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Abstract

The objective is to study the extraction and refinement processes of Rhizoma Curcumae oil and
its inhibitory effect on cervical cancer. Orthogonal test, MTT assay and flow cytometry are used,
respectively, to optimize the extraction process of Rhizoma Curcumae oil, and to study its inhibi-
tory effect on CASKI cells. Orthogonal test results show that favorable extraction and refine-
ment effects can be achieved if Rhizoma Curcumae is crushed, passed through an 80-mesh sieve,
added with 30-fold amount of water, and steam distilled for 2 h. In the industrial production, the
above conditions can easily be met, which can minimize production costs as well. MTT assay
and flow cytometry results show that the medium- and high-dese (100, 150 pg/ml) Rhizoma
Curcumae oil groups have significantly different growth inhibition rates against CASKI cells,
indicating that Rhizoma Curcumae oil can inhibit CASKI cell growth to varying degrees, and in
a somewhat dose-dependent manner under the experimental conditions. Rhizoma Curcumae oil

can arrest CASKI cell cycle at the G2/M phase.
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Introduction

ARhizoma Curcumae is the dried rhizome of Curcuma
phaeocaulis Valeton, Curcuma kwangsiensis S. G. Lee et
C. F. Liang or Curcuma wenyujin Y.H. Chen et C. Ling
[1]. It is acrid, bitter and warm, and enters the liver and
spleen meridians, which has qi circulation promoting,
blood stasis dissipating, food retention removing and pain
relieving functions. Rhizoma Curcumae is used in the
treatment of blood stasis, amenorrhea, indigestion, swell-
ing pain and abdominal mass and lump; meanwhile, it
also has anti-early pregnancy, anticoagulant, antioxidant
and hepatoprotective activities [2-3]. Main active constit-
uent of Rhizoma Curcumae is volatile oil, which has
complex composition, and is comprised primarily of ses-
quiterpenoids and sesquiterpenes [4-6].

Modern pharmacological studies have shown that Rhi-
zoma Curcumae oil has good anti-tumor, anti-
inflammatory and antiviral effects [7-10]. Since Rhizoma
Curcumae has rather definite efficacy, a variety of prepa-
rations (including injections, suppositories, soft capsules,
etc.) containing main constituents of Rhizoma Curcumae
have now been launched for use, which have gain wide
trust clinically. This paper focuses on studying the extrac-
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tion process and anticancer activity of Rhizoma Curcu-
mae oil, in order to provide the basis for its industrial
production and clinical application.

Materials

Instruments and reagents

Methyl thiazolyl tetrazolium (MTT) and DMSO were
purchased from AMRESCO company; Pl was purchased
from Sigma; SW-CJ-2F clean bench (Suzhou Purification
Equipment Plant); volatile oil extractor; heating mantle;
mini pulverizer.

Drug and cell

Rhizoma Curcumae was purchased from Anguo medicine
market, which was identified as the rhizome of Curcuma
kwangsiensis S. G. Lee et C. F. Liang. Rhizoma Curcu-
mae oil was self-prepared. Cervical carcinoma cell line
CASKI was purchased from Shanghai Xiangf Biotech-
nology Co., Ltd.

Methods
Determination of extraction process parameters
Based on the pre-experimental results and relevant litera-
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ture, Rhizoma Curcumae medicinal material was hard in
texture, so active constituents cannot be easily extracted.
Therefore, three factors, i.e. crushing fineness, water addi-

tion and steam distillation time were selected for orthogo-
nal test in this paper. Experimental factors and levels are
shown in Table 1.

Table 1. Experimental factors and levels

A B C
Level Water addition (fold) Crushing fineness (mesh) Distillation time
1 10 20 2
2 20 40 4
3 30 80 6
Cell culturing

CASKI cell lines were cultured in RPMI 1640 medium
containing 10% FBS, and subcultured routinely ina 37°C,
5% CO2 incubator. Logarithmic phase cells were collect-
ed for later experimental use.

MTT assay of cytostatic effect of Rhizoma Curcumae oil
on CASKI cells

Logarithmic phase CASKI cells were trypsinized, and
seeded in 96-well culture plates at a concentration of
5%104/mL; total reaction system was 200 uL per well.
After culturing in a 37°C, 5% CO2 incubator for 24 h,
supernatant was discarded, and each 100 puL of different
concentrations (25, 50, 100 and 150pg/ml) of Rhizoma
Curcumae oil was added separately. Six parallel wells
were set up for each concentration, and PBS was used as
the negative control. The cells were cultured for addition-
al 24, 48 and 72 h in a 37°C, 5% CO2 incubator. 4 h be-
fore termination of the experiment, 20 uL of MTT solu-
tion (concentration of 0.5 mg/mL) was added to each
well, and then supernatant was discarded. Afterwards,
each well was added with 150 pL of DMSO, and shaken
with a shaker. Finally, absorbance (A) values were meas-
ured at a 490 nm wavelength using a microplate reader,
and cell inhibition rate was calculated.

