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Abstract. Geniposide is a water‑soluble iridoid glucoside with 
anti‑oxidant and anti‑inflammatory biological functions. It 
has been indicated that geniposide may increase doxorubicin 
(DOX) accumulation in drug‑resistant tumor cells. The present 
study aimed to investigate the resistance‑reversing effect of 
geniposide in DOX‑resistant cells and assess the underlying 
mechanisms of its action. The results revealed that geniposide 
itself weakly inhibited tumor cell growth. Furthermore, geni-
poside effectively reversed DOX resistance in a dose‑dependent 
manner in human osteosarcoma DOX‑resistant (MG63/DOX) 
cells. The action of geniposide was confirmed by increased 
accumulation of intracellular DOX detected in MG63/DOX 
cells. Notably, geniposide enhanced the efficacy of DOX 
against MG63/DOX cancer cell‑derived xenografts in nude 
mice. To study the mechanism, intracellular accumulation 
of rhodamine 123 was measured using flow cytometry. At 
concentrations that reversed multidrug resistance (MDR), 
geniposide significantly downregulated P‑glycoprotein (P‑gp) 
expression. Therefore, geniposide reverses P‑gp‑mediated 
MDR by reducing the expression of P‑gp and its transport 
function. The present study therefore indicated that genipo-
side may be administered in combination with conventional 
anti‑neoplastic drugs to prevent MDR.

Introduction

Cytotoxic agents are useful and successful treatments for 
cancer  (1). However, the efficacy of these treatments is 
unpredictable due to the ability of cancer cells to acquire 
resistance to various drugs. This phenomenon is known as 
multidrug resistance (MDR) and may severely impact the 
clinical outcomes of patients with cancer. Although various 

mechanisms have been described, such as the activation of 
detoxifying protein, which repairs drug‑induced DNA damage 
and disruptions in apoptotic signaling pathways (2), it has been 
demonstrated that overexpression of P‑glycoprotein (P‑gp) is 
the primary cause of MDR (3). As the product of the ATP 
Binding Cassette Subfamily B Member 1 (ABCB1) gene, P‑gp 
is a member of the ATP‑binding cassette membrane transport 
protein superfamily and was initially characterized in multi-
drug‑resistant Chinese hamster ovary cells (4). Furthermore, 
P‑gp is a broad‑spectrum drug efflux pump able to bind neutral 
or positively charged hydrophobic drug substrates and unilat-
erally transport intracellular drugs out of cells, consequently 
minimizing their intracellular concentrations to acquire drug 
resistance (5).

Over the past three decades, a range of P‑gp inhibitors, 
including verapamil and tariquidar (XR9576), have been 
developed and evaluated in pre‑clinical and clinical trials (6,7). 
However, none of these compounds are clinically efficacious 
without causing major side effects. While the majority of these 
agents are able to reverse MDR in vitro, they fail to achieve 
clinical success due to their intrinsic toxicity or alteration 
of the pharmacokinetics of co‑administered anti‑cancer 
drugs (5). It has been demonstrated that the undesired effects 
of certain agents lead to the inhibition of the metabolism and 
elimination of certain anti‑cancer drugs; thus their plasma 
concentrations increase, as do their associated toxic effects (8). 
Therefore, non‑toxic MDR inhibitors that lack pharmaco-
kinetic interactions with anti‑cancer agents are required. 
Substances derived from natural products commonly used 
in Traditional Chinese Medicine have attracted considerable 
attention due to their lower toxicity compared with chemi-
cally synthesized substances (9). Geniposide is a water‑soluble 
iridoid glucoside derived from the Gardenia jasminoides Ellis 
(Rubiaceae) that is used in Traditional Chinese Medicine. 
It has anti‑oxidant  (10,11), anti‑inflammatory  (12,13) and 
anti‑thrombotic effects (14). Previous studies have indicated 
that geniposide may significantly inhibit the proliferation 
of K562/ADM‑resistant tumor cells in a dose‑dependent 
manner (15,16). The combined administration of geniposide 
and doxorubicin (DOX) significantly increased DOX accumu-
lation in the resistant cell lines, compared with administration 
of DOX alone (15). In the present study, the MG63/DOX cell 
line that overexpresses P‑gp and its xenograft model char-
acterized by DOX resistance, were used to identify whether 
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geniposide was capable of reversing MDR mediated by P‑gp 
in vivo; furthermore, the associated mechanisms of action 
were assessed.

