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Abstract: Purpose: To investigate the anti-proliferative effects of anti-cancer Chinese medicinal materials such as 

zedoary turmeric oil, cinobufacini and solanine on gastric carcinoma cell line NKM45. Methods: Bioluminescence assay 

(BLA) was applied to determine the ATP concentration when NKM45 was exposed to the three Chinese medicinal 

materials. The influence of zedoary turmeric oil on the growth curve of NKM45 cells was also analyzed. And the 

concentration of ATP was compared with NKM45 cells that were exposed to 5-Fluorouracil(5-Fu). Results: The 

concentration of ATP was significantly decreased when the NKM45 cells were exposed to the three Chinese medicinal 

materials and 5-Fu (P<0.05~P<0.01). There was no significant difference in the ATP concentration between MKM45 cells 

that were treated with the three Chinese medicinal materials and those exposed to 5-Fu (P>0.05). The zedoary turmeric oil 

significantly inhibited the survival rate of NKM45 cells. Conclusions: Zedoary turmeric oil, cinobufacin, and solanine can 

inhibit the proliferative activity of NKM45 cells. They have exploitation potential with broad market prospect.  
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1. Introduction 

Zedoary, Bufo bufo gargarizans Cantor and solanum 

nigrumL.(SNL) are traditional Chinese medicinal materials 

and are believed to have anti-disease properties. Zedoary 

turmeric oil(ZTO) is a volatile oil that is extracted from 

zedoary. Its main elements are sesquiterpenoids including 

curcumenol, curdione,elemene and so on
[1]

. ZTO has some 

pharmacological actions such as hepatoprotective, to 

enhance blood cells, anti-embolism,antibiosis anti-virus 

effects
[2,3]

.  

Cinobufacini is a preparation of water soluble that is 

prepared from Bufo bufo gargarizans Cantor. It has been 

confirmed that cinobufacini has functions of anti-tumor, 

anti-virus, anti-inflammation and regulation organism 

immunity function
[4]

. 

 Solanine is a alkaloid that is extracted from the whole 

plant or unripe fruit of SNL
[5]

. It has sharp effects of 

anti-nuclear fission and cytotoxicity
[6,7]

. 

Above the three Chinese medicinal materials have 

properties of wide anti-cancer spectrum and little 

side-toxicity effects. In recent years, either single drug or 

compound and extracted from them have attracted 

attentions in the mechanism involved inhibitory effects on 

tumor cells growth 
[8,9,10]. 

Endogenous adenosine triphosphate (ATP) is energy 

resources of living cells. Detection of ATP contents is able 

to show activity degrees of cellular metabolism and to 

reflect cellular proliferation activity indirectly
[11]

 At recent 

bioluminescence assay (BLA) technique has been applied 

to analyze cellular proliferation activity, cytotoxicity and 

the sensitivity of chemotherapeutic agents on tumor 

cells
[12,13]

. In this study the percentage of ATP decreased 

was assayed after the three Chinese medicinal materials 

were exposed to gastric carcinoma cell line NKM45 by 
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BLA method, in order to explore the inhibition proliferative 

effects of zedoary turmeric coil (ZTO), cinobufacini and 

solanine on NKM45 cells. 

2. Materials and Methods 

2.1. Materials 

2.1.1. The Tumor Cells Culture 

Gastric carcinoma cell line NKM45 was gifted from 

Professor KengYuan of Jiangxi Academy of Medical Science, 

China NKM45 cells were subcultured in PRMI 1640 

medium with 10% fetal cal serum, penicilin 1.0 × 10
5
 U/L, 

streptomycin 100 mg/L and maintained in a 5% CO2 

atmosphere at 37℃with 95% humidity after the cells 

recovered. The cells were divided bottles subcultured after 

0.25% trypsinization when the cells grew well. 

