as jaundice. Elevation of total
bilirubin which results from decreased uptake of and
conjugation of bilirubin by the liver is caused by liver cell
dysfunction which is as a result of decreased secretion from
the liver20. Reduction of CCl4 induced elevated total bilirubin
by the homogenate of Cucumis sativus fruit showed a
protective effect against CCl4 induced liver toxicity. This fruit
perhaps protect the liver by enhancing bilirubin uptake and
conjugation by the liver and subsequent secretion into the
bile ducts. The Cucumis sativus fruit homogenate also

H and E X400

F

ES

Plate 5: Photomicrograph of sections from rats treated with
100 mg kgG1 of silymarin and 1.5 mL of CCl4 showing
near normalization of fatty accumulation (F),
eosinophilia secretion (ES) and mild cell infiltration
H and E X400

DISCUSSION
Fruits in the daily diet have been strongly associated with
reduced risk for some forms of cancer, heart disease, stroke
and other chronic diseases18-19. In this study, the effects of the
homogenate of Cucumis sativus fruits on the liver integrity
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assuaged the CCl4-induced elevated levels of low density
lipoprotein, total cholesterol and triacylglycerol and
ameliorated the induced depletion of high density lipoprotein.
CCl4 is a well-established hepatotoxin; inducing liver injury by
producing free radicals. It is activated by phase II detoxifying
enzymes in liver cell endoplasmic reticulum to form
trichloromethyl and peroxy trichloromethyl free radicals21.
CCl4-induced liver inflammation and damage can result
in locally increased production of free radicals by
inflammatory enzymes, as well as the release of inflammatory
mediators.
Studies have shown that certain plants with antioxidants
activity protect against the CCl4-induced inflammation and
impairment in hepatic function22-23. The efficacy of any
hepatoprotective drug is essentially dependent on its
capability of either reducing the harmful effects of a
hepatotoxin or of maintaining the normal physiological
mechanism that are unbalanced by a hepatotoxin24. The
presence of phenolic, flavonoids and anthocyanin in the fruit
homogenate of Cucumis sativus9, explains its role in
hepatoprotection by inhibiting the free radicals mediated
damage25. Takeota and Dao26 reported that flavonoids are
antioxidant agents that interfere with free radical formation.
The mechanism of action of flavonoids involve suppression of
a wide range of reactive oxygen, nitrogen and chlorine species
formation by inhibition of enzymes or by chelating trace
elements involved in free radical production27-28. Food and
fruits rich in flavonoids and other phenolic compounds have
been associated with decreased risk of developing
inflammatory and other related diseases29. Though, it is
uncertain whether this protective effect is attributable to the
phenols or to other agents in the diet30, considerable data
indicated that increased oxidative damage is associated with
and may contribute to the development of all major agerelated diseases and it has been logical to attribute the alleged
protective effects of flavonoids to their antioxidant ability31. By
extension, these effects are attributable to Cucumis sativus
homogenate. The observations in this study correlate the
earlier reports by Gopalakrishan and Kalairasi32, that Cucumis
sativus has significant hepatoprotective effect on
paracetamol-induced hepatotoxicity. Dhande et al.33 also
reported the anti-hepatotoxic potential of Cucumis sativus on
CCl4 induced hepatotoxicity.
In this study, the homogenate of Cucumis sativus fruit
attenuated the CCl4-induced elevated levels of low density
lipoprotein (LDL), total cholesterol and triacylglycerol and
increased the level of high density lipoprotein (HDL). The
reduction in total serum cholesterol and LDL observed after
the administration of the homogenate of Cucumis sativus