Materials and methods

Drugs and reagents. DOX was obtained from Pfizer Italia 
Srl (Rome, Italy). Geniposide was obtained from the National 
Institute for the Control of Pharmacological and Biological 
Products (Beijing, China). Rhodamine 123 (Rho123), MTT 
assay and verapamil were purchased from Sigma‑Aldrich, 
Merck Millipore (Darmstadt, Germany). Monoclonal anti-
bodies against ABCB1 (ab3366) were purchased from Abcam, 
Ltd., (Hong Kong, China).

Cell lines and cell culture. The MG63 human osteosarcoma 
cell line and its MDR counterpart MG63/DOX were kindly 
provided by Dr Zan Shen (Department of Oncology, Affiliated 
Sixth People's Hospital, Shanghai Jiao Tong University, 
Shanghai, China). Cell lines were cultured in vitro as a mono-
layer culture in Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% heat‑inactivated fetal bovine serum 
(both Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), 100 U/ml penicillin and 100 mg/ml streptomycin at 
37˚C in a humidified atmosphere of 5% CO2.

Assay of cytotoxicity and reversal effect in vitro. Cytotoxicity 
and the reversal effect of geniposide towards MG63/DOX cells 
were measured by MTT assay as previously described (17). 
MG63/DOX cells (103/well) were seeded in 96‑well plates 
and allowed to attach for 12 h. The cells were treated with 
various concentrations of geniposide (6.25, 12.5, 25, 50, 100 
and 200 µmol/l) for 72 h. Cell viability was assessed following 
addition of 50 µl MTT reagent (5 mg/ml) and incubation for 
4 h. MTT medium was subsequently removed and dissolution 
of the purple crystal was performed with 150 µl dimethyl 
sulfoxide. Light absorbance of the solution was measured 
at 570  nm using an iMark™ microplate reader (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). Net absorbance from 
the plate of cells cultured with control medium (not treated) 
was considered to be 100% cell viability.

The reversal effect of geniposide was then investigated 
using the same method. The cells seeded in 96‑well plates 
were treated with various concentrations of DOX (9.38, 1.56, 
0.260, 0.0434, 0.00723 µmol/l) in the absence or presence of 
geniposide (25, 50 and 100 µmol/l) for 72 h. The reversal fold 
(RF) values, were calculated using the following formula: 
RF = IC50 of DOX alone / IC50 of DOX in the presence of 
geniposide with IC50 being the concentration leading to 50% 
cell viability vs. control. Triplicate experiments with tripli-
cate samples were performed. In the experiments, verapamil 
(10 µM; Sigma‑Aldrich, Merck Millipore) was used as a posi-
tive control agent.

Nude mouse xenograft model and drug administration. A 
total of 36 male athymic nude mice (BALB/c‑nude), 4‑5 weeks 
old and weighing 18‑22  g, were obtained from Shanghai 
SLAC Laboratory Animal Co., Ltd. (Shanghai, China) and 
used for the MG63/DOX cell xenografts. Mice were housed 
in an environmentally controlled facility (12:12 h light/dark 

cycle; 23±3˚C; humidity of 60±5%) with ad libitum access 
to chow and water. All experiments swere performed in 
accordance with the Guidelines for the Welfare of Animals in 
Experiments (Center of Experimental Animals, China Three 
Gorges University, China) and all protocols involving animals 
were approved by the Ethics committee (China Three Gorges 
University Ethics Committee, Hubei province, China).