2.1.2. Reagents and Instruments 

PRMI 1640 medium was purchased from Hyclone 

U.S.A.; ATP-BLA assay kit (containing 

fluorescein-luciferase compound, ATP standard) from 

Shanghai Institute of plant physiology; 24-wells tissue 

culture plate from JET Biochemicals Int’I., Inc. (Canada); 

ZTO from Changzheng Fumin Pharmaceutical 

Co.Ltd.(China); Cinobufacini from Jinchan Biochem 

Co.Ltd(China); Solanine was prepared by referenced to the 

literature
[14]

; 5-Fu from Jinyao amino acid Co.Ltd (China). 

Biochemistry luminometer FT-732 Model from Beijing 

(China). 

2.2. Methods 

2.2.1. Preparation of ATP Standard Curve 

The ATP standard was diluted to 5×10
-8
～5×10

-12
mole/ml 

with phosphate buffered (PBS) in turn. The luminous 

intensity of ATP standard of the five concentrations was 

determined respectively according to the kit instruction. 

The ATP standard curve was drawn according to logarithms 

of ATP concentration as abscissa and logarithms of 

luminous intensity pulse values as ordinate.  

2.2.2. Correction Analysis between ATP Concentration 

and NKM45 Cell Number 

NKM45 cells of the logarithmic growth phase were 

diluted to 10
6
,10

5
,10

4
,10

3
,10

2
/ml in turn. Two parallel tubes 

were designed every concentration. 4% trichloroacetic acid 

(TDA) of equivalent was added to every tube in order to 

extract ATP 
[15]

. Then 100µL extracts were taken to be 

measured. 

2.2.3. Detection ATP Concentration of the Drugs on 

NKM45 Cells Using BLA Assay 

NKM45 cells were adjusted to 1.0×10
5
/ml, 0.5ml cells 

and 0.5ml medium were inoculated in 24-well plate and 

maintained in a 5% CO2 atmosphere at 37℃ with 95% 

humidity. When the cells grew well, five groups were 

assigned. 

(1). ZTO group: ZTO(0.4g/L) 1.0ml was treated in each 

bore. 

(2).Cinobufacini group: Cinobufacini (0.5g/L) 1.0ml was 

treated in each bore. 

(3).Solanine group: Solanine (2.0g/L) 1.0ml was treated 

in each bore. 

(4).5-Fu group: 5-Fu (0.1g/L) 1.0ml was treated in each 

bore. 

(5).Control group: PRMI 1640 medium 1.0ml was treated 

in each bore. 

Two parallel bores were designed above every group. 

After the five group cells were incubated for 5 d, the cellular 

ATP was extracted 
[15]

. 

2.2.4. Effect of ATP Concentration of NKM45 Cells 

Exposed to the Drugs at Different Culture Time 

1.0ml NKM45 cells suspension(1.0×10
5
/ml) was added to 

ZTO, cinobufacini, solanine and 5-Fu, the final 

concentration of them was 0.08, 0.10, 0.40 and 0.02g/L, 

respectively. The control group was treated with equivalent 

PRMI 1640 medium. After culturing for 24h, 48h, 72h, 

cellular ATP was extracted and to determine ATP 

concentration using BLA assay. Degradation rate of ATP 

was counted at different time.  

Rate of ATP degradation(%)=1-
valuegroupControl

valuegroupDrug

−−
−−

×100% 

2.2.5. Analysis of Luminous Intensity 

200µL 0.05M Tris-HCl (PH9.1) was added to the tubes 

that contain ATP measured. According to the kit instruction, 

the luminous intensity of every tube was determined with 

the Biochemistry Luminometer. Then ATP concentration 

was counted in accordance with the ATP standard curve. 

2.2.6. Determination about the Influence of ZTO on 

Growth Curve of NKM45 Cells 

Reference to methods of Xu RC
[16]

, NKM45 cells in the 

logarithmic growth phase were adjusted to 2.0×10
4
/ml. The 

cells were incubated in PRMI1640 medium for 24 hours, 

and the medium was discarded after the cells were adherent. 

