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Abstract
Aim: To investigate the reversal effects of curcumin on multidrug resistance (MDR)
in a resistant human gastric carcinoma cell line.  Methods: The cytotoxic effect of
vincristine (VCR) was evaluated by MTT assay.  The cell apoptosis induced by
VCR was determined by propidium iodide (PI)-stained flow cytometry (FCM) and
a morphological assay using acridine orange (AO)/ethidium bromide (EB) dual
staining.  P-glycoprotein (P-gp) function was demonstrated by the accumulation
and efflux of rhodamine123 (Rh123) using FCM.  The expression of P-gp and the
activation of caspase-3 were measured by FCM using fluorescein isothiocyanate
(FITC)-conjugated anti-P-gp and anti-cleaved caspase-3 antibodies, respectively.
Results: Curcumin, at concentrations of 5 µmol/L, 10 µmol/L, or 20 µmol/L, had no
cytotoxic effect on a parent human gastric carcinoma cell line (SGC7901) or its
VCR-resistant variant cell line (SGC7901/VCR).  The VCR-IC50 value of the SGC7901/
VCR cells was 45 times more than that of the SGC7901cells and the SGC7901/VCR
cells showed apoptotic resistance to VCR.  SGC7901/VCR cells treated with 5
µmol/L, 10 µmol/L, or 20 µmol/L curcumin  decreased the IC50 value of VCR and
promoted VCR-mediated apoptosis in a dose-dependent manner.  Curcumin (10
µmol/L) increased Rh123 accumulation and inhibited the efflux of Rh123 in SGC7901/
VCR cells, but did not change the accumulation and efflux of Rh123 in SGC7901
cells.  P-gp was overexpressed in SGC7901/VCR cells, whereas it was downregulated
after a 24-h treatment with curcumin (10 µmol/L).  Resistant cells treated with 1
µmol/L VCR alone showed 77% lower levels of caspase-3 activation relative to
SGC7901 cells, but the activation of caspase-3 in the resistant cell line increased
by 44% when cells were treated with VCR in combination with curcumin.
Conclusion: Curcumin can reverse the MDR of the human gastric carcinoma
SGC7901/VCR cell line.  This might be associated with decreased P-gp function
and expression, and the promotion of caspase-3 activation in MDR cells.
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Introduction
Although progress has been made in the treatment of

patients with gastric cancer over the last two decades, a
significant percentage of these patients fail to achieve com-
plete remission or they relapse due to the phenomenon of
multidrug resistance (MDR).  In tumor cell lines, MDR is
often associated with the overexpression of ATP-dependent

drug efflux proteins belonging to the superfamily of ATP-
binding cassette (ABC) transporters: the 170 kDa P-glyco-
protein (P-gp) encoded by the MDR1 gene and the 190 kDa
multidrug resistance-associated protein-1 encoded by the
MRP-1 gene[1,2].  These proteins bind to and transport vari-
ous structurally unrelated compounds to maintain their in-
tracellular concentrations below cytotoxic levels.

Over the last two decades, considerable efforts have been
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made to circumvent the problem with multidrug resistance.
One approach is to use various resistance modulators to
reverse MDR mechanisms and thus sensitize MDR tumor
cells to anticancer drugs.  Several compounds can reverse
MDR, such as calcium channel blockers, CsA, MK571,
buthionine sulfoximine (BSO) and genistein.  However, the
use of effective doses of these agents for systemic chemo-
therapy has been difficult because of their side effects and
dose-limiting toxicity.  Therefore, it is necessary to find new
reversing agents that do not have the undesirable toxico-
logical effects[3].

Curcumin is a natural phenolic coloring compound that
is found in the rhizomes of Curcuma longa L, commonly
called turmeric.  It has been widely used as a spice, to color
cheese and butter, as a cosmetic[4], and in some medicinal
preparations[5].  Curcumin has a wide range of biological and
pharmacological activities, including antioxidant properties[6],
anti-inflammatory properties[5], anti-mutagenic activity[7], and
anti-carcinogenic[8], hypocholesterolemic[9] and hypoglyce-
mic effects[10].  The safety of C longa and its derivatives has
been studied in various animal models[11], and it is clear that
turmeric is not toxic even at high doses in laboratory animals.
A single feeding of a 30% turmeric diet to rats did not pro-
duce any toxic effects.  In a 24-h acute toxicity study, mice
were fed doses of 0.5 g/kg, 1.0 g/kg, and 3.0 g/kg of turmeric
extract daily.  There was no increase in the mortality rate
when compared with the controls in either study.