The previously established MG63/DOX‑inoculated nude 
xenograft model  (18) was used in the current study. The 
xenograft maintained the MDR phenotype in vivo and was 
resistant to DOX treatment. In brief, MG63/DOX cells grown 
in vitro were harvested and subcutaneously injected into the 
right flank of the nude mice. When the tumor size reached 
~150  mm3, 24  mice with approximately the same tumor 
volume were selected and assigned into four groups (n=6) 
using a randomized block design based upon their tumor 
volumes. The four groups were subsequently treated for three 
days according to the following regimens: i) Saline every 
third day for 5 doses (q3dx5); ii) Dox [5 mg/kg, intravenously 
(i.v.), q3dx5]; iii) geniposide [100 mg/kg, per os (p.o.), q3dx5]; 
and iv) Dox (5 mg/kg, i.v., q3dx5)+geniposide (100 mg/kg, 
p.o., q3dx5, given 1 h prior to injection of Dox). The body 
weights of the animals and the two perpendicular diameters 
(A and B) were recorded every three days for 29 days, and 
tumor volume (V) was estimated according to the following 
formula: V(mm3) = (A x B)2 / 2; where V is the tumor volume, 
A is the long diameter and B is the short diameter. Tumor 
growth curves were drawn according to tumor volume and 
days post‑inoculation. When the maximum tumor volume 
was >1,500 mm3, all tumor‑bearing mice were sacrificed by 
cervical dislocation and the tumor tissue was removed and 
weighed.

Intracellular accumulation of DOX. Intracellular accumu-
lation of DOX in MG63 and MG63/DOX cells. MG63 and 
MG63/DOX cells (2x105/2 ml/well) were seeded in 6‑well 
plates and divided into the following groups: Control, DOX 
alone (0.1 µM), and combined DOX (0.1 µM) and geniposide 
(100 µM). At 3 h after inoculation, cells were incubated with 
geniposide for 1 h, followed by incubation with 0.1 µM DOX 
for 1 h. Subsequently, cells were washed three times with 
cold phosphate‑buffered saline (PBS) and observed under 
an Eclipse TE 2000‑S fluorescence microscope (Nikon 
Corporation, Tokyo, Japan).

Intracellular accumulation of Rho123. The difference in the 
intracellular accumulation of Rho123 between MG63 and 
MG63/DOX cells and the effect of geniposide on Rho123 
uptake were measured by flow cytometry. Following pre‑incu-
bation of the cells with or without 100 mM geniposide for 3 h 
at 37˚C, 5 mM Rho123 was added and cells were incubated 
for another 30 min at 37˚C. Finally, the cells were washed 
three times with ice‑cold PBS and re‑suspended in 500 ml 
PBS prior to flow cytometric analysis (BD FACSCalibur, BD 
Biosciences, San Jose, CA, USA). A minimum of 10,000 cells 
were analyzed.

Western blot analysis. The experiment was completed three 
times. In brief, cells were lysed in Radioimmunoprecipitation 
assay buffer (cat. no.  P0033; Beyotime, Haimen, China) 
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following two washes with ice‑cold PBS. After 30 mins, 
centrifugation at 13,900  x  g was performed and the 
supernatant was removed. The protein concentration was 
determined using a bicinchoninic acid assay (cat. no. P0010; 
Beyotime, Haimen, China). Total cell lysates (30 µg/lane) 
were separated by 10% SDS‑PAGE and electrotransferred 
onto polyvinylidene fluoride membranes. Following blocking 
in 5% non‑fat milk in Tris‑buffered saline with Tween 20 for 
1 h at room temperature, membranes were incubated with the 
primary antibodies against ABCB1 (cat. no. ab3366; dilution, 
1:200) at 4˚C overnight. Immunoblots were incubated with 
the rabbit anti‑mouse immunoglobulin G conjugated with 
horseradish peroxidase (cat. no. ab6728; dilution, 1:10,000, 
Abcam, Ltd.) for 1 h at room temperature. Membranes were 
developed using an ECL kit (cat. no. P0018A; Beyotime). 
The density of the immunoreactive bands was analysed using 
Image J2x (National Institutes of Health, Bethesda, MD, 
USA).

