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Gallic acid and tea polyphenols are found in tea and considered as natural antioxidants. In this study, 
the cytoprotective effects of gallic acid and tea polyphenols against human hepatocytes (HL - 7702 cell 
line) oxidative injury induced by hydrogen peroxide (H2O2) or carbon tetrachloride (CCl4) were evaluated 
in vitro, with αααα-tocopherol as standard antioxidant. Some biochemical assays were carried out to 
determine the cytoprotective effects of gallic acid and tea polyphenols on the hepatocytes subjected to 
oxidative injury, including cell viability, the content of reduced glutathione in cells, lactate 
dehydrogenase leakage into culture medium and the formation of malondialdehyde in the cells. 
Statistical results showed that pretreatment of the cultured cells with gallic acid, tea polyphenols or αααα-
tocopherol at concentrations of 5, 10, 20 mg/l for 30 min before oxidative injury of the cells could 
provide cytoprotective effect to the cells to improve cell viability, increase the content of reduced 
glutathione in cells, reduce lactate dehydrogenase leakage into culture medium and decrease the 
formation of malondialdehyde in the cells. It was shown that gallic acid and tea polyphenols displayed 
stronger cytoprotective effect against oxidative injury of the hepatocytes than αααα-tocopherol at same 
addition level and gallic acid was the most powerful compound. 
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INTRODUCTION 
 
Polyphenols are widely found in the plant kingdom and 
especially rich in some foods and medicinal plants, and 
considered as natural antioxidants. For example, tea 
polyphenols are important components of black or green 
tea and have strong antioxidation. Gallic acid exists as 
part of tea polyphenols and epicatechin or epigalloca-
techin gallate are the main components in tea 
polyphenols. In recent years, natural antioxidants, 
especially those in natural foods or medical plants, draw 
attention of many food or medicine researchers for these 
compounds may be daily consumed and have many 
health functions. It was found in many studies that 
polyphenols exhibit some helpful  biological  effects  such 
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as antioxidative, anticarcinogenic, anti-hepatotoxic, anti-
ischaemic, anti-allergic, anti-ulcerative and anti-
inflammatory activities (Shahidi and Naczk, 2004). 
Polyphenols such as flavonoids might exert effects such 
as antioxidants, free radical scavengers and chelators, 
and may be involved in preventing free radical induced 
cytotoxicity and lipid peroxidation that are associated with 
cell aging and chronic diseases (Havsteen, 2002). 
Previous studies have revealed that polyphenols exhibit 
clear cytoprotective effect on rat or tumour hepatocytes 
injury system (Sugihara et al., 1999; Lima et al., 2006; 
Yao et al., 2007), and our study results also showed that 
three flavonoids could protect human hepatocytes 
against oxidative injury induced by hydrogen peroxide 
(H2O2) or carbon tetrachloride (CCl4) in vitro (Zhao and 
Zhang, 2009), but the protective effects of gallic acid and 
tea polyphenols against oxidative injury of human 
hepatocytes is also needed to be studied. 
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Liver is the major organ in our body involved in the 
biotransformation of exogenous chemicals and is the 
target for toxic substances. During the detoxification of 
xenobiotics, reactive oxygen species (ROS) are 
generated which induce production of lipid peroxides 
within the hepatocytes and subsequently cause oxidative 
stress, cell death and ultimately result in liver disease, 
such as hepatocellular carcinoma, viral and alcoholic 
hepatitis and non-alcoholic cirrhosis (Kohen and Nyska, 
2002; Vitaglione et al., 2004). Therefore, scavenging of 
ROS or protection against oxidative stress in the liver is 
very important process. Cytoprotective effect of poly-
phenols against oxidative injury of human hepatocytes is 
beneficial to keep the liver healthy.  

