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Abstract: An in vitro experiment was conducted to investigate the protective effect of ascorbic acid, mannitol and
aminoguanidine at different concentrations against carbon tetrachloride induced toxicity and oxidative stress in
hepatocytes cell line (BRL3A) from buffalo rats. Results were compared with those of vitamin E as standard
hepatoprotective agent. Treatment of BRL3A with CcL, lead to generation of free radicals detected after two hours
incubation using ESR technique and produced cell injury demonstrated by increased leakage of LDH, ALT and AST
to the media. Exposure to CcL4 caused apoptosis to cells but did not induce lipid peroxidation as tested by the
TBARS technique. Treatment with vitamin E has significant hepatoprotective effect by lowering the leakage of
intracellular enzymes, reducing the oxidation of proteins and decrease incidence of apoptosis. Ascorbic acid,
mannitol and aminoguanidine were ineffective against CcL, toxicity. [Journal of American Science 2010;6(10):992-

1003]. (ISSN: 1545-1003).
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1. Introduction:

The liver occupies a vital role in the main
functions of the organism. It is particularly
susceptible to chemically induced injury due to its
extensive  metabolic  capacity and  cellular
heterogeneity. Oxidative stress occurs when there is
an imbalance between reactive oxygen species (ROS)
formation and scavenging by antioxidants. Excess
generation of ROS can cause oxidative damage to
biomolecules resulting in lipid peroxidation,
mutagenesis and carcinogenesis (Khan and Sultana,
2009).

In vitro liver systems represent a better
experimental approach to screen potential hepatotoxic
compounds and to investigate the mechanism by
which chemicals induce liver lesions (Kucera et al.,
2006). Liver cell lines are characterized by unlimited
subcultivation and cell availability in large number)
Guillouzo, 1998 .)The BRL3A cell line is an
epithelial cell line from buffalo rat liver which is able
to divide in the absence of serum.

Carbon tetrachloride (CcL,) has long been
known as a model toxicant and has been the focus of
many in vitro and in vivo toxicological studies
(Manibusan et al., 2007). The liver is the major target
organ of CcL, toxicity owing to its high content of
cytochrome P-450 (Sodergren et al., 2001).
Antioxidants are used to antagonize the deleterious
action of free radicals and to protect hepatocytes from
damage. Vitamin E (a-tocopherol) is considered the
most important lipophilic antioxidant in biological
tissues (Weber et al., 2003). Ascorbic acid is an
important dietary antioxidant. It significantly
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decreases the adverse effect of reactive species such
that can cause oxidative damage to macro-molecules
such as lipids, DNA, and proteins (Alpsoy et al.,
2009). Mannitol is a polyol which develops an
antioxidant activity by scavenging ROS (Mendoza et
al., 2007). A number of physiological functions have
been ascribed to mannitol, including serving as a
reserve carbon source, as an antioxidant, and to store
reducing  power  (Ruijter et al, 2003).
Aminoguanidine is an irreversible inhibitor of the
inducible form of nitric oxide synthase (iNOS),
which also inhibits endothelial NOS (eNOS) and
neuronal NOS (nNOS) (Mohamad et al., 2009).

In the present study, in vitro antioxidant
activities of ascorbic acid, mannitol and
aminoguanidine were assesed in comparison with
vitamin E against hepatotoxicity induced by carbon
tetrachloride in liver cell line from rats.

2. Material and methods:
a. Material:-

CcL; (99.5%), vitamin E "a-tocopherol
acetate" and L (+) ascorbic acid "vitamin C" were
purchased from Wako Pure Chemicals Co., Japan. D-
mannitol and aminoguanidine hemisulfate were
obtained from Sigma-Aldrich

Chemical Co., St. Louis, MO, USA. Ham’s
F-12K media was used for hepatocytes'cell line
culturing (Wako Pure Chemicals Co., Japan). LDH
cytotoxicity detection kit (Takara Company, Tokyo,
Japan), mitochondria extraction kit (Sigma-Aldrich
Chemical Co., St. Louis, MO, USA.), Oxyblot
protein  oxidation detection kit (Chemicon
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International Co., USA), Qproteome for detection of
Apoptosis and In situ cell death detection kit (Roche
Company, Germany).

b. Methods:
1- Cell culture, liver cells injury induction and
treatment with different antioxidants:-

Liver cell line BRL3A derived from buffalo
rats (Nissley et al., 1977) was used. Approximately
1x 10° cells/ml (5 ml final volume) were cultured into
a 25 ml flask and incubated under standard conditions
(37 °C and 5 % CO2) in Ham’s F-12K medium with
L-Glutamine, phenol red and sodium pyurvate
supplemented with 10% Fetal Bovine Serum (FBS)
and penicillin and streptomycin as antibiotics. Carbon
tetrachloride (7.5 pl) was added in the 25 ml
headspace of the flask to a paper attached to the
stopper. During incubation, CcL, evaporated and
equilibrium was reached between the gas phase and
the medium (Azri et al., 1990). Media samples were
collected at 30 min, 1, 3, 6, 9, 12, 14, 24 and 48 hrs.
Different antioxidants (vitamin E, ascorbic acid,
mannitol and aminoguanidine) were added separately
to the media just before the addition of CCL,4. Each
agent was individually tested on the cells using a
dose range. For vitamin E this was 100, 50 and 25
uM; for ascorbic acid 500, 250 and 125 pM; for
either mannitol or aminoguanidine the dose range
was 400, 200 and 100 pM. Media samples were
collected at 14, 24 and 48 hrs.

2- Detection of Free radicals by Electron Spin
Resonance (ESR) method:-

Electron spin resonance signals were measured
by preincubation of the hepatocytes in the presence of
40 mM 5, 5-dimethyl-pyrroline-N-oxide (DMPO)
(Matsuki, et al., 1999). After induction of CclL4
toxicity, media samples were collected after 1, 2, 4
and 6 hrs. A control group was incubated with DMPO
only. All ESR spectra were recorded at room
temperature. AJEOL Model JES — FA 100 ESR
spectrometer (JEOL Co., Tokyo Japan) was used.
Spectrometer settings were; magnetic field 335.00+5
mT, sweep time 8.0 min, modulation frequency 100
kHz, modulation amplitude 0.2 mT, receiver gain
8x103, time constant 0.03 S, microwave frequency
9.418GHz and microwave power 12 mW.

