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Abstract: Objective To investigate the active components in the roots and rhizomes of Salvia miltiorrhiza and their antiproliferative
molecular mechanisms on fibroblasts. Methods Different components and extraction fractions from the roots and rhizomes of S.
miltiorrhiza were prepared using Soxhlet extraction method. MTS method was used to screen the active components guided by the
antiproliferative activity on human hypertrophic scar fibroblasts (HSF), flow cytometry was used to detect their influence on cell cycle,
and the active components were analyzed by UPLC-Q/TOF method. The antiproliferative mechanism was predicted by reverse
docking, and the gene expression levels of caspase-3, MAP2K1, and MAPK1 were determined using RT-PCR technology. Results
The petroleum ether extract fraction from the roots and rhizomes of S. miltiorrhiza had higher antiproliferative activity on human HSF,
increased the proportion of cells in Gy/G; phase significantly, and reduced the proliferation index (PI). The main active components
were tanshinones. Results of reverse docking indicated the antiproliferative mechanisms on human HSF, might relate to the regulation
of some target proteins, such as caspase-3 and MAP2K1, and the related pathways. RT-PCR results showed that cryptotanshinone
could upregulate the gene expression of caspase-3 and downregulate the gene expression of MAP2K1 and MAPK1. Conclusion The
antiproliferative mechanisms of the components in the roots and rhizomes of S. miltiorrhiza on human HSF may be related with the
regulation of MAPK and VEGF signaling pathways by tanshinone components.
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Table 1 Sequences and fragment length of primers

FEH Bk gl PP B/ bp B/ C
caspase-3 1E1: ATCACAGCAAAAGGAGCAGTTT 214 60.3
KIi: ACACCACTGTCTGTCTCAATGC 60.2
MAP2K 1 1F: GGAGAACTGAAGGATGACGACT 225 59.7
Jfil: GCTGTAGAACGCACCATAGAAG 59.1
MAPK 1Ef: TCCCCATCACAAGAAGACCT 115 59.5
K Ii: AGTCAGCATTTGGGAACAGC 60.3
B-actin 1Efl: GACAGGATGCAGAAGGAGAT 149 60.1
& H: TGCTTGCTGATCCACATCTG 60.0
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Fig. 1 Effects of various solvent extract fractions from roots and rhizomes of S. miltiorrhiza

on human HSF proliferation and LDH activity (x+s,n=6)
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Fig.2 Effect of petroleum ether extract fraction from roots and rhizomes of S. miltiorrhiza on cell cycle of human HSF (x +s,n=3)
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Fig.3 UPLC-Q/TOF chromatograms (A) , total ion current (B), antiproliferative effect on human HSF cells (C), and structures

of active components (D) in petroleum ether extract fraction from roots and rhizomes of S. miltiorrhiza
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Table 2 UPLC-Q/TOF analysis on antiproliferative components in petroleum ether extract fraction

from roots and rhizomes of S. miltiorrhiza

W At AR mn e e MS/MS fii
[M+H]" miz
1 “ASIBWI CHuO;  9.089 2791031  278.0493 261 [M+H—H,0]", 233 [M+H—H,0—COJ", 205 [M+H— 3.58
H,0—CO—CO[", 190 [M+H—H,0—CO—CO—CH,]"
2 FIBHEB  CgHO; 9430 281.1190  280.1099 281 [M+H]', 263 [M+H—H,0]', 235 [M+H—H,0—CO]"  4.27
KI5 CioHyO; 10228 297.1500  296.1412 297 [M+H]', 279 [M+H—H,07", 251 M+H—H,0—CO]*  3.03
4 WTSIBEE CsHLOs 10710 279.1034  278.0493 279 [M+HJ, 261 [M+H—H,0]", 233 [M+H—H,0—CO]", 4.66
205 [M+H—H,0—CO—COJ"
5 JIBMIN,  CuH;s0; 11405 2951324 2941256 295 [M+H]', 277 [M+H—H,0]", 249 [M+H—H,0—CO]" -3.39
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Fig. 4 Possible targets and pathways for antiproliferative effect of tanshinone components on human HSF
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Fig. 6 Effect of cryptotanshinone on cell morphology of human HSF
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Fig. 7 Effects of cryptotanshinone on expression of target genes in signal pathway

