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[ Abstract ] Background and objective Numerous studies have shown that Tanshinones have anti-tumor effects in
vitro, but few studies were focusing on the anti-tumor activity of Tanshinones against one special cancer cell line. The aim of
this study is to investigate the growth inhibition effect of four Tanshinones on SPC-A-1 cell line and the relationship between
their structures and cytotoxicity. Methods The modified MTT assay was adopted to measure the inhibition effect of Tanshi-
nones on SPC-A-1 cells at different concentrations at 24 h, 48 h and 72 h, and the changes of cell morphology were observed
by inverted phase contrast microscope. Results Tanshinones could inhibit the proliferation of SPC-A-1 cells effectively, and
their cytotoxicities on SPC-A-1 cells are all in concentration-dependent and time-dependent manners. The ICg, of dihydro-
Tanshinone I, Tanshinone I, Tanshinone IIA and Cryptotanshinone at 24 h were 2.77 pg/mL, 6.01 pg/mL, over 10 pug/mL and
over 10 pug/mL, at 48 h were 1.80 pg/mL, 4.04 pg/mL, 8.12 pg/mL, 8.71 pug/mL, at 72 h were 1.36 pg/mL, 1.69 pg/mL, 3.81
ug/mL, 7.35 pug/mL, respectively. Conclusion All of the four Tanshinones have proliferation inhibitory effects on SPC-A-1
cell line, among which the Dihydrotanshinone I is the most active one, followed by Tanshinone I, Tanshinone IIA and Cryp-
totanshinone subsequently. The results showed that the structure of aromatic ring A could enhance the cytotoxicity and the
structure of furan ring C would influence the cytotoxicity, but the mechanism is still remained to be further investigated.

[ Keywords ] Tanshinone; Lung neoplasms; Structure-activity relationship
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Fig 1 Chemical structures of Tanshinones. A: basic structure of Tanshi-
nones; B: Dihydrotanshinone I; C: Tanshinone I; D: TanshinonellA; E:
Cryptotanshinone.
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Tab 1 Growth inhibition effect of Dihydrotanshinone | over a range of concentrations on SPC-A-1 cell line at different times (Mean=SD)

Concentration (ug/mL) 24h 48h 72h
oD Inhibitory rate (%) oD Inhibitory rate (%) oD Inhibitory rate (%)
Control 0.275%0.011 — 0.458%+0.010 — 0.565%0.003 —
2.0 0.143£0.010" 48.09 0.231£0.034° 49.54 0.2291+0.044 59.47
4.0 0.125£0.010 54.64 0.0861+0.009" 81.20 0.094%+0.023" 83.40
6.0 0.124£0.018" 55.01 0.05610.003" 87.71 0.033£0.005° 94.12
8.0 0.119£0.016 56.56 0.039%+0.006" 91.53 0.026+0.005 95.40
10.0 0.078%+0.013" 71.49 0.031%0.004" 93.34 0.012%£0.004 97.92

OD: optical density. *P<0.05, compared with the control group.
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% 2 FRREASEIEAR E R E S XTSPC-A- 14 EKINEIER (Mean£SD)
Tab 2 Growth inhibition effect of Tanshinone | over a range of concentrations on SPC-A-1 cell line at different times (Mean=£SD)

Concentration 24h 48h 72h

(ug/mL) oD Inhibitory rate (%) oD Inhibitory rate (%) oD Inhibitory rate (%)
Control 0.275£0.011 — 0.458+0.010 — 0.565%0.003 —

2.0 0.241%0.022" 12.20 0.385%0.039" 15.95 0.285%0.050" 49.60

4.0 0.167£0.017" 39.44 0.146%0.009 68.21 0.155£0.007" 72.57

6.0 0.125£0.004" 54.55 0.130£0.004" 71.76 0.144£0.011" 74.50

8.0 0.122£0.013" 55.65 0.129£0.006 71.82 0.135+0.003" 76.06
10.0 0.084%0.012" 69.49 0.114£0.011" 75.20 0.118%0.016 79.07

*P<0.05, compared with the control group.

