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Abstract
AIM: To s tudy the p ro tec t i ve e f fec t o f g rape 
procyanidins on oxidative injury induced by ethanol and 
carbon tetrachloride in rat hepatocytes. 

METHODS: Normal rat hepatocytes as well as cells 
damaged by ethanol or carbon tetrachloride were 
incubated with different doses of grape procyanidins 
for 24 h. Cell proliferation, apoptosis and TNFα mRNA 
expression were subsequently determined using MTT 
assay, cell death ELISA and in situ hybridization.

RESULTS: Proliferative levels of the control cells 
from ethanol and CCl4 injury groups significantly 
decreased while apoptosis and TNFα mRNA expression 
significantly increased compared to the normal control 
and grape procyanidins co-treatment groups (0.455 
± 0.051 vs  0.318 ± 0.045, P  < 0.05). In comparison 
with the normal control, 50 and 100 mg/L grape 
procyanidins significantly stimulated cell growth, 
with a better effect observed with 100 mg/L grape 
procyanidins. 

CONCLUSION: Grape procyan id ins inh ib i t the 
hepatocyte damage induced by ethanol and carbon 
tetrachlor ide, and st imulate normal hepatocyte 
proliferation. 
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INTRODUCTION
Ethanol and carbon tetrachloride (CCl4) are chemicals 
that human beings frequently contact during production 
and habitation. They have hepatic toxicity, and induce 
hapatocyte injury via various mechanisms including direct 
effect and free radical formation[1]. Grape procyanidins 
(GPC) are natural botanic polyphenols extracted from 
grape seeds, with bioactivities such as antioxidation, free 
radical elimination and cell proliferation stimulation[2]. In 
the present study, we used in vitro cultured rat hepatocytes 
to investigate the inhibitory effects of  GPC on ethanol 
and CCl4 induced hepatocyte injury.

MATERIALS AND METHODS
Materials
GPC was obtained from Hai Longda Biochemical and 
Technological Corporation (China), and the content 
of  oligomeric procyanidin was proved to be more than 
97% when tested with ultravoilet spectrophoto analysis 
and hyperbaric liquid chromatography. RPMI 1640 
medium, Thiazolyl Blue Tetrazolium Bromide (MTT), 
typan blue reagent, calf  serum oligonucleotide robe, and 
other reagents for in situ hybridyzation were purchased 
from Sigma Chemical Corporation. Cell death detection 
ELISA was obtained from Roche Diagnostics Ltd. Light 
microscope and phytomicrographic camera PM-CBK-G 
were products of  Olympus, Japan. Computer software 
Vidas 21 was from Germany. Microplate reader (Bio-Rad 
model 550) was bought from Sweden.

Isolation and culture of hepatocytes
A Healthy Wistar rat weighing 180 g was exsanguinated 
to death and rat liver extracted under sterile condition. 
The liver was triturated using 200 holes metal strainer into 
hepatocyte suspension, and the cell density was adjusted to 
1 × 105 cells/mL. The viability of  cells was examined by 
trypan blue exclusion. 

Experimental treatment
Hepatocytes were divided into three groups: normal 
control, ethanol injury and CCl4 injury groups. The doses 
of  ethanol and CCl4 were 10 mL/L and 10 mmol/L 
respectively. Cells received 0, 5, 50 and 100 mg/L of  GPC 
right before ethanol or CCl4 was added.

Cell proliferation 
Fifty μL of  cell suspension together with 50 μL of  culture 
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medium was added into each well of  96-well plates to 
reach a cell density of  5 × 104 cells/mL, and then cultured 
for 12 h at 37℃ in humidified atmosphere containing 5% 
CO2. After incubation, GPC, ethanol and CCl4 were given 
for 24 h as stated above. Each group had five parallel wells. 
Cell proliferative activities were subsequently measured 
using MTT assay. Briefly, after MTT reagent was added 
to each well and color developed, the absorbance of  each 
sample was measured using a microtitre plate reader, and 
results were expressed in average optical density (D).

Cell apoptosis 
Cell suspension (0.5 mL) and culture medium (0.5 mL) 
were added into each well of  12-well plates and cultured 
for 12 h. Cells received various treatment as stated above, 
and apoptotic levels of  each group were indicated by 
the amount of  cytoplasmic histone-associated-DNA 
fragments and measured using cell death detection 
ELISA. Basically, peroxidase-conjugated anti-DNA and 
biotin-labeled anti-histone antibodies were added to the 
supernatant (containing fragmented DNA) of  cell lysate 
of  each sample and reacted with the DNA and histone 
components of  the nucleosomes. The DNA fragmentation 
was determined quantitatively and photometrically by 
measuring the amount of  peroxidase with ABTs as 
substrate, and expressed in average optical density (D). 

TNFα mRNA expression 
For each well of  6-well plates, 1 mL of  cell suspension and 
1 mL of  culture medium were added to reach a cell density 
of  5 × 104 cells/mL. A coverslip was placed in advance at 
the bottom of  each well to allow the cells to grow on it. 
After various treatment as mentioned above, the coverslips 
(with cells) were taken out and the cells were fixed using 
paraformaldehyde. After subsequent inactivation of  
intrinsic enzymes with 3% H2O2, exposure of  mRNA 
nucleotidyl fragments with 3% citric acid diluted pepsin, 
pre-hybridization, hybridization and coloration, the 
TNFα mRNA expression level was observed under light 
microscopy, and quantitatively analysed using Vidas 21 
analyzer. For each coverslip, three fields of  view were 
measured and the average amount calculated. 

Statistical analysis
Data were expressed as mean ± standard deviation. All 
analyses were performed using SPSS 11.0 software and a 
value of  P < 0.05 was considered statistically significant.

