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Abstract 

Purpose: To investigate the effect of curcumin on gastric cancer cell proliferation and the mechanism of 
action involved. 
Methods: Viability of gastric cells following curcumin treatment was determined by 3 (4,5 dimethyl 
thiazol 2 yl) 2,5 diphenyl 2H tetrazolium bromide (MTT) assay. Flow cytometry was used for the 
assessment of apoptosis induction in SGC 7901 cells. Reverse transcriptase polymerase chain reaction 
(RT-PCR) and western blotting assay were used for the analysis of Znf139, survivin and Bcl 2 protein 
expressions.  
Results: The results showed that curcumin treatment reduced the viability of gastric cancer cell line 
SGC 7901 cells at 30 µM concentration to 29.67 % after 48 h compared to 99.78 % for control culture. 
Apoptotic cell population increased significantly (p < 0.05) following treatment with curcumin. Zinc finger 
protein-139 mRNA and protein expression decreased significantly (p < 0.05) on treatment with 
curcumin. Furthermore, curcumin suppressed the levels of B cell lymphoma 2 (Bcl 2) and survivin 
protein. In the mice model of gastric cancer, treatment with 50 mg/kg dose of curcumin inhibited tumor 
growth and development significantly, compared to the untreated group (p < 0.05). 
Conclusion: The results demonstrate that curcumin treatment inhibits gastric cancer cell proliferation 
via down-regulation of zinc finger protein-139. It also suppresses tumor growth in mice. Therefore, 
curcumin is a promising gastric cancer inhibitor and should be further investigated for the management 
of gastric cancer.  
 
Keywords: Curcumin, Finger protein, Survivin, Gastric cancer, Inflammation, Anti-oxidant 
 

This is an Open Access article that uses a fund-ing model which does not charge readers or their 
institutions for access and distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly credited. 

Tropical Journal of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus, 
International Pharmaceutical Abstract, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African 
Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals 
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts 

 
INTRODUCTION 
 
Gastric cancer is one of the most commonly 
diagnosed carcinomas throughout the world and 
ranks second cause of deaths associated with 

cancer [1]. Cancer statistics has revealed that in 
2008 there were 990,000 new cases of gastric 
cancer detected and 740, 000 deaths were 
caused by gastric cancer [2]. The data showed 
8% increase in new cases and 10% rise in the 
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deaths because of gastric cancer compared to 
the previous record [2]. Gastric cancer incidence 
rate has been found to be higher in southern 
America, Eastern Europe and Asia whereas it is 
rarely detected in North America and almost 
throughout Africa [3]. At present gastric cancer 
treatment strategy makes use of both 
chemotherapy as well as surgical resection, 
however, despite advancement in technology the 
rate of 5 year survival for patients is less than 
20% [4]. Thus, there is urgent need for the 
development of efficient treatment strategy for 
gastric cancer because of its most lethal nature. 
 
Zinc finger proteins are distributed widely in the 
cells of eukaryotic organisms where they play an 
important role in maintaining various cellular 
functions [5]. Studies have shown that some zinc 
finger proteins are involved in the development of 
tumor and its metastasis to distant organs [6,7]. 
In the development of urinary bladder cancer the 
zinc finger protein ZNF165 is involved where as 
in colorectal and ovarian cancers ZNF217 has 
been found to play vital role [6,7]. Another 
member of the family ZNF139 which contains 
transcription factor has been found to be linked 
to the development of gastric cancer [8,9]. 
 
