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Abstract

Background: Miethamese Sophora Root mainly contains active constituents such as akaloids, and it has anti-tumour, antibacterial, and
anti-inflammatory effects. The objective of the paper was to study the effects of Viethamese Sophora Root on growth, adhesion, invasion and
motility of mouse melanoma BgBLg cells, and to preliminarily explore its mechanism of action.

Materials and Methods: MTT assay was used to detect the effect of Viethamese Sophora Root aqueous extract on B;¢BLg cell proliferation. Cell

adhesion assay, reconstituted basement membrane invasion assay and chemotactic motility assay were used to observe the effects of Viethamese
Sophora Root aqueous extract on adhesion, invasion and motility of BigBLg cells.

Results: Different concentrations of Viethamese Sophora Root agueous extracts had different degrees of inhibitory effects on B,gBL¢ proliferation.
With the decrease of concentration, the proliferation inhibitory effect decreased and even turned to promoting effect. The extract significantly
inhibited the adhesion of B,¢BLg cells to the basement membrane component LN, and had a significant effect on both the invasive and migratory
capacities of B,¢BLg cells through the basement membrane.

Conclusion: We concluded that the aqueous extract of Viethamese Sophora Root can inhibit the proliferation of melanoma cells, as well as their

adhesion and movement.
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I ntroduction

Vietnamese Sophora Root is the dried root and rhizoma of Sophora tonkinensis Gapnep. in family Leguminosae of class
Dicotyledoneae, which is mainly grown in Guangxi. It has heat-clearing and detoxifying, swelling-diminishing and sore-throat
relieving efficacies (Chinese, 2005). It can cure throat abscess, sore-throat, throat obstruction, swollen and aching gums, heat cough
with panting and fullness, jaundice, diarrhoea, haemorrhoids, heat swelling, favus of the scalp, scabies, and snake, insect and dog
bites (Jiangsu, 1977). Studies have found that Viethamese Sophora Root mainly contains active constituents such as alkaloids,
flavonoids, saponins and polysaccharides. The alkaloids isolated from Viethamese Sophora Root (Dong et al., 2001; Institute, 1996)
include matrine, oxymatrine, and anagyrine, etc. The flavonoids isolated from Vietnamese Sophora Root include flavone, flavanone,
genistein, etc., and the polysaccharide components include SSa-1, SSa-2, SSa-3, SSh-1, SSh-2, etc. (Dou et al., 1998; Dong et al.,
2001). Researches have demonstrated a variety of pharmacological effects of Viethamese Sophora Root, such as anti-tumour effect
(Xiao et al., 2000), antibacterial effect (Ding et al., 2002), anti-inflammatory effect (Du et al., 2008) and immunoregulatory effect
(Shuai et al., 2009).

M aterialsand methods

Medicinal materials

Chinese medicina herb Viethamese Sophora Root, was purchased from Baidu Medicine Company, Shenyang, China. The herb was
identified by Professor Kang Yangguo, and was placed in the pharmacy centre. ID number is 2011-3-311.
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Cdll lines

Melanoma BgBL ¢ cells were provided by the Affiliated Hospital of ChinaMedical University.

Reagents and instruments

The following reagents and instruments were used: RPMI 1640 medium, purchased from GIBCO, USA; feta bovine serum, purchased
from Sijiging Bioengineering Materids Co., Ltd., Hangzhou; MTT, purchased from Sigma, USA; DMSO, purchased from Damao Chemica
Instrument Supply Station, Tianjin; DMEM, purchased from Gibco; pyrrolidone-free polycarbonate membrane PVPF (diameter 13 mm, pore size
8.0 um), purchased from Whatman; Transwell chamber, purchased from Costar; Eukitt mounting medium, purchased from Fluka; Olympus
inverted microscope, purchased from OLYMPUS, Japan; continuous wavelength microplate reader, purchased from Bio-RAD; clean bench,
purchased from Suzhou Purification Equipment Co., Ltd.; CO, incubator, purchased from SANY O, Japan.

