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Abstract. The 4[(Tetrahydro‑2H‑pyran‑2‑yl) oxy] phenol 
(XG‑d) hydroquinone analog, is found in Vaccinium 
vitis‑idaea  L. Although it is known for its antioxidant prop-
erties and high level of safety, its antitumor activity remains 
to be elucidated. In the present study, the anticancer effect of 
XG‑d was determined in vitro and in vivo. The cytotoxicity of 
XG‑d against C26 murine colon carcinoma cells was found 
to occur in a time‑ and concentration‑dependent manner, 
whereas little effect was observed in the two normal cell lines 
(HK‑2 and L02) investigated. Oral administration of XG‑d 
(100 mg/kg) had effects on the tumor growth of tumor‑bearing 
mice. Furthermore, marked apoptosis was observed using 
Hoechst 33258 staining and flow cytometric analysis with 
annexin  V/propidium iodide double staining. XG‑d also 
downregulated the expression of B‑cell lymphoma 2 (Bcl‑2), 
increased the expression levels of Bcl‑2‑associated X protein 
and activated caspase‑9, caspase‑3 and poly(adenosine diphos-
phate‑ribose) polymerase. The present study demonstrated for 
the first time, to the best of our knowledge, that XG‑d inhibited 
cancer cell growth via the induction of apoptosis and was also 
able to inhibit tumor growth in vivo. These results demon-
strated that XG‑d may be used as a potential natural agent for 
cancer therapy with low toxicity.

Introduction

Colorectal cancer (CRC) is a significant health problem 
worldwide, which has become the second most common cause 
of cancer‑associated mortality  (1,2). Every year, there are 
>1,200,000 cases of CRC diagnosed worldwide, the majority 
of cases occurring in developing countries (3). Surgical resec-
tion remains the first choice for CRC therapy; however, the 
patients are subjected to significant pain during the recovery 
process (4). Furthermore, due to the high risk of CRC relapse, 
surgery is frequently combined with chemotherapy and radia-
tion therapy (5). Several anticancer drugs have been clinically 
applied in the treatment of CRC, including irinotecan, Tomudex 
and oxaliplatin (6), of which 5‑fluorouracil (5‑FU) is the most 
widely prescribed. However, clinical insufficiencies occur as a 
result of 5‑FU resistance and severe side effects (7,8). Therefore, 
the identification of a safer and more effective drug, which can 
inhibit the progression of colon cancer is required.

Apoptosis describes the mechanism by which cells undergo 
programmed death in order to control cell proliferation or in 
response to DNA damage (9). There are two main apoptotic 
pathways, termed the extrinsic and intrinsic pathway  (10). 
The intrinsic pathway refers to the mitochondrial pathway, in 
which caspase activation is closely linked to mitochondrial 
changes, mediated by members of the B‑cell lymphoma 2 
(Bcl‑2) family (11,12). The Bcl‑2 family proteins are divided 
into pro‑apoptotic and anti‑apoptotic proteins, which balance 
the levels of apoptosis amongst cells (13‑15).

A number of studies have demonstrated that various 
herbal medicines have potential antitumor activities (16‑18). 
4‑[(Tetrahydro‑2H‑pyran‑2‑yl)oxy] phenol (XG‑d) is a hydro-
quinone analog, which exists in Vaccinium vitis‑idaea, which 
is an ericaceous plant used for the treatment of dysuria, gonor-
rhoea and diarrhoea (19). It has been reported that the leaves 
and berries of the plant have antiviral and anti‑inflammatory 
effects (20), however, to the best of our knowledge, no previous 
studies have investigated the antitumor effects of XG‑d in cancer.

In the present study, the anticancer activity of XG‑d was 
investigated in the C26 murine colon carcinoma cell line and 
the effects of XG‑d on a tumor‑bearing mouse model were 
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evaluated. The aim was to demonstrate the potential antitumor 
activity of XG‑d in vitro and in vivo and contribute to the devel-
opment of a novel potential antitumor drug with low toxicity.