3- Leakage of intracellular enzymes as (Lactate
dehydrogenase (LDH) and aminotransferase (ALT
and AST) leakage in cell culture medium: Leakage of
LDH enzyme in the cultured media was measured by
a kit while the activities of ALT and AST were
determined by wusing automatic multifunction-
biochemical analyzer (DRI-CHEM 5500, Japan).
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4- Measurement of Lipid Peroxidation: It was
carried out by measuring thiobarbituric acid —
reactive species (TBARS) according to Kikugawa et
al., (1992).

5- Protein oxidation detection:

Using Qproteome mitochondria extraction
kit, mitochondria was extracted from control and
treated cells after 24 hours incubation with CcL4 to
assess the formation of protein carbonyl groups as an
index of protein oxidation. Protein concentration was
determined by the Bradford assay (Bio-Rad)
according to Bradford (1976). An OxyBlot protein
oxidation detection kit (Chemicon International Co.,
USA.) was used according to the manufacturer’s
detailed protocol. Subsequently, 5 uL protein sample
was added with 5 pL of 12% SDS and 10 pL of 1x
DNPH solution into a tube. Ten microliters of 1x
neutralization solution instead of the DNPH solution
served as the negative control. Tubes were incubated
at room temperature for 15 minutes. Neutralization
solution (7.5 pL) was added to each tube. The DNP-
derivatized protein samples were separated by
polyacrylamide gel electrophoresis followed by
Western blotting. Following electrophoresis and
transfer to nitrocellulose membranes, the membranes
were blocked in Tris buffered saline containing 0.1%
Tween 20 and 1% bovine serum albumin for 1 hour
at room temperature. Membranes were incubated
overnight at room temperature with the primary
antibody stock (1:150) and then incubated with
secondary antibodies (1:3000) at room temperature
for 1 hour. Blots were developed by an enhanced
chemiluminescence detection system. Proteins that
underwent oxidative modification (i.e., carbonyl
group formation) were identified as a band in the
derivatized sample, but not in the negative control.
Levels of oxidatively modified proteins were
quantified and expressed via measurement of optical
density using molecular analyst alias program.

6- Analysis of oxidative DNA strand breaks by
TUNEL assay:-

The principle of the test is that cleavage of DNA
during apoptosis may yield double stranded as well as
single strand breaks "nicks" which can be identified
by labeling with modified nucleotides in an enzymatic
reaction (TUNEL staining, according to Gavrieli et al.,
1992. Cells were grown on a small cover glass which
was placed inside the flask. After induction of CcL,
toxicity, cells were washed in PBS and fixed with 4 %
paraformaldehyde buffered saline for 1 h at 15-25 °C.
Permeablisation of the cells was carried out by
incubation with 0.2% Triton X for 2 min. on ice (2-8
°C). Positive control cells were made by treatment
with DNAse I for 10 minutes to break up the DNA.
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TUNEL reaction mixture (50 ul) was added on
sample, for the negative control, 50 ul of label
solution was added for 60 min. at 37 °C in a
humidified atmosphere in the dark. The samples were
analyzed under a fluorescence microscope using an
excitation wavelength in the range of 450-500 nm.
Converter AP (50 pl) was then added on sample, and
incubated in a humidified chamber for 30 min. at 37
°C. Substrate solution (100 pl) was added to the slides
which were incubated for 10 min. at 15-25 °C in the
dark. Cells were washed in PBS between each of these
steps. The slides were counterstained with
haematoxyline and eosin, examined under light
microscope, and the apoptotic cells were counted in 10
random fields.

c. Statistical analyses:-

Data are expressed as mean values + SE.
Student’s t-test was used for observations. One-way
analysis of variance (ANOVA) was used to assess
significant differences among treated groups
followed by Tukey’s test. Statistical analyses were
performed using GraphPad prism software
(GraphPad, Inc., California USA). Differences were
considered statistically significant when p <0.05.

3. Results
I- Toxic effect of CcL4 on BRL3A cell line:-
a- Generation of free radicals

The ESR signals were observed after 2 hours
incubation of BRL3A cell line with CcL, and DMPO
(Fig.1, A) reached its peak at 4 hr and began to
decline at 6 hr (Fig.1, D&E).

b. Leakage of intracellular enzymes:-

Activities of LDH, ALT and AST enzymes were
increased significantly (P<0.05) at 14 and 48 hrs.
(Table, 1),

c- Lipids peroxidation:-
Lipids peroxidation revealed no significant change
between control and treated cells with CcL4 (Table,

1),

d -Oxidation of proteins:-

The amount of protein carbonyls was markedly
increased in cells treated with CcL, compared with
that of normal control group (Fig. 2, B).

e -Oxidative DNA strand breaks-:

Examination of control cells by the
fluorescent microscope revealed no signals, while
CcL4 treated cells showed fluorescent signals. The
percent of apoptotic hepatocytes stained with the
TUNEL method was significantly greater in the
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CcL4-treated cells (4.2%) than that in the control
group (0.66%) (Fig. 3) (Photo, 1)
II- Effect of different antioxidants against CcL4-
induced hepatotoxicity

in BRL3A cell line:-
A-Leakage of intracellular enzymes:-

Comparing with the CcL, treated group, All
the used doses of vitamin E significantly (p<0.05)
reduced leakage of LDH enzyme to the media.
Ascorbic acid at a dose of 500 uM was able to reduce
LDH enzyme leakage to the media after 24 and 48
hrs. Mannitol failed to show reduction in leakage of
LDH except at a dose of 200 uM at 48 hr, while
aminoguanidine failed to show reduction in leakage
of LDH. As regards to leakage of ALT and AST
enzymes to the media, vitamin E treatment (100, 50
and 25 pM) significantly (p<0.05) reduced enzymes'
leakage. Ascorbic acid, mannitol and aminoguanidine
at all doses were unable to reduce the leakage of ALT
and AST enzymes to the culture media compared
with CcLy4 treated group throughout the experiment
(Tables, 2,3 and 4).