It was reported that hepatocytes or hepatocyte cell 
lines in culture keep many metabolic enzyme 
characteristics of the intact liver in vivo, and are served 
as ideal models in vitro to study or screen substances 
with hepatoprotective activity (Hengstler et al., 2000; 
Runge et al., 2000). In the presented study, the 
cytoprotective effect of gallic acid and tea polyphenols 
against the oxidative injury induced by H2O2 or CCl4 was 
studied on human hepatocytes (HL-7702 cell line), 
isolated from normal human liver tissue, with α-
tocopherol as a standard antioxidant. To examine and 
compare the cytoprotective effect of gallic acid and tea 
polyphenols on hepatocytes, cell viability, lactate 
dehydrogenase (LDH) leakage into culture medium, 
malondialdehyde (MDA) formation and the content of 
reduced glutathione (GSH) in hepatocytes were deter-
mined, for these biochemical indices are considered as 
important indicators of cell injury and lipid peroxidation 
and widely applied in past studies. The aim of this study 
is to provide some experimental supports to the health 
benefits of tea polyphenols or tea and reveal the 
importance of natural and biological antioxidants in foods. 
 
 
MATERIALS AND METHODS 
 
Chemicals 
 
Gallic acid and tea polyphenols were purchased from Shanghai 
Kangjiu Chemicals Co., Ltd. (Shanghai, China, purity � 98%). The 
following reagents were from Solarbio Science and Technology Co., 
Ltd (Beijing, China): α-tocopherol (purity � 95%), fetal bovine serum 
(FBS), RPMI-1640 medium, 3-[4,5-dimethylthiazol-2-yl]-2,5-
dephenyl tetrazolium bromide (MTT), reduced glutathione (GSH), 
reduced nicotinamide adenine dinucleotide (NADH), 5,5’-dithio-bis-
(2-nitrobenzoic acid) (DTNB), dimethylsulfoxide (DMSO), 2-
thiobarbituric acid (TBA), trichloroacetic acid (TCA), Triton X -100 
and sodium pyruvate. All other chemicals were analytical agents. 
 
 
Cell culture 
 
All experiments and following evaluations were conducted in the 
period of 2007 - 2009 at Key Laboratory of Dairy Science, Ministry 
of Education, Northeast Agricultural University, Harbin. Hepatocytes 
(HL - 7702 cell line) were obtained from Shanghai Institutes for 
Biological Sciences (Shanghai, China) and cultured in RPMI-1640 
medium containing 10% FBS, 100 U/ml penicillin G and  100  mg/ml 

  
 
 
 
streptomycin at 37°C in an incubator of humidified air with 5% CO2. 
The sub-confluent cells (80%) were passaged with a solution 
containing 0.25% trypsin and 0.02% EDTA. The cells were seeded 
onto 96-well plates at 1 × 104 cells/well for cell cytotoxicity and 
viability assay, or 6-well plates at 1 × 106 cells/well for MDA, LDH 
and GSH determination.  
 
 
Cell treatment 
 
Gallic acid, tea polyphenols and α-tocopherol were dissolved in 
DMSO and mixed well with the medium so that the final concen-
tration of DMSO was not � 0.1% (v/v). The cells in test groups were 
incubated with each compound first at 5, 10, 20 mg/l for 30 min and 
then oxidative injured with H2O2 (6.5 mmol/L, 1.5 h) or CCl4 (8 
mmol/L, 6 h). The cells in control group, containing equal volume of 
DMSO but without any addition of the tested compounds, were not 
oxidative injured. The cells in model group, containing equal volume 
of DMSO but without any addition of the tested compounds, were 
oxidative injured. Then, all groups were processed immediately for 
biochemical assays. 
 
 
Biochemical assays 
 
Cell viability 
 
Cell viability of the hepatocytes was measured by MTT assay. After 
the cells were treated as above, twenty microliter of MTT solution (5 
g/L) was added to each well of the plate. After 4 h of incubation, the 
plate was centrifuged at 1800 g for 5 min at 4°C and the MTT 
solution was removed from the wells by aspiration. One hundred 
microliter of DMSO was added to each well to resolve the formazan 
generated from MTT (Wu et al., 2007). The absorbance of each 
well was recorded on a microplate reader (Bio Rad, Hercules, CA, 
USA) at the wavelength of 490 nm. Cell viability in each test group 
and model group was expressed as percentage of the control group. 
Cells in control group were as 100% viable. 
 