Natural products isolated from various sources 
like plants, fungi, insects, etc. have shown 
significant anti-proliferative activity against 
several types of cancer cells [10]. The advantage 
of using natural products for the development of 
cancer treatment strategy is that they do not 
induce any harmful effect in the body [10]. 
Curcumin because of various pharmacological 
activities and with almost no side effects has 
been used in traditional medicine over long times 
[11]. Studies have revealed that curcumin acts as 
a potent candidate for the treatment of infection, 
inhibition of inflammation, as anti-oxidant, lipid 
reducing and anti-fibrotic agent [11-13]. 
Moreover, curcumin treatment prevents 
myocardial injury and inhibits tumor growth 
[11-13]. Inhibition of inflammation related gene 
expression by curcumin plays a vital role in the 
protection of myocardial injury through NF-κB 
pathway [14]. In the present study the effect of 
curcumin on the viability of gastric cancer cells 
and development of gastric cancer in mice model 
was investigated. The study aimed to investigate 
the inhibitory effect ofcurcumin on gastric cancer 
cell proliferation in vitro and in vivo. 
 
EXPERIMENTAL 
 
Cell lines and culture 
 
SGC-7901 andMKN28 cell lines were obtained 
from the Cell Bank belonging to the Type Culture 

Collection of Chinese Academy of Sciences 
(Shanghai, China). Culture of the cells was 
performed in RPMI-1640 medium (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) mixed with 10% FCS at 37˚C under5% 
CO2 and 95% air. The medium also contained 
penicillin (10,000 units) and streptomycin (10 
mg). 
  
MTT assay. SGC-7901 andMKN28 cells were 
seeded into the96-well microtiter plates at 
3x106cells/mL concentration and incubated for 
12 h. The cells were then transferred into a fresh 
mediummixed with 5, 10, 15, 20, 25 and 30 µM 
concentrations of curcumin. Following 48 h of 
exposure, 10 μL volume of MTT solution was put 
into each of the well and cells were incubated for 
additional 4 h. DMSO (100 μL) was then added 
to each well for dissolving any formazen crystal 
formed and the absorbance measurements were 
recorded three times for each well at 572 nm 
using a microplate reader. 
 
Assessment of apoptosis 
 
SGC-7901 cells at 2 x 105cells/mL were exposed 
for 48 h to 10, 20, and 30 µM concentrations of 
curcumin or DMSO alone (control). Then cells 
collected were subjected to two times washing 
with cold PBS and subsequently put into the 
binding buffer (200 μL). The cells were then 
treated for 20 min at room temperature with 5 μl 
each of Annexin Ⅴ-FITC PI in the dark. 
Apoptosis induction in SGC-7901 cells was 
analysed using flow cytometry (from Quanta SC, 
Beckman Coulter). 
 
Western blot analysis 
 
SGC-7901 cells were exposed to 5, 10, 15, 20, 
25 and 30 µM concentrations of curcumin for 48 
h. The cells were treated with lysis buffer 
followed by IP (Beyotime Institute of 
Biotechnology) to obtain lysates. Centrifugation 
of the lysates was performed for 25 min at 
12,000 x g to remove the cell debris to collect the 
supernatant which was subsequently boiled for 
10 min with the sample buffer. The protein 
resolution from the concentrated supernatant 
was achieved by electrophoresis on 12 % 
sodium dodecylsulphate [SDS]-polyacrylamide 
gel. The proteins were subsequently transferred 
onto polyvinylidene fluoride (PVDF) membranes 
which was blocked on treatment with 3% (w/v) 
non-fat milk in TBST.  
 
Incubation of the blots was carried out overnight 
with primary antibodies at 4˚C. The blots after 
washing were subjected to incubation with 
horseradish peroxidase-conjugated goat anti-
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rabbit secondary antibodies for 2 h at room 
temperature. The blot visualization was 
performed using the ECL detection kit (Thermo, 
USA) in accordance with the manual protocol. 
The antibodies used were against ZNF139 
(rabbit polyclonal anti-mouse; dilution 1:900; 
catalog number ab126124), Bcl-2 (monoclonal; 
dilution 1:900; catalog number ab32124), survivin 
(polyclonal; dilution 1:900; catalog number 
ab469) or β-actin (polyclonal; dilution 1:1000; 
catalog number ab8227). 
 