Materials and methods

Chemicals reagents. XG‑d, with a purity >99%, was purchased 
from Shanghai Boyle Chemical Co., Ltd (Shanghai, China). 
Standard stock solution  (10  mg/ml) were prepared with 
dimethyl sulfoxide (DMSO; Sigma‑Aldrich, St. Louis, MO, 
USA) and diluted to the indicated concentrations with basal 
medium [RPMI‑1640 (Gibco Life Technologies, Carlsbad, CA, 
USA), Dulbecco's modified Eagle’s medium (DMEM; Invitrogen 
Life Technologies, Grand Island, NY, USA) and DMEM/F‑12 
medium (HyClone, GE  Healthcare Life Science, Little 
Chalfont, UK)] prior to each experiment. 5‑FU was purchased 
from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). 
Mouse monoclonal anti‑GAPDH (1:5,000‑10,000; G8795) were 
purchased from Sigma‑Aldrich. The following primary anti-
bodies were purchased from Cell Signaling Technology, Inc. 
(Beverly, MA, USA): Rabbit polyclonal anti‑caspase‑3 (1:1,000; 
#9662S), mouse monoclonal anti‑caspase‑9  (1:1,000; 
#9508S), rabbit polyclonal anti‑poly(adenosine diphosphate 
ribose) polymerase (PARP; 1:1,000; #9542S), rabbit mono-
clonal anti‑Bcl‑2  (1:500; #2870S) and rabbit polyclonal 
anti‑Bax (1:1,000; #2772S). Horseradish peroxide‑conjugated 
goat anti‑mouse immunoglobulin (Ig)G (1:5,000; sc‑2005) and 
goat anti‑rabbit IgG (1:5,000; sc‑2004) were purchased from 
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA).

Cell lines and culture. The A549 human lung carcinoma 
cell line, HK‑2 human proximal tubule epithelial cell line 
and HT‑29 human colon carcinoma cell line were obtained 
from The American Type Culture Collection (Manassas, VA, 
USA). The C26 murine colon carcinoma cell line and L02 
human liver cell line were purchased from the Cell Bank 
of the Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Sciences (Shanghai, China). The A549 
and HT‑29 cell lines were cultured in DMEM, the C26 and 
L02 cell lines were maintained in RPMI‑1640 medium and the 
HK‑2 cell line was cultured in DMEM/F‑12 medium. All cell 
culture mediums were supplemented with 10% fetal bovine 
serum (Gibco, Auckland, New Zealand), 100 U/ml penicillin 
and 100 µg/ml streptomycin (HyClone) at 37˚C in a humidified 
atmosphere containing 5% CO2.

Animals. Female BALB/c mice (4‑6 weeks old) with body 
weights ranging from 18‑22 g were purchased from Chengdu 
Dashuo Biotechnology Co, Ltd (Chengdu, China). The 
present study was approved by the ethics committee of the 
Institutional Animal Care and Treatment Committee of 
Sichuan University (Sichuan, China). The animal room was 
controlled to maintain temperature (22±2˚C), light (12  h 
light/dark cycles) and humidity (50±10%).

Cell viability assay. Cell viability was measured using a cell 
counting kit‑8 (CCK‑8) kit (Dojindo, Tokyo, Japan), according 
to the manufacturer's instructions. Briefly, the cells were seeded 
into 96‑well culture plates (Costar Corning, Inc., Corning, NY, 
USA) at a density of 4,000 cells/well. Following incubation 

overnight, the cells were treated with various concentrations 
of XG‑d (2.5, 5, 10, 20 or 40 µg/ml). DMSO (<0.1%) was used 
as an untreated control. Following 48 h of incubation at 37˚C, 
10 µl CCK‑8 solution was added to each well and incubated 
for 3 h, prior to the measurement of the absorbance at 450 nm 
using a SpectraMax M5 microplate reader (Molecular Devices, 
LLC, Sunnyvale, CA, USA).

Hoechst staining. The cells were washed with phosphate‑buff-
ered saline (PBS; Solarbio Science and Technology Co., Ltd, 
Beijing, China) and fixed with 4% paraformaldehyde (HyClone) 
for ~20 min at room temperature. The fixed cells were subse-
quently stained with Hoechst 33258 (Biyuntian Biotechnology 
Co., Shanghai, China) at 37˚C for 15 min, washed with PBS 
twice and the changes in the nuclei were examined using a 
fluorescence microscope (uX71;Olympus Corp., Tokyo, Japan).