Because of its wide range of biological and pharmaco-
logical effects, and a lack of toxicity in animal models,
curcumin has been examined to determine whether it inter-
acts with MDR.  In vitro studies have demonstrated that
curcumin is able to modulate both the expression and func-
tion of P-gp in multidrug-resistant KB cells[12,13] and primary
cultures of rat hepatocytes[14].  It is not clear whether
curcumin can reverse the P-gp-mediated MDR of resistant
gastric cancer cells.  This led us to evaluate the effect of
curcumin on the MDR of a vincristine (VCR)-resistant gas-
tric cancer cell line (SGC7901/VCR).  We found that treat-
ment of drug-resistant SGC7901/VCR cells with curcumin
increased their sensitivity to vincristine, which was consis-
tent with decreased P-gp function and expression.  In addition,
curcumin was able to promote VCR-stimulated caspase-3 ac-
tivation in SGC7901/VCR cells.  It is possible that curcumin
could be useful in the treatment of drug resistant gastric
cancer cells as a MDR modulator.

Materials and methods
Reagents   Curcumin, MTT, ethidium bromide (EB), acri-

dine orange (AO) and rhodamine123 (Rh123) were obtained
from Sigma (St Louis, MO, USA); vincristine (VCR) was ob-
tained from Farmitalia Carlo Erba (Milan, Italy); the anti-
cleaved caspase-3 antibody was purchased from Cell Sig-
naling Technology (Beverly MA); the anti-P-gp antibody
and FITC-conjugated goat antimouse IgG were bought from
Beijing Zhongshan Biological Technology Co (Peking,
China).

Cells and cell cultures  Gastric cancer cell line SGC7901
and VCR-resistant gastric cancer SGC7901/VCR cells were
kindly provided by the Department of Gastroenterology,
Xijing Hospital, the Fourth Military Medical University (Xi’an
China).  The MDR subline SGC7901/VCR was developed by
exposing the parental SGC7901 cells to increasing concen-
trations of the anticancer drug VCR.  All cells were cultivated
in RMPI-1640 supplemented with 10% heat-inactivated fetal
bovine serum at 37 °C in a 5% CO2 atmosphere.  The medium
for SGC7901/VCR cells was further supplemented with VCR
(0.25 µmol/L).  Before their use in experiments, the SGC7901/
VCR cells were cultured in a drug-free medium for 2 weeks.

Cytotoxicity assay by MTT  Cells were seeded into 96-
well plates at densities of 1×104 SGC7901/VCR cells per well
and 0.5×104 SGC7901 cells per well, and incubated in a hu-
midified atmosphere of 5% CO2+95% air overnight, then nor-
mal cell medium containing either test compounds or sol-
vents at the desired concentration were added.  After 72 h
incubation, 20 µL MTT (5 g/L in phosphate buffered saline,
PBS ) were added.  The plates were incubated for 4 h and the
blue dye formed was dissolved in 100 µL dimethyl sulfoxide
(DMSO or Me2SO).  The absorbance at 570 nm was recorded
using an ELISA reader.  The survival rate was calculated as
follows:

Survival rate (%)=(T–B)/(U–B)×100%
where T is the absorbance of treated tumor cells when ex-
posed to drugs, U is the absorbance of untreated cells, B is
the absorbance when neither the drug nor MTT was added
(blank).

The 50% inhibitory concentration (IC50) of 3 d exposure
for a particular agent was defined as the drug concentration
that causes in a 50% reduction in the number of cells com-
pared with the untreated control.  The IC50 values were de-
termined by Bliss software.

Apoptosis assay by flow cytometer using propidium io-
dide staining  Cells were treated with various concentra-
tions of VCR and curcumin for 24 h, and then harvested with
0.25% trypsin and washed with PBS.  Cells (2×105) were fixed
in 70% ice-cold EtOH/PBS for 20 min on ice, and then washed
with PBS and incubated in propidium iodide (PI) solution (69
mmol/L PI, 388 mmol/L sodium citrate, 100 µg/mL RNase A)
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for 15 min at 37 °C.  Cells were immediately analyzed with
FAC scan flow cytometry (Becton Dickinson, San Jose, CA).