fruit could be attributed to its antioxidant properties, as was
reported in our earlier study9.
Han et al.34 reported the presence of phytosterol in
Cucumis sativus fruit. Phytosterols have significant
hypocholesterolemic effect and cholesterol-lowering
potentials35. Therefore, the cholesterol-lowering effect of
Cucumis sativus fruits homogenate could also be attributed
also the presence of phytosterols. Reduction of low density
lipoprotein concentration may be due to the antioxidant
property of Cucumis sativus. Antioxidants prevent LDL
peroxidation and retard the accumulation36, thereby
decreasing the risk of DNA oxidative damage through lipid
peroxidation. The LDL oxidation causes accumulation of fat
within the artery walls, thereby clogging up the arteries and
increasing the risk of atherosclerosis and cardiovascular
diseases37. Balanced cholesterol level reduces the incidence of
LDL oxidation and the associated risk of atherosclerosis and
other related heart diseases. Liver injury causes the
accumulation of abnormal amounts of fats, predominantly
triacylglycerol in the parenchymal cells into the systemic
circulation38. The elevated serum triacylglycerol levels
observed in this study might have been partially due to
lipoprotein lipase. Modest hypertriacylglycerolemia occurs in
association with alcohol, virus and drug induced hepatitis39.
The mechanism of this process may involve inhibition of
lipolytic enzymes, hepatic triacylglycerol lipase and lipoprotein
lipase38.
The reduction of these enzymes may lead to decreased
removal of triacylglycerol from serum and the accumulation of
triacylglycerol in the tissues. Significant reduction in the levels
of triacylglycerol observed in the serum of Cucumis sativus
treated rats, shows beneficial effect of Cucumis sativus fruit
homogenate against CCl4-toxicity. This could be attributed to
the action of pectin from the fruit40. Pectin, also known as
pectic polysaccharide is a structural heteropolysaccharide, rich
in galacturonic acid. Sudheesh and Vijayalakshmi40 reported
that the oral administration of the pectin extracted from the
fruit of Cucumis sativus decreased the activities of glucose-6phosphate dehydrogenase and malate dehydrogenase while
it increased the activities of lipoprotein lipase and plasma
LCAT (Lecithin-cholesterol acyltransferase). The depleted
levels of serum high density lipoprotein (HDL) in the
hepatotoxicity
rats
may
be
due
CCl4-induced
hypertriacylglycerolemia induced by reactive metabolite
formed during metabolism by CYP2E1, CYP2$ and possibly
CYP3A to form the tri-chloromethyl radical, CCl41-42.
The HDL is a free radical scavenger and prevents
peroxidation of beta lipoproteins43. Decreased HDL may be
due to diminished lecithin cholesterol acyl transferase (LCAT)
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De Wilde, W.J.J.O. and B.E.E. Duyfjes, 2010. Cucumis sativus L.

activity and may also contribute to increased cholesterol level.
In this study, oral administration of the homogenate of
Cucumis sativus fruit increased the level of HDL in treated
groups comparable to that of the standard drug-silymarin,
thereby indicating the antihyperlipidaemic effect of Cucumis

4.

5.

Yohanna, S., 2013. Healthy Living for CEOs and VIPs,

sativus.

6.

Swapnil, S., Y. Sachdev, S. Gyanendra, P. Sarvesh and D. Jaya,

forma hardwickii (Royle) WJ de Wilde and Duyfjes and feral
forma sativus. Thai For. Bull. Bot., 38: 98-107.
Cucumber. 2nd Edn., Snaap Press, Enugu, pp: 40-41.
2012. First report on laxative activity of Cucumis sativus. Int.

Additionally, histopathological changes were observed
indicating liver damage after CCl4 administration. It has been
reported by previous findings that CCl4 causes necrosis44. Pretreatment with Cucumis sativus
fruit homogenate
significantly improved the structure of hepatic cells. The
homogenate showed significant protection comparable to
that of standard drug-silymarin, as it was evident from the
absence of necrosis and space formation. Therefore,
suggested that pre-treatment with the homogenate markedly
attenuated the hepatotoxicity caused by CCl 4.

J. Pharm. Sci. Rev. Res., 14: 124-129.
7.

Kumar, D., S. Kumar, J. Singh, Narender, Rashmi, B.D. Vashistha
and N. Singh, 2010. Free radical scavenging and analgesic
activities of Cucumis sativus L. fruit extract. J. Young Pharm.,
2: 365-368.

8.

Agarwal, M., A. Kumar, R. Gupta and S. Upadhyaya, 2012.
Extraction of polyphenol, flavonoid from Emblica officinalis,

Citrus limon, Cucumis sativus and evaluation of their
antioxidant activity. Orient. J. Chem., 28: 993-998.
9.

Agatemor, U.M., O.F.C. Nwodo and C.A. Anosike, 2015. Antiinflammatory activity of Cucumis sativus L. Br. J. Pharm. Res.,

CONCLUSION

8: 1-8.
10. Reitman, S. and S. Frankel, 1957. A colorimetric method for

The results of this study demonstrate that the
homogenate was effective for the prevention of CCl4-induced
hepatic damage in rats and may improve the liver integrity of
consumers.

the determination of serum glutamic oxalacetic and glutamic
pyruvic transaminases. Am. J. Clin. Pathol., 28: 56-63.
11. Babson, A.L., S.J. Greeley, C.M. Coleman and G.E. Philips, 1966.
Phenolphthalein monophosphate as a substrate for serum
alkaline phosphatase. Clin. Chem., 12: 482-490.
12. Jendrassik, L. and P. Grof, 1938. Simplified photometric