Reverse transcriptase-quantitative polymer-
rase chain reaction (RT-qPCR) analysis 
 
SGC-7901 cells were exposed to 5, 10, 15, 20, 
25 and 30 µM concentrations of curcumin for 48 
h. The RNA extraction from cells was performed 
by RNeasy Plus Mini kit (Qiagen, TX, USA) in 
accordance with the manual instructions. The 2 
μg RNA samples were subjected to reverse 
transcription using the SuperScript Reverse 
transcriptase kit (Invitrogen; Thermo Fisher 
Scientific, Inc.) to obtain the complementary DNA 
(cDNA). The SYBR Premix Ex Taq II (Takara 
Bio, Inc., Otsu, Japan) on an ABI-7500 
Sequence Detection System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) was 
employed for carrying out the RT-qPCR. The 
level of gene expression was detected in relation 
to GAPDH taken as internal control. The PCR 
was performed by an initial 3 min incubation at 
53˚C, then denaturation for 10 min at 92˚C and 
48 cycles of 93˚C for 20 s and for 2 min at 62˚C. 
 
Animals 
 
Seven to eight-weeks old male BALB nude mice 
were supplied by the Center for Experimental 
Animals of Wuhan University (Wuhan, China). 
The mice were placed in autoclaved, 
microisolator cages with filtered tops in the 
animal house under filtered air at 25 oC and 55% 
humidity. All mice were provided free access to 
water and food ad libitum. All the procedures 
involving mice were carried out in accordance 
with the National Institutes of Health Guide for 
the Care and Use of Laboratory Animals [15]. 
Animal study approval was obtained from the 
Committee on Animal Experimentation of Wuhan 
University Wuhan, China (no. WUW/16/0002). 
 
Establishment of mouse model of gastric 
cancer  
 
Sixty mice were separated randomly into six 
groups of 10 each, normal control, untreated, 10, 
20, 25 and 30 mg/kg treatment groups. Initially 
few mice were injected with 5 x 105 SGC-7901 
cells subcutaneously on the dorsal side and kept 

under sterilize conditions for 21 days. After the 
tumor size reached 1 cm diameter, the mice 
were sacrificed by cervical dislocation under 
pentobarbital sodium (6%) anaesthesia. The 
tumors were excised and then cut into sections 
of 1 x 1 x 1 mm dimensions which were then 
implanted into the mice belonging to untreated 
and three treatment groups (except normal 
control group) following pentobarbital sodium 
anaesthesia. The implantation procedure 
involved making a 5 - 10 mm incision in the 
abdomen of mice to carefully expose the wall of 
the stomach. Then tumor was implanted into the 
stomach through a cut made in the serosa of the 
greater curvature. The stomach was sealed 
using OB glue and the abdominal cavity was 
sutured using silk thread. After 1 h of tumor 
implantation the mice in the four treatment 
groups were administered 10, 20, 25 and 30 
mg/kg doses of curcumin intragastrically. The 
mice were sacrificed on day 30 to excise the 
gastric tumors for determination of Bcl-2 and sur-
vivin expression. The tumor weight was 
measured and the body weight of all mice was 
recorded on alternate days during the study. 
 
Statistical analysis 
 
The data presented are the mean ± SD of three 
experiments carried out independently. 
Differences were evaluated statistically using 
Student's t-test or one-way analysis of variance 
(ANOVA). P < 0.05 was taken to represent 
statistically significant difference. 
 
RESULTS 
 
Curcumin reduced viability of SGC-7901 and 
MKN28 cells 
 
The cells after 48 h of exposure to 5, 10, 15, 20, 
25 and 30 µM concentrations of curcumin were 
subjected to MTT assay (Figure 1). Exposure of 
SGC-7901 and MKN28 cells to curcumin 
reduced cell viability in a concentration 
dependent manner. The viability of SGC-7901 
cells was decreased to 92.78, 84.21, 71.66, 
59.54, 37.22 and 29.67%, respectively on 
exposure to 5, 10, 15, 20, 25 and 30 µM 
concentrations of curcumin in comparison to 
99.78% in control cultures. Exposure to 5, 10, 15, 
20, 25 and 30 µM concentrations of curcumin 
decreased MKN28 cell viability to 93.41, 86.77, 
74.12, 63.88, 41.42 and 32.59%, respectively in 
comparison to 100% in control cultures. 
 