Apoptosis detection by morphological observation after
AO/EB staining  Cells were treated with various concentra-
tions of VCR and curcumin for 24 h, and then harvested with
0.25% trypsin and resuspended in RPMI-1640 medium.  Af-
ter staining for 10 min with 4 mL of an AO (100 mg/mL)/EB
(100 mg/mL) dye mixture, cells were visualized immediately
under a fluorescence microscope.

Accumulation and efflux of Rh123 as measured by flow
cytometry  The measurement of Rh123 accumulation was
performed as previously described[15].  Briefly, cells (5×105

per sample) were incubated with 1 µg/mL of Rh123 in the
dark at 37 °C in 5% CO2 for 120 min.  Curcumin (dissolved in
0.1% DMSO) was added to cultures at the same time as Rh123.
A final concentration of 0.1% Me2SO (v/v) was used for all
experiments and controls.  Following Rh123 accumulation,
cells were washed twice with ice-cold Hanks’ Balanced Salt
(HBSS) (without phenol red), placed in HBSS with 10% fetal
bovine serum on wet ice.  The green fluorescence of Rh123
was measured by using a FAC scan flow cytometer (Becton
Dickinson).

 For determination of Rh123 efflux, cells were loaded for
60 min with Rh123 in the absence of curcumin, and then the
medium was replaced with Rh123-free medium containing
curcumin, or the vehicle (Me2SO).  Following efflux intervals
of 60 min, the medium was removed, and the cells were washed
twice with ice-cold HBSS and prepared for flow cytometry as
described earlier.  As measured by Trypan blue exclusion,
the cells remained viable during the Rh123 accumulation and
efflux studies with curcumin.

Flow-cytometric analysis of the expression of P-gp and
the activation of caspase-3  The cells were collected and
adjusted to a concentration of 1×106 cells per mL and centri-
fuged at 1500×g for 5 min at 20 °C.  The cell pellet was resus-
pended in 20 mL anti-P-gp or anti-active caspase-3 antibody
(1:400), and then incubated at 4 °C for 30 min while being
protected from light.  After three washes with cold PBS con-
taining l % fetal calf serum (FCS), cells were incubated while
being protected from light at 4 °C for 30 min with FITC-con-
jugated goat antimouse IgG (l:1000).  Then cells were centri-
fuged at 1500×g for 5 min at 20 °C and were resuspended
with PBS.  The fluorescence intensity of cells was then ana-
lyzed by using a flow cytometer (Becton Dic-kinson).

Statistical analysis  Data were expressed as mean±SD.
Student’s t-test was used to assess the statistical signifi-
cance of differences.  P<0.05 was considered to be statisti-
cally significant.

Results
Cytotoxic effect of curcumin on SGC7901 and

SGC7901/VCR cells  We found that 1–20 µmol/L curcumin
was not obviously cytotoxic to gastric cancer cell line
SGC7901 or VCR-resistant gastric cancer SGC7901/VCR cells
(survival rate >85%).  However, 40–160 µmol/L curcumin
caused significant cytotoxicity in SGC7901 and SGC7901/
VCR cells (Figure 1).  Because treatment of the cells with 5
µmol/L, 10 µmol/L, and 20 µmol/L curcumin had no signifi-
cant effect on cell viability, we used these concentrations
for further analysis.

Effect of curcumin on VCR resistance in SGC7901/VCR
cells  The IC50 values of VCR were 0.49 µmol/L and 22.27
µmol/L in the sensitive and resistant lines, respectively, which
indicated that the SGC7901/VCR cell line was 45 times more
resistant to VCR than the parent SGC7901 cell line.  As shown
in Figure 2, when 5 µmol/L, 10 µmol/L, or 20 µmol/L curcumin
was added, the IC50 value of VCR in the SGC7901/VCR cell
line significantly decreased from 22.27 µmol/L to 11.60 µmol/L,
3.28 µmol/L, and 1.53 µmol/L, respectively, in a dose-depen-
dent manner.  After treatment with 20 µmol/L verapamil
(positive control), the IC50 value of VCR in the SGC7901/VCR
cell line only decreased from 22.27 µmol/L to 3.13 µmol/L.