 
LDH leakage 
 
After cell treatment mentioned above, the culture medium was 
centrifuged at 50 g for 1 min and the supernatant was collected. 
One hundred microliter of the supernatant was mixed with 1 ml of 
sodium pyruvate (1.22 mmol/L) in 50 mmol/L phosphate buffer (pH 
7.5) and 20 µl of NADH (6.2 g/L) (Dvo�ák et al., 2003). The 
decrease in absorbance at 340 nm over 3 min was measured and 
calculated. LDH leakage was expressed as the ratio of the 
decreasing rate of absorbance per minute in test group or model 
group to the decreasing rate of absorbance per minute in control 
group. 
 
 
MDA assay 
 
The formation of MDA in the cells was measured by the thiobar-
bituric acid (TBA) method as described by Sahu et al. (2006). 
Briefly, a 0.5 ml aliquot of the cell suspension was added to 0.5 ml 
of the reaction medium containing TBA (0.375%, w/v) and 
trichloroacetic acid (15%, w/v) in 0.25 mol/L HCl. The mixture was 
heated in boiling water for 15 min, cooled to ambient temperature 
and centrifuged to remove insoluble materials. The supernatant 
was measured at 532 nm using 1, 1, 3, 3-tetraethoxypropane as 
standard and expressed as mmol/L MDA/g proteins. Protein 
content was determined by Lowry’s method using bovine serum 
albumin as standard protein. 
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Table 1. Cytotoxicity of gallic acid and tea polyphenols on the hepatocytes  
incubated for 24 h. 
 

Compounds Cell viability at three concentrations (%)1 

5 mg/l 10 mg/l 20 mg/l 
Gallic acid 99.8 ± 1.4 98.7 ± 1.3 93.9 ± 1.6a 
Tea polyphenols  102 ± 2.8 99.6 ± 1.4 99.1 ± 1.6 

 

1Cell viability in control group was as (100 ± 1.4) %. The number of trial times was 
three. All values are expressed as mean ± SD. Upper letters a, P < 0.01, comparing 
with the cell viability in control group. 

 
 
 

GSH assay 
 
The hepatocytes were washed and harvested in 0.5 ml of PBS with 
0.1% of Triton X - 100. After 10 min of incubation, the mixture was 
centrifuged (3000 g, 10 min, 4°C) and 0.3 ml of the supernatant 
was mixed with 1.0 ml of Tris-base (0.8 mol/l)-EDTA (0.02 mol/l) 
buffer, pH 8.9. Following the addition of 0.1 ml of DTNB (0.01 mol/L) 
in methanol (Dvo�ák et al., 2003). The content of reduced GSH in 
the cells was measured at 412 nm and expressed as mg GSH/g 
proteins. Protein content was determined by Lowry’s method using 
bovine serum albumin as standard. 
 
 
Morphology observation 
 
Morphology of the hepatocytes in different groups was observed 
and photographed with an inverted photomicroscope (Model AE31, 
Motic, Germany), equipped with a photographic system at 100 × 
magnification. 
 
 
Statistical analysis 
 
All data were expressed as mean ± standard deviation (SD) of at 
least three independent assays. The differences between the mean 
values of multiple groups were analyzed by one-way analysis of 
variance (ANOVA) with Duncan’s Multiple Range Test. ANOVA 
data with a P < 0.05 were classified as statistically significant. 
SPSS 13.0 and Excel 2003 software were used to analyze and 
report the data.  
 
 
RESULTS 
 
Gallic acid and tea polyphenols showed little toxic effect 
on the hepatocytes (HL-7702 cell line) when the cells 
were exposed to them at three concentrations for culture 
periods of 24 h and assessed via the MTT assay. The 
assay results (Table 1) indicated that tea polyphenols 
showed no cytotoxicity to the cells at three concentrations 
applied in pretreatment. Significant cytotoxicity was 
observed when the addition concentration of gallic acid 
was up to 20 mg/l, but cell viability was still maintained at 
above 90%, which meant that shorter exposure time of 
the cells to gallic acid would have little adverse effect on 
cell viability. We pretreated the hepatocytes with gallic 
acid or tea polyphenols for 30 min in proceeding 
experiments. Therefore, the cytoprotective effects of 
gallic acid and tea polyphenols on the hepatocytes were 
evaluated at three concentrations, 5, 10 and 20 mg/l. 