The ZTO was added to the medium to a final concentration 

of 0.1g/L and 0.2g/L, respectively. The equivalent medium 

was added to the control group. NKM45 cells of the ZTO 

group and the control group were incubated for 5d, 

respectively. Everyday two bottle cells were taken from 

every group and the living cells were counted with 

trypanblue dye exclusion test. The cells growth curve was 

drawn according to the living cells average number. At the 

same time, ATP in NKM45 cells of the control group and the 

ZTO group were extracted and the bioluminescence 

intensity was determined.  

2.2.7. Statistical Analysis 

The significance of difference in ATP concentration 

between the control group and the drugs group was analyzed 

by the average t-test using the SPSS11.5 software. A value of 

P<0.05 was considered significant. 
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3. Results 

3.1. ATP Standard Curve 

There was positive liner correlation between the 

logarithms of ATP concentration and the logarithms of 

luminous intensity values when ATP at concentration of 

5×10
-8
～5×10

-12
mole/ml and correlative coefficient r=0.936 

(P<0.01). Equation of a straight line was 

 (b=0.306, P<0.05). 

3.2. Correlation Analysis between ATP Concentration and 

the Number of NKM45 Cells 

A good correlation was found between the logarithm of 

ATP concentration and the logarithms of NKM45 cell 

numbers and r=0.947 (P<0.01). Equation of a straight line 

was  (b=0.144, P<0.05) 

3.3. Analysis of the Drugs for Inhibiting Proliferation of 

NKM45 Cells 

ATP concentration was analyzed when NKM45 cells were 

exposed to ZTO, cinobufacini and solanine, and compared 

with NKM45 cells that were treated with 5-Fu according to 

ATP standard curve. It was found that ATP concentration 

was significant decreased when NKM45 cells exposed to the 

three Chinese medicinal materials (P<0.05, P<0.05, P<0.01) 

(Table 1). The percentage of ATP decrease was 94.62%, 

95.59%, and 95%, respectively. There was no significant 

difference of ATP concentration between the three Chinese 

medicinal materials and 5-Fu when they were exposed to 

NKM45 cells, respectively (P>0.05). There was also no 

obvious difference among ATP concentration after NKM45 

cells were treated with the three drugs (P>0.05).  

Table 1. Comparison of ATP concentration in NKM45 cells between control 

group and drugs group. 

 

ATP concentration (mole/ml) 

sx ±  

Control group 10-9 (2.34 ±0.88) 

ZTO group 10-11(1.26 ±1.10)** 

Cinobufaini group 10-11(9.66 ±1.57)** 

Solanine group 10-10(1.17 ±0.84)* 

5-Fu group 10-11(1.22 ±0.47)** 

Drug group vs control group (t-test ): *P<0.05, **P<0.01 

3.4. Relation of between ATP Concentration and the Drugs 

with NKM45 Cells at Different Culture Time 

The results showed that the percentage of ATP 

concentration degradation in 72h was obvious higher than in 

24h (t-test, P<0.01) (Table 2) 

Table 2. Percentage of ATP degradation of NKM45 cells with the drugs at 

different culture time ( sx ± ) %. 

Culture 

time 
ZTO Cinbufacini Solannine 5-Fu 

 0.08g/L 0.1g/L 0.4g/L 0.02g/L 

24h 13.30±0.80 11.72±1.15 8.78±0.78 10.33±1.50 

48h 16.05±0.32 20.09±2.19 17.10±1.63 22.18±1.56 

72h 37.55±1.50 42.09±2.22 40.11±1.40 45.15±1.52 

3.5. The Influence of ZTO on Growth Curve of NKM45 

Cells 

ZTO (0.1g/L, 0.2g/L) and NKM45 cells were cultured for 

5d, continuously. The living cells were counted every day. It 

was found that there was inhibiting effects in ZTO of the two 

concentrations on the growth of NKM45 cells (Fig3). The 

survival rates of the cells in drug group of high concentration 

obvious lower than the drug group of low concentration with 

prolonged time exposure. 