b- Oxidation of proteins:-

Treatment with vitamin E showed marked
reduction in the amount of protein carbonyls with all
doses. Similar results were observed in Ascorbic acid
treated groups. No changes in protein carbonyls were
observed in groups treated with different doses of
mannitol and aminoguanidine, (Figs. 4A & 4B),

c- Oxidative DNA strand breaks:-

Percentage of apoptotic cells stained with
the TUNEL method was markedly decreased in
vitamin E (VE) 100 upuM treated group. The
percentage of positive TUNEL cells was 0.85% in
control group, 3.8 % in CcL,4 group, 1.79 % in VE
100 uM group, 2.1 % in VE 50 uM and 2.3 % in VE
25 uM treated group (Fig. 3B). Ascorbic acid (AA)
did not reduce the incidence of apoptosis in cells
treated with CcL,. Percentage of positive apoptotic
cells were 2.8% in AA 500 pM, 2.5% in AA 250 uM,
2.8% in AA 125 pM and 3.2% in AA 62.5 uM
treated group. Treatment with different doses of
mannitol (M) did not show protective effect against
CcL, induced apoptosis in BRL3A cells. The
percentages of positive TUNEL cells were 2.8% in M
400puM, 2.6% in M 200 uM and 2.5% in 100 pM
(Fig. 3C). Aminoguanidine failed to reduce the
incidence of apoptosis occurred in BRL3A cells due
to CcL, toxicity. The percentage of apoptotic cells
were 2.66% in AG 400 uM, 2.42% in AG 200 uM
and 2.44% in AG 100 pM group (Fig. 5).
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Table (1):- LDH, ALT and AST enzyme activities & TBARS values of BRL3A cell line treated with CcL, at different incubation times.

Incubation time

LDH
(U/ml)

ALT
(UIL)

AST
(UIL)

TBARS
(umol/L)

Control

0.026+0.001

1.667+0.333

9.000+1.723

0.006+0.001

CcL4

0.032+0.002

2.000+0.577

8.000+1.000

0.012+0.002

Control

0.0300.003

1.333+0.333

10.000+1.000

0.005+0.003

CclL4

0.025+0.001

1.678+0.333

10.000+1.000

0.014+0.006

Control

0.041+0.001

1.333+0.333

10.330+1.528

0.005+0.001

CclL4

0.042+0.002

1.770+0.667

13.670+1.528

0.005+0.003

Control

0.044+0.000

3.333+0.882

6.670+0.333

0.007+0.002

CclL4

0.043+0.000

4.330+0.881

8.660+1.667

0.004+0.001

Control

0.040 +0.001

4.000+0.577

6.790+0.333

0.016+0.001

CclL4

0.041+0.001

4.333+0.882

8.560+0.577

0.026+0.007

Control

0.039+0.001

6.000+0.577

3.667+0.333

0.017+0.001

CcL4

0.042+0.002

7.333+0.882

4.667+0.067

0.025+0.004

Control

0.006+0.002

3.000+0.577

5.333+0.333

0.018+0.002

CclL4

0.023+0.001**

7.335+0.333%*

7.667+0.666*

0.024+0.006

Control

0.013+0.003

4.333+0.333

6.300+0.330

0.022+0.003

CcL4

0.028+0.001*

9.320+0.881%*

11.67+0.333**

0.022+0.002

Control

0.126+0.002

6.000+0.577

11.33+0.577

0.022+0.000

CcL4

0.378+0.008**

12.67+1.453*

(*) Significantly different from the control group at P < 0.05.
(**) Significantly different from the control group at P < 0.001.

Table (2):- Activities of LDH, ALT and AST enzymes of BRL3A cell line treated with different doses of vitamin E, ascorbic acid,

mannitol and aminoguanidine for 14 hr against toxicity of CcL,.

23.67+2.082%**

0.031+0.004

VE 50 uM + Ccl4

000 °.068+0.0

333°.6.330+0

Groups LDH ALT AST
Antioxidant ml)/(U L)/(U L)/(U
Control (0.5%ethanol) | 002.005+0.0 333.4.33+0 333.670+0.3
Vitamin E Ccly 003 Z'O77i0'0 333 2.9.670i0 202 Z.330:t1.11
(VE) VE 100 uM+ Ccl,4 001°.066+0.0 333°.5.330+0 453°.330+1.4

202°.667+1.4

VE 25 uM+ Ccl4

000 °.062+0.0

7.000+0.577°

155°.000+1.3

Control 000.028+0. 0 577.00+0. 4 3.67+0.333

Ascorbic acid CclL4 001°.036+0.0 577°%.00+0.9 8.00+0.577*°
(AA) AA 500 pM+ Ccl4 001.033+0.0 333.67+0.7 6.00+0.577
AA 250 pM+ Ccl4 000.036+0.0 333.33+0.7 6.33+0.881
AA 125 pM+ Ccl4 001.034+0.0 577.00+0.7 7.00+£0.577
Control 000.009+0.0 667.33+0.3 4.33+0.333

Mannitol CclL4 002°.030+0. 0 33°33+0.7 9.00+0.577*
M) M 400 uM+ Ccl4 002.049+0.0 667.67+0.6 9.67+0.333
M 200 pM+ CclL4 003.041+0.0 577.00+0.6 9.33+0.333
M 100 pM+ CclL4 000.039+0.0 33.33+0.5 8.33+0.333
Control 000.009+0.0 667.33+0.3 3.67+0.333

CclL4 000%.022+0. 0 33°33+0.7 10.67+0.333°

Aminoguanidine AG 400 uM+ CcL4 001.039+0.0 882.34+0.7 10.33+0.333
(AG) AG 200 pM+ Ccl4 002.028+0.0 66.33+0.6 9.67+0.333

AG 100 pM+ Ccl4 002.027+0.0 67.67+0.5 10.00+0.577

- (%) Significantly different from the control group at P<0.05.
- (°) Significantly different from the CcL4 treated group at P<0.05
- Other values proved no significance.
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Table (3):- Activities of LDH, ALT and AST enzymes of BRL3A cell line treated with different doses of vitamin E, ascorbic acid,
mannitol and aminoguanidine for 24 hr against toxicity of CcL.,.