Inhibition rate = (A value of control group - A value
of treatment group) / A value of control group

Flow cytometric analysis
CASKI cells were seeded in culture flasks at 1x106/mL,
and cultured in a 37°C, 5% CO2 incubator for 24 h. Then

the medium was replaced, and different concentrations of
(50, 100 and 150pg/ml) of Rhizoma Curcumae oil were
added for treatment for 48 h. Triplicate wells were set up
for each group. Next, cells were harvested, made into sin-
gle cell suspension, centrifuged for 5 min, washed three
times with PBS (pH 7.4), fixed in 70% precooled ethanol,
and stored overnight at 4°C. After removing ethanol by
centrifugation, the cells were washed twice with PBS, and
DNA stained with 50 mg/L propidium iodide (PI), fol-
lowed by determination of cell cycle by flow cytometry.

Statistical methods
Statistical analysis software SPSS version 15.0 was used,
normal distribution test was performed on the experi-

mental data, values were expressed as x-f:s, and one-way
ANOVA was used. a<0.05 was chosen as the significance
level, p<0.05 was considered statistically significant, and
p<0.01 was considered significantly different.

Results

Optimization results of Rhizoma Curcumae oil extrac-
tion process

Experiment was designed according to the L9(33) orthog-
onal array, Rhizoma Curcumae was crushed into specified
mesh sizes, added with 4-, 6- and 8-fold amounts of wa-
ter, respectively, and extracted as per the volatile oil ex-
traction method in the Pharmacopoeia of the People's Re-
public of China. After setting aside for 1 h, volatile oil
amount was measured, and extraction yield was calculat-
ed. The results are shown in Tables 2 and 3.

Table 2. Optimization results of Rhizoma Curcumae oil extraction process

Experiment No. A B C Rhizoma Curcumae oil yield (%0)
1 1 1 1 0.44
2 1 2 2 0.98
3 1 3 3 1.46
4 2 1 2 0.57
5 2 2 3 0.92
6 2 3 1 1.96
7 3 1 3 0.57
8 3 2 1 1.47
9 3 3 2 1.76
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Table 3. ANOVA results of Rhizoma Curcumae oil yield

Factor Sum of squared deviations  Degree of freedom . F critical value Signifi-
ratio cance
Water addition 0.144 2 1.007 19
Crushing fine- 15.10
ness 2. 160 2 5 19
Distillation 0. 143 2 1.000 19
time
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Figure 1. Growth inhibition rate against CASKI cells by Rhizoma Curcumae oil

Table 4. Effects of Rhizoma Curcumae oil on cell cycle distribution and apoptosis rate of CASKI cells (n = 4, x+s)

Concentration

Group (e / ml) GO0/G1 phase S phase G2/M phase
Control group 58.36+0.13 41.46+0.16 0.18%+1.05

50 56.54+0.14 40.58+0.15 2.88+0.66

Rhizoma Curcumae oil 100 49.631+0.02 38.43%+0.13 11.94+0.34
150 45.82+0.07 30.51%0.07 23.67+0.27

Orthogonal range analysis showed that factors influencing
the extraction efficiency of Rhizoma Curcumae oil were:
B> A> C, i.e. crushing fineness > water addition > extrac-
tion time, in a descending order. Among them, water addi-
tion and extraction time had relatively small influences on
the experiment. As can be seen from the orthogonal test
and ANOVA results, the optimal extraction process re-
garding Rhizoma Curcumae oil was A3B3C1, i.e. addi-
tion of a 30-fold amount of water, crushing fineness of 80
mesh, and steam distillation time of 2 h .

MTT assay of the effect of Rhizoma Curcumae oil on
CASKI cell proliferation Compared with the control
group, the inhibition rate did not change much in the low-
dose group (50 pg/ml), which was not statistically signifi-
cant. Medium- and high-dose (100, 150 pg/ml) Rhizoma
Curcumae oil groups exhibited significantly different

growth inhibition rates against CASKI cells, of which the
high-dose group (150 pg/ml) had an inhibition rate reach-
ing 52.3%. This indicates that Rhizoma Curcumae oil can
inhibit CASKI cell growth to varying degrees, and in a
somewhat dose-dependent manner under the experimental
conditions (See Figure 1).

Flow cytometric determination of the effects of Rhizoma
Curcumae oil on cell cycle distribution and apoptosis
rate

The effect of Rhizoma Curcumae oil on cell cycle distri-
bution was observed by flow cytometry 48 h after treat-
ment of CASKI cells by different concentrations of hi-
zoma Curcumae oil. Experimental results revealed re-
duced proportion of cells in GO/G1 and S phases, and in-
creased proportion of cells in G2/M phase in a somewhat



dose-dependent manner, suggesting that Rhizoma Curcu-
mae oil can arrest CASKI cell cycle at the G2/M phase.