Effects of gallic acid and tea polyphenols on H2O2 or 
CCl4 induced hepatocytes injury 
 
Comparing to the cells in control group, treatment of the 
hepatocytes with H2O2 (6.5 mmol/L for 1.5 h) or CCl4 (8 
mmol/L for 6 h) resulted in a significant decrease in cell 
viability in model group and all test groups (P < 0.01), as 
shown in Figure 1A (hepatocytes injured by H2O2) and 1B 
(hepatocytes injured by CCl4). The cell viability in model 
group decreased to 26.0% (hepatocytes injured by H2O2) 
or 25.0% (hepatocytes injured by CCl4), indicating that 
oxidative injury occurred in the hepatocytes. If the hepa-
tocytes were pretreated with gallic acid or tea 
polyphenols for 30 min, oxidative injury of the cell could 
be alleviated, especially when gallic acid or tea 
polyphenols was added at higher level 20 mg/l (p < 0.01). 
Cell viability in most test groups was enhanced clearly (p 
< 0.01 or p < 0.05). When gallic acid addition was 20 mg/l, 
cell viability enhanced to 73.2 or 74.2% (H2O2 or CCl4 
injured). Meanwhile, when tea polyphenols addition was 
20 mg/l, cell viability was enhanced to 62.0 or 55.1% 
(H2O2 or CCl4 injured). Gallic acid showed stronger pro-
tective effect. α-Tocopherol as reference antioxidant also 
showed similar protective effect against oxidative injury of 
the hepatocytes, but its effect was weaker than that of 
gallic acid or tea polyphenols.  
 
 
Effects of gallic acid and tea polyphenols on H2O2 or 
CCl4 induced increase of LDH leakage 
 
As shown in Figure 2A and 2B, injury of the hepatocytes 
in model group with H2O2 or CCl4 caused more LDH 
leakage into culture medium. Pretreatment of the cells 
with gallic acid or tea polyphenols or α-tocopherol led to 
the injured cells in test groups with less LDH leakage and 
this effect was enhanced at higher addition level. When 
gallic acid, tea polyphenols or α-tocopherol was 
separately added at higher level (20 mg/l) to the cells, 
gallic acid could reduce LDH leakage from 3.12 or 2.30 
(model group, H2O2 or CCl4 injured) to 1.83 or 1.08 (H2O2 
or CCl4 injured), tea polyphenols could reduce LDH 
leakage to 1.82 or 1.23 (H2O2 or CCl4 injured) and α-
tocopherol could reduce LDH leakage to 2.17 or  1.36  (H2O2) 
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Figure 1. The effects of gallic acid, tea polyphenols and α-
tocopherol on viability of the hepatocytes injured by addition of 
H2O2 (A) or CCl4 (B) in vitro. The hepatocytes were incubated 
with gallic acid, tea polyphenols and α-tocopherol for 30 min, 
then treated with H2O2 or CCl4 for 1.5 h or 6 h. Con, control 
group; Mod, model group; Gal, gallic acid group; Tea, tea 
polyphenols group; Toc, α-tocopherol group. The number of trial 
times was three. Values are expressed as mean ± SD. Letter a 
or b, p < 0.01 or p < 0.05, compared with model group. Star 
mark, p < 0.01, compared with control group. 

 
 
 
or CCl4 injured). Gallic acid showed the strongest 
protective effect and α-tocopherol showed weaker 
protective effect. 
 