Effect of curcumin on the apoptotic resistance of
SGC7901/VCR cells Apoptotic cells were quantified as the
proportion of cells that had a DNA content of less than 2N
(sub-Gl DNA content)[16].  As shown in Figure 3, after treat-
ment with 1 µmol/L VCR for 24 h, the apoptosis of SGC7901/
VCR cells was only 12.5%, but significant apoptosis was
observed in the parental cells (61.4%, P<0.01) at the same

Figure 1.  Effects of curcumin on SGC7901 and SGC7901/VCR cells
growth.  Cells were treated with various curcumin concentrations for
3 d.  n=3 independent experiments.  Mean±SD.
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drug concentration, indicating that SGC7901/VCR cells had
apoptotic resistance to VCR.  Curcu-min, at concentrations
of 5 µmol/L, 10 µmol/L, and 20 µmol/L for 24 h, promoted the
VCR-mediated apoptosis of SGC7901/VCR cells from 12.3%
to 20.5%, 32.7%, and 43.7%, respectively, in a dose-depen-
dent manner.  Moreover, AO/EB staining also revealed that
curcumin promoted VCR-induced apoptosis in SGC7901/VCR
cells (Figure 4).  These results demonstrate that curcumin is
able to overcome the apoptotic resistance of SGC7901/VCR
cells to VCR.

Effect of curcumin on P-gp functions  To examine the
function of P-gp on the surface of viable cells, Rh123 accu-
mulation and efflux studies were chosen because they ap-
pear to be sensitive indicators of P-gp activity when as-
sayed by FAC scans[17,18].  As shown in Figure 5A, Rh123
accumulation in SGC7901/VCR cells was obviously less than
that in SGC7901 cells after being incubated with Rh123 for
120 min (P<0.01).  After treatment with curcumin (10 µmol/L),
Rh123 accumulation in SGC7901/VCR cells was increased by
40%; however, there was no change in SGC7901 cells.  The
effect of curcumin on the P-gp-mediated efflux of Rh123 in
SGC7901 and SGC7901/VCR cells was also examined.  As
shown in Figure 5B, Rh123 retention in SGC7901/VCR cells
was obviously less than that in SGC7901 cells.  When
SGC7901/VCR cells were treated with curcumin (10 µmol/L)
for 60 min, Rh123 retention increased by 80% compared with
the vehicle control (0.1% Me2SO), indicating that curcumin
could cause a significant decrease in Rh123 efflux.  However,
in SGC7901 cells, there was no change in Rh123 retention in
the presence of curcumin.

Effect of curcumin on P-gp expression  Cells were plated
at a concentration of 6×104 cells per mL in supplemented
RPMI-1640.  At 24 h after plating, the medium was replaced
with fresh medium containing 0.1% Me2SO (vehicle control)
or 10 µmol/L curcumin.  After 24 h, cells were collected to
examine the expression of P-gp by flow cytometry.  The
expression rate of P-gp was 42.73% in SGC7901/VCR cells
and 2.03% in SGC7901 cells.  Treatment with curcumin (10
µmol/L) for 24 h led to downregulation of P-gp expression in
MDR cells.  The expression rates of P-gp in SGC7901/VCR
cells decreased from 42.73% to 17.69% after curcumin treat-
ment (Figure 6).

Effect of curcumin on the activation of caspase-3 in
SGC7901/VCR cells  The activation of caspase-3 was
assessed by examining the expression of cleaved caspase-3
by flow cytometry.  SGC7901/VCR cells treated with VCR
(1 µmol/L) alone for 24 h showed 77% lower levels of caspase-
3 activation than did SGC7901 cells (Figure 7).  When cells
were treated with VCR (1 µmol/L) in combination with

Figure 3.  Effect of curcumin on the apoptosis of SGC7901/VCR
cells.  A, B: SGC7901/VCR cells were treated by 0.1% Me2SO and 10
µmol/L of curcumin for 24 h, respectively; C, D: SGC7901 and
SGC7901/VCR cells were treated by 1 µmol/L of VCR for 24 h,
respectively; E, F, G: SGC7901/VCR cells were treated with 1 µmol/L
of VCR combination with 5, 10, 20 µmol/L of curcumin for 24 h,
respectively.  The percentage of apoptotic cells was assayed by flow
cytometer using propidum iodide staining.