Cell cycle analysis. In order to evaluate the cell cycle distri-
bution following drug treatment, the DNA contents were 
analyzed using flow cytometry. Following treatment with the 
drug for 24 h, the cells were harvested, washed once with PBS 
and fixed using 70% ethanol  (Sigma‑Aldrich) at 4˚C over-
night. Following centrifugation at 600 x g for 5 min, the cells 
were analyzed using a Cell Cycle and Apoptosis analysis kit 
(Biyuntian Biotechnology Co., Shanghai, China), according to 
the manufacturer's instructions. The cells were analyzed using 
a fluorescence‑activated cell sorting (FACS)can flow cytometer 
(Navios; Beckman Coulter, Brea, CA, USA). 

Transmission electron microscopy. XG‑d was prefixed with 
a mixed solution of 3% glutaraldehyde (Sinopharm Chemical 
Reagent Co., Ltd) and then post‑fixed with 1%  osmium 
tetroxide, dehydrated in series of acetone solutions, infiltrated in 
Epox 812 (Beijing Zhongjingkeyi Technology Co., Ltd., Beijing, 
China) for approximately 3 h and were subsequently embedded. 
The semi‑thin sections (0.6~0.8 µm; used in for optical posi-
tioning) were cut with a slicer and stained with methylene 
blue (Sigma‑Aldrich) and ultra‑thin sections (<0.1 µm; used 
for observation) were cut using a diamond knife (Beijing 
Zhongjingkeyi Technology Co., Ltd.), then stained with uranyl 
acetate and lead citrate. Sections were then examined using a 
transmission electron microscope (H‑600IV; Hitachi, Tokyo, 
Japan).

Annexin  V/propidium iodide (PI) double staining assay. 
The C26 cells were treated with XG‑d for 24 h, harvested 
and washed three times with PBS. The apoptotic assay was 
performed using an annexin V‑fluorescein isothiocyanate 
(FITC)/PI apoptosis kit (KeyGEN, Nanjing, China), according 
to the manufacturer's instructions. The cells were resuspended 
in 500 µl binding buffer and 5 µl Annexin V‑FITC and PI were 
added. The cells were subsequently incubated for 15 min in 
the dark and the samples were measured using a fluorescence 
activated cell sorting (FACS)can flow cytometer (Beckman 
Coulter). 

Western blot analysis. The cells were washed with cold 
PBS and lysed in radioimmunoprecipitation assay lysis 
buffer  (Biyuntian Bitechnology Co., Shanghai, China), 
containing 50  mM Tris‑HCl (pH  7.4), 150  mM NaCl, 
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1%  TritonX‑100, 1% sodium deoxycholate, 0.1% SDS, 
1 mM sodium orthovanadate, 1 mM EDTA, 1 mM phenyl-
methanesulfonylfluoride and 50 mM NaF for 20 min on ice. 
Subsequently, the cell lysates were centrifuged for 10 min at 
12,000 x g at 4˚C. The total protein in the supernatants was 
determined using a Bicinchoninic Acid Protein Assay kit 
(Biyuntian Biotechnology, Co.). Equal quantities of protein 
was separated by 10% SDS‑PAGE and transferred onto a 
polyvinylidene fluoride membrane (EMD Millipore, Billerica, 
MA, USA) by electroblotting. The membrane was then 
blocked with 5% non‑fat milk for 1 h and was incubated with 
primary antibodies for PARP (1:1,000), caspase‑9 (1:1,000), 
caspase‑3  (1:1,000), Bcl‑2  (1:500), Bax  (1:500) and 
GAPDH (1:5,000‑10,000), as described above, at 4˚C over-
night (>18 h). Following washing, the blots were incubated 
with a horseradish peroxidase‑conjugated goat anti‑mouse 
and goat anti‑rabbit IgG secondary antibodies (1:5,000) at 
room temperature for 1 h, with agitation. The reactive bands 
were detected by enhanced chemiluminescence using either 
SuperSignal West Pico Chemiluminescent Substrate (Thermo 
Fisher Scientific, Waltham, MA, USA) or Immobilon Western 
Chemiluminescent HRP Substrate (Millipore), according to 
the manufacturer's instructions.