groups LDH ALT AST
Antioxidan (U/ml) (U/L) (U/L)
Control (0.5% ethanol) | 0.004+0.000 | 8.000+0.577 7.670+0.333
CeL, 0.045:0.002° | 15.330£0.882° | 14.660£0.333°
Vitg/”g)” E | VE100puM+Cecl4 0.007£0.000° | 6.330£0.881° | 8.660+0.333°
VE 50 uM+ CcL4 0.017+0.001° | 7.000£1.13° 9.000+0.577°
VE 25 uM+ CcL4 0.020+0.000° | 10.000£0.577° | 9.330+0.333"
Control 0.029+0.000 | 5.00+0.577 46720333
CcL4 0.04120.001° | 10.33£0.333* | 10.00=0.577°
Ascorbic acid | AA 500 pM+ CcL4 0.032+0.001° | 10.00+0.577 9.00+0.577
(AA) AA 250 UM +CcL4 0.042+0.000 | 12.000.577 | 9.00£0.577
AA 125 uM+ CcL4 0.042+0.001 | 9.00+0.577 9330333
Control 0.027+0.001 | 4.00+0.577 5.670333
CcL4 0.040+0.000° | 9.00+0.577° 12.33£0.333°
Ma(r':/ln)ito' M 400 pM +CcL4 0.073£0.000 | 7.33%0.33 11.30+0.667
M 200 M +CcL4 0.069+0.004 | 7.33%0.33 11330333
M 100 pM +CcL4 0.047+0.001 | 9.33%0.33 10.6720.333
Control 0.027+0.001 | 4.00+0.577 5.0040.577
_ [ CeLa 0.04+0.002° | 9.0040.577° | 12.33+0.333°
Am'nc(’ilé_?)”'d'ne AG 400 M +CcL4 0.052:0.001 | 833£0.577 106740333
AG 200 pM +CcL4 0.045+0.000 | 8.00+1.15 113320333
AG 100 pM +CcL4 0.038+0.001 | 8.00+0.000 11.67£0.333

- (%) Significantly different from the control group at P<0.05.

- Other values proved no significance.

Table (4):- Activities of LDH, ALT and AST enzymes of BRL3A cell line treated withdifferent doses of vitamin E, ascorbic acid,

mannitol and aminoguanidine for 48 hr against toxicity of CCL,.

- (°) Significantly different from the Ccl4 treated group at P<0.05

Groups LDH ALT AST
Antioxidant ml)/(U L)/(U L)/(U
Control (0.5%ethanol) 000.004+0.0 577.000£0.6 18.000+0.577
Vitamin E CclL, 001 :osuo.o 5772.000i0.11 577:00(&0.25
(VE) VE 100 pM+ CclL4 000°.004+0.0 577°.000+0.7 577°.000:£0.12
VE 50 uM+ CcL4 000°.012+0.0 577°.000+0.5 577°.000+0.14
VE 25 uM+ CcL4 000°.014+0.0 577°.000+0.7 577°.000+0.13
Control (0.5%ethanol) 001.047+0.0 577.00+0.4 10.33+0.333
Ascorbic acid Ccl, 002 ':.068i0.0 577°.00+0.8 22.67+0.333°
(AA) VE 100 pM+ CclL4 002°.058+0.0 577.00+0.8 20.00+0.577
VE 50 uM+ CcL4 001.0700.0 577.00+0.7 21.33+0.333
VE 25 uM+ CcL4 002.068+0.0 577.00+0.6 21.33+0.882
Control (0.5%ethanol) 003.018+0.0 577.00£0.5 12.00+0.577
Mannitol Ccl, 004°.031£0.0 577°.00+0.8 23.00+0.577°
™) VE 100 pM+ CclL4 001.0410.0 33.33+0.7 21.00+0.577
VE 50 uM+ CcL4 001.045+0.0 577°.00+0.5 21.00+0.577
VE 25 uM+ CcL4 001.048+0.0 577.00+0.6 20.67+0.333
003.017+0.0 577.00+0.5 9.00+0.577
004°.030+0.0 577°.00+0.8 22.00+0.577°
Aminoguanidine 002.046+0.0 882.6.670 20.33£0.333
(AG) 001.034+0.0 577.00£0.6 20.30+0.333
000.027+0.0 33.5.33+0 19.67+0.333

- (*) Significantly different from the control group at P<0.05. - (°) Significantly different from the CcL4 treated group at P<0.05
- Other values proved no significance.
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Fig. (1):- ESR spectra of supernatants of BRL3A cell line treated with CCL4 at different periods of
incubation.
(Spectrum A) ESR spectra of the 40 mM DMPO adduct detected in BRL3A cell line. (Spectrum B) Same as in
spectrum A, but cells were incubated with Ccl4 for one hour. The spectrum shown in C is from cells incubated 2
hours with CcL4, while the spectrum in D after 4 hours incubation with CcL4. Spectrum shown in E after 6 hour
incubation period with CcL4. Instrumental settings of a JEOL Model JES-FA 100 ESR spectrometer: magnetic field
335.000+5 mT, sweep time 8.0 min, modulation frequency 100 kHz, modulation amplitude 0.2 mT, receiver gain
8x103, time constant 0.03 S, microwave frequency 9.418GHz and microwave power 12 mW.

- — —— 5
45
> 4
% 35
. . g ' R
- 3 Bl
c
. g 2.5
5 2
]
o 15 ol )
[ oo
1
0.5
0 T
control ccl4 treated
control  ccly B

A

Fig. (2,A):- Oxyblot of mitochondria of BRL3A in both control and CcL, treated groups using oxyblot
technique.
Fig. (2,B):-Densitometeric measurement of the oxyblot lanes of fig. (2,A)
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Fig. (3):- Quantitative evaluation of TUNEL positive cells in BRL3A cells treated with CcL,.

Photo (1):- Cell apoptosis of BRL3A cell line after exposure to Ccl4 as detected with TUNEL assay under
fluorescent microscope.
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Fig. (4,A):- Oxyblot of mitochondria of BRL3A incubated with Ccl4 and different dose of vitamin E (VE),
ascorbic acid (AA), Mannitol (M) an aminoguanidine (AG).
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Fig (5):- Quantitative evaluation of TUNEL positive cells in BRL3A cells treated with ccl4 and different doses
of vitamin E (VE), ascorbic acid (AA), Mannitol (M) and aminoguanidine (AG).

4. Discussion

Various pharmacological or chemical
substances are known to cause hepatic injury. It is
believed that the occurrence of drug/chemicals-
induced liver injury is especially associated with
oxidative stress and a cellular imbalance between the
production and elimination of free radicals (Castro
and Freeman, 2001). Overproduction of free radicals
could directly injure hepatocellular membrane by
lipid peroxidation, or other means, followed by a
series of cascades of cellular events such as massive
release of inflammatory mediators or cytokines,
which eventually lead to liver injury (Higuchi and
Gores, 2003). Therefore, it is valuable to identify

natural drugs or compounds that can antagonize the
deleterious action of free radicals and act as an
antioxidant to protect hepatocytes from damage.

