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1 Introduction
Dendrobium officinale is a member of Orchidales Dendrobium 

plants, and is one of the precious traditional Chinese medicines 
in China (Li et al., 2008). It has the effect of nourishing Yin, 
clearing heat, reinforcing stomach fluid, and moistening lung 
(Lin  et  al., 2010). A variety of active ingredients have been 
isolated from Dendrobium officinale, including alkaloids, 
polysaccharides, sesquiterpenes, phenanthrene quinones, 
bibenzyls, fluorenones, steroids, phenols and volatile oils 
(Lv et al., 2013). The polysaccharide is the main component of 
Dendrobium officinale, which has immune-regulating (Liu et al., 
2011), anti‑oxidant (Luo et al., 2016), anti-tumor (Bao, 2008), 
antibacterial (Lei, 2011) and anti-hypoglycemic activity 
(Chen et al., 2003). Gastric cancer is one of the common malignant 
tumors, with high mortality (Leylabadlo et al., 2016). With the 
change of modern lifestyle, the incidence of gastric cancer is 
increasing year by year, which poses a great threat to people’s 
health. The occurrence and development of gastric cancer is a 
process of carcinogenesis caused by multiple factors, multiple 
stages and polygenic variations (Eom et al., 2012). The single 
resection can be applied for gastric cancer, but the cure is only 
limited for early-stage gastric cancer without any metastasis. 
For early‑stage gastric cancer with metastasis or advanced-stage 
gastric cancer, the medical treatment occupies an important 
position (Lepage et al., 2010). SGC-7901 cell line is one kind of 

the most common gastric cancer cells in human. The propagation 
speed of SGC‑7901 cells directly determines the development of 
gastric cancer (Sun & Wang, 2003). At present, the application 
of Dendrobium officinale polysaccharide (DOPA) to treatment 
of SGC-7901 cells is rarely reported. This study investigated the 
inhibitory effect of DOPA on growth of SGC‑7901 cell xenografts 
in nude mice, and analyzed the possible mechanism. The objective 
was to provide an experimental basis to further application of 
DOPA to treatment of human gastric cancer.

2 Materials and methods
2.1 Materials

DOPA was prepared in our laboratory by extracting from 
the stem of Dendrobium officinale (Yunnan Kim Gu Biological 
Technology Co., Ltd., Kunming, China). The content of polysaccharide 
was 80%. BALB/c nude mice (male, 4-6 weeks old, 18.32-22.45 g) 
were purchased from Shanghai Silaike Experimental Animal Co., 
Ltd (Shanghai, China). Human gastric cancer SGC-7901 cells 
were provided by Nanjing KeyGen Biotech. Co., Ltd. (Nanjing, 
China). 5-Fluorouracil (5-FU) injection (0.25 mg, 10 ml) was 
provided by Tianjin KingYork Amino Acid Co., Ltd. (Tianjin, 
China). Other reagents were purchased from Sigma-Aldrich 
Corp. (MO, USA).
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2.2 Establishment of SGC-7901 xenograft model of nude mice

SGC-7901 cells were cultured in vitro. The cells in logarithmic 
growth phase were collected, and the single cell suspension 
(1 × 108 cells/mL) was prepared. 0.2 mL of cell suspension was 
subcutaneously inoculated at the right dorsal side of nude mice. 
The nude mice were routinely reared. The nutritional status and 
daily activity were observed daily. The diameter of subcutaneous 
tumor was measured using vernier caliper every 2-3 days. When 
the tumor volume increased to about 50 mm3, the nude mice 
with no bleeding, necrosis or infection were selected for further 
experiments.

2.3 Animal grouping and treatment

The modeled nude mice were randomly divided into model, 
5-fluorouracil (5-Fu), low-dose DOPA, middle-dose DOPA and 
high-dose DOPA group, 10 rats in each group. The low-, middle‑and 
high-dose DOPA group were intragastrically administrated with 
DOPA with dose of 100, 200 and 400 mg·kg–1·day–1, respectively. 
The 5-Fu group was intragastrically administrated with 5-Fu 
(400 mg·kg–1·day–1). The model group was given with the same 
volume of normal saline. The treatment was continued for 20 days. 
On the second day after stopping taking drugs, the nude mice 
were weighted, and the orbital blood of mice was taken. Then, 
the mice were sacrificed by cervical dislocation.