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation, unless otherwise stated. All experiments 
were repeated at least three times and all statistical analyses 
were performed using SPSS  19.0 software (IBM, SPSS, 
Inc., Armonk, NY, USA). Differences were determined by 
one way analysis of variance followed by the Tukey‑Kramer 
multiple comparison test. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Geniposide reverses drug resistance of MG63/DOX cells. 
The drug sensitivities of MG63 and MG63/DOX cells were 
determined by MTT assays. As presented in Table I, genipo-
side alone had no significant cytotoxicity (IC50, >200 µM), 
causing <10% cell death in MG63 and MG63/DOX cells. 
MG63/DOX cells were 140‑fold more resistant to DOX than 
the native cell line. Various concentrations of geniposide (25, 
50 and 100 µM) effectively reversed DOX resistance and 
sensitized MG63/DOX cells by 4.48‑, 13.76‑ and 31.7‑fold, 
respectively, while verapamil (10 µM) achieved a 57.31‑fold 
sensitization. Geniposide had no effects on the DOX sensi-
tivity of parental MG63 cells, while treatment with verapamil 
(10 µM) resulted in a 4.65‑fold sensitization to DOX. These 
results provide strong in vitro evidence that geniposide effec-
tively reverses DOX resistance of cancer cells.

Geniposide reverses DOX resistance in nude mouse xeno‑
grafts. The aforementioned in vitro data prompted a further 
examination into whether geniposide may enhance the 
in vivo anti‑cancer efficacy of DOX in a mouse model with 
MG63/DOX xenografted tumors. No mortality or apparent 
decrease in body weight was observed in the combination 
treatment groups, suggesting that the combination regimen 
did not increase the incidence of toxic side effects (Fig. 1A). 
Tumor growth weight curves were constructed and there were 
no significant differences in tumor size between animals 
treated with saline, geniposide alone and DOX alone on day 29, 
indicating the in vivo resistance to DOX (Fig. 1B). However, a 
significant reduction in tumor volume was observed in mice 
treated with DOX plus geniposide (P<0.05; Fig. 1C).

Geniposide enhances the accumulation of DOX and Rho123 
in MG63/DOX cells. The efflux of anti‑cancer drugs from 
tumor cells into the surrounding tissue decreases intracellular 
drug concentrations, which may be a major cause of MDR (7). 
To investigate whether geniposide inhibited the function of 
P‑gp in MG63/DOX cells, the intracellular accumulation 
of two P‑gp substrates, Rho123 and DOX, were measured 
in the presence and absence of geniposide. P‑gp function is 
known to be correlated with Rho123 and DOX efflux, and 

Figure 1. Geniposide enhances the anti‑tumor effects of DOX in a xenograft 
model of MG63/DOX cells in athymic nude mice. (A) Changes in body 
weight with time following inoculation. Each point represents the mean 
body weight for each group of 6 mice. Bars represent the standard devia-
tion. (B) Changes in tumor volume with time. Each point represents the mean 
tumor volume for each group of 6 mice following implantation. Bars rep-
resent the standard error of the mean. *P<0.05 compared with saline, DOX 
and geniposide groups. (C) Tumor weight determined on day 29 following 
implantation. Columns represent the mean weight for each group of 6 mice. 
Bars represent the standard deviation. *P<0.05 compared with saline, DOX 
and geniposide groups. DOX, doxorubicin; MPK, milligrams per kilogram.
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inhibition of P‑gp results in an increase of the intracellular 
accumulation of Rho123 and DOX (19). As presented in Fig. 2, 
100 µM geniposide increased the intracellular accumulation 
of DOX in MG63/DOX cells, whereas in MG63 cells, there 
was no significant alteration in the intracellular accumulation 
of DOX between cells treated with DOX+geniposide and 
those treated with DOX alone. Furthermore, the intracellular 
accumulation of Rho123 significantly differed between MG63 
and MG63/DOX cells (P<0.01; Fig. 3A). In the presence of 
100 µM geniposide, the intracellular accumulation of Rho123 
was increased in MG63/DOX cells, with an increase in fluo-
rescence intensity from 43.48‑101.21; a 2.33‑fold increase 
(P<0.05; Fig. 3B). These results suggested that geniposide 
significantly enhances the accumulation of P‑gp substrates in 
MG63/DOX cells.