Preparation of Viethamese Sophora Root aqueous extract

In reference to the method in Xiao et al. (2000), Viethamese Sophora Root was pulverised, added with distilled water and kept overnight,
followed by centrifugation at 3500 rpm for 20 min. The supernatant was concentrated to 1/10 of its original volume and centrifuged at 20000 rpm
for 30 min. The supernatant was then freeze-dried to obtain Vietnamese Sophora Root extract.

Cell cultivation

Cedlls were cultured in RPMI 1640 medium added with 10% fetal bovine serum under conditions of 37 'C and 5% CO,. The culture
medium was replaced every 2 ~ 3 d.

B1¢BL g cell proliferation inhibition assay

With reference to Carmichagl’s MTT method in Carmichael et a. (1987), B1gBLg cells in the logarithmic growth phase were collected and
digested with 0.25% trypsin. The cell concentration was adjusted to 5 x10%ml, and the cells were seeded in 96 well plates at 100 pL per well. 6
duplicate wells were set up. After culturing for 24 h, 100 pL of drug-containing culture media were added. Final concentrations of Vietnamese
Sophora Root extracts were 400, 500, 600, 700 and 800 pg/ml respectively. The negative control group was added with equal volume of culture
medium. After incubation at 37 °C for 48 h, each well was added with 20 pl of MTT (2 mg/ml), and the incubation was continued for another 4 h.
Then, the supernatant was discarded, and each well was added with 100 pl of DMSO to dissolve crystals. Afterwards, OD values were measured
at wavelength of 570 nm using microplate reader. The inhibition rate (IR) of the drug on cell growth was calculated according to the following
formula

IR (%) = (1 - average OD value of experimental group / average OD value of control group) x 100%.

B1¢BL g cell adhesion assay (Trapp et al., 2010)

With reference to the literature, 96-well plates were coated with Matrigel at 2 pg/well, placed on a super clean bench and air-dried for later
use. The plates were blocked with 1% BSA at 40 pL per well, and incubated at 37°C for 1 h. They were then washed 3 times with PBS for later
use. B16BL6 melanoma cellsin the logarithmic growth phase were collected and the cell concentration was adjusted to 1x10%mL. The cells were
added to the above 96-well plates at 90 pL per well. Afterwards,10 pL of DMEM media containing different concentrations of Vietnamese
Sophora Root extracts were added to each well, and the plates were incubated at 37°C for 1 h. The plates were then washed twice in PBS, added
with 20 pL of MTT solution (2 mg/ml) and cultured for an additional 4 h in the incubator. The supernatant was discarded and 100 pL. of DMSO
solution was added to each well. After mixing well by shaking, OD value was measured at 570 nm using microplate reader, and inhibition rate (IR)
of the drug on cell adhesion was cal culated according to the following formula:

IR (%) = (1 - average OD value of experimental group / average OD value of control group) x 100%
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B1¢BL g cell reconstituted basement membraneinvasion assay (Gu et al., 2007)

PVPF filter membrane was attached to the Transwell chamber. The outer surface of the membrane was coated with 5 pg of FN, and inner
surface with 10 pg of Matrigel. The membrane was dried overnight at room temperature to form a matrix barrier layer. B1gBLg cells, which were
pre-treated with drug for 24 h, were digested with 0.25% trypsin, and re-suspended in serum-free DMEM medium containing 0.1% BSA at a
density of 2x10%ml. 100 L of the above cell suspension was added to the Transwell chamber. The chamber was placed in a 24-well plate, and
the plate was added with 600 pl of serum-free DMEM medium containing 0.1% BSA, and incubated at 37°C for 4 h. The membrane was fixed in
methanol for 1 min, stained with haematoxylin and eosin. Cells that did not permeate the membrane on one side of Matrigel were wiped off, and
the filter membrane was sealed on the slide with Eukitt. 5 different fields of the membrane, namely up, down, l€ft, right and centre, were sel ected
under a 400x optical microscope. The number of invasive cdlls in each field was counted, and the average value was calculated. The inhibition
rate (IR) of the drug on cell invasion was calculated according to the following formula:

IR (%) = (1 - average number of invasive cells of experimental group / average number of invasive cells of control group) x 100%

B1sBL g chemotactic motility assay (Zheng et al., 2003)

The steps were the same as the invasion assay except for not coating Matrigel on the inner surface of PVPF membrane. The inhibition rate
(IR) of the drug on cell motility was calculated according to the following formula:
IR (%) = (1 - average number of motile cells of experimental group / average number of motile cells of control group) x 100%

Satistical analysis

The experimental results were analysed using SPSS 10.0 statistical software. The count data were compared with the 2 test, and

measurement data were compared using the t test. P<0.05 indicated statistically significant difference.