2.4 Detection of blood routine and liver and kidney 
functions

The blood routine indexes including red blood cell (RBC), 
white blood cell (WBC); hemoglobin (Hb) and platelet (PLT) liver 
and kidney function indexes including alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) creatinine (CREA) 
and urea were detected using BC-5000 full automatic blood 
analyzer (Shenzhen Mindray Bio-Medical Electronics Co., Ltd., 
Shenzhen, China).

2.5 Determination of tumor growth

After the mice were sacrificed, the complete tumor tissue 
was taken out. After stripping thin fiber film, the tumor tissue 
was weighted on the electronic balance. The tumor inhibition 
rate was calculate as follows: tumor inhibition rate (%) = (average 
tumor mass in model group - average tumor mass in experiment 
group) / average tumor mass in model group) × 100%. In addition, 
the spleen and thymus were separated, and were weighted. 
The spleen index and thymus index were calculated as follows: 

thymus index = thymus mass (mg) / body mass (g); spleen 
index = spleen mass (mg) / body mass (g).

2.6 Determination of serum tumor necrosis factor-α and 
interleukin-2 levels

The orbital blood of nude mice was centrifuged at 3000 r/min 
for 5 min. The serum levels of tumor necrosis factor-α (TNF-α) 
and interleukin-2 (IL-2) were detected by ELISA (Ajami et al., 
2014).

2.7 Determination of B-cell lymphoma-2 and Bcl-2 
associated X protein expression in tumor tissue

The paraffin sections of tumor were prepared. The 
immunohistochemical SP staining was performed to detect the 
expression of B-cell lymphoma-2 (Bcl-2) and Bcl-2 associated 
X (Bax) protein. PBS instead of primary antibody was used as 
negative control. The brown staining was judged as positive, with 
tawny staining as weakly positive. 10 tumor tissue sections were 
selected for each index, and 3 fields of vision were selected for 
each section. The images were analyzed using BI-2000 image 
analysis system (Chengdu Taimeng Software Co. Ltd., Chengdu, 
China), and the integrated option density (IOD) of each section 
was calculated.

2.8 Statistical analysis

All statistical analysis was carried out using SPSS17.0 software 
(SPSS Inc., Chicago, IL, USA). Each experiment was repeated 
for three times, and the data were presented as mean±SD. 
The difference between two groups was analyzed using t test. 
P < 0.05 was considered as statistically significant.

3 Results
3.1 Effects of DOPA on growth of SGC-7901 tumor in nude 
mice

As shown in Table  1, the tumor masses in model, 5-Fu, 
low‑dose DOPA, middle-dose DOPA and high-dose DOPA 
groups were 1.0 ± 0.1, 0.5 ± 0.1, 0.8 ± 0.1, 0.6 ± 0.1 and 0.5 ± 0.1 g, 
respectively, and the inhibition rates of tumor in 5-Fu, low‑dose 
DOPA, middle-dose DOPA and high-dose DOPA groups were 
49 ± 7%, 21 ± 3%, 39 ± 6% and 47 ± 8%, respectively. The inhibition 
rate in middle- and low-dose DOPA group was significantly 
lower than that in 5-Fu group, respectively (P < 0.05), but there 
was no significant difference between high-dose DOPA group 
and 5-Fu group (P > 0.05).

Table 1. Effects of DOPA on growth of SGC-7901 tumor in nude mice.

Group n Tumor mass (g) Inhibition rate (%)
Model 10 1.0 ± 0.1 -
5-Fu 10 0.5 ± 0.1a 49 ± 7
Low-dose DOPA 10 0.8 ± 0.1ab 21 ± 3b

Middle-dose DOPA 10 0.6 ± 0.1a 39 ± 6c

High-dose DOPA 10 0.5 ± 0.1ad 47 ± 8d

aP < 0.05 compared with model group; bP < 0.01 compared with 5-Fu group; cP < 0.05 compared with 5-Fu group; dP < 0.05 compared with low-dose DOPA group. DOPA: Dendrobium 
officinale polysaccharide; 5-Fu: 5-fluorouracil.
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3.2 Effects of DOPA on spleen and thymus indexes of nude 
mice

Table 2 showed that, compared with model group, the spleen 
and thymus index in 5-Fu group were significantly decreased, 
respectively (P < 0.05), but those in low-, middle- and high‑dose 
DOPA group were significantly higher than 5-Fu group, 
respectively (P < 0.05). There was no significant difference of 
each index between each DOPA group and model (P > 0.05).