SIGNIFICANCE STATEMENT

methods for determination of bilirubin. Biochem. Z., 277: 1-9.
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To the best of our knowledge, the hepatoprotective
properties of the whole fruit is yet to be empirically
established. Here, we show the protective effect of whole
Cucumis sativus L. fruit homogenate on CCl4-induced liver
damage using animal models. We also examined the histology
of the liver organs of the animals administered with the whole
fruit homogenate. Our results highlight the potential
pharmaceutical function of the whole fruit homogenate in the
management of liver diseases.

simplified method for the estimation of total cholesterol in
serum and demonstration of its specificity. J. Biol. Chem.,
195: 357-366.
14. Rao, B.K., M.M. Kesavulu, R. Giri and C.A. Rao, 1999.
Antidiabetic and hypolipidemic effects of Momordica
cymbalaria Hook. fruit powder in alloxan-diabetic rats. J.
Ethropharmacol., 67: 103-109.
15. Tietz, N.W., 1990. Clinical Guide to Laboratory Tests. 2nd Edn.,
W.B. Saunders Company, Philadelphia, PA., USA., ISBN-13:
978-0721624860, pp: 554-556.

REFERENCES

16. Assmann, G., H.U. Jabs, U. Kohnert, W. Nolte and H. Schriewer,
1984. LDL-cholesterol determination in blood serum

1.

2.

3.

following precipitation of LDL with polyvinylsulfate. Clin.

Domitrovic, R., M. Skoda, V.V. Marchesi, O. Cvijanovic,

Chim. Acta, 140: 77-83.

E.P. Pugel and M.B. Stefan, 2013. Rosmarinic acid ameliorates
acute liver damage and fibrogenesis in carbon tetrachlorideintoxicated mice. Food Chem. Toxicol., 51: 370-378.
Ahsan, M.R., K.M. Islam, I.J. Bulbul, M.A. Musaddik and
E. Haque, 2009. Hepatoprotective activity of methanol extract
of some medicinal plants against carbon tetrachlorideinduced hepatotoxicity in rats. Eur. J. Sci. Res., 37: 302-310.
Robin, S., S. Kumar, A.C. Rana and N. Sharma, 2012. Different
models of hepatotoxicity and related liver diseases: A review.
Int. Res. J. Pharm., 3: 86-95.

17. Culling, C.F.A., 1974. Handbook of Histopathological and
Histochemical Techniques. 3rd Edn. Butterworth-Heinemann,
London, pp: 26.
18. Hyson, D., 2002. The Health Benefits of Fruit and Vegetables:
A Scientific Overview for Health Professionals. Produce for
Better Health Foundation, Wilmington DE, pp: 20.
19. Goldberg, G., 2003. Plants: Diet and Health: The Report of a
British Nutrition Foundation Task Force. Blackwell Science,
Oxford, UK., Pages: 347.

28

Asian J. Biochem., 13 (1): 22-29, 2018
20. Sanjiv, C., 2002. The Liver Book: A Comprehensive Guide to

33. Dhande, S.R., P.P. Dongare, P.R. Shah, Y.M. Joshi and
V.J. Kadam, 2013. Antihepatotoxic potential of Cucumis
sativus and Pogostemon patchouli against carbon
tetrachloride induced hepatotoxicity. Indo Am. J. Pharm. Res.,
3: 9213-9221.
34. Han, J.H., Y.X. Yang and M.Y. Feng, 2008. Contents of
phytosterols in vegetables and fruits commonly consumed in
China. Biomed. Environ. Sci., 21: 449-453.
35. Thompson, G.R. and S.M. Grundy, 2005. History and
development of plant sterol and stanol esters for cholesterollowering purposes. Am. J. Cardiol., 96: 3-9.
36. Daugherty, A., B.S. Zweifel and G. Schonfeld, 1991. The effects
of probucol on the progression of atherosclerosis in mature
Watanabe heritable hyperlipidaemic rabbits. Br. J. Pharmacol.,
103: 1013-1018.
37. Subash, S., P. Subramanian, R. Sivaperumal, T. Manivasagam
and M.M. Essa, 2006. Constant light influences the circadian
oscillations of circulatory lipid peroxidation, antioxidants
and some biochemical variables in rats. Biol. Rhythm Res.,
37: 471-477.
38. Ray, S.D., C.L. Sorge, J.L. Raucy and G.B. Corcoran, 1990. Early
loss of large genomic DNA in vivo with accumulation of Ca2+
in the nucleus during acetaminophen-induced liver injury.
Toxicol. Applied Pharmacol., 106: 346-351.
39. Glickman, R.M. and S.M. Sebesin, 1982. Lipid Metabolism. In:

Diagnosis, Treatment and Recovery. Atria Company, Ohio,
pp: 7.
21. Kuriakose, G.C. and G.M. Kurup, 2008. Antioxidant activity of

Aulosira fertilisima on CCl4 induced hepatotoxicity in rats.
Indian J. Exp. Biol., 46: 52-59.
22. Fadhel, Z.A. and S. Amran, 2002. Effects of black tea extract on
carbon tetrachloride induced lipid peroxidation in liver,
kidneys and testes of rats. Phytother. Res., 16: 28-32.
23. Anosike, C.A., U.B. Ugwu and O. Nwakanma, 2008. Effect of
ethanol extract of Pyrenacantha staudtii leaves on
carbontetrachloride induced hepatotoxicity in rats.
Biokemistri, 20: 17-22.
24. Hsiao, G., M.Y. Shen, K.H. Lin, M.H. Lan and L.Y. Wu et al., 2003.
Antioxidative and hepatoprotective effects of Antrodia

camphorata extract. J. Agric. Food Chem., 51: 3302-3308.
25. Banskota, A.H., Y. Tezuka, I.K. Adnyana, Q. Xiong and
K. Hase et al., 2000. Hepatoprotective effect of Combretum

quadrangulare and its constituents. Biol. Pharm. Bull.,
23: 456-460.
26. Takeoka, G.R. and L.T. Dao, 2003. Antioxidant constituents of
almond [Prunus dulcis (Mill.) D.A. Webb] Hulls. J. Agric. Food
Chem., 51: 496-501.
27. Mira, L., M.T. Fernandez, M. Santos, R. Rocha, M.H. Florencio
and K.R. Jennings, 2002. Interactions of flavonoids with iron

Liver Biology and Pathobiology, Asias, I.M., D. Schachter, H.

and copper ions: A mechanism for their antioxidant activity.

Popper and D.A. Shafritz (Eds.). Raven Press, New York,

Free Radic. Res., 36: 1199-1208.

pp: 123‒142.

28. Halliwell, B. and M. Whiteman, 2004. Measuring reactive

40. Sudheesh, S. and N.R. Vijayalakshmi, 1999. Lipid-lowering

species and oxidative damage in vivo and in cell culture: How

action of pectin from Cucumis sativus. Food Chem.,

should you do it and what do the results mean? Br. J.

67: 281-286.

Pharmacol., 142: 231-255.

41. Castro, J.A., E.C. de Ferreyra, C.R. de Castro, O.M. de Fenos,

29. Sadik, C.D., H. Sies and T. Schewe, 2003. Inhibition of 15-

H. Sasame and J.R. Gillette, 1974. Prevention of carbon

lipoxygenases by flavonoids: Structure-activity relations and

tetrachloride-induced necrosis by inhibitors of drug

mode of action. Biochem. Pharmacol., 65: 773-781.

metabolism-further studies on their mechanism of action.

30. Halliwell, B., J. Rafter and A. Jenner, 2005. Health promotion

Biochem. Pharmacol., 23: 295-302.

by flavonoids, tocopherols, tocotrienols and other phenols:

42. Poli, G., 1993. Liver damage due to free radicals. Br. Med. Bull.,

direct or indirect effects? Antioxidant or not? Am. J. Clin. Nutr.,

49: 604-620.

81: 268S-276S.

43. Chander, R. and N.K. Kapoor, 1990. High density lipoprotein is

31. Halliwell, B., K. Zhao and M. Whiteman, 2000. The

a scavenger of superoxide anions. Biochem. Pharmacol.,

gastrointestinal tract: A major site of antioxidant action? Free

40: 1663-1665.

Radical Res., 33: 819-830.

44. Sun, F., E. Hamagawa, C. Tsutsui, Y. Ono, Y. Ogiri and S. Kojo,

32. Gopalakrishan, S. and T. Kalaiarasi, 2013. Hepatoprotective

2001. Evaluation of oxidative stress during apoptosis and

activity of the fruits of Cucumis sativus (L.). Int. J. Pharm. Sci.

necrosis caused by carbon tetrachloride in rat liver. Biochim.

Rev. Res., 20: 229-234.

Biophys. Acta (BBA)-Mol. Basis Dis., 1535: 186-191.

29