Results
Effect of Viethamese Sophora Root aqueous extract on prolifer ative capacity of B;gBL g cells

With the decreasing concentration of Viethamese Sophora Root aqueous extract, inhibition rate of B16BL6 cell proliferation gradually
decreased. The proliferation was even promoted at lower concentrations. When the concentration of Viethamese Sophora Root extract was 800
pg/ml, the inhibition rate was 27.09%, which showed a significant difference. When the concentration was decreased to 500 pg/ml, the

proliferation promoting effect was present. The results are shown in Table 1.

Table 1: Determination of the effect of Viethnamese Sophora Root on B,¢BLg cell proliferation by MTT assay (n=6, X S)

Concentration pg/ml OD value Inhibition rate (%)
Control group 1.078+0.153

800 0.786+0.058** 27.09

700 0.899+0.082 16.60

600 1.036+0.126 3.90

500 1.093+0.104 -1.39

400 1.125+0.147 -4.36

Comparison with control group, ** P<0.01, * P<0.05

Effect of Viethamese Sophora Root on adhesion capacity of BigBL ¢ cellsto the basement membrane component

Experimental results showed that when the tumour cells had been adherent to the matrix, that is, when the tumour cells have completed
binding adhesion to the matrix, Viethamese Sophora Root was added, and it was found that the Vietnamese Sophora Root inhibited the adhesion
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between tumour cells and matrix Matrigel. When the concentration was 800 pg/ml, the inhibition rate reached 20.93%, and when the

concentration was 400 pg/ml, the inhibition rate also reached 3.82%. The results are shown in Table 2.

Effect of Viethnamese Sophora Root on reconstituted basement membraneinvasion of B,¢BLg cells

The results showed that compared with the control group each Vietnamese Sophora Root concentration group can significantly inhibit the
number of melanoma cells and basement membrane-invasive cells, and the difference was significant. Moreover, the inhibitory effect increased

with increasing drug concentration. The results are shown in Table 3.

Table 2: Effect of Viethamese Sophora Root on adhesion capacity of B;gBLg cellsto LN (n=6, X £S)

Concentration pg/ml OD value Inhibition rate %
Control group 0.497+0.013
800 0.393+0.016** 20.93
700 0.407+0.021** 18.11
600 0.428+0.015** 13.88
500 0.462+0.012* 7.04
400 0.478+0.028* 3.82

Comparison with control group, ** P<0.01, * P<0.05

Table 3: Effect of Viethamese Sophora Root on reconstituted basement membrane invasive capacity of BigBLg cells (n=6, X £S)

Concentration pg/ml

Number of invasive cells

Inhibition rate %

Control group
800
700
600
500
400

40.42+3.53
11.52+2.53**
13.85+3.85**
22.62+2.69**
29.95+4.22*
36.69+3.84*

71.50
65.73
44.04
25.90
9.23

Comparison with control group, ** P<0.01, * P<0.05

Effect of Viethamese Sophora Root on chemotactic motility of B,¢BL g cells

Vietnamese Sophora Root aqueous extract can significantly inhibit the motility of B16BL6 cells through the basement membrane at high

concentrations. The results are shown in Table 4.

Table 4: Effect of Viethamese Sophora Root on chemotactic motility of BigBLg cells (n=6, X £S)

Concentration pg/ml

Number of motile cells

Inhibition rate %

Control group
800
700
600
500
400

45.26+4.85
24.48+4.15%*
29.9443.93**
33.82+5.28**
37.83+4.69*
42.31+5.27

45.91
33.85
25.28
16.42
6.52

Comparison with control group, ** P<0.01, * P<0.05
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Discussion

Metastasis of malignant cells is a complex multi-step process, blocking each link of the tumour cell adhesion, invasion and migration
process and could inhibit the tumour metastasis (Webb et a., 2000). Adhesion is the initiating step of tumour cell invasion. At first, tumour cells
bind to the basement membrane, matrix components laminin, fibronectin and collagen through membrane surface receptors. Then, the tumour
cells secrete or use a variety of proteases in the cell membrane to degrade the basement membrane and matrix. At last, tumour cells directionally
pass through the damaged basement membrane and matrix parts to achieve metastasis (Kohn et al., 1995).