% 3 TRREASEIALEAE R E S XTSPC-A-1 AR ERKINEIER (Mean£SD)
Tab 3 Growth inhibition effect of Tanshinone IIA over a range of concentrations on SPC-A-1 cell line at different times (Mean*SD)

Concentration 24h 48 h 72h

(ug/mL) oD Inhibitory rate (%) oD Inhibitory rate (%) oD Inhibitory rate (%)
Control 0.290£0.009 — 0.460£0.06 — 0.473%0.012 —

2.0 0.259+0.020 10.54 0.314%+0.028" 31.72 0.310£0.029" 34.46

4.0 0.225+0.028" 22.45 0.286%0.049" 37.81 0.211£0.034 55.44

6.0 0.220%£0.030" 24.01 0.245+0.017" 46.71 0.204%+0.044" 56.98

8.0 0.209£0.018" 27.81 0.238+0.020" 48.23 0.178%£0.020" 62.37
10.0 0.1940%£0.023" 33.07 0.209+0.087" 54.54 0.113£0.007 76.22

*P<0.05, compared with the control group.

x4 FRRERASMEAERESXTSPC-A- 1A EKINHEIER (Mean£SD)
Tab 4 Growth inhibition effect of Cryptotanshinone over a range of concentrations on SPC-A-1 cell line at different times (Mean=+SD)

Concentration 24h 48h 72h
(ug/mL) oD Inhibitory rate (%) oD Inhibitory rate (%) oD Inhibitory rate (%)
Control 0.290+0.009 — 0.458+0.010 — 0.467%0.027 —
2.0 0.319£0.012" — 0.454%0.036 0.76 0.425%0.030 7.80
4.0 0.292+0.011 — 0.358+0.018" 21.90 0.353£0.028" 2343
6.0 0.221%+0.016" 23.58 0.322+0.026 29.60 0.309£0.156 32.92
8.0 0.216+0.007" 25.56 0.234%+0.024 48.83 0.215%+0.031" 53.36
10.0 0.199+0.006" 31.43 0.19910.024° 56.47 0.139%0.034" 69.96

*P<0.05, compared with the control group.

=5 ASEENLEMITSPC-A-TIIC,{E (24 h. 48 h#172h)
Tab 5 IC, of Tanshinones on SPC-A-1 cellsat 24 h,48 hand 72 h

Drug IC;, (ug/mL)

24h 48 h 72h
Dihydrotanshinone | 277 1.80 1.36
Tanshinone | 6.01 4.04 1.69
Tanshinone IIA >10 8.12 3.81
Cryptotanshinone >10 8.71 7.35
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Fig 2 Cell morphology observed

C

by inverted phase contrast micro-
scope after incubated for 48 h. A: no
treatment; B: treated with 2 g/mL
arsenious acid; C: treated with 4.0
pg/mL dihydrotanshinone |I; D:
treated with 4.0 ug/mL tanshinone
I; E: treated with 4.0 ug/mL tanshi-
none IIA; F: treated with 4.0 pg/mL

cryptotanshinone.

Ji€ R IR FRINTE S, PR DNAKGTY, FERNA-
PIBERR AL IR, G pS3E IR, DA™ A= 175 S 40 i )
TR IRt —2A00, SHCIR N ARk IR,
TAET BRI AS S, e ftkssg, &
SyIE AR, PRI A B R N5 T CER A R B B4 Ak
Yoo X—258 Bl TR U S B LR 20 25 1 o
FFHZEL, AAE) 5 PFSEITLALH I B 50 T Fe P S X
—SLRERAE, SRR BN R, W
I 28 A P AR T AR TR AR U S DNA/NAZE G, A
P DA JIR PR X6 1k e 4 S K )8 R 7 A7 A E R )
o I, XTSRS YA S S
A1) 2% A Fr R A MBS S R, T B B 2 Tt )
JCA MR T HLBE, XA T A A o FE i,
TR O AT 2 BT s 24 4 it e B S e
fit o

% X M

1 Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2007. CA Cancer J Clin
2007, 57(1): 43-66.

2 Borczuk AC, Kim HK, Yegen HA, et al. Lung adenocarcinoma global profil-
ing identifies type II transforming growth factor-beta receptor as a repressor
of invasiveness. Am ] Respir Crit Care Med, 2005, 172(6): 729-737.

3 Chiu TL, Su CC. Tanshinone IIA induces apoptosis in human lung cancer
AS49 cells through the induction of reactive oxygen species and decreas-
ing the mitochondrial membrane potential. Int ] Mol Med, 2010, 25(2):
231-236.

4 JiYL, HeJT, Zhou QH, et al. The inhibiting effect and its molecular mecha-
nism of Tanshinone on human lung cancer cell line in vitro. Chin J Lung

Cancer, 2008, 11(2): 202-208. [WEABAE, {149, JNE 1€, 45 FTZEI%TA

O00dbgad
www.lungca.org



e ]2 .

10

O A 2 AR 201 AR L A SR 145 58 1)

Chin J Lung Cancer, January 2011, Vol.14, No.1

It Fes A R 40 S P B IR 43 F LB T B 43— WL, v [ it
Zr3k, 2008, 11(2): 202-208.]