In the present experiments, hepatocytes
cultured cells were utilized. In an in vitro system,
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compounds affect the cells directly and continuously
until the removal of compound -containing medium.
In addition, when cells are cultured using single type
of cells, there are no interactions from other
interstitial cells (Kikkawa et al., 2006).

Cytotoxicity of CcL, has been selected as a
model for induction of oxidative damage. Carbon
tetrachloride is one of the most extensively studied
hepatotoxicants (Bhattacharjee and Sil, 2007). It is
now generally believed that CcL, hepatotoxicity
depends on its reductive dehalogenation catalyzed by
cytochrome P-450 enzyme in the endoplasmic
reticulum of hepatic cells leading to the generation of
an unstable complex trichloromethyl radical. The
superoxide anion, H,O,, and the hydroxyl radical
(OH) are reactive oxygen species (ROS) mainly
produced in mitochondria (Wang et al., 2007).

The possible protective effect of some
antioxidants  (ascorbic  acid, mannitol and
aminoguanidine) has been attempted on hepatocytes
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cultured cells treated with Ccl,. Trials were
compared to vitamin E known to be important
lipophilic antioxidant in biological tissues. The
activity of an antioxidant may depend on its reactivity
towards particular radicals, its ability to concentrate
near the critical target in the cell or its inhibitory
action on radical formation (Anderson and Phillips,
1999).

Electron spin resonance (ESR) was
employed to measure directly reactive oxygen species
(ROS) production in the liver of CcLy-treated
hepatocytes cell line. Results indicated that ROS
production was highly elevated in the cultured media
of the cell line at 4 h after CcL, treatment, thus
further confirming that free radicals and oxidative
damage certainly play a vital role in the pathogenesis
of acute liver injury (Wu et al., 2007).

Cell viability depends directly on the
structure of the membrane, and damage to the cellular
membrane can be detected by enzyme leakage. It has
been generally accepted that leakage of the cytosolic
enzyme LDH correlates well with cellular viability,
thus being a useful indicator of plasmatic membrane
damage (Grajeda-Cota et al., 2004). In the present
study, observations revealed that CcL, induced
significant increase in the leakage of LDH, ALT and
AST enzymes into the medium after 14 hr. The
obtained results are in harmony with those reported
by Chandan et al. (2007). It is interesting to note that
there was difference in the degree of leakage of ALT
and AST enzymes, where AST enzyme leakage was
higher than ALT enzyme leakage. McQueen and
Williams (1982) reported differences in the extent of
leakage of enzymes from the cytosolic fraction of
hepatocytes. These differences could be due to
differences in the tightness of binding of cytosolic
enzymes to cellular organelles and in the size of the
enzyme molecule (Nakamura et al., 1985). Moreover,
AST is present in two isozymes, one located in the
cytoplasm and the other in the mitochondria (Latner,
1975). The presence of enzymes outside the cell
represents damage to the hepatic cell.

Involvement of lipid peroxidation in the
mechanism  of  carbon tetrachloride-induced
hepatotoxicity has been a point of controversy. The
present results denoted that CcL,4 did not induce lipid
peroxidation as there was no significant difference in
the level of thiobarbituric acid-reactive substances
(TBARS) between CcL, treated cells and control
cells. These data are comparable to that of Ikeda et al.
(1998) who reported that TBARS, which are widely
used index of lipid peroxidation, don't increased
significantly in the liver of rats treated with CcL,.
Previous investigators reported absence of lipid
peroxidative degradation products in mice after
exposure to carbon tetrachloride and have used this
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evidence against the hypothesis that lipid
peroxidation is an integral part of the events that
cause tissue damage (Lee et al., 1982). On the
contrary, Krithika et al. (2009) recently proved the
involvement of lipid peroxidation on exposure to
CCL4.

As regards to oxidation of proteins, the
present study was able to detect that there was a
significant increase in the formation of carbonyl
proteins in the CcL, treated cells comparing to
control cells. Free radical-mediated oxidation of
proteins results in the formation of carbonyl groups in
quantities that reflect the intensity of the oxidative
stress (Robinson et al.; 1999). Protein carbonyl
content is widely used as both a marker for oxidative
stress and a measure of oxidative damage (Luo and
Wehr, 2009). Carbonyl (CO) groups (aldehydes and
ketones) are produced on protein side chains when
they are oxidized. These moieties are chemically
stable, which is useful for both their detection and
storage (Dalle-Donnea et al., 2003). Protein
oxidation may play a role in the pathogenesis of CcL,4
induced liver injury and that the accumulation of
oxidized proteins may be an early indication of CcL,4
induced liver damage(Sundari et al. 1997). The usage
of protein (CO) groups as a marker may have some
advantages in comparison with lipid peroxidation
products because the formation of protein bound
(CO) groups seems to be a common phenomenon of
protein oxidation and because of the relatively early
formation and stability of oxidized proteins (Dalle-
Donnea et al., 2003).

Apoptosis is characterized by morphological
changes such as membrane "blebbing", nuclear
condensation and fragmentation (Ramage, et al.,
2006). These morphological changes are a result of a
cascade of biochemical changes occurring within the
cell, resulting in activation of caspases and DNA
fragmentation (Hengartner, 2000). The present data
indicate that along with oxidative damage, apoptosis
plays a crucial role in CcL, induced hepatotoxicity
which was indicated by marked increase in DNA
fragmentation (increase in the percent of TUNEL
positive cells) in the CcL, treated cells compared to
control one. Apoptosis represents one of the
mechanisms of cell death after CcL, induced liver
injury (Shi et al, 1998).

Effects of antioxidants on oxidative damage
in vitro systems are variable. In most cases,
endogenous antioxidant enzymes, particularly
catalase, are very effective in preventing damage.
Exogenous antioxidant chemicals, on the other hand,
can have a pro-oxidant effect at high doses. The
chemical composition of culture media and the doses
of antioxidants that can be applied in culture systems
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are major factors in confounding interpretation of in
vitro results (Anderson and Phillips, 1999).

