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Abstract

This study was designed to investigate the effect of curcumin (diferuloylmethane) on the proliferation and apoptosis of hepatic 
stellate cells (HSC). The cell line HSC-T6 (1.25 x 105 cells/mL) was incubated with curcumin and HSC proliferation was detected 
by a methyl thiazolyl tetrazolium colorimetric assay. HSC apoptosis was detected by flow cytometry, transmission electron 
microscope and agarose gel electrophoresis. HSC proliferation was significantly inhibited in a concentration-dependent man-
ner (10.6 to 63.5%) after incubation with 20-100 μM curcumin, compared with a control group. At 20, 40, and 60 μM, after 24 h 
of incubation, curcumin was associated with a significant increase in the number of HSC in the G2/M phase, and a significant 
decrease in cell numbers in the S phase (P < 0.05). At these concentrations, curcumin was also associated with an increase 
in the apoptosis index of 15.3 ± 1.9, 26.7 ± 2.8, and 37.6 ± 4.4%, respectively, compared to control (1.9 ± 0.6%, P < 0.01). At 
40 μM, the curcumin-induced apoptosis index at 12, 24, 36, and 48 h of incubation was 12.0 ± 2.4, 26.7 ± 3.5, 33.8 ± 1.8, and 
49.3 ± 1.6%, respectively (P < 0.01). In conclusion, curcumin inhibits the in vitro  proliferation of HSCs in the G2/M phase of 
the cell cycle and also induces apoptosis in a concentration- and time-dependent manner. The in vivo effect of curcumin on 
HSCs requires further investigation.
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Hepatic fibrosis is a reversible complication of advanced 
liver disease and represents a major worldwide health care 
burden. Hepatic stellate cells (HSC) undergo activation into 
proliferative and fibrogenic myofibroblast-like cells during 
liver injury (1). The imbalance between proliferation and 
apoptosis of HSC is the main pathogenesis of liver fibrosis 
(1,2). Therefore, inhibiting HSC activation and inducing ap-
optosis may be useful strategies to prevent or treat hepatic 
fibrosis (3).

Curcumin, also known as turmeric yellow or diferu-
loylmethane, is a phenol derived from the herb Curcuma 
aromatica salisb (4). The chemical structure of curcumin is 
1,6-heptadiene-3,5-dione and its molecular weight is 368. 
For several decades curcumin has been widely used as a 
food coloring ingredient for its yellowish color. In the last 10 
years, several in vitro and in vivo studies have reported that 
curcumin possesses significant pharmacological actions, 
such as anti-tumor effects, anti-inflammatory effects and 

induction of apoptosis of cancer cells (5-10). 
The effects of curcumin on HSC and hepatic fibrosis 

are unknown. The primary aim of the present study was to 
determine the effects of curcumin on the proliferation and 
apoptosis of an HSC line in vitro. 

Material and Methods

The rat hepatic stellate cell line HSC-T6, with SV40 
transfection showing an activated phenotype (11), was a 
generous gift from Professor Lie-Ming Xu (Division of Liver 
Diseases, Shanghai University of TCM, Shanghai, China). 
Curcumin and methyl thiazolyl tetrazolium (MTT) were pur-
chased from Sigma-Aldrich Company (USA); newborn calf 
serum and Dulbecco’s modified Eagle’s medium (DMEM) 
were purchased from Hyclone, Gibco (USA). A 200-bp DNA 
marker was obtained from the Sino-American Biotechnol-
ogy Company (China).
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Preparation of the curcumin stock solution
Curcumin was dissolved in a small volume of di- 

methyl sulfoxide (DMSO, equivalent to <1‰ of the final 
volume). The DMSO curcumin solution was mixed rapidly 
with DMEM to provide a solution of 10 mM curcumin. 
The solution was filtered through a 0.22-μm membrane. 
Aliquots were stored at -20°C protected from light. 

HSC-T6 culture
Cells were cultured in DMEM, supplemented with 100 

U/mL penicillin, 100 U/mL streptomycin and 10% newborn 
calf serum. Cells were incubated in a cell culture flask 
at 37°C under 5% CO2, 95% air and saturated humidity 
and the medium was changed every 2 days. Cells were 
digested with 0.25% trypsin and 0.02% EDTA when the 
cell density reached 80 to 90%.

Effect of curcumin on cell proliferation
The effect of curcumin on HSC proliferation was 

monitored with MTT. The cell concentration of the 
logarithmic growth phase was adjusted to 1 x 105/mL 
and 100 µL aliquots were transferred to a 96-well plate. 
Serum-free DMEM was added to each well after 24 h 
and incubated for 24 h in order to synchronize cells to 
the resting stage. The supernatant was removed and 
0, 20, 40, 80, 100 μM curcumin containing DMEM and 
2% serum were added and co-cultured for 24 h. This 
was repeated five times in each concentration group. 
The supernatant was removed and 10 µL MTT and 100 
µL serum were added to each well and cultured for 4 
h. The culture solution was removed and the remaining 
cells were dissolved with 100 µL DMSO. Absorbance 
was measured with an ELISA Reader (Tosoh, Japan) 
with a 630-nm reference wavelength. Inhibition ratio = 
1 - (absorbance of drug group / absorbance of control 
group) x 100%.