The results of this experiment showed that Vietnamese Sophora Root agueous extract can significantly inhibit the adhesion of melanoma
B1¢BL célls to the basement membrane component LN, and has a significant inhibitory effect on invasion and motility of BigBLg cells. In view
of the above effects, it is speculated that the Vietnamese Sophora Root agueous extract may be able to inhibit the metastasis of melanoma B,¢BLg
cells; the details remain to be investigated in further experiments.

References

1. Carmichagl J, DeGral WG, Gazdar AF. (1987) Evaluationof a tetrazolium based semiautomated colorimetric assay: assessment of
chemosensitivity testing. CancerRes, 47: 936-942

2. Chinese Pharmacopoeia Commission of Ministry of Heath of the PRC. (2005) Pharmacopoeia of the People's Republic of China, Vol.1.
Chemical Industry Press, 136-137

3. Ding FR, Lu W, Qiu SC. (2002) The in Vitro Growth Inhibition Effect of Sophora tonkinensis Gapnep (STG) on Bacteria. Lishizhen
Medicine and Materia Medica Research, 13 (6): 335-336

4. Dou JH, Li JS, Yan WM. (1989) Studies on the Alkaloids of Viethamese Sophora Root. China Journal of Chinese Materia Medica, 5 (19):
40-42

5. Dong Q, Fang J. (2001) Characterization of polysaccharides from the roots of Sophora subprostrata. Chinese Pharmaceutical Journal, 36 (2):
85-87

6. Dong Q, Ding SW, Fang JN. (1998) Studies on Xyloglucan from Sophora subprostrata. Chinese Journal of Biochemistry and Molecular
Biology, 14 (6): 746-750

7. Du SM, Zhou BH, Yang GY. (2008) Anti-inflammatory Effect of the Aqueous Extracts from Sophorae Tonkinensison. China Pharmacy,
19(18): 1371-1372

8. GuQ, Xu JyY, Cheng LG. (2007) The Effect of Angedlicasinensis on Adhesion, Invasion, Migration and Metastasis of Melanoma Cells. Journa
of Chinese Medicinal Materials, 30(3): 302-305

9. Ingtitute of Botany of the Chinese Academy of Sciences. (1996) New Latin-Chinese-English Names of Plants. Beijing: Aviation Industry
Press: 689-690

10. Jiangsu New Medical College. (1977) Dictionary of Chinese Medicine (Vol.1). Shanghai: Shanghai People's Publishing House, 181-182

11. Kohn EC, LiottaLA. (1995) Molecular insights into cancer incasion: strategies for prevention and intervention. Cancer Res, 55(9): 1856-1862

12. Shuai XH, HuTJ, Zeng Y, Li YH, Liu HL, Sun ZJ, He DF. (2009) Relationship of immunomodulation of Sophora subprostrate polysaccharide
and redox status related molecules in murine immunocytes. Jiangsu Agricultural Sciences, (4): 286-288

13. Trapp V, Parmakhtiar B, Papazian V, Willmott L, Fruehauf JP. (2010) Anti-angiogenic effects of resveratrol mediated by decreased VEGF and
increased TSPl expression in melanoma-endothelial cell co-cultrue. Angiogenesis, 13(4): 305-315

14. Webb CP, Woude GF. (2000) Genes that regul atemetastasis and angiogenesis. J Neuro Oncol 50(1-2): 71-81

15. Xiao ZM, Song JG Xu ZH, Tian WM, Jiang SM. (2000) Effects of the SSCC Extracts on Proliferation and Mitochondria Metabolism of
Human Hepatoma SMMC-7721 Cells. Journal of Shandong University of Traditional Chinese Medicine, 24 (1): 62-64

16. Zheng HQ, Liu DY. (2003) Anti-invasive and Anti-metastatic Effect of Ampelopsin on Melanoma. Chinese Journal of Cancer, 22 (4): 363-367