Curcumin exposure induced apoptosis in 
SGC-7901 cells 
 
The  cells  were  exposed  to  10, 20, and 30 µM  



Xu et al 

Trop J Pharm Res, November 2019; 18(11): 2358 
 

 
 
Figure 1: Reduction of SGC-7901 andMKN28 cell 
viability by curcumin. The cells were exposed to 5, 10, 
15, 20, 25 and 30 µM concentrations of curcumin for 
48 h and then evaluated by MTT assay. The 
presented values are the mean ± SD. *P<0.05 and 
**P<0.02 vs. cells exposed to culture medium alone 
 
concentrations of curcumin for analysis of 
apoptosis by flow cytometry (Figure 2). The 
apoptotic cell population increased significantly 
(p<0.05) in SGC-7901 cell cultures on exposure 
to curcumin for 48 h. The population of apoptotic 
cells increased to 11.36, 18.54, 29.65 and 
59.09%, respectively on exposure to 5, 10, 20, 
and 30 µM concentrations of curcumin. In control 
SGC-7901 cell cultures the percentage of 
apoptotic cells was 2.23 %. 
 

 
 
Figure 2: Analysis of apoptosis induced by curcumin 
in SGC-7901 cells. The cells exposed to 5, 10, 20, and 
30 µM concentrations of curcumin were subjected to 
flow cytometry using Annexin V/PI staining 
 
Curcumin down-regulated Znf-139 expression 
in gastric cancer cells 
 
In SGC-7901 cells, changes in Znf-139 
expression on exposure to 5, 10, 15, 20, 25 and 
30 µM concentrations of curcumin were 
measured (Figure 3). A significant reduction in 
Znf-139 mRNA and protein expression was 
caused in SGC-7901 cells at 48 h of exposure to 
curcumin. The expression of Znf-139 mRNA and 
protein was decreased to a maximum level on 
exposure to 30 µM concentration of curcumin. 
These findings suggest that curcumin inhibits 
gastric cancer cell viability by down-regulating 
Znf-139 expression. 
 

 
 
Figure 3: Curcumin down-regulated ZNF139 
expression in SGC-7901 cells. The cells exposed for 
48 h to 5, 10, 15, 20, 25 and 30 µM concentrations of 
curcumin were examined for expression of Znf139 (A) 
protein by western blotting and (B) mRNA by RT-PCR 
assays. *P < 0.02 and **p < 0.01 vs. control cells 
 
Effect of curcumin on Bcl-2 and survivin 
 
RT-PCR and western blotting were used to 
determine the effect of 10, 20, 25 and 30 µM 
concentrations of curcumin on the expression of 
Bcl-2 and survivin (Figure 4). Curcumin exposure 
led to a significant (p<0.05) decrease in the level 
of mRNA and protein corresponding to both Bcl-2 
and survivin in SGC-7901 cells. The inhibitory 
effect of curcumin on the expression of both 
Bcl-2 and survivin was maximum at 30 µM 
concentration at 48 h.  

 
 
Figure 4: Bcl-2 and survivin expression inhibition by 
curcumin. SGC7901 cells were exposed to 10, 20, 25 
and 30 µM concentrations of curcumin for 48 h to 
assess the level of Bcl-2 and survivin (A) proteinand 
(B) Mrna expression. *P<0.05 and **p<0.02 vs. cells 
exposed to culture medium alone 
 
Curcumin treatment suppressed Bcl-2 and 
survivin in mice 
 
The mice treated with 10, 20, 25 and 30 mg/kg 
doses of curcumin were sacrificed on day 30th of 
tumor implantation. The growth of tumor was 
reduced significantly in the mice treated with 
curcumin than those in the untreated group 
(Figure 5). In comparison to the untreated mice 
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metastasis of tumor was markedly inhibited in the 
curcumin treatment groups. The level of Bcl-2 
and survivin in the tumor excised from the 
curcumin treated mice were significantly lower 
than those in the untreated group.  
 