 
Effects of gallic acid and tea polyphenols on H2O2 or 
CCl4 induced lipid peroxidation 
 
MDA content in the cells is used as a marker of lipid 
peroxidation. Comparing to the MDA formation in the 
hepatocytes in control group, treatment of the 
hepatocytes with H2O2 or CCl4 led to much more MDA 
formation in the cells in model group or  test  groups  (P < 
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Figure 2. The effects of gallic acid, tea polyphenols and α-
tocopherol on LDH leakage of the hepatocytes injured by addition 
of H2O2 (A) or CCl4 (B) in vitro. The hepatocytes were incubated 
with gallic acid, tea polyphenols and α-tocopherol for 30 min, then 
treated with H2O2 or CCl4 for 1.5 h or 6 h. Con, control group; Mod, 
model group; Gal, gallic acid group; Tea, tea polyphenols group; 
Toc, α-tocopherol group. The number of trial times was three. 
Values are expressed as mean ± SD. Letter a or b, p < 0.01 or p < 
0.05, compared with model group. 
 
 
 
0.01), as shown in Figures 3A and 3B, indicating lipid 
oxidation occurred in the two groups during cell injury. 
MDA content in cells in model group was 1.55 or 1.83 
mmol/L/g proteins (H2O2 or CCl4 injured); much higher 
than that in control group (0.27 or 0.40 mmol/L/g 
proteins). It could be seen that pretreatment of the cells 
with gallic acid, tea polyphenols or α-tocopherol for 30 
min might prevent or delay MDA formation, especially at 
higher addition levels, for example, at 20 mg/l (P < 0.01). 
When three compound was separately added to the cells 
at 20 mg/l, the content of MDA decreased to 0.45, 0.87 
and 1.13 mmol/L/g proteins (H2O2 injured), or to 0.71, 
1.18 and 1.40 mmol/L/g proteins (CCl4 injured), 
respectively. This result clearly  showed  that  three  com- 
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Figure 3. The effects of gallic acid, tea polyphenols and α-
tocopherol on MDA formation of the hepatocytes injured by addition 
of H2O2 (A) or CCl4 (B) in vitro. The hepatocytes were incubated 
with gallic acid, tea polyphenols and α-tocopherol for 30 min, then 
treated with H2O2 or CCl4 for 1.5 h or 6 h. Con, control group; Mod, 
model group; Gal, gallic acid group; Tea, tea polyphenols group; 
Toc, α-tocopherol group. The number of trial times was three. 
Values are expressed as mean ± SD. Letter a or b, p < 0.01 or p < 
0.05, compared with model group. Star mark, p < 0.01, compared 
with control group. 
 
 
 
pounds displayed their antioxidant effect and had a clear 
protective effect against H2O2 or CCl4 induced lipid 
peroxidation in the cells. Gallic acid also showed the 
strongest protective effect and α-tocopherol showed 
weaker protective effect. 
 
 
Effects of gallic acid and tea polyphenols on H2O2 or 
CCl4 induced depletion of GSH 
 
GSH content in cells also serves as an index to reflect 
redox status of  cells.  Comparing  to  the  hepatocytes  of 
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Figure 4. The effects of gallic acid, tea polyphenols and α-
tocopherol on GSH content of the hepatocytes injured by addition of 
H2O2 (A) or CCl4 (B) in vitro. The hepatocytes were incubated with 
gallic acid, tea polyphenols and α-tocopherol for 30 min, then 
treated with H2O2 or CCl4 for 1.5 h or 6 h. Con, control group; Mod, 
model group; Gal, gallic acid group; Tea, tea polyphenols group; 
Toc, α-tocopherol group. The number of trial times was three. 
Values are expressed as mean ± SD. Letter a or b, p < 0.01 or p < 
0.05, compared with model group. Star mark, p < 0.01, compared 
with control group. 
 