 

Fig 1. Growth curve of NKM45 cells. a. Control group b. ZTO group(0.1g/L) 

c. ZTO group(0.2g/L). 

4. Discussion 

A content of ATP intracellular is relative constant in 

physiologic state. When cellular metabolism is impaired by 

drugs, ATP synthesize is obstructed and cells death and ATP 

is disappeared. ATP content of assay is not only to detect 

cellular death, but is also able to evaluate cellular 

activity
[17]

. A measurable light can be produced when ATP 

intracellular was exposed to containing fluorescein- 

luciferase compound. In this study the first intracellular ATP 

was released by splitting action of trichloroacetic acid and 

then fluorescein-luciferase compound was added. 

Fluorescence was produced by the chemical reaction 

between fluorescein-luciferase compound and ATP. By 

means of biochemistry luminometer, fluorescence intensity 

that is able to reflect ATP content to be measured samples is 

detected. Thus number of living cells can be reflected. To 

explore inhibition effect of ZTO, cinobuficini and solanine 

on NKM45 cells, the authors have analyzed correlation 

between ATP concentration and luminous intensity; cellular 

concentration and luminous intensity in the experiment by 
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BLA method. Effect of ZTO on the growth curve of NKM45 

cells and ATP concentration were also analyzed when 

NKM45 cells were treated with the three Chinese medicinal 

materials. The research results showed that there were 

positive correlation between ATP concentration and 

correspondent luminous intensity, the cellular concentration 

and correspondent luminous intensity. Comparing with the 

control group ATP concentration was significantly decline 

when NKM45 cells were treated with the three drugs. There 

was no significant difference in response between ATP 

concentration of NKM45 cells that were treated with the 

three Chinese medicinal materials and those exposed to 5-Fu. 

There were obvious inhibiting effects of survival rate of 

ZTO (0.1g/L, 0.2g/L) on NKM45 cells and the positive 

correlation between ATP concentration and the living cells 

number resembling the result of Sevin BU et al
 [18]

. 

By Chinese medicinal materials or combined methods of 

treatment of traditional Chinese and Western medicine, a 

malignant tumor is cured effectively
[19]

. The treatment 

methods enable to decrease toxicity and side-effects of the 

radiotherapy and chemotherapy, to increase tolerance of 

tumor patients to the treatment, thereby improvement 

therapeutic efficacy. ZTO, cinobufacini and solanine that 

were elected in this research are anti-cancer Chinese 

medicinal materials. They have the effects of direct 

inhibition and destruction to tumor cells. It is reported that 

ZTO and its preparation have obvious inhibition to growth 

of mouse Ehrlich Ascites Carcinoma (EAC), ascites 

hepatoma cells, endometrial carcinoma cell and various 

tumor cell lines in vitro
[1, 20]

. The main activity element of 

ZTO anti-cancer, curcumol and β-elemene have direct 

cytotoxic effect on L1615 leukemic cell 
[21]

. Besides, 

zedoary is able to increase immunogenicity of tumor cell 

and to promote the immunologic reaction of the organism to 

tumor cells
[1]

. Cinbufacini was able to induce apoptosis in 

gastric cancer cell line MGC-803 through to activate the 

pathway of PI3K/AKt and to enhance activity of Caspase-3
 

[22]
. It has well curative efficacy for gastric carcinoma, 

primary hepatoma, esophagus cancer and lung cancer. The 

single drug is both used to cure of malignant tumor and to 

combine with radiotherapy and chemotherapy in order to 

exert its synergist and attenuated toxicity effect
 [23]

. Solanine 

can inhibit growth of MCF-7 cells and to induce apoptosis of 

the tumor cells
[24,25]

. It has also inhibition effects for mouse 

cervical cancer, EAC and sarcoma180 cells and to prolong 

the living period of mouse solid tumor
[8,26]

. These Chinese 

medicinal materials have been extensively applied in clinic 

and have exploitation potential with broad market 

prospect
[27,28,29]

. 
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