Geniposide decreases P‑gp protein expression within 
MG63/DOX cells. In addition to competitive inhibition 
of drug efflux, reversal of P‑gp‑mediated MDR may be 
achieved by decreasing P‑gp protein expression  (20). 
Therefore, the effects of geniposide on the expression of 
P‑gp in MG63/DOX cells were assessed. Treatment with 
50 and 100 µM geniposide for 72 h significantly decreased 

P‑gp expression in a dose dependent manner (P<0.05; Fig. 4). 
These results suggest that reduced expression of P‑gp is 
involved in geniposide‑associated reversal of P‑gp‑mediated 
MDR.

Discussion

MDR is a prevalent issue in cancer chemotherapy. Reversing 
MDR in cancer cells may be a method of overcoming drug 
resistance and improving the efficacy of chemotherapy and 
thus, the outcome of patients with cancer. The primary mech-
anism leading to the development of the MDR phenotype is 
the overexpression of P‑gp drug efflux transporters (5). P‑gp 
has a broad spectrum of substrates with a variety of struc-
tures and different molecular mechanisms of drug action, 
including DOX, paclitaxel and vincristine. As a result, it is 
easy to filter out their inhibitors in vitro. Over the past three 
decades, three generations of reversal agents have been iden-
tified, including verapamil, cyclosporine A and valspodar. 
However, to date, no single compound or composition has 
been approved for clinical use. Screening for P‑gp inhibitors 
continues with the aim of identifying a reversal agent that 
is non‑toxic and possesses a P‑gp‑specific binding ability 
that does not affect drug distribution and excretion in vivo 
when used in combination with chemotherapy drugs. Due to 
their low toxicity, natural products from Traditional Chinese 
Medicine are now becoming the focus of multiple studies. A 
series of promising compounds, including curcumin (21) and 
tetrandrine (22), have been identified.

It has previously been demonstrated that geniposide, 
one of the major iridoid glycosides of the gardenia fruit, 
exhibits activity against the tumor‑promoting factor 
2‑O‑tetradecanoylphorbol‑13‑acetate, which activates 
protein kinase C (23). In the present study, the inhibitory 
and sensitizing effects of geniposide in cells overexpressing 
P‑gp were investigated. The results indicated that geniposide 
potently reversed P‑gp‑mediated MDR in vitro. As demon-
strated by the MTT assay, the working concentrations of 
geniposide selected to study the MDR reversal effect were 
only weakly cytotoxic (inhibition rate <10%). Geniposide 

Figure 2. Accumulation of DOX in MG63 and MG63/DOX cells. The cells 
were incubated with 100‑µM geniposide at 37˚C for 3 h, followed by addition 
of 3‑µM DOX and incubation for another hour. The accumulation of DOX 
was measured by fluorescence microscopy, (magnification, x200). DOX, 
doxorubicin.

Table I. Cytotoxicity of DOX and the resistance‑reversing effects of geniposide in osteosarcoma cells.

	 IC50, µmol/l (fold reversal)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Treatment	 MG63	 MG63/DOX

Geniposide, µM	 >200	 >200
DOX alone	 0.144±0.00271 (1.00)	 20.289±0.00682 (1.00)
DOX+25 µM geniposide	 0.123±0.00258 (1.17)	 4.527±0.00271 (4.48)b

