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Abstract

The extracts and amentoflavone were extracted from the plant of Selaginella tamariscina. The extracts mainly contained 
biflavonoids. The structure of amentoflavone was elucidated by spectral examinations. Amentoflavone and the extracts were 
screened against five cancer cells, including HeLa (human cervical carcinoma cells), BEL-7402 (human hepatoma carcinoma 
cells), MCF-7 (human breast cancer cells), PANC-1 (human pancreatic cancer cells) and HL-60 (human leukemia cells). The 
anticancer activity were determined by means of MTT assay and Trypan Blue cytometry. Assays in vitro showed that they were 
effective to inhibit the proliferation of HL-60, MCF-7, HeLa, BEL-7402, PANC-1 and had reliable activity against HL-60.
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Introduction
Selaginella tamariscina is a traditional medicine, 

which belongs to the family Selaginellaceae. It 
was introduced in Chinese Pharmacopeia (2005 
Ed) for the effectiveness in promoting blood 
circulation [1]. Modern pharmacological and clinical 
studies have shown that Selaginella tamariscina 
has the biological activities of anti-cancer, anti-
inflammatory, anti-virus, analgesia, lowering blood 
pressure, lowering blood glucose and strengthening 
the role of immune functions [2-5]. Flavonoids are 

ubiquitous polyphenolic compounds found in 
vascular plants with a large variety of biological 
effects. Amentoflavone, a biflavonoid which 
is a dimer of apigenin, has shown antiviral [4], 
antioxidant, antidepressant , anti-inflammatory and 
analgesic activity [6-9].

Experimental

General

NMR spectra were measured on a Bruker 
ARX-300 NMR spectrometer with tetramethylsilane 
(TMS) as the internal reference and chemical shifts 
are expressed in δ (ppm). TLC was performed on 
silica gel GF254 (10-40 μ; Qingdao, China). 

Plant material

Selaginella tamariscina (Beauv.) Spring, the 
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whole plant collected in Hebei province of China, 
were identified by Prof. Jincai Lu. A voucher was 
deposited in the Traditional Chinese medica of 
Shenyang Pharmaceutical University. 

Anticancer materials

 Cells and chemicals

All of these cells were obtained from the Chinese 
Academy of Medical Sciences. Fetal bovine serum 
(FBS) were obtained from Hao Yang Technology 
Co. Ltd (Tianjin, China). Trypan blue were obtained 
from GIBCOBRL (Gaithersburg, MD). RPMI 1640 
medium, MTT and dimethylsulfoxide (DMSO) were 
purchased from Sigma Chemical (St. Louis, MO). 

 Cell culture and methods

(1) MTT assay

HeLa, BEL-7402, MCF-7, PANC-1 cells 
were cultured in RPMI-1640 medium at 37 ºC in 
5 % CO2. The media were supplemented with 
10 % (v/v) heatinactivated fetal bovine serum. 
The cells were routinely cultured in 96-well 
tissue culture microplate and then inoculated 
with HeLa, BEL-7402, MCF-7 and PANC-1 
cells 100 μl per well. Samples were diluted in the 
culture medium at different concentrations, each 
concentration had three parallel wells were cultured 
at 37 ºC in 5 % CO2 for four days. The cells were 
evaluated using the MTT assay: after cultivation 
every well was injected MTT (5 mg/ml) 15 μl and 
then was maintained for 4 h at 37 ºC. Removed 
clear supernatant, injected DMSO 150 μl to each 
well, shaked lightly. The concentration of the cells 
was detected by an enzyme-linked immunosorbent 
assay (ELISA) kit (Ke Hua Inc, Shanghai, China) 
following the manufacturer´s protocol [12]. Inhibition 
ratio % = (OD control-OD sample)/OD control × 100 %.

(2) Trypan blue cytometry 

HL-60 cells were seeded at 3.0×104 cells/
ml in 24-well plate and incubated with various 
concentrations of drugs for 96 h. The cells treated 
with DMSO (0.1 %) were used as a control. The 
cell number in each group was determined with the 
aid of hemocytometer. Cell viability was estimated 
by trypan blue exclusion assay after 96 h of drugs 
treatment. The concentration of the cells was 
detected by the following formula: Inhibition ratio % 
= [living cells (control)- living cells (sample)]/ living 
cells (control)× 100 %.