Discussion

Main active constituents of Rhizoma Curcumae are vola-
tile oil and curcumin. Rhizoma Curcumae oil primarily
consists of sesquiterpenes, which are readily soluble in
organic solvents and hardly soluble in water; and its tradi-
tional extraction method is steam distillation. In recent
years, CO2 supercritical extraction technology has been
widely applied in the pharmaceutical industry, which has
played an important role in accelerating the development
of the industry. However, supercritical extraction technol-
ogy has limitations such as high cost, easy residue reten-
tion and high threshold for industrial production, and thus
is not applied substantially in the traditional pharmaceuti-
cal industry.

So this paper stills uses the conventional steam distillation
method for refinement of Rhizoma Curcumae oil, and
employs orthogonal test design for determination of fac-
tors influencing the yield of Rhizoma Curcumae oil. The
experimental results demonstrate that favorable extraction
and refinement effects can be achieved if Rhizoma Cur-
cumae is crushed, passed through an 80-mesh sieve, add-
ed with 30-fold amount of water, and steam distilled for 2
h based on the pre-experiment. In the industrial produc-
tion, the above conditions can easily be met, which can
also minimize production costs, and help companies im-
prove efficiency and optimize competitive situation.

Among the most common female malignancies, cervical
cancer ranks second only to breast cancer. Its new inci-
dence is about 500,000 cases yearly, of which China ac-
counts for up to 28.8%, that is, more than 130,000 cases.
Early prevention and treatment of cervical cancer, as well
as relief of physical and physiological stresses of women
have become the major concern in society, and bounden
duty of researchers. After a lot of research, scientists have
found that the main antitumor mechanisms of action of
Rhizoma Curcumae oil include direct cytotoxic effect,
induction of tumor cell apoptosis, inhibition of abnormal
tumor cell proliferation, effects on nucleic acid metabo-
lism and membrane potential of cancer cells, enhance-
ment of immune function, etc. [11-12]

In this study, the effects of Rhizoma Curcumae oil on
CASKI cells are determined by MTT assay and flow cy-
tometry. The results show that the medium- and high-dose
(100, 150 pg/ml) Rhizoma Curcumae oil groups have
significantly different growth inhibition rates against
CASKI cells, indicating that Rhizoma Curcumae oil can
inhibit CASKI cell growth to varying degrees, and in a
somewhat dose-dependent manner under the experimental
conditions. Rhizoma Curcumae oil can arrest CASKI cell
cycle at the G2/M phase.

References

1. Pharmacopoeia of the People's Republic of China 2010
Edition, Volume |

2. Jiang JP. Review of research on anti-tumor activity of
Rhizoma Curcumae. Jilin Journal of Traditional Chi-
nese Medicine 2000; 2: 62-64.

3. Wang Y, Wang MZ. Study on the quality of Rhizoma
Curcumae. Acta Pharmaceutica Sinica 2001; 36: 849-
853.

4. Huang KX, Tao ZM, Zhang AJ. Study on the chemical
constituents of Curcuma wenyujin. China Journal of
Chinese Materia Medica 2000; 25: 163-165.

5.  Kurnia F, Takeshi K, Akiko I, Ushio S.-Terpenoids
from Curcuma heyneana.-Phytochemistry 1988; 27:
3887-3891.

6. Kiuchi F, Goto Y, Sugimoto N, Akao N, Kondo K, Tsu-
da Y.-Nematocidal activity of turmeric: Synergistic ac-
tion of Curcuminoids. Chem Pharm-Bull 1993; 41:
1640-1643.

7. YouJ, Cui FD, Han X, Wang YS, Yang L, Yu YW, Li
QP. Study of the preparation of sustained-release mi-
crospheres containing zedoary turmeric oil by the
emulsion-solvent-diffusion method and evaluation of
the self-emulsification and bioavailability of the oil.
Colloids and Surfaces. B: Biointerfaces 2006; 48: 35-
41.

8. Yang FQ, Li SP, Chen Y, Lao SC, Wang YT, Dong TX,
Tsim WK. Identification and quantitation of eleven ses-
quiterpenes in three species of Curcuma rhizomes by
pressurized liquid extraction and gas chromatography—
mass spectrometry. Journal of Pharmaceutical and Bi-
omedical Analysis 2005; 39: 552-558.

9. Inayama S, Gao JF, Harimaya K. The absdute stereo-
structure of Curcumol. Chem Pharm Bull 1984; 32:
3783-3786.

10. Zeng JH, Huang QL, Chen Xu. Progress of research on
anticancer active constituents of Rhizoma Curcumae.
China Journal of Traditional Chinese Medicine and
Pharmacy 2008; 23: 426-428.

11. Yang H, Wang XP, Yu LL. Anticancer effect of elemene
and induction of tumor cell apoptosis. Chinese Journal
of Oncology 1996; 18: 169-172.

12. Li GD, Xu F, Shen AJ. Present research conditions of
Curcuma oil. Chinese Pharmaceutical Journal 2002; 37:
806-810.

*Correspondence to:

Jun Fang

Department of Obstetrics and Gynecology
Yidu Central Hospital of Weifang
Weifang, China

E-Mail: wffangjun@126.com

Tel.: +86-13562637226