Shi HY, Chu T, Li H, et al. Inhibition effect of Tanshinone IIA and sodium
Tanshinone IIA sulfonate on human hepatoma carcinoma HepG2 cells. West
Chin J Pharm Sci, 2010, 25(2): 153-155. [{14€ 7, filile, 2528, 46 P12
FIILA-S PF 22 B TLARS 12 54 % Hep G220 i 0115 4 . AR T 242544 35,
2010, 25(2): 153-155.]

Lee CY, Sher HF, Chen HW), et al. Anticancer effects of tanshinone I in hu-
man non-small cell lung cancer. Mol Cancer Ther, 2008, 7(11): 3527-3538.
An FY, Liao CH, Bian HF. Assay of proliferation effect on HepG-2 cell line
by modified MTT. J Toxicol, 2006, 20(3): 186-188. [ Kz, BIHEAE, i
FEWE. R MT TR K I Hep G-2200 I 3% J8 (4 10F 5% . 5324 243, 2006,
20(3): 186-188.]

Tang C, Xue HL, Huang HB, et al. Tanshinone IIA inhibits constitutive
STATS3 activation, suppresses proliferation, and induces apoptosis in rat C6
glioma cells. Neurosci Lett, 2010, 470(2): 126-129.

Xu YX, Tian F, Li R, et al. Tanshinone II-A inhibits invasion and metastasis
of human hepatocellular carcinoma cells in vitro and in vivo. Tumori, 2009,
95(6): 789-795.

Lee WY, Chiu LC, Yeung JH. Cytotoxicity of major tanshinones isolated

from Danshen (Salvia miltiorrhiza) on HepG2 cells in relation to glutathione

11

12

13

14

15

perturbation. Food Chem Toxicol, 2008, 46(1): 328-338.
Lee WY, Cheung CC, Liu KW, et al. Cytotoxic effects of tanshinones from
Salvia miltiorrhiza on doxorubicin-resistant human liver cancer cells. J Nat
Prod, 2010, 73(5): 854-859.
Ye YT, Yang FJ, Xu WQ. Inhibition and structure-activity relation of tanshi-
nones on growth of Hela cell line. Herald Med, 2009, 28(10): 1261-1264. [
P, B4, 130, FHES AL Y6 He LaZi g i) 15 I S A 280C
RIRV). R34, 2009, 28(10): 1261-1264.]
Luo HW, Wei BY, Liu QH, et al. Structure-cytotoxic activity relationships
of diterpenoid tanshinones from salvias. ] Chin Pharm Univer, 2002, 33(1):
6-13. [BYJELE, Fa0TE, X 4xif, S5, PHE T EER Y AN 2515 1 AR R
RAMIFE. R4, 2002, 33(1): 6-13.]
Zhang Z, Zhang J, Jin L, et al. Tanshinone IIA interacts with DNA by minor
groove-binding. Biol Pharm Bull, 2008, 31(12): 2342-2345.
Zhang Z, Gao J, Wang Y, et al. Tanshinone IIA triggers pS3 responses and
apoptosis by RNA polymerase II upon DNA minor groove binding. Bio-
chem Pharmacol, 2009, 78(10): 1316-1322.
(ki : 2010-09-16 f&[H1: 2010-10-08 )
(A3 THe)

- H &

(hEMERE) FHSEESAZEEE L XHEEA
Q09FE P ERREEZMEANFZRIEL

20104F11H 26 H H [E BHE B RS BTSSR AT 1 201048 B2 v [E BRSSO 45 R, TRl A 1
“20094F H [ P e fre LR A [ PR A [ NIE S0 AP PR e B B R DR e E 4 0 PMEESFIR A 25 AR I ARABHIFHL
Fate (P ) BRI U B A N B R B S NPT S9G) T BINSCLCRIRL . XU . X IE . £
HLO G RDFTE—3C [ £, Pl X, 55, AL MAS N BRGNP 7 581677 IEINSCLCREL |
XH . XL Z O THBIE RBESE. Hh E 24, 2008, 8(8): 283-290. | ik 1 42009 Hh [E4F 1 e fie H 5 i) ]

WAL Z —

G RIE R R 0 R RS BT A, AU TR EROESCR BRI R K- 2007

A P E R A RS SWTTE BT B R A 1 R R R
FrEHHETT TIRSOFESRIR, JIRBEIFW . A AL, e, AT, 830

M AP F5 22 AR,

SZENFARFIIZ KT, 20084F1%
I ) T EESCRRT R AR

e RSCRRIHTIE; RFAESCRII TR BT, SRR TOME IS a AR 183

(SRS T 5

WICHSERENE; IS B SR O 1830

(P EfE s ) gl
20104E12

O00dbgad
www.lungca.org