Figure 2.  Effect of curcumin on VCR resistance in SGC7901/VCR
cells.  The SGC7901/VCR cells were grown in medium with 0.1%
Me2SO (vehicle control), 5 µmol/L, 10 µmol/L, 20 µmol/L curcumin
or 20 µmol/L verapamil (positive control) in the presence of differ-
ent concentration of VCR.  The cell viability was determined by
MTT assay and the IC50 of VCR was analyzed by Bliss software.   n=3
independent experiments. Means±SD  aP>0.05, cP<0.01 vs control
group.
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Figure 4.  Apoptosis of SGC7901 and SGC7901/VCR cells detected by AO/EB staining.  A, SGC7901 cells; B, SGC7901 cells treated by 1 µmol/L
of VCR for 24 h; C, SGC7901 /VCR cells; D, SGC7901 /VCR cells treated by 1 µmol/L of VCR for 24 h; E, SGC7901/VCR cells treated by 1 µmol/L
of VCR combination with 20 µmol/L of curcumin for 24 h.  Apoptotic cells detected by morphological observation after AO/EB staining.

Figure 5.  Effects of curcumin on Rh123 accumulation (A) and retention (B) in SGC7901 and SGC7901/VCR cells.  (A) Cells treated with 10
µmol/L curcumin or vehicle control (0.1% Me2SO).  Rh123 (1 µg/mL) was added, and the cells were incubated for 120 min.  (B) Cells were
incubated with Rh123 for 60 min, washed, and resuspended in medium with 10 µmol/L curcumin or vehicle control (0.1% Me2SO) for 60 min.
Rh123 fluorescence was measured using FAC scan.  Means±SD from three independent experiments.  cP<0.01 vs SGC7901 cells.  fP<0.01 vs
vehicle control.
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curcumin (10 µmol/L) for 24 h, the activation of caspase-3
was increased by 44% (P<0.01) in the SGC7901/VCR cell line.

Discussion
The development of P-gp-dependent multidrug resis-

tance in tumors is a major obstacle for successful chemo-
therapy[19].  For this reason, there is an increasing search for
new reagents that inhibit the expression and/or function of
P-gp to overcome MDR.  Recent studies have shown that
curcumin is able to modulate the expression and function of
P-gp, and therefore it might be an possible new agent for the
chemosensitization of cancer cells[12–14].  VCR-resistant gas-

Figure 7.  Effect of curcumin on the activation of caspase-3 in cells.
The level of caspase-3 activation, following treatment with VCR (1
µmol/L) in the presence or absence of 0.1% Me2SO (vehicle control)
and curcumin (10 µmol/L) for 24 h, was determined by flow cytometer.
Means±SD from three independent experiments.  cP<0.01 vs SGC7901
cells. fP<0.01 vs VCR treatment alone.

Figure 6.  Effect of curcumin on the expression of P-gp in SGC7901/
VCR cells.  The level of P-gp expression, following treatment with
0.1% Me2SO (vehicle control) or curcumin (10 µmol/L) for 24 h, was
determined in cells by flow cytometer.  Means±SD from three inde-
pendent experiments.  cP<0.01 vs SGC7901 cells. fP<0.01 vs vehicle
control.

tric cancer SGC7901/VCR cells have been shown to express
P-gp at a high level, but P-gp was not expressed in the drug-
sensitive cells (SGC7901)[20].  Thus, in the present study, we
wanted to demonstrate the possibility of using curcumin in
gastric cancer as an MDR modulator.

We showed that curcumin enhanced the toxicity of VCR
in the MDR cell line SGC7901/VCR.  The SGC7901/VCR cell
line was 45 times more resistant than the parental SGC7901
cell line.  Curcumin, at concentrations of 5.0 µmol/L, 10.0
µmol/L and 20.0 µmol/L, is able to decrease the IC50 of VCR
to SGC7901/VCR cells in a dose-dependent manner.  These
data indicate that curcumin is able to reverse MDR in the
SGC7901/VCR cell line.