 
 
Figure 5: Inhibition of Bcl-2 and survivin by curcumin 
in vivo.  In the mice model of gastric cancer level of 
Bcl-2 and survivin was assessed by (A) Western blot 
(B) RT-PCR assays on day 30th of tumor implantation. 
*P<0.05 and **p<0.02 vs. untreated mice 
 
DISCUSSION 
 
The present study investigated the effect of 
curcumin on gastric cancer cells in vitro and on 
tumor growth in vivo in the mice model. The 
study demonstrated that curcumin reduced 
gastric cancer cell viability and caused apoptosis 
induction. Its exposure led to suppression of 
ZNF139, Bcl-2 and survivin expression in the 
gastric carcinoma cells. Treatment of the gastric 
cancer mice with curcumin inhibited tumor 
growth possibly through inhibition of Bcl-2 and 
survivin expression. 
 
Gastric cancer is a commonly detected digestive 
tract carcinoma throughout the world with very 
high mortality rate [16]. Investigation of the 
etiology of gastric cancer is of immense 
significance for the development effective 
treatment strategy [16]. Apoptosis is a highly 
regulated and programmed natural process for 
elimination of undesired cells from the body of an 
organism [17,18]. Therefore, induction of 
apoptosis in carcinoma cells by therapeutic 
agents is considered to be of vital importance for 
cancer treatment. In the present study the effect 
of curcumin on gastric cancer cell viability and 
apoptotic changes were investigated. The results 
showed that curcumin exposure significantly led 
to reduction in the viability of the tested cancer 
cells. Flow cytometry revealed that in gastric 
cancer cell cultures addition of curcumin caused 
a marked enhancement in the proportion of 
apoptotic cells. These findings suggested that 

curcumin reduced viability of gastric carcinoma 
cells by induction of apoptosis. ZNF139 belongs 
to the family of zinc finger proteins and plays an 
important role in the regulation of transcription of 
various genes involved in tumor progression [19].  
 
It has been reported that ZNF139 expression is 
markedly higher in the adenocarcinoma present 
at the junction between oesophagus and 
stomach junction [19]. ZNF139 is believed to 
promote gastric cancer by enhancing the level of 
fascin as well as ribonucleoproteins A2/B1 [20]. 
The expression of ZNF139 has been found to be 
markedly higher in gastric tumors which suggests 
its association with development and progression 
of gastric carcinoma [20]. ZNF139 is responsible 
for failure of many treatment strategies by 
increasing multidrug resistance protein 1 (MDR1) 
and MRP1 [21]. In the present study curcumin 
exposure significantly decreased ZNF139 mRNA 
and protein level in the gastric cancer cells. This 
provides an evidence that curcumin inhibits 
gastric carcinoma cell viability by down-
regulating the expression of ZNF139.  
 
The anti-apoptotic potential of carcinoma cells is 
enhanced by an increase in the expression of 
Bax through regulation of thiolredox state in the 
mitochondria [22]. Another factor inhibiting cell 
apoptosis by preventing activation of the 
caspases is the survivin [23]. In the present study 
effect of curcumin on Bcl-2 and survivin 
expression in the gastric cancer cells was 
examined. The results revealed that exposure of 
gastric cancer cells to curcumin significantly 
decreased the expression of both Bcl-2 and 
survivin. In the mice model of gastric carcinoma 
effect of curcumin was investigated on the in vivo 
tumor development. 
 
CONCLUSION 
 
The findings of this study indicate that curcumin 
inhibits gastric cancer growth in vitro as well in 
vivo in mice via down-regulation of ZNF139, 
Bcl-2 and survivin expression. It suppresses 
tumor development in mice by inhibiting Bcl-2 
and survivin expression. Thus, curcumin has a 
significant potential for development as a 
treatment strategy for gastric cancer. 
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