Vitamin E antioxidant functions mainly in
and around the membrane/lipid bilayers acting as the
chain breaking antioxidants (Janero and Burghardt,
1989). Results of the present experiments showed
that incubation of hepatocytes with vitamin E at
concentrations of 100, 50 and 25 pM induced
hepatoprotective effect against CcL, induced toxicity.
This was manifested by an increase in the stability of
the cell membrane and decreased leakage of
cytoplasmic enzymes (LDH, ALT and AST).
Although we cannot rule out a direct scavenging
action of vitamin E on CcL; radical, inhibition of
lipid peroxidation is not a likely explanation for
vitamin E effects in the present study. Although the
ability of CcLy to initiate lipid peroxidation in various
biological systems has been equivocal, an important
observation of the present study was that there was
no evidence of CcL, -initiated lipid peroxidation.

Ascorbic acid, in the present study, was
ineffective against the elevation of enzymes leakage
(LDH, ALT and AST). Also it was not able at any
concentration to reduce the oxidation of protein.
Ascorbic acid did not show any protective effect
against DNA damage caused by CcL,. Similar results
were obtained by Winter et al. (2005) who reported
that ascorbic acid was ineffective at reducing
oxidative DNA damage produced by
camphorquinone which generates reactive oxygen
species and causes oxidative DNA damage in vitro.
On the contrary Qin et al. (2006) found that ascorbic
acid reduced myocyte apoptosis and ameliorated
myocardial damage after acute myocardial infarction.
Park and Lee (2008) reported that high ascorbic acid
concentrations might act as a pro-oxidant due to its
auto-oxidizing properties.

Mannitol is generally accepted as being a
hydroxyl radical scavenger (Van Zandwijk, 1995).
Previous studies have used mannitol to determine
whether hydroxyl radicals are the predominant
species responsible for Copper mediated DNA
damage (Li et al., 1995). However, these studies have
found that mannitol is generally ineffective at
preventing Cu- mediated oxidative damage in the
presence of an ROS-generating system and at
mannitol concentrations less than 100mM. The
present results showed that mannitol did not
effectively reduce CCL, induced hepatotoxicity. It
showed no reduction in the leakage of cytoplasmic
enzymes, protein oxidation or DNA damage. Winter
et al. (2005) reported that mannitol treatments of
10.0, 5.0, 2.5, 1.0, and 0.5 mM did not influence the
extent of DNA  damage  generated by
camphorquinone. In explanation, it is possible that
some ROS generated from CcL,4 are not effectively
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scavenged by mannitol. Additionally, mannitol may
not be a very potent hydroxyl radical scavenger or
mannitol may not have adequate access to the
damaging ROS (Winter et al., 2005). Shinar et al.
(1983) demonstrated that mannitol effectively
scavenged hydroxyl radicals at concentrations greater
than 1M.

In the present experiments, aminoguanidine
(AG) treatment against CCL, induced hepatoxicity
was ineffective in reducing the leakage of enzymes,
the oxidation of protein, and the DNA damage. A
notable finding was that AG at a dose of 400 uM
significantly increased leakage of LDH into the
media comparing with CcL, group. Our results
confirmed reports of other investigators (Ou and
Wolff, 1993 and Skamarauskas et al., 1996) that AG
has pro-oxidant activity where it generates H,O, at a
low rate in vitro.

In conclusion, the present study indicates that CcL,
has a potential cytotoxic effect in BRL3A cell
culture, and apoptosis represents one of the
mechanisms of cell death after CcL4- induced liver
injury. There was no evidence of CcL, -initiated lipid
peroxidation. Vitamin E seems effective and provides

complete  protection against Ccly induced
hepatotoxicity in culture cells. Ascorbic acid,
mannitol and aminoguanidine were ineffective

against CcL, toxicity. Aminoguanidine, in addition,
generates H,O, in vitro, so it has pro-oxidant activity.

Corresponding author

Azza, H. Abd-El-Rahman’

Clinical Pathology Dept., Fac. of Vet. Med. Beni-
Suef University, Beni-Suef , Egypt
*“Manamol_mhmd@yahoo.com

5. References:

1. Alpsoy, L; Yildirim, A .and Agar, G . (2009):-
The antioxidant effects of vitamin A, C and E
on aflatoxin Bl-induced oxidative stress in
human lymphocytes. Toxicology and Industrial
Health, 25: 121-127.

2. Anderson D. and Phillips, B. (1999):-
Comparative in vitro and I n vivo effects of
antioxidants. Food and Chemical Toxicology,
37: 1015 1025.

3. Az, S., Gandolfi, A.J., and Brendel, K.
(1990):- Carbon tetrachloride toxicity in
precision-cut rat liver slices. In Vitro
Toxicology, 3: 127-138.

4. Bhattacharjee, R. and Sil, P. (2007):- Protein
isolate from the herb phyllanthus niruri
modulates carbon tetrachloride-induced
cytotoxicity in  hepatocytes. = Toxicology
Mechanisms and Methods, 17: 41-47.

editor(@americanscience.org



mailto:Manamol_mhmd@yahoo.com

Journal of American Science

2010;6(10)

10.

11.

12.

13.

14.

15.

16.

17.

Bradford, M. (1976):- A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein dye binding. Analytical Biochemistry,
72: 248-254.

Castro, L. and Freeman, B. (2001):- Reactive
oxygen species in human health and disease.
Nutrition, 17: 161-165.

Chandan, B.; Saxena, A.; Shukla, S.; Sharma, N.;
Gupta, D.; Suri, K. Suri, J.; Bhadauria, M. and
Singh, B. (2007):- Hepatoprotective potential of
Aloe barbadensis Mill against carbon
tetrachloride induce hepatotoxicity. Journal of
Ethnopharmacology, 111(3): 560-6.
Dalle-Donnea, 1.; Rossib, R.; Giustarinib, D.
Milzania, A. and Colombo, R. (2003):- Review:
Protein carbonyl groups as biomarkers of
oxidative stress. Clinica Chimica Acta, 329: 23—
38.

Gavrieli, Y.; Sherman, Y. and Ben-Sasson S.
(1992):- Identification of programmed cell
death in situ via specific labeling of nuclear
DNA fragmentation. The Journal of Cell
Biology, 119: 493-501.

Grajeda-Cota, P.; Ramirez-Mares, M. V. and
Gonzélez de Mejia, E. (2004):- Vitamin C
protects against in vitro cytotoxicity of
cypermethrin in rat hepatocytes. Toxicology in
Vitro, 18: 13-19.