Tumor growth assay. The C26 cells (1.0x106) were subcuta-
neously implanted in the right flank region of the BALB/c 
mice (21). Seven days following implantation, the mice with 
tumor sizes >50 mm3 were selected and randomly divided 
into three groups (n=10 per group), termed the vehicle control, 
XG‑d and positive groups. These groups were treated with 

0.5% carboxymethyl cellulose sodium (Aladdin Industrial, 
Inc., Shanghai, China), 100  mg/kg  XG‑d and 30  mg/kg 
5‑FU (Sinopharm Chemical Reagent Co., Ltd), respectively, 
the concentrations of which were determined in a preliminary 
study. Equal volumes of the drugs and vehicle were admin-
istered orally to the mice every day for 3 weeks. The body 
weight (MP5002 Electronic balance; Shanghai Sunny Henping 
Scientific Instrument Co., Ltd., Shanghai, China) and tumor 
size were measured twice weekly and the tumor volumes were 
calculated using the formula 0.52 x a x b2, where ‘a’ represented 
the long diameter and ‘b’ represented the short diameter. At 

Figure 1. XG‑d effects on cell survival. (A) HK‑2, L‑02, HT‑29, A‑549 and 
C26 cells were treated with the indicated concentrations of XG‑d for 48 h. 
(B) C26 cells were treated with the indicated concentrations of XG‑d for 
different durations. XG‑d inhibited the C26 cell proliferation in a time‑ and 
dose‑dependent manner. Results are expressed as the mean ± standard error 
of the mean of three separate experiments. *P<0.05, vs. control cells. XG‑d, 
4‑[(Tetrahydro‑2H‑pyran‑2‑yl)oxy] phenol.

Figure 2. The effects of XG‑d treatment on the cell cycle distribution of 
C26 cells. C26 cells were treated with various concentrations of XG‑d (5, 10 
or 20 µg/ml) for 24 h and analyzed by flow cytometry. The data is representati-
tive of three independent experiments. XG‑d, 4‑[(Tetrahydro‑2H‑pyran‑2‑yl)
oxy] phenol.
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the end of the treatment, the mice were sacrificed by cervical 
dislocation and the tumors were excised and weighed.

Statistical analysis. All the values are expressed as the 
mean ± standard error of the mean. Statistical significance 
was analyzed by one‑way analysis of variance, followed by 
Scheffe's test for multiple comparisons. Statistical analyses 
were performed using GraphPad Prism 5.0 software (GraphPad 

Software, Inc., La Jolla, CA, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

XG‑d inhibits C26 cell proliferation with low levels of toxicity 
on the L02 and HK‑2 cells. The effects of XG‑d on the prolifera-
tion of various cell lines were determined using a CCK‑8 assay. 

Figure 3. Cell morphology was altered following treatment with XG‑d. (A) Morphological changes of C26 cells following treatment with XG‑d at the indicated 
concentrations for 24 h (a and e, control; b and f, 5 µg/ml; c and g, 10 µg/ml; d and h, 20 µg/ml). The cells were analyzed under a phase contrast microscope 
with (a‑d) no staining (magnification, x200) and (d‑h) under a fluorescence microscope following staining with Hoechst 33258 for 15 min (magnification x400). 
(B) C26 cells were exposed to 20 µg/ml XG‑d for 48 h followed by observation using transmission electron microscopy. (a) control; (b) 20 µg/ml. XG‑d. XG‑d, 
4‑[(Tetrahydro‑2H‑pyran‑2‑yl)oxy] phenol.

Figure 4. XG‑d induces apoptosis in the C26 cells. (A) Cells were incubated with XG‑d for 24 h, harvested and stained with annexin V‑FITC and PI for flow 
cytometric analysis of apoptosis. The lower right quadrants indicate the early stage apoptotic cells and the upper right quadrants represent late apoptotic and 
necrotic cells. (B) Graph summarizing the effect of XG‑d on the apoptotic rate of C26 cells. Values are expressed as the mean ± standard error of the mean 
of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001, vs. control group. XG‑d, 4‑[(Tetrahydro‑2H‑pyran‑2‑yl)oxy] phenol; FITC, fluorescein 
isothiocyanate; PI, propidium iodide.
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The cell viability was examined in three carcinomatosis cell 
lines (A549, C26 and HT‑29) and two normal cell lines (HK‑2 
and L‑02), which had been treated with various concentrations 
of XG‑d (2.5, 5, 10, 20 or 40 µg/ml) for 48 h. XG‑d significantly 
inhibited the proliferation of the C26 cells and had less marked 
effects on the A549 and HT‑29 cancer cell lines and the L02 and 
HK‑2 normal cell lines (Fig. 1A). The inhibitory effect of XG‑d 
on C26 growth at various concentrations were similar after 24 
and 48 h incubation (P>0.05); therefore, a duration of 24 h was 
used in the subsequent investigations (Fig. 1B).