Results and discussion 
The whole plant of S. tamariscina. (10.0 kg) 

was extracted three times with 50 % EtOH (two 
hours every time), and the extract was obtained 
under reduced pressure, concentrated to 1:1 (1 g 
herbs/ml) to get yellow brown suspension. The 
suspension was centrifuged for 5000 rev/min to 
obtain the precipitation (100 g) (JB-B). It was 
isolated by column chromatography on silica gel and 
gradient with CHCl3-MeOH (100:1 to 1:1) to give 
five fractions. Fraction 4 was subjected to silica gel 
column chromatography eluted with CHCl3-MeOH 
(10:1) to afford fraction. Fraction was isolated by 
column chromatography on SephadexLH-20 gel and 
gradient elution with CHCl3-MeOH (1:1) to give 
amentoflavone (3 g) (JB-A).

JB-A was obtained as a yellow amorphous 
powder in MeOH. It gave a positive Mg-HCl 
test revealing a flavonoid compound. 1H NMR 
(DMSO-d6, 300 MHz) δ: 6.18 (1H, d, J = 2.0 Hz, 
H-6), 6.39 (1H, s, H-6″), 6.45 (1H, d, J = 2.0 Hz, 
H-8), 6.72 (2H, d, J = 8.7 Hz, H-3″′, 5″′), 6.78 (1H, 
s, H-3″), 6.82 (1H, s, H-3), 7.15 (1H, d, J = 9.3 
Hz, H-5'), 7.58 (2H, d, J=8.7 Hz, H-2″′, 6″′), 7.99 
(1H, d, J = 2.0 Hz, H-2'), 8.01 (1H, d, J = 2.0 Hz, 
6.9 Hz, H-6'), 10.28 (1H, s, 7″-OH), 10.55 (2H, 
brs, 4'-OH and H-4′″-OH), 10.82 (1H, s, 7-OH), 
12.96 (1H, s, 5″-OH), 13.09 (1H, s, 5-OH). 13C 
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Fig. 1.  The structure of amentoflavone (JB-A)
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Fig. 1 The structure of amentoflavone 
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Fig. 2  Effect of JB-A on the inhibition of HeLa, BEL-7402, MCF-7, PANC-1, HL-60. 
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Fig. 3.   Effect of JB-A on the inhibition of HeLa, BEL-7402, MCF-7, PANC-1, HL-60.
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Fig. 3  Effect of JB-B on the inhibition of HeLa, BEL-7402, MCF-7, PANC-1, HL-60. 

Table 1 The IC50 of JB-A and JB-B against HeLa, BEL-7402, MCF-7, PANC-1, HL-60.

IC50 HeLa BEL-7402 MCF-7 PANC-1 HL-60 
JB-A ( M) 76.83 72.45 67.71 >100 46.97 

JB-B ( g/ml) 73.39 219.6 155.9 457.1 35.68 
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IC50 HeLa BEL-7402 MCF-7 PANC-1 HL-60

JB-A (µM) 76.83 72.45 67.71 >100 46.97
JB-B (µg/ml) 73.39 219.6 155.9 457.1 35.68

Table 1.  The IC50 of JB-A and JB-B against HeLa, BEL-7402, MCF-7, PANC-1, HL-60.

NMR (DMSO-d6) δ: 94.1 (C-8), 98.7 (C-6), 98.9 
(C-6″), 102.7 (C-3″), 103.1 (C-3), 103.6 (C-8″), 
103.8 (C-10), 103.8 (C-10″), 115.9 (C-3″′), 115.9 
(C-5″′), 116.3 (C-5'), 120.1 (C-1″′), 121.1 (C-1'), 
121.5 (C-3'), 127.9 (C-2'), 128.3 (C-2″′), 128.3 
(C-6″′), 131.5 (C-6'), 154.6 (C-9″), 159.6 (C-9), 
160.6 (C-4'), 160.6 (C-5″), 161.1 (C-5), 161.6 
(C-4″′), 161.9 (C-7″), 163.9 (C-7), 163.9 (C-2″), 
164.2  (C-2), 181.8 (C-4), 182.2 (C-4″). All data 
were identical to those of amentoflavone [11]. The 
structure of the amentoflavone was shown in 
Fig. 1.

The activity of JB-A, JB-B against HeLa, 
BEL-7402, MCF-7 , PANC-1, HL-60

JB-A and JB-B were assayed for their anticancer 
effect in vitro. The results revealed that JB-A and 
JB-B had no noticeable activity against tested cells 
PANC-1 and had weak activity against tested cells 
including HeLa, BEL-7402, MCF-7. But JB-A and 
JB-B showed conspicuous activity on inhibiting 
HL-60 cells. The inhibition of the expression of 
HL-60 cells were exhibited by JB-A and JB-B with 
50 % inhibitory concentration (IC50) 46.97 μM and 
35.68 μg/ml respectively (See Table 1, Fig. 1-2).
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