3.3 Effects of DOPA on routine blood indexes of nude mice

As shown in Table 3, the WBC and PLT concentrations in 
5-Fu group were significantly lower than those in model group, 
respectively (P < 0.05), and those in low-, middle- and high-dose 
DOPA group were significantly higher than that in 5-Fu group, 
respectively (P < 0.05). There was no significant difference of WBC 
or PLT among low-, middle- and high-dose DOPA group and 
model groups (P > 0.05), and there was no significant difference 
of RBC or Hb concentration among 5 groups (P > 0.05).

3.4 Effects of DOPA on liver and kidney functions of nude 
mice

Table  4 showed that, the ALT level in 5-Fu group was 
significantly higher than that in model group, respectively 
(P < 0.05), and that in low-, middle- and high-dose DOPA group 

was significantly lower than that in 5-Fu group, respectively 
(P  <  0.05). There was no significant difference of ALT level 
among low-, middle- and high-dose DOPA group and model 
groups (P > 0.05), and there was no significant difference of AST, 
CREA or urea level among 5 groups (P > 0.05).

3.5 Effects of DOPA on serum TNF-α and IL-2 levels of nude 
mice.

Compared with model group, the serum TNF-α and IL-2 
levels of nude mice in 5-Fu, middle-dose DOPA and high-dose 
DOPA group were significantly increased, respectively (P < 0.05). 
In addition, the serum TNF-α and IL-2 levels in middle-dose and 
high-dose DOPA group were significantly higher than low-dose 
DOPA group, respectively (P < 0.05). There was no significant 
difference of TNF-α or IL-2 level between middle-dose DOPA 
and 5-Fu group or between high-dose DOPA and 5-Fu group 
(P < 0.05) (Table 5).

3.6 Effects of DOPA on expression of Bax and Bcl-2 protein

As shown in Table 6, compared with model group, the IOD 
value of Bax protein expression in 5-Fu, middle-dose DOPA and 
high-dose DOPA group were significantly increased, respectively 
(P < 0.05), the IOD value of Bcl-2 protein expression in 5-Fu, 
middle-dose DOPA and high-dose DOPA group were significantly 
decreased, respectively (P < 0.05). The IOD value of Bcl-2 and 

Table 2. Effects of DOPA on spleen and thymus indexes of nude mice.

Group n Spleen index (mg/g) Thymus index (mg/g)
Model 10 5 ± 1 34 ± 17
5-Fu 10 3 ± 1a 2 ± 1a

Low-dose DOPA 10 5 ± 1b 3 ± 1b

Middle-dose DOPA 10 5 ± 1b 3 ± 1b

High-dose DOPA 10 5 ± 1b 4 ± 1b

aP < 0.05 compared with model group; bP < 0.05 compared with 5-Fu group. DOPA: Dendrobium officinale polysaccharide; 5-Fu: 5-fluorouracil.

Table 3. Effects of DOPA on routine blood indexes of nude mice.

Group n RBC (×1012/L) WBC (×109/L) Hb (g/L) PLT (×109/L)
High-dose DOPA 10 8 ± 3 113 ± 36b 148 ± 20 1145 ± 201b

Middle-dose DOPA 10 8 ± 2 10 ± 3b 153 ± 18 1123 ± 231b

Low-dose DOPA 10 8 ± 2 10 ± 2b 147 ± 24 1172 ± 178b

5-Fu 10 9 ± 2 7 ± 1a 138 ± 19 934 ± 100a

Model 10 8 ± 2 11 ± 4 146 ± 17 1211 ± 189
aP < 0.05 compared with model group; bP < 0.05 compared with 5-Fu group; DOPA: Dendrobium officinale polysaccharide; 5-Fu: 5-fluorouracil; RBC: red blood cell; WBC: white blood 
cell; Hb: hemoglobin; PLT: platelet.

Table 4. Effects of DOPA on liver and kidney functions of nude mice.