Flow cytometry test for apoptosis
Cells in the logarithmic growth phase were seeded 

into T-25 culture flasks containing medium at 7 x 105/mL 
and incubated for 24 h. The medium was removed and 
serum-free DMEM was added to T-25 culture flasks and 
incubated for 24 h. The medium was removed and 0, 10, 
20, 40, or 60 μM curcumin were added and incubated for 
24 h. In an additional set of experiments, 40 μM curcu-
min was added and cells were cultured for 12, 24, 36, 
and 48 h, respectively. Suspended and adherent cells 
were collected and washed once with cold phosphate-
buffered saline (PBS). Cells were then fixed with 70% 
alcohol and a single cell suspension was prepared and 
stored at 4°C. The fixation fluid was washed with PBS 
before the test. Twenty microliters RNase A was added 
and incubated for 30 min at 37°C and 800 µL propidium 
iodide staining solution was added for overnight staining 
at 4°C away from light. Apoptosis was detected by flow 

cytometry (BD FACS Calibur, USA) and images were 
quantified using the ModFIT software to analyze the cell 
generation cycle and to calculate apoptosis index. 

Morphology of cell apoptosis
Cells were co-cultured with 40 μM curcumin for 24 

h. Suspended and adherent cells were collected and 
washed once with PBS and then fixed with 2.5% glutaral-
dehyde at 4°C for 1 h, and postfixed with 1% osmic acid 
for 30 min. Cells were stained with lead-uranium and the 
ultrastructural organization was observed with a Hita-
chi-600 (Japan) transmission electron microscope.

DNA ladder of the cell apoptosis test 
Cells were treated with 0, 20, 40, or 60 μM curcumin 

for 24 h and DNA was extracted as described previously 
(12); 1.5% agarose gel electrophoresis was performed 
for 3 h at constant voltage of 50 volts, and observed 
with a gel imaging system (Multi Genius Bio-Imaging 
System, Syngene, USA). 

Statistical analysis 
Data are reported as means ± SD. Statistical differ-

ences were determined by one-way analysis of variance 
or the Student t-test. Differences were considered to be 
statistically significant at P < 0.05.

Results

Curcumin and HSC proliferation
After treatment with curcumin, HSC proliferation was 

significantly reduced compared to control (Table 1). The 
inhibition rate increased with increasing curcumin con-
centrations (P < 0.01). The 50% inhibiting concentration 
(IC50) was 89 μM, as computed by the Probit method.

Effects of curcumin on the cell cycle 
As shown in Table 2, curcumin treatment at a con-

Table 1. Effect of curcumin on hepatic stellate cell proliferation.

Concentration Absorbance Inhibition (%)

    0 µM 1.33 ± 0.04 0%
  20 µM 1.19 ± 0.02* 10.6%
  40 µM 1.01 ± 0.05* 24.2%
  60 µM 0.93 ± 0.03* 30.1%
  80 µM 0.75 ± 0.02* 43.9%
100 µM 0.49 ± 0.03* 63.5%

Data are reported as means ± SD or percent. Cells were cul-
tured in DMEM and incubated with curcumin for 24 h at 37°C. 
Cell proliferation was measured by a methyl thiazolyl tetrazolium 
colorimetric assay. *P < 0.05 vs control group (Student t- or chi-
square tests).
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centration of 10 to 60 μM had no significant effect on the 
number of cells in the G0/G1 phase (P > 0.05 compared to 
control). As curcumin concentrations were increased from 
10 to 60 μM, there was a gradual decrease in the number 
of cells in the S phase, and a gradual increase in the cells 
in the G2/M phase (P < 0.05 and 0.01, respectively).

Effects of curcumin on cell apoptosis
A significant peak of hypodiploid cells indicative of 

apoptosis was detected by flow cytometry when HSC were 
incubated with curcumin at 20, 40, and 60 μM (Figure 1), 
whereas the peak was not observed in the control group. 

The apoptosis indices of the curcumin groups were 15.3 ± 
1.88, 26.7 ± 2.79, and 37.6 ± 4.38%, respectively, and they 
were higher than control rates (1.9 ± 0.64%, P < 0.01). 

The HSC apoptosis index increased gradually with 
treatment time when HSC were treated with 40 μM curcu-
min (Figure 2). 

Figure 1. Flow cytometry hepatic stellate cell apoptosis before (control group, A), and after treatment with curcumin at 20 (B), 40 (C) 
and 60 μM (D).

Figure 2. Comparison of the apoptosis index of hepatic stellate 
cells treated with 40 μM curcumin for 12, 24, 36 and 48 h, re-
spectively. Data are reported as means ± SD for 5 experiments. 
Apoptotic index was defined as the number of apoptotic cells di-
vided by the total number of cells, which was done by the ModFIT 
software. 