 
 
control group, treatment of the hepatocytes with H2O2 or 
CCl4 significantly decreased GSH content in the cells in 
model group or in test groups (P < 0.01), as shown in 
Figure 4A and 4B. The decrease of GSH content in the 
cells resulted from depletion of GSH during oxidative 
injury of the hepatocytes. Pretreatment of the hepa-
tocytes with gallic acid, tea polyphenols or α-tocopherol 
for 30 min could significantly provide protective effect 
against this depletion. Comparing to the cells of model 
group (9.94 or 7.52 mg/g proteins, H2O2 or CCl4 injured), 
GSH contents in the cells  of  test  groups  were  elevated  
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Figure 5. Morphological observations of oxidative injury of the hepatocytes induced by addition of H2O2 (A) or 
CCl4 (B) in vitro. The hepatocytes were incubated with gallic acid, tea polyphenols and α-tocopherol at 20 mg/l 
for 30 min, then treated with H2O2 for 1.5 h or CCl4 for 6 h. Con, control group; Mod, model group; Gal, gallic 
acid group; Tea, tea polyphenols group; Toc, α-tocopherol group. Hepatocytes were observed at 100 × 
magnification. 

 
 
 
were elevated, which were related to the addition levels 
of  gallic  acid,  tea  polyphenols  or  α-tocopherol.   When  

three compounds were added separately at 20 mg/l, GSH 
contents in the cells increased  to 14.0, 13.5 and  12.1  mg/g 



  

 
 
 
 
12.1 mg/g proteins (H2O2 injured), or to 12.0, 11.0 and 
9.15 mg/g proteins (CCl4 injured), respectively. The result 
showed that gallic acid, tea polyphenols and α-tocopherol 
all had protective effect against H2O2 or CCl4 induced 
depletion of GSH. Gallic acid also showed the strongest 
protective effect and α-tocopherol showed weaker 
protective effect. 
 
 
Morphological changes of the hepatocytes in culture 
 
Exposure of the hepatocytes to H2O2 or CCl4 injury clear 
led to significant reduction in cell numbers, as shown in 
Figure 5A (the hepatocytes injured by H2O2) and 5B (the 
hepatocytes injured by CCl4). The hepatocytes of model 
group looked flat, small with fewer aggregates comparing 
to the cells of control group. The hepatocytes of control 
groups maintained their typical morphology. Comparing 
to the cells of model group, pretreatment of the 
hepatocytes with gallic acid, tea polyphenols and α-
tocopherol at three concentrations for 30 min had a 
significant improvement in cell growth, because the 
numbers of the cells in test groups increased and more 
aggregates appeared. Polygonal morphology of the 
hepatocytes in test groups looked like that in control 
group, confirming that gallic acid, tea polyphenols and α-
tocopherol had clear protective effect against H2O2 or 
CCl4 induced oxidative injury. 

 
 
DISCUSSION 
 
H2O2 and CCl4 have highly toxic effect on cells and are 
often used to induce oxidative stress in cell systems. The 
mechanism by which CCl4 causes cell oxidative injury 
involves that cytochrome P-450 system transforms CCl4 
into CCl3 and then CCl3 is transformed into a more reac-
tive CCl3O2, CCl3O2 causes lipid peroxidation, disturbs 
Ca2+ homeostasis and eventually kills cells (Farombi, 
2000; Wang et al., 2004). H2O2 damages the cells by at 
least two mechanisms. The first is prevented by the anti-
oxidants DPPD’ and is likely related to the peroxidation of 
membrane phospholipids. The second is independent of 
lipid peroxidation and yet dependent upon the continued 
presence of H2O2 (Starke and Farber, 1985). Therefore, 
elimination of oxidative stress in liver or the hepatocytes 
with antioxidants might protect liver or the hepatocytes 
from oxidative injury and insure liver health, which is 
beneficial to liver to perform its functions. 

Our study showed, comparing model group to control 
group, exposure of the hepatocytes to H2O2 or CCl4 led to 
cell death, membrane damage, lipid peroxidation and 
GSH depletion, which were confirmed by some biochemi-
cal assays as cell viability, LDH leakage, MDA formation 
and GSH content in cells. From biochemical assays, it 
could be seen that gallic acid and tea polyphenols all had 
protective effect against H2O2 or CCl4-induced hepa-
tocytes oxidative injury. Gallic acid and tea polyphenols  
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could improve cell viability, reduce LDH leakage into 
culture medium, alleviate GSH depletion and inhibit MDA 
formation in the cells clearly, and showed a dose-
dependent protective effect, that is, higher addition levels 
of the compounds, much protective effect displayed. 
More importantly, gallic acid and tea polyphenols showed 
stronger cytoprotective effects against oxidative injury of 
the hepatocytes than α-tocopherol at same addition level 
and gallic acid gave most powerful effect. The potential 
cytoprotective effects of gallic acid, tea polyphenols and 
α-tocopherol against oxidative injury of the hepatocytes 
was in the order of gallic acid > tea polyphenols > α-
tocopherol. 