Guillouzo, A. (1998):- "Liver cell models in in
vitro  toxicology." Environmental Health
Perspectives, 106)2): 511-32.

Hengartner, M.O. (2000):- The biochemistry of
apoptosis. Nature, 407: 770-776.

Higuchi, H. and Gores, G. (2003):- Mechanisms
of liver injury: an overview. Current Molecular
Medicine, 3: 483-490.

Ikeda, K.; Toda, M.; Tanaka, K.; Tokumaru, S.
and Kojo, S. (1998):-Increase of lipid
hydroperoxides in liver mitochondria and
inhibition of cytochrome oxidase by carbon
tetrachloride intoxication in rats. Free Radical
Research, 28: 403-410.

Janero, D. and Burghardt, B. (1989):- Cardiac
membrane vitamin E and malondialdehyde levels
in  heart muscle of normotensive and
spontaneously hypertensive rats. Lipids, 24: 33—
38.

Khan, T. and Sultana, S. (2009):- Antioxidant
and hepatoprotective potential of Aegle
marmelos Correa against CCl4-induced oxidative
stress and early tumor events. Journal of Enzyme
Inhibition and Medicinal Chemistry, 24 (2):
320-7.

Kikugawa, K.; Kojima, T.; Yamaki, S. and
Kosugi, H. (1992):- Interpretation of the

http://www.americanscience.org

1002

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

thiobarbituric acid reactivity of rat liver and
brain homogenates in the presence of ferric ion
and ethylenediaminetetraacetic acid. Analytic
biochemistry 202, 249-255.

Kikkawa, R.; Fujikawa, M.; Yamamoto, T.;
Hamada, Y.; Yamada, H. and Horii, I. (2006):-
In vivo hepatotoxicity study of rats in
comparison with in vitro hepatotoxicity
screening system. The Journal of Toxicological
Sciences, 31 (1): 23-34.

Krithika, R.; Mohankumar, R.; Verma, R.;
Shrivastav, P.; Mohamad, I.; Gunasekaran, P.
and Narasimhan, S. (2009):- Isolation,
characterization and antioxidative effect of
phyllanthin against Ccl4- induced toxicity in

HepG2 cell line. Chemico- Biological
Interactions, 181(3): 351-8.
Kucera, O.; Lotkova, H.; Krivakova, P.;

Rousar, T .and Cervinkova , Z . (2006):- Model
systems for study of toxic injury of hepatocytes
in vitro.

Ceskoslovenska Fysiologie, 55 (3): 103-10.
Latner, A.L. (1975):- Enzymes. In: Saunders,
W.B. Company (Eds.), Clinical Biochemistry
Cap, 17: 547-549, Philadelphia, London,
Toronto.

Lee, P.; McCay, P. and Hornbrook, K. (1982):-
Evidence for carbon tetrachloride-induced lipid
peroxidation in mouse liver. Biochemical
Pharmacology, 31(3): 405-9.

Li, Y.; Kuppusamy, P.; Zweier, J. and Trush, M.
(1995):- ESR evidence for the generation of
reactive oxygen species from the copper-
mediated oxidation of the benzene metabolite
hydroquinone: role in DNA damage. Chemico-
Biological Interactions, 94:101-20.

Luo, S. and Wehr, N. (2009):- Protein
carbonylation: avoiding pitfalls in the 24-
dinitrophenylhydrazine assay. Redox Report,
14(4):159-66.

Manibusan M.; Odin, M. and Eastmond, D. (
2007): Postulated carbon tetrachloride mode
of action: a review. Journal of Environmental
Sciences And Health part C Environmental
Carcinogenesis and Ecotoxicology Reviews, 25
(3): 185-209.

Matsuki, N.; Takanohashi, A.; Boffi, F.;
Inanami, O.; Kuwabara, M. and Ono, K.
(1999):- Hydroxyl radical generation and lipid
peroxidation in C2C12 myotube treated with
iodoacetate and cyanide. Free Radical Research,
31 (1): 1-8.

McQueen, C. and Williams, G. (1982):-
Cytotoxicity of xenobiotics in adult rat
hepatocytes in primary culture. Fundamental
and Applied Toxicology, 2: 139-144.

editor(@americanscience.org



javascript:AL_get(this,%20'jour',%20'Environ%20Health%20Perspect.');
javascript:AL_get(this,%20'jour',%20'Environ%20Health%20Perspect.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kucera%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lotkov%C3%A1%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kriv%C3%A1kov%C3%A1%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rousar%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cervinkov%C3%A1%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Cesk%20Fysiol.');
http://www.ncbi.nlm.nih.gov/pubmed/17763046?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17763046?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

Journal of American Science

2010;6(10)

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Mendoza, G.; Alvarez A.; Pulido, M.; Molina,
A.; Merino, G.;Real, R. Fernandes, P. and
Prieto, J. (2007):- Inhibitory effects of different
antioxidants on hyaluronan depolymerization.
Carbohydrate Research, 342 (1): 96-102.
Mohamad, N. A.; Cricco, G. P.; Sambuco, L. A,
Croci, M.; Medina, V. A.; Gutiérrez, A. S.;
Bergoc, R. M.; Rivera, E. S. and Martin, G. A.
(2009):-
Aminoguanidine impedes human pancreatic
tumor growth and metastasis development in
nude mice. World Journal of Gastroenterology,
15 (9): 1065-1071.
Nakamura, T.; Fujii, T. and Ichihara, A.
(1985):- Enzyme leakage due to change of
membrane permeability of primary cultured rat
hepatocytes treated with various hepatotoxins
and its prevention by glycyrrhizin.Cell Biology
and Toxicology, 1(4): 285-95.
Nissley, S.P., Short, P.A., Rechler, M .M.,
Podskalny, J.M., and Coon, H .G .(1977):-
Proliferation of buffalo rat liver cells in
serum-free medium does not depend upon
multiplication-stimulating activity (MSA). Cell,
11: 441-446.
Ou, P. and Wolff, S. (1993):- Aminoguanidine :
a drug proposed for pro - phylaxis in diabetes
inhibits catalase and generates hydrogen
peroxide in vitro. Biochemical Pharmacology,
46: 1139-44.
Park, S.W. and Lee, S. M. (2008):- Antioxidant
and prooxidant properties of  ascorbic acid on
hepatic =~ dysfunction induced by cold
ischemia/reperfusion. European Journal of
Pharmacology, 580: 401-406.