DOX+50 µM geniposide	 0.128±0.00372 (1.13)	 1.475±0.00271 (13.76)c

DOX+100 µM geniposide	 0.096±0.00236 (1.5)a	 0.640±0.00357 (31.7)d

DOX+10 µM verapamil	 0.031±0.00295 (4.65)a	 0.354±0.00434 (57.31)d

Values are expressed as the mean ± standard deviation of at least three independent experiments performed in triplicate. The fold‑reversal of 
multiple drug resistance (values provided in brackets) was calculated by dividing the IC50 for cells with doxorubicin in the absence of geni-
poside by that obtained in the presence of geniposide. P‑gp, P‑glycoprotein; IC, measure of toxicity; DOX, doxorubicin; IC50, concentration 
leading to 50% growth inhibition. aP<0.05 compared with DOX alone in MG63 cells; bP<0.05, cP<0.01, dP<0.005 compared with DOX alone 
in MG63/DOX cells. 
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at 100 mM increased the sensitivity of MG63/DOX cells to 
DOX 31.7‑fold. However, geniposide did not significantly 
sensitize the corresponding parental MG63 cells.

To determine whether the in vitro effects of geniposide 
also occur in an in vivo setting, the effect of geniposide on 

the anti‑tumor activity of DOX in an ABCB1‑overexpressing 
MG63/DOX‑inoculated xenograft model was examined. The 
results indicated that the combination of geniposide and doxo-
rubicin resulted in a marked increase in the anti‑tumor activity 
of DOX in the xenograft model. Furthermore, there was no 
marked decrease in the body weight of mice treated with geni-
poside and DOX compared to those treated with either drug 
alone. These results indicated that in the xenograft model of 
ABCB1‑overexpressing MG63/DOX cells, geniposide mark-
edly enhanced the anti‑tumor activity of DOX.

The inhibition of P‑gp may occur at the level of biosynthesis 
and activity (24). Therefore, P‑gp‑mediated drug transport 
activity was assessed in order to investigate the mechanisms 
by which geniposide inhibited P‑gp‑induced MDR. Consistent 
with the cytotoxicity data, it was determined that geniposide 
significantly (P<0.05) increased the intracellular accumula-
tion of DOX and Rho123 in P‑gp‑overexpressing MDR cells 
in a dose‑dependent manner. The possible regulation of P‑gp 
expression by geniposide was examined at the protein level 
and the results indicated that 50‑100 µM geniposide signifi-
cantly downregulated P‑gp expression in MG63/DOX cells.

In conclusion, to the best of our knowledge the present 
study was the first to provide evidence that geniposide signifi-
cantly enhances the efficacy of a chemotherapeutic drug in 
P‑gp‑overexpressing MDR cells. This may be due to the competi-
tive inhibition of the transport function as well as a decrease in 
the expression of P‑gp protein. Of note, confirmation of MDR 
reversal by geniposide in the tumor xenograft model suggests 
that geniposide may be combined with other conventional 
anti‑cancer drugs to combat or prevent MDR during cancer 
chemotherapy. Thus, the findings of the present study indicated 
that geniposide may be a candidate agent for reversing MDR in 
cancer, which requires confirmation by further studies.

Figure 3. Accumulation of Rho123 in MG63 and MG63/DOX cells. Flow cytometric analysis indicated that the intracellular accumulation of Rho123 in 
MG63/DOX cells was (A) markedly lower than that in the native MG63 cells (P<0.01) and (B) significantly increased in the presence of 100 µM geniposide 
(P<0.05). Experiments were performed at least three times and representative results of one experiment are shown. Rho123, rhodamine 123; DOX, doxorubcin.

Figure 4. Western blot analysis of P‑gp in MG63/DOX cells following 
treatment with 25, 50 and 100 µM geniposide. An image representative of 
three experiments is presented. Columns indicate the mean value (n=3) and 
bars represent the standard deviation. Results from western blotting were 
quantified and expressed as the relative ratio of P‑gp/β‑Actin intensity, and 
the mean value of ratio of P‑gp/β‑Actin in MG63/DOX group returned to 1. 
*P<0.05 compared with control group; #P<0.05 compared with the 25 µM 
geniposide group. P‑gp, P‑glycoprotein.
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