The potent MDR-reversing capacity of curcumin in tu-
mor cells was further confirmed by its ability to enhance
VCR-induced apoptosis in MDR SGC7901/VCR cells.
Apoptotic and anti-apoptotic character are also strongly re-
lated to drug sensitivity and resistance.  A number of tumor
cells have been reported to undergo apoptotic cell death
when treated with such chemotherapeutic agents as
etoposide, camptothecin, cisplatin, Ara-C, mitomycin C,
adriamycin, and vincristine.  These findings indicate that
apoptosis in tumor cells plays a critical role in chemotherapy-
induced tumor cell killing, and  also suggest that blockade of
the apoptosis-inducing pathway could be another mecha-
nism for MDR to chemotherapy[21].  VCR, at a concentration
of 1 µmol/L, did not induce apoptosis in SGC7901/VCR cells,
but significantly induced apoptosis in the parental cells,
which indicated that the MDR SGC7901/VCR cell line was
also apoptosis-resistant.  In our study, we found that
curcumin could promote the VCR-mediated apoptosis of
MDR SGC7901/VCR cells, which suggests that curcumin
could overcome the apoptosis-resistance of MDR cells.

The experiment for evaluating the effect of curcumin treat-
ment on P-gp expression determined that curcumin clearly
inhibited P-gp expression in SGC7901/VCR cells.  The up-
take and/or efflux of Rh123 is frequently used for assays of
P-gp in tumor cells[22,23].  In the present study, we also inves-
tigated the effects of curcumin on the P-gp function of
SGC7901/VCR cells.  Curcumin caused a substantial increase
in the accumulation of Rh123 in SGC7901/VCR cells, and in-
hibited the efflux of Rh123, but had no effect on drug-sensi-
tive cells (SGC7901), which do not overexpress P-gp.  Be-
cause Rh123 is known to be a good substrate for P-gp, we
suppose that curcumin modulates intracellular Rh123 level
by inhibiting P-gp.  It is unlikely that curcumin acts by
downregulating P-gp expression because the time of expo-
sure of cells to curcumin in these experiments was short (1–
2 h).  Taken together, our data indicate that treatment of
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drug-resistant SGC7901/VCR cells with curcumin increased
their sensitivity to VCR, which is consistent with an increase
in intracellular drug concentration by decreasing P-gp func-
tion and expression.

 Although P-gp is best known for its ability to efflux a
variety of amphiphilic substances across plasma membranes,
new functions are emerging. Transfected MDR1 in Chinese
hamster ovary fibroblasts results in a decrease in growth
factor withdrawal-induced apoptosis[24]. P-gp has been
shown to inhibit apoptosis induced by anti-fas, ultraviolet
radiation, and tumor necrosis factor in both lymphoid and
myeloid cell lines[25,26], to resist spontaneous apoptosis in
acute myeloid leukemia (AML) blasts[27,28], and is implicated
in the inhibition of ceramide-induced apoptosis in TF-1 cells[29].
P-gp has also been shown to protect kidney proximal tubule
cells from cadmium- and oxygen species-induced apoptosis[30].
Therefore we suggest that, besides exporting a wide range
of xenobiotics from cells, the multidrug transporter P-gp may
also confer resistance to apoptosis from different stimuli.
Our results suggest that the ability of curcumin to promote
VCR-induced apoptosis in drug-resistant SGC7901/VCR cells
might be associated with a decrease in P-gp function and
expression.

Recent studies have shown that functional P-gp plays a
role in regulating cell death not only by removing drugs from
the cell, but also by inhibiting the activation of proteases
involved in apoptotic signaling (caspase-8)[25] and execu-
tion (caspase-3)[25,26]. In agreement with this, our data indi-
cate that SGC7901/VCR cells inhibited VCR-induced caspase-
3 activation. However, treatment of drug-resistant SGC7901/
VCR cells with curcumin promoted VCR-induced caspase-3
activation. The results of a previous study have demon-
strated that curcumin overcomes P-gp-mediated multidrug
resistance through induction of caspase-3 activation[31]. Our
results  indicate that the MDR reverse function of curcumin
may be associated with promoting anticancer agent-induced
caspase-3 activation.

Summing up, our results suggest that curcumin could be
considered a promising chemosensitizer of MDR in gastric
cancer.
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