Group n ALT (U/L) AST (U/L) CREA (μmol/L) Urea (mmol/L)
Model 10 62 ± 6 486 ± 79 8 ± 1 6 ± 2
5-Fu 10 85 ± 8a 490 ± 56 8 ± 2 78 ± 1
Low-dose DOPA 10 61 ± 7b 472 ± 89 7 ± 2 6 ± 2
Middle-dose DOPA 10 68 ± 9b 446 ± 67 7 ± 21 6 ± 2
High-dose DOPA 10 62 ± 8b 445 ± 78 8 ± 2 6 ± 2
aP < 0.05 compared with model group; bP < 0.05 compared with 5-Fu group. DOPA: Dendrobium officinale polysaccharide; 5-Fu: 5-fluorouracil; ALT: alanine aminotransferase; 
AST: aspartate aminotransferase; CREA: creatinine.
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Bax protein had no significant difference between middle-dose 
DOPA and 5-Fu group and between high-dose DOPA and 5-Fu 
group, respectively (P < 0.05).

4 Discussion
Dendrobium is a kind of precious medicinal plants in China, 

which has high medicinal value. It is found that Dendrobium 
has obvious anti-tumor effect. He et al. (2007) have studied the 
inhibition effect of DOPA on mouse hepatoma H22 cells and 
find that, DOPA with dose of 50 mg/kg can significantly inhibit 
the growth of H22 cells, and the inhibition rate is 28.6%. Bao 
(2008) has investigated the inhibition effect of water extracts 
from 4 kinds of Dendrobium on human cervical cancer HelaS3 
cells and human hepatoma HepG2 cells. Results show that, all 
the water extracts from Dendrobium huoshanense, Dendrobium 
officinale, Dendrobium nobile and Dendrobium fimbriatum have 
inhibitiory effect on HeLaS3 and HepG2 cells. The DOPA has 
the best inhibitory effect on HelaS3 cells.

This study has established the model of SGC-7901 xenograft 
in nude mice, and investigated the inhibitory effect of DOPA 
on the growth of SGC-7901 tumor. Results showed that, the 
inhibition rate of SGC-7901 tumor in high-dose DOPA group 
was basically equivalent to that in 5-Fu group. Generally, the drug 
over a certain concentration will produce toxic side effects to the 
body, which are mainly manifested in the blood system and liver 
and kidney function (Boisdron-Celle et al., 2007). In this study, 
compared with model group, the spleen and thymus indexes of 
nude mice in 5-Fu group were significantly decreased (P < 0.05). 
In addition, the WBC and PLT concentrations in 5-Fu group were 
significantly lowered (P < 0.05), and the ALT level in 5-Fu group 
was significantly increased (P < 0.05). This indicates that, 5-Fu 
can inhibit the growth of SGC-7901 tumor in nude mice, but it 
has certain toxicity to the blood and liver and kidney system. 
Compared with 5-Fu group, the spleen and thymus indexes in 
low-, middle- and high-dose DOPA group were significantly 

increased (P < 0.05), the WBC and PLT concentration was 
significantly improved (P < 0.05), and ALT level was significantly 
decreased (P < 0.05). This indicates that, DOPA can obviously 
inhibit the growth of SGC-7901 tumor in nude mice, and has 
no obvious toxic side effect on the blood system and liver and 
kidney function of nude mice.

Cytokines are the protein polypeptides secreted and 
mediated by immune cells and stromal cells, which regulate 
the immune function and inflammatory response. Cytokines 
play an important role in the occurrence and development of 
tumors and their therapy (Ardestani et al., 1999). IL-2 and TNF-α 
were the important cytokines in anti-tumor aspect. IL-2 is a 
growth factor with pleiotropic activity. It constitutes a cytokine 
network together with other cytokines, and participates in the 
self-tolerance and autoimmunity. IL-2 is an important index 
to reflect the immune function, and plays an important role 
in tumor therapy (Carrier et al., 2007; Dooms & Abbas, 2010). 
TNF-α also has direct cytotoxic effect and growth-inhibition 
effect on tumor cells. It can directly inhibit and kill tumor cells 
and induce the cell apoptosis, mediate the immune response, 
cause the tumor microvascular injury and inhibit the tumor 
angiogenesis, thus exerting the anti-tumor function (Wang et al., 
2000b; Hammam  et  al., 2013). Results of this study showed 
that, compared with model group, the serum TNF-α and IL-2 
levels of nude mice in 5-Fu, middle-dose DOPA and high-dose 
DOPA group were significantly increased, respectively (P < 0.05). 
This indicates that, DOPA may inhibit the growth of SGC-7901 
tumor in nude mice by up-regulating the serum TNF-α and IL-2 
levels. This is the same with the previous studies (Zhang et al., 
2004; Tang et al., 2013).