RESULTS
Cell proliferation
Cell proliferative levels of  the controls from normal cells, 
ethanol injury and CCl4 injury groups were 0.448 ± 0.031, 
0.232 ± 0.034 and 0.245 ± 0.037, respectively, all of  which 
were significantly lower than the 100 mg GPC co-treated 
groups (P < 0.05). Other results on cell proliferation are 
shown in Table 1.

Cell apoptotic levels
The cell apoptotic levels of  the ethanol and CCl4 injury 
groups were 0.59 ± 0.15 and 0.62 ± 0.13, respectively. 
With 100 mg/L GPC co-treatment, the cell apoptotic 
levels of  the above two treatment groups significantly 
dropped to 0.35 ± 0.13 and 0.39 ± 0.14 (P < 0.05). Figure 1 
shows the apoptotic levels of  each group. 

TNFα mRNA expression
TNFα mRNA was expressed as brown granules in 
cytoplasm when observed under microscope (× 40). As 
shown in Figure 2, a large number of  cells were observed 
with brown granules inside and the color was deep 
in ethanol and CCl4 injury groups, indicating a strong 
expression of  TNFα mRNA. Very few cells from the 
normal control presented weak TNFα mRNA expression. 
With 50 and 100 mg/L GPC co-treatment, the TNFα 
mRNA expression was stronger than the normal control, 
but weaker than the ethanol and CCl4 injury groups. The 
TNFα mRNA expression levels (quantitatively analysed by 
Vidas 21 analyzer) in each group are shown in Table 2. 

DISCUSSION
Liver is an important metabolic organ in human, which 
has various physiological functions such as biosynthesis, 
detoxification and excretion. Ethanol and CCl4 are 
metabolised by liver, from which the free radicals OH- and 
CCl-3 are formed. These free radicals can cause hepatocyte 
damage, which leads to abnormal biochemical reactions 
and molecular structures[1,3]. 

Cell proliferation is a physiological characteristic 

Control          Treatment group (GPC, mg/L)
5 50 100

Normal cells 0.448 ± 0.031  0.459 ± 0.034  0.508 ± 0.033c 0.611 ± 0.035e

Ethanol injury 0.232 ± 0.034a  0.235 ± 0.033  0.317 ± 0.032c 0.399 ± 0.029e

CCl4 injury 0.245 ± 0.037a 0.251 ± 0.036  0.306 ± 0.029c 0.403 ± 0.039e

Table 1  Cell proliferation levels of each group

aP < 0.05 vs the normal control; cP < 0.05 vs the control and 5 mg/L GPC 
group of each treatment group; eP < 0.05 vs the 50 mg/L GPC group of each 
treatment group. 
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Figure 1  Cell apoptotic levels of each group. Cells receiving various treatments 
were incubated for 24 h before apoptosis was detected using cell death detection 
ELISA. aP < 0.05 vs the normal control; cP < 0.05 vs the control and 5 mg/L GPC 
treatment group; eP < 0.05 vs the 50mg/L GPC treatment group.
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of  normal cells, and cell apoptosis a physiological cell 
death which balances the internal environment. Both the 
cellular proliferative level and apoptotic level are sensitive 
indexes for evaluating cell activity. When damaged by 
physical, chemical or biological factors, cells experience 
decreased proliferation and elevated apoptosis[3,4]. TNFα 
is a multifunctional cell factor, which plays a role in 
immunoreactions and internal environment stabilization. 
It is rarely expressed in normal healthy cells, while when 
pathological phenomena such as tumor, inflammation and 
alcoholic hepatitis, occur, the expression of  TNFα can be 
dramatically elevated[5,6]. 

As shown in the current study, proliferative levels of  
the control cells from ethanol and CCl4 injury groups 
significantly decreased, while apoptosis and TNFα mRNA 
expression significantly increased compared to the normal 
control cells, indicating that ethanol and CCl4 caused 
damage to normal healthy hepatocytes. In terms of  the 
GPC effects on ethanol and CCl4-damaged cells, although 

cells treated with GPC at different doses showed similar 
changes in proliferation, apoptosis and TNFα mRNA 
expression to the ethanol and CCl4-treated cells, the 
injuries were less in extent. The injury levels of  the three 
GPC-treated groups were in order of  5 mg/L > 50 mg/L 
> 100 mg/L, namely, the injury levels decreased whilst the 
GPC doses increased. This indicated that GPC efficiently 
inhibited ethanol and CCl4 induced proliferation inhibition, 
cell apoptosis and abnormal expression of  TNFα mRNA, 
and it had significant protective effects against hepatocyte 
injuries. This data is in agreement with the reports on 
GPC inhibiting free radical damage and gene mutation[7,8], 
and with our previous studies on GPC inhibiting oxidative 
stress-induced abnormal expression of  endothelial adhesion 
molecules as well[9].

Furthermore, in terms of  the effect of  GPC on normal 
cell proliferation, cells treated with different doses of  GPC 
had higher proliferative activities than the normal control, 
and an obvious dose-dependent response was obtained: 
the higher dose of  GPC the cells received, the better cell 
proliferative activity observed. This indicated that GPC 
promoted cell proliferation in normal hepatocytes and our 
data is similar to the previous reports on GPC stimulating 
hair cell growth[10,11]. The stimulating effect of  GPC in 
normal cell proliferation might be associated with its 
inhibitory effect on endogenous free radicals-generated 
cell injury, and the precise mechanism needs further 
investigations.
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Figure 2  Microscopic TNFα mRNA expression (× 40). Rat hepatocytes with 
various treatments were incubated for 24 h before TNFα mRNA expression 
was detected by in situ hybridization. Under light microscopy, TNFα mRNA was 
expressed as brown granules in cytoplasm. A: normal control; B: ethanol/CCl4 
injury; C: 100 mg/L GPC + ethanol/CCl4.
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