e AT S 1L FEEETE B PSR, T
PSR PFSH s S B ZE R, RIS
PSP, MOE SRS 2 W34 T 40 M3 S 40 )
SEEG,  UFSEX LAk A A S HSF 35E I /ER
S AHER AT T B 5 NSRS
AR, W T T E LIRS E AR, 4
RER, BFFZEHEAAYS MAP2KI. caspase-3.
MAPK14. HGF %1k, PP-1G 25 AL AR
feoR I ReE I AN R 454, WY VEGF.
MAPK. Fh& P55, A DU i 5y
RIVEH -

MAPK ] LT M i 2B AR FIii T,
HME 5 15 (ERK)D . p38 MAPK . JNK /& MAPK
FIEI 3 A0 ERK T ERK2 BEAL 140 Ho a5,
YR A 1) AR A B AE R T, ERK [ HFEETE
A AE I 40 P B D 1) P E AL B AL, T BRK R 3 )
AT AR AR AR KO R R e oo B 21
FFFZ 11, 83k ERK/MAPK Gl #40] 3T3-L1 fig
QMRS ARG EoR, BT SR
i ERK/MAPK il %, 7% F i MAP2K1 &H R
it MAPK1 JE[RI ik, ##] HSF ¥9%8. VEGF 15
O A R TR O, FES T
040 LR 40 i AR MDA-MA-231 34 5 ] fig 55
VEGF A7 <220, #m s s . Ml i
HERE I Gintegrins ) MIH A A 40 B 28 82 1 45 AH
FEBAERIM A, REBS IS 2 ATk, g
g 70 TR AR 2R, A gt R,
FF 200254 g ik MEK-ERK 0% MAPK {5 538
%, H—LW0E VEGF {5518, W4 DNA
B, AT EENR HSF B85 36 m] feifid MAP2K1 .
HGF 4%, PP-1G. hPDK1 258 i ] T 255 B
S, %) HSF $45E .

AWEFAIL WP Z 51 HSF S5 ) ) oAl
AL SN T B ERR A IS B 274
RS I T SR -

52 3Lk

(1] NBCE, 1m0 BH, SRR, Snkrh 24 e LA O $i et

HALHUEIE R [J]. 224, 2008, 33(24):

2882-2886.

Wynn T A. Cellular and molecular mechanisms of fibrosis

[J]. J Pathol, 2008, 214(2): 199-210.

[3] Profyris C, Tziotzios C, Do Vale 1. Cutaneous scarring:

Pathophysiology, molecular mechanisms, and scar
reduction therapeutics mechanisms, and scar reduction
therapeutics Part I. The molecular basis of scar formation
[3]. J Am Acad, 2012, 66(1): 1-10.

[4] Lotersztajn S, Julien B, Teixeira-Clerc F, et al. Hepatic

fibrosis: molecular mechanisms and drug targets [J]. Annu

Rev Pharmacol, 2005, 45: 605-628.

Chor S Y, Hui A Y, To K F, et al. Anti-proliferative and

proapoptotic effects of herbal medicine on hepatic stellate

cell [J]. J Ethnopharmacol, 2005, 100(1/2): 180-186.

A, b, B B, 85 DUEEONEE R 2y ik

J§ 5y BT R T YEACRIT 70 SR Sk Jig [J]. th 2y, 2011,

42(9): 1837-1841.

HrE 2L [S]. 6. 2010.

TRRIH, AR, 2T ISCET 2 A 1 2B K AL

[7]. HEREFHERE, 2011, 31(9): 833-845.

Wang Y H, Xu F, Chen J, et al. Matrix metallopro-

(3]
(6]

(7]
(8]

(9]
teinase-9 induces cardiac fibroblast migration, collagen
and cytokine secretion: Inhibition by salvianolic acid B
from Salvia miltiorrhiza [J]. Phytomedicine, 2011, 19(1):
13-19.

O, mrh, BiRS, 55 fHE
BUMB LAt/ BRI AR (0],
400-403.