Cytotoxicity and protective effects of natural antioxi-
dants or plant extracts had been widely studied. In a 
study about cytotoxicity and protective effect of an 
aqueous extract of Rubus chingii fruits on primary rat 
hepatocytes, it was shown that 200 mg/l was considered 
to be feasible concentration of the extract for cell viability, 
because the viable cells were maintained at above 90% 
after incubation for 24 h at this concentration (Yau et al., 
2002). Based on this conclusion and our experimental 
result, we also selected gallic acid and tea polyphenols at 
5, 10 and 20 mg/l in our study to evaluate their cytopro-
tective effects against oxidative injury of the hepatocytes, 
because the cells were exposed to the evaluated 
compounds only for a short time (30 min) and the viable 
cells were also more than 90% after incubation for 24 h at 
all addition levels. 

 In our previous work, three phenol compounds, 
kaempferol, quercetin and myricetin, showed their 
protective effects against oxidative injury of human 
hepatocytes induced by H2O2 or CCl4 (Zhao and Zhang, 
2009), and shared similar protective effects found in the 
presented work. Quercetin was found to give protective 
effect against alcoholic oxidative stress on human hepatic 
tumor cells by reducing LDH leakage into culture medium, 
alleviating GSH depletion in cells and decreasing the 
formation of MDA in cells (Yao et al., 2007). Also, cyto-
protective effects of some plant extracts against induced 
oxidative injury of the hepatocytes were reported. The 
extracts from Artemisia capillaris exhibited protective 
effect on tert-butylhydroperoxide induced oxidative 
damage in rat primary hepatocytes (Chu et al., 1999), for 
LDH leakage into culture medium appeared to be 
reduced, GSH level in the cells to be enhanced and MDA 
formation in the cells to be decreased. The extract of 
bilberry displayed cytoprotective effect against primary rat 
hepatocytes oxidative stress induced by tert-butylhydro-
peroxide or allyl alcohol (Valentová et al., 2007), which 
were demonstrated by enhancing cell viability or reducing 
LDH leakage into culture medium, or decreasing the 
formation of MDA in the cells. Hepatoprotective effect of 
the aqueous extract from the leaves of Acalypha 
racemosa was found in CCl4-treated rats, for MDA con-
tent in the liver decreased when compared with control 
(Iniaghe et al., 2008). All these results and this presented  
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work verified the fact that phenol compounds, including 
gallic acid and tea polyphenols, had protective effects 
against cell oxidative injury. 
 
 
Conclusions 
 
As natural occurring antioxidants in tea, gallic acid and 
tea polyphenols were studied to reveal their protective 
effects against oxidative injury of human hepatocytes 
(HL-7702 cell line) induced by H2O2 or CCl4. The 
hepatocytes were pretreated with gallic acid, tea poly-
phenols and α-tocopherol for 30 min at 5, 10 and 20 mg/l, 
then subjected to oxidative injury. Some biochemical 
assays and morphological observation were carried to 
determine important indexes of oxidative injury of the 
cells, including cell viability, the content of GSH in the 
cells, LDH leakage into culture medium and the content 
of MDA in the cells. The valuation results showed that 
gallic acid and tea polyphenols could improve cell viability, 
increase the content of GSH in the cells, reduce LDH 
leakage into culture medium and decrease the formation 
of MDA in the cells significantly, which indicated that they 
had cytoprotective effect against hepatocytes oxidative 
injured by H2O2 or CCl4. Gallic acid and tea polyphenols 
showed stronger cytoprotective effect against oxidative 
injury of the hepatocytes than α-tocopherol at same 
addition level and gallic acid gave most powerful effect.  
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