The maintenance of homeostasis of cell proliferation and 
apoptosis is the premise of the stability of body function. Once 
the homeostasis is broken, the cell proliferation exceeds the 
apoptosis, and the tumor will occur (Lai et al., 2005). For tumor 
cells, if the apoptosis exceeds the proliferation, they will be 
inhibited. Bcl-2 is an oncogene, of which the expression is 

Table 5. Effects of DOPA on serum TNF-α and IL-2 levels of nude mice.

Group n TNF-α (ng/L) IL-2 (ng/L)
Model 10 38 ± 4 616 ± 9
5-Fu 10 64 ± 5a 153 ± 20a

Low-dose DOPA 10 49 ± 6b 70 ± 7b

Middle-dose DOPA 10 62 ± 7ac 143 ± 16ac

High-dose DOPA 10 60 ± 8ac 165 ± 19ac

aP < 0.05 compared with model group; bP < 0.05 compared with 5-Fu group; cP < 0.05 compared with low-dose DOPA group. DOPA: Dendrobium officinale polysaccharide; 
5-Fu: 5-fluorouracil; TNF-α: tumor necrosis factor-α; IL-2: interleukin-2.

Table 6. Effects of DOPA on expression of Bax and Bcl-2 protein (IOD).

Group n Bax Bcl-2
Model 10 32367 ± 5623 79159 ± 9567
5-Fu 10 57443 ± 6892a 38221 ± 4563a

Low-dose DOPA 10 37755 ± 4785 64536 ± 7834
Middle-dose DOPA 10 52535 ± 6456a 42987 ± 7345a

High-dose DOPA 10 61174 ± 7345b 42545 ± 7346a

aP < 0.05 compared with model group; bP < 0.01 compared with model group. DOPA: Dendrobium officinale polysaccharide; 5-Fu: 5-fluorouracil; IOD: integrated option density; 
Bax: Bcl-2 associated X protein; Bcl-2: B-cell lymphoma-2.
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related to the differentiation degree and proliferation ability 
of tumor cells. Bcl-2 is over-expressed in tumor cells with low 
differentiation and strong proliferation ability (Wang  et  al., 
2000a). Bax protein is a water-soluble protein homologous 
to Bcl-2 protein. It can promote the tumor cell apoptosis. 
The over‑expression of Bax protein can antagonize the protective 
effect of Bcl-2 and cause the apoptosis of cells (Deichman et al., 
2007). Bcl-2 and Bax form an apoptotic regulatory system, of 
which the Bcl-2/Bax ratio determines whether the cells tend 
to apoptosis. Bcl-2 protein is distributed in the cell membrane 
and cytoplasm, and controls the permeability of mitochondrial 
outer and inner membranes. It can inhibit the reduction of 
mitochondrial membrane potential, release CytC and apoptosis 
initiation factor, and activate Caspase, thus inhibiting the cell 
apoptosis (Sentman et al., 1991). Bax protein is located in the 
cytoplasm, and has the function of promoting cell apoptosis 
(Nutt et al., 2002). In this study, compared with model group, 
the IOD value of Bax protein expression in 5-Fu, middle-dose 
DOPA and high-dose DOPA group were significantly increased, 
respectively (P < 0.05), the IOD value of Bcl-2 protein expression 
in 5-Fu, middle-dose DOPA and high-dose DOPA group were 
significantly decreased, respectively (P < 0.05). This indicates 
that, the inhibitory effects of DOPA on SGC-7901 tumor may 
be related to its up-regulation of Bax protein expression and 
down-regulation of Bcl-2 protein expression.

5 Conclusions
DOPA can inhibit the growth of SGC-7901 cell xenografts 

in nude mice. The possible mechanism may be that, DOPA 
can up-regulate the serum TNF-α and IL-2 levels. In addition, 
the inhibitory effects may be related to its up-regulation of 
Bax protein expression and down-regulation of Bcl-2 protein 
expression. DOPA has no has no obvious toxic side effect on 
the blood system and liver and kidney function of nude mice. 
This study has provided an experimental basis for application of 
DOPA to treatment of human gastric cancer. Of course, whether 
there are other mechanisms of DOPA action and whether there 
are correlations among the present indexes need to be further 
investigated.
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