Qin, F.; Yan, C.; Patel, R.; Liu, W. and Dong,
E. (2006):- Vitamins C and E attenuate
apoptosis, B-adrenergic receptor desensitization
and sarcoplasmic reticular Ca2+ ATPase
downregulation after myocardial infarction.
Free Radical Biology and Medicine, 40: 1827—
1842.

Ramage, L.; Jones, A. and Whelan, C. (2006):-
Induction of apoptosis with tobacco smoke and
related products in A549 lung epithelial cells in
vitro. Journal of Inflammation, 3: 3-14.

Robinson, C.; Keshayarzian, A.; Pasco, D.;
Frommel, T.; Winship, D. and Holmes, E.

(1999):- Determination of protein carbonyl
groups by  immunoblotting.  Analytical
Biochemistry, 266(1): 48-57.

Ruijter, G.; Bax, M.; Patel, H.; Flitter, S.; Van

de vondervoort, P.; De vries, R.; Vankuyk, P .
and Visser, J. (2003):- Mannitol is required for
stress  tolerance in  Aspergillus  niger
conidiospores. Eukaryotic Cell, 2 (4): 690-698.

http://www.americanscience.org

1003

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Shi, J.; Aisaki,K.; Ikawa,Y. and Wake, K.
(1998):- Evidence of hepatocyte apoptosis in rat
liver after the administration of carbon
tetrachloride. The American Journal of
Pathology, 153 ( 2): 515-525.

Shinar, E.; Navok, T. and Chevion M. (1983):-
The analogous mechanism of enzymatic
inactivation induced by ascorbate and
superoxide in the presence of copper. The
Journal Of Biological Chemistry 258: 14778—
83.

Skamarauskas, J.; McKay, A. and Hunt, J.
(1996):- Aminoguanidine and its pro-oxidant
effects on an experimental model of protein
glycation. Free Radical Biology and Medicine,
21: 801-812.

Sodergren, E.; Cederberg, J.; Vessby, B. and
Basu, S. (2001):- Vitamin E reduces lipid
peroxidation in experimental hepatotoxicity in
rats. European Journal of Nutrition, 40 (1):10-6.
Sundari, P.; Wilfred, G. and Ramakrishna B.
(1997):- Does oxidative protein damage play a
role in the pathogenesis of carbon tetrachloride-
induced liver injury in the rat? Biochimica et
Biophysica Acta, 1362(2-3):169-76.

Van Zandwijk N. (1995):- N-acetylcysteine
(NAC) and glutathione (GSH): antioxidant and
chemopreventive  properties, with special
reference to lung cancer. Journal of Cellular
Biochemistry Supplement, 22: 24-32.

Wang, C. Y.; Ma, F. L.; Liu, J. T.; Tian, J. W.
and Fu, F. H. (2007):-Protective Effect of
Salvianic Acid A on Acute Liver Injury Induced
by Carbon Tetrachloride in Rats." Biological
And Pharmaceutical Bulletin, 30 (1): 44-47.
Weber, L \W., Boll, M .and Stampfl, A. (2003):-
Hepatotoxicity and mechanism of action of
haloalkanes: carbon  tetrachloride as a
toxicological model. Critical Reviews
Toxicology, 33 (2): 105-36.

Winter, K.; Pagoria, D. and Geurtsen, W.
(2005):- The effect of antioxidants on oxidative
DNA damage induced by visible-light-irradiated
camphorquinone/N,N dimethyl-p-toluidine.
Biomaterials, 26: 5321-5329

*Wu, Y.; Li, L.; Wen, T .and Li, Y .Q . (2007):-
Protective effects of echinacoside on carbon
tetrachloride-induced hepatotoxicity in rats.
Toxicology, 232 (1-2): 50-56.

2010/2/9

editor(@americanscience.org



http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mendoza%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alvarez%20AI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pulido%20MM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Merino%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Real%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fernandes%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prieto%20JG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Carbohydr%20Res.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22S%C3%B6dergren%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cederberg%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vessby%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Basu%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Eur%20J%20Nutr.');
javascript:AL_get(this,%20'jour',%20'Crit%20Rev%20Toxicol.');
javascript:AL_get(this,%20'jour',%20'Crit%20Rev%20Toxicol.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wu%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Li%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wen%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Li%20YQ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

	6. Castro, L. and Freeman, B. (2001):- Reactive oxygen species in human health and disease. Nutrition, 17: 161–165.
	17. Kikugawa, K.; Kojima, T.; Yamaki, S. and Kosugi, H. (1992):- Interpretation of the thiobarbituric acid reactivity of rat liver and brain homogenates in the presence of ferric ion and ethylenediaminetetraacetic acid. Analytic biochemistry 202, 249-255.
	19. Krithika, R.; Mohankumar, R.; Verma, R.; Shrivastav, P.; Mohamad, I.; Gunasekaran, P. and Narasimhan, S. (2009):- Isolation, characterization and antioxidative effect of phyllanthin against Ccl4- induced toxicity in HepG2 cell line. Chemico- Biological Interactions,  181(3): 351-8.
	23. Lee, P.; McCay, P. and Hornbrook, K. (1982):- Evidence for carbon tetrachloride-induced lipid peroxidation in mouse liver. Biochemical Pharmacology, 31(3): 405-9.
	25. Luo, S. and Wehr, N. (2009):- Protein carbonylation: avoiding pitfalls in the 2,4-dinitrophenylhydrazine assay. Redox Report, 14(4):159-66.
	27. Matsuki, N.; Takanohashi, A.; Boffi, F.; Inanami, O.; Kuwabara, M. and Ono, K. (1999):- Hydroxyl radical generation and lipid peroxidation in C2C12 myotube treated with iodoacetate and cyanide. Free Radical Research, 31 (1): 1-8.
	32.  Nakamura, T.; Fujii, T. and Ichihara, A. (1985):- Enzyme leakage due to change of membrane permeability of primary cultured rat hepatocytes treated with various hepatotoxins and its prevention by glycyrrhizin.Cell Biology and Toxicology, 1(4): 285-95.
	44. Sundari, P.; Wilfred, G. and Ramakrishna B. (1997):- Does oxidative protein damage play a role in the pathogenesis of carbon tetrachloride-induced liver injury in the rat? Biochimica et Biophysica Acta, 1362(2-3):169-76.