XG‑d induces C26 cell cycle arrest in the G0/G1 phase. DNA 
cell cycle analysis was used to examine the effects of XG‑d 
on the growth of the C26 cells. The C26 cells were incubated 
with various concentrations of XG‑d for 24 h. As shown in 
Fig 2, compared with the control group, the G0/G1 phase was 
significantly increased between 42.74 and 64.56%, while the 
number of cells in the S phase gradually decreased between 
30.19 and 10.77% in the XG‑d‑treated group with increasing 
XG‑d concentration.

Cell morphological assessment. In order to investigate how 
XG‑d inhibited cell viability, cell morphology was examined. 
As shown in Fig. 3A, morphological changes were observed 
in the C26 cells following treatment with XG‑d for 24 h. 
Notably, the control cells emitted light blue fluorescence and 
the nuclei were round, suggesting that the chromatin was 
equivalently distributed. However, the XG‑d‑treated cells 
exhibited shrinkage, chromatin congregation and nuclear 
fragmentation.

Subsequently, a transmission electronic microscope was 
used to identify morphological changes in the ultrastructure 
of the C26 cells. No clear damage was observed in the control 
group (Fig. 3Ba), however, the XG‑d‑treated group exhibited 

chromatin congregation, nucleic degeneration and cytoplasm 
shrinkage, while the nuclear envelope and cell membrane 
remained intact (Fig.  3Bb). These results suggested that 
XG‑d was capable of inducing apoptosis in the C26 cells.

XG‑d induces apoptosis. Flow cytometric analysis using an 
Annexin V‑FITC apoptosis kit was used to identify the levels 
of apoptosis induced by XG‑d in the C26 cells. As indicated 
in Fig. 4A, the C26 cells were exposed to various concentra-
tions of XG‑d (5, 10 or 20 µg/ml) for 24 h. The percentage of 
early apoptotic cells increased to 15.4%, while the percentage 
of late apoptotic cells and necrotic cells increased to 15.4% 
following treatment with 20 µg/ml XG‑d, compared with the 
control group. A significant increase in the apoptotic rate 
was induced in the XG‑d treated groups compared with the 
untreated group (P<0.05; Fig. 4B). The results indicated that 
XG‑d induced apoptosis in the C26 cells.

Figure 6. XG‑d inhibits tumor growth in a tumor bearing‑mouse model. 
(A) XG‑d suppressed tumor growth in vivo compared the vehicle control 
group. (B) Analysis of body weight to determine the toxicity of the treat-
ment. No significant difference was observed between the body weights of 
the control and XG‑d groups, however, the body weights of the 5‑FU group 
was significantly decreased following XG‑d treatment. (C) Average tumor 
weight following 21 days of vehicle, XG‑d or 5‑FU treatment. Values are 
expressed as the mean ± standard error of the mean. *P<0.05, **P<0.01 and 
***P<0.001, compared with the control. XG‑d, 4‑[(Tetrahydro‑2H‑pyran‑2‑yl)
oxy] phenol; 5‑FU, 5‑fluorouracil.

Figure 5. The effects of XG‑d on the expression of apoptosis‑associated 
proteins in the C26 cells. The cells were treated with various concentra-
tions of XG‑d for 24 hand the total protein levels were evaluated by western 
blot analysis. The expression levels of PARP, C‑9, C‑3, Bcl‑2 and Bax were 
assessed. The results are representative of three independent experiments. 
XG‑d, 4‑[(Tetrahydro‑2H‑pyran‑2‑yl)oxy] phenol; PARP, poly(adenosine 
diphosphate ribose) polymerase; C‑9, caspase‑9; Bcl‑2, B‑cell lymphoma 2; 
Bax, Bcl‑2‑associated X protein.
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XG‑d effects the expression of apoptosis‑associated proteins. 
To evaluate the potential pathways responsible for the 
effects of XG‑d, the expression of key apoptosis‑associated 
proteins in C26 cells were examined (Fig. 5). PARP, a nuclear 
enzyme involved in DNA repair, was cleaved into 89 kDa 
fragments. Caspase‑9 and caspase‑3 were also cleaved and 
accumulated following XG‑d treatment. Furthermore, the 
expression of Bcl‑2 was decreased, while the expression levels 
of Bax were upregulated. These results indicated that XG‑d 
induced the caspase‑dependent and mitochondria‑mediated 
apoptotic pathways.