[11] Wu J G, Ma L, Zhang S Y, et al. Essential oil from

ISYUTASAE S =
24, 2008, 39(3):



¢ %% Chinese Traditional and Herbal Drugs

Ba3E ERHW2ER2A «2447 «

[12]

[13]

[14]

[15]

rhizomes of Ligusticum chuanxiong induces apoptosis in
hypertrophic scar fibroblasts [J]. Pharm Biol, 2011, 49(1):
86-93.

Liu X, Ouyang S, Yu B, et al. PharmMapper server: A
web server for potential drug target identification using
pharmacophore mapping approach [J]. Nucleic Acids Res,
2010, 38: W609-W614.

Song J Z, Li S L, Zhou Y, et al. A novel approach to
rapidly explore analytical markers for quality control of
Radix Salviae Miltiorrhizae extract granules by robust
principal component analysis with ultra-high perfor-
mance

liquid chromatography-ultraviolet-quadrupole

time-of-flight mass spectrometry [J]. J Pharmaceut
Biomed Lysis, 2010, 53: 279-286.

Cao J, Wei Y J, Qi L W, et al. Determination of fifteen
bioactive components in Radix et Rhizoma Salviae
Miltiorrhizae by high-performance liquid chromato- graphy
with ultraviolet and mass spectrometric detection [J].
Biomed Chromatogr, 2008, 22(2): 164-172.

1Xia L, Liu H L, Li P, e al. Rapid and sensitive analysis
of multiple bioactive constituents in compound Danshen
preparations using LC-ESI-TOF- MS [J]. J Sep Sci, 2008,
31(18): 3156-3169.

Liu M, Li Y G Zhang F, et al. Chromatographic
(Salvia

miltiorrhiza Radix et Rhizoma) and its preparations using

fingerprinting analysis of Danshen root
high performance liquid chromatography with diode array
detection and electrospray mass spectrometry (HPLC-
DAD-ESIMS) [J]. J Sep Sci, 2007, 30(14): 2256-2267.

Liu A H, Lin Y H, Yang M, et al. Development of the
fingerprints for the quality of the roots of Salvia

miltiorrhiza and its related preparations by HPLC-DAD

[18]

[19]

[20]

(21]

(22]

(23]

(24]

(25]

and LC-MS" [J]. J Chromatogr B, 2007, 846(1/2): 32-41.
He Q, Hu X J, Cheng Y H. Analysis of ‘SHUANGDAN’
granules by high-performance liquid chromatography-
diode array detection-clectrospray ionization tandem
mass spectrometry [J]. J Pharm Biomed Anal, 2006,
41(2): 485-492.

HOM R S5, BTVE ISR TOKE T KRS L
J 53 B HLBE 55 B T BE SO AT ST (9], P 2R AR,
2010, 45(14): 1048-1054.

i, SRR, R, AR PSRRI S PR R
REFEPERF BT R ORI PERT [J]. 2577574k, 2006, 41(7):
631-635.

Hopkins A L. Network pharmacology: The next paradigm
in drug discovery [J]. Nat Chem Biol, 2008, 4(11): 682-690.
e, tRADER, W 3, SE SRRE X BEROR K AT
YEAMLI T S AL AR AR (0], fERRIEST, 2011,
31(2): 86-90.

Wu S J, Lee S J, Su C H, et al. Bioactive constituents and
anti-proliferative properties of supercritical carbon
dioxide Salvia miltiorrhiza extract in 3T3-L1 adipocytes
[J]. Process Biochem, 2012, 47(2): 216-224.

Vo =, BRDAE, HUR, AR PFSI I, SEOCRE
HEJSIE A B AR 1ML VEGF . SDF-1 31k [1]. Bk,
2012, 33(2): 83-86.

Kowanetz M, Ferrara N. Vascular endothelial growth
factor signaling pathways: Therapeutic perspective [J].
Clin Cancer Res, 2006, 12(17): 5018-5022.

Matsumoto T, Claesson-Welsh L. VEGF receptor signal
transduction [J]. Sci STKE, 2001(112): re21.

Wozniak M A, Modzelewska K, Kwong L, et al. Focal
adhesion regulation of cell behavior [J]. BBA-Mol Cell
Res, 2004, 1692(2/3): 103-119.