Table 2. Effects of curcumin on the cell cycle of hepatic stellate 
cells.

Concentration G0/G1 (%) S (%) G2/M (%)

  0 µM 43.7 ± 1.61 50.3 ± 1.51 6.0 ± 0.53
10 µM 46.5 ± 1.58 46.9 ± 1.18 6.6 ± 1.08
20 µM 48.6 ± 1.08 43.6 ± 0.92* 7.8 ± 0.78*
40 µM 48.1 ± 1.73 33.0 ± 0.64* 18.9 ± 1.16*
60 µM 48.4 ± 1.71 30.4 ± 1.28* 21.2 ± 0.92*

Data are reported in percent for the G0/G1, S and G2/M cell 
cycle phases. *P < 0.05 vs control group (Student t- or chi-square 
tests). 
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ladder was detected after treatment with 20, 40, and 60 
μM curcumin (Figure 5).

Discussion

The major findings of the present study were: 1) 
curcumin inhibits HSC proliferation in vitro in a con-
centration-dependent manner; 2) curcumin reduces the 
number of cells in the S phase and increases the cells in 
the G2/M phase in a concentration-dependent manner; 3) 
curcumin induces HSC apoptosis in a concentration- and 
time-dependent manner. 

HSC morphology 
After incubation with 40 μM curcumin for 24 h, 

HSC became smaller when observed with the contrast 
phase microscope (Figure 3). Nuclear chromatin was 
condensed to a round shape along the inner part of the 
nuclear membrane. Condensed organelles and apop-
totic bodies were observed by transmission electron 
microscope (Figure 4).

DNA fragment detection
A high molecular weight strip was found on the 

agarose gel of the control group (Figure 5) and a DNA 

Figure 3. Effect of curcumin on 
the apoptosis of hepatic stellate 
cells examined with an inverted 
light microscope. A, Hepatic ste-
late cells incubated with 40 µM 
curcumin for 24 h. Arrow indi-
cates apoptoic hepatic stellate 
cells. B, Control group.

Figure 4. Effect of curcumin on the apoptosis of hepatic stellate cells (HSC) examined by electron microscopy (7000X). A, HSC and 
nuclear membrane were normal in the control group (arrow). B, HSC incubated with 40 µM curcumin for 24 h. Note that there was a 
significant cell shrinkage and chromatin condensation along the nuclear membrane (arrow). 
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Because of the critical role of HSC in the pathogenesis 
of hepatic fibrosis, induction of HSC apoptosis has become 
potentially important for the prevention or treatment of he-
patic fibrosis. Enhanced HSC apoptosis may reduce the 
formation of procollagen and increase extracellular matrix 
degradation, aiding the recovery from hepatic fibrosis. 
Curcumin not only inhibits HSC proliferation in the S phase 
and induces apoptosis, but also inhibits the transforma-
tion of HSC from a quiescent phenotype to an activated 
phenotype, and decreases the expression of alpha-smooth 
muscle actin, a marker of HSC activation (13,14). Curcumin 
also reduces the secretion of type I collagen in HSC in vitro, 

and the collagen deposition in the liver of rats with hepatic 
fibrosis induced by carbon tetrachloride (13,14). An earlier 
human study showed no significant side effects in a group 
of volunteers treated with 8 g curcumin per day for three 
months (15). These results suggest that curcumin may be 
safely used to treat hepatic fibrosis by several different 
mechanisms. 

The signaling pathways by which curcumin affects cell 
proliferation and apoptosis are not entirely clear. In rat HSC, 
the inhibition of cell proliferation and induction of apoptosis 
appear to be related to the activation of peroxisome prolif-
erator (16), a key regulator of the cell cycle and apoptosis. 
In Hodgkin’s lymphoma cells, the effect of curcumin on the 
cells is associated with the inhibition of constitutively active 
NF-kappaB and STAT3 pathways, leading to a decreased 
expression of the proteins involved in cell proliferation and 
apoptosis, e.g., Bcl-2 and Bcl-xL (17). Also in Hodgkin’s 
lymphoma cells, curcumin triggers apoptosis by activat-
ing caspase-3 and caspase-9, and by changing nuclear 
morphology and phosphatidylserine translocation (17). In 
human acute myelogenous leukemia HL-60 cells, curcu-
min has also been found to induce apoptosis through the 
mitochondrial pathway involving caspase-8, BID cleavage, 
cytochrome c release, and caspase-3 activation (7). It is 
uncertain how these signaling pathways or their interplay 
may have contributed to the significant effect of curcumin on 
cell growth and apoptosis in the present study. The precise 
signaling pathways leading to proliferation inhibition and 
apoptosis induction need to be further investigated.

We found that curcumin significantly inhibits prolifera-
tion and induces apoptosis of HSC in vitro. Further clinical 
studies are warranted to evaluate the safety and efficacy 
of this agent in the management of hepatic fibrosis.
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