XG‑d inhibits colon tumor growth in vivo. In the present 
study, a mouse tumor model of colon cancer was used to 
examine the effect of XG‑d on tumor growth in vivo. Each 
mice was subcutaneously injected with 1.0x106 C26 cells. 
Following establishment of the tumor (~50 mm3), the anti-
tumor effects of oral administration of 100 mg/kg XG‑d 
to the mice were evaluated. Oral administration of 5‑FU 
(30 mg/kg) was used as a positive control and oral admin-
istration of 0.5% carboxymethyl cellulose sodium was used 
as the normal control. As indicated in Fig. 6A, after 3 weeks 
treatment, the average tumor size in the vehicle control group 
was 834.8±284.1 mm3, whereas the average tumor size in 
the XG‑d‑ and 5‑FU‑treated groups were 436.8±114.1 and 
138.9±31.3 mm3, respectively. The weight of the mice was 
also measured over the course of the treatment period. No 
significant difference was observed between the body weights 
of the vehicle control or XG‑d‑treated groups, however, the 
body weights of the mice in the 5‑FU‑treated group were 
decreased (Fig. 6B). The tumor weight of the XG‑d‑ and 
5‑FU‑treated mice after 3 weeks of treatment were signifi-
cantly reduced compared with that of the vehicle control 
(Fig. 6C). These results revealed that the oral administration 
of XG‑d inhibited C26 cell tumor growth.

Discussion 

In the last 20 years, herbal plant compounds have been studied 
in order to elucidate their potential antitumor activity (22). 
XG‑d is an effective tyrosinase inhibitor, which is frequently 
used to whiten skin  (23,24). In the present study, it was 
revealed that XG‑d potentially suppresses C26 cell prolif-
eration in vitro; in addition, these results indicated that XG‑d 
induces C26 cell apoptosis in a dose‑ and time‑dependent 
manner. Furthermore, XG‑d upregulated the expression of 
Bax, downregulated the expression of Bcl‑2 and activated 
caspase‑9, caspase‑3 and PARP proteins. 

Inducing cellular apoptosis is an important strategy in 
treating cancer. The anticancer action of numerous chemo-
therapeutic agents have been found to cause cell death via the 
induction of apoptosis (25,26). Caspases have a critical role 
in apoptosis. In response to apoptotic stimuli, the mitochon-
drial membrane becomes permeable, leading to the release of 
cytochrome‑C into the cytosol. Subsequently, cytochrome‑C 
activates the caspase‑9 and caspase‑3 pro‑enzymes, inducing a 
caspase signaling cascade and resulting in cell apoptosis (27,28). 
Among the known members of the interleukin‑1‑converting 
enzyme family of proteases, the key component of the apop-
totic mechanism is caspase‑3 (29). Caspase‑3 cleaves multiple 

cellular proteins, including PARP, the cleaved form of which is 
associated with apoptosis (30). In the present study caspase‑9 
and caspase‑3 were found to be activated, while PARP was 
cleaved. These findings suggested that XG‑d increased the 
percentage of apoptotic cells in a dose‑dependent manner. 
Therefore, XG‑d may induce the apoptosis of C26 cells via the 
activation of caspases.

The Bcl‑2 family is one of the most important regulators 
of apoptosis (31,32) and has a critical role in the mitochon-
drion‑mediated pathway. In humans, >20 members of the Bcl‑2 
family have been identified, including Bcl‑2, Bcl‑XL, Bcl‑1, Bax 
and Bcl‑2‑antagonist/killer 1 (33‑35). Changes in the expression 
levels of Bcl‑2, an anti‑apoptotic protein, and Bax, a pro‑apop-
totic protein, is often used as an index of apoptosis (36,37). The 
results of the present study demonstrated that XG‑d downregu-
lated the expression of Bcl‑2 and enhanced the activity of Bax. 
The ratio of Bax/Bcl‑2, suggested that XG‑d induced apoptosis 
in the C26 cells via the mitochondrial pathway.

In conclusion, the results of the present study indicated that 
XG‑d induced cell death in the C26 cell line by activating the 
regulation of caspases and the Bcl‑2 family member‑depen-
dent mitochondrial pathway. The cytotoxicity of XG‑d against 
several cancer cell lines, in particular the C26 murine colon 
carcinoma cell line, was observed, however, it had low toxic 
effects on two normal human cell lines. Furthermore, the 
effects of XG‑d on tumor growth in vivo revealed that XG‑d 
may be a promising novel anticancer agent.
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