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Abstract:

Objective: To synthesize 3, 5, 4' -trimethoxystilbene (TMS) by methylation of resveratrol (Res), a
natural compound extracted from polygonum cuspidatum, to identify the chemical structure of TMS, to
test its pharmacokinetics, and to determine the effects of TMS on the growth inhibition and apoptosis in
pulmonary artery smooth muscle cells (PASMCs). Methods: The chemical structure of TMS was

analyzed by UV- and IR- absorption spectrometry, 1H-NMR and *3C-NMR spectroscopy and mass
spectrometrv. We measured the bioavailability. the characteristics of intestinal absorption. and the



distribution of TMS in body and excretions of SD rats after oral administration of TMS. The acute
toxicity of TMS in mice was tested. PASMCs were prepared from pulmonary artery of SD rats. The
PASMCs were divided into 8 groups. Group of A (control) was cultured without TNF-a, TMS, or Res.
Group of B (TNF-a) was cultured with 100 pg/mL TNF-a. Groups of C—E (low—high concentrations of
TMS) were cultured with 100 pg/mL TNF-a and 5, 10, 20 umol/L TMS, respectively. Groups of F—H (low—
high concentrations of Res) were cultured with 100 pg/mL TNF-a and 50, 100, 200 pmol/L Res,
respectively. The proliferation of PASMCs after treatment was determined by MTT assay. The apoptosis

of PASMCs after treatment was determined by flow cytometry. Results: The UV absorption map of

TMS showed )\maX(MeOH) at 318, 306.2, and 217.8 nm. Analysis of infrared spectrum of TMS showed

IRv, . B"/cm at 2999, 2935, 2836, 1591, 1511 and 1456/cm. The *H-NMR map showed that the
synthetic product contained three hydroxy groups, while 13Cc-NMR map showed 17 carbon signals and

some symmetrical structural fragments. Electospray ionization mass spectrometry of the

productshowed m/z peaks corresponded to 271[M+H]", 256[M+H-CH ] and 241[256 -CH,]"; the
implied relative molecular weight is 270 and the lmplled molecular formula is C;,H,505. 'Iahese data

confirm the product is 3,5,4"' —trimethoxystilbene. The absolute bioavailability of TMS was 45.4%. TMS
was well absorped in the upper small intestine; it was excreted in stool and bile and distributed into
several tissues. The maximal tolerance dose (MTD) of TMS was 5.85 g/kg. MTT assay showed TMS
inhibited the proliferation of PASMCs in a dose-dependent manner. The extent of growth inhibition in A—
H groups were (4.07+2.12)%, (6.54+4.78)%, (9.35+4.26)%, (16.75+5.34)%, (23.74+7.07)%,
(6.78+5.58) %, (8.81+5.16) %, and (17.81+6.03) %, respectively. Flow cytometry showed the extent
of apoptosis in PASMCs (after being treated with TMS for 24 h) was significantly higher than that in
PASMCs treated only with TNF-a. The apoptosis rates of A—H groups were (2.63+0.74)%,
(3.54+0.81)%, (5.77+4.62)%, (11.68+5.35)%, (18.79+4.15)%, (4.11+3.59)%, (6.33+4.8) %, and
(12.47+5.06)%, respectively. Conclusion: We have confirmed our synthetic product as 3,5,4'-
trimethoxystilbene (TMS),with the molecular formula of C, ,H, O, and appropriate molecular weight
and absorbption and NMR spectra. The bioavailability of TMS was to 45%. It strongly inhibits the
proliferation of PASMCs in a dose-dependent manner and induces apoptosis of PASMCs.

Keywords: trimethoxystilbene resveratrol pulmonary artery hypertension pulmonary artery
smooth muscle cells apotosis

ks H# 2011-01-19 B EIHE MR A A H
DOI: 10.3969/j.issn.1672-7347.2012.04.013
FHETH :

BHIRAERE - FJik,Email: wxbox@netease.com
TEH T IR, 1, iR B, 35 2O IR 353495 J T FRIATF 5

YE& Email: wxbox@netease.com

e E BTN

1. Farber HW,Loscalzo J.Pulmonary arterial hypertension [J] .N Engl J Med,2004, 351(16):1655—1665.
2. Schuuring MJ,Bouma BJ,Cordina R,et al.Treatment of segmental pulmonary artery hypertension in
adults with congenital heart disease [J] .Int J Cardiol,2011, 14: 5-10.

3. Macchia A, Mariani J, Comignani PD, et al. Clinical trials using vasodilators in pulmonary arterial
hypertension:where do we go from here? [J] .Rev Recent Clin Trials,2011,6(3):228-234.

4. Humbert M, Sitbon O, Simonneau G. Treatment of pulmonary arterial hypertension [J] .N Engl J
Med,2004, 351(16):1425-1436.

5. Kopp P. Resvaratrol, a phytoestrogen found in red wine. A possible explanation for the conundrum of
the French paradox? [J] .Eur J Endocrinol,1998,138(6):619—-620.

6. [ iFHE, S5 1 T A RE SR IBOR AL AR P IR T 209 [9] A4k 5 Tk, 2004,24 (4):77-79.
XIANG Haiyan,ZHOU Chunshan,CHEN Longsheng,et al.Semi—bionic extraction tiger in new technology
staff resveratrol [J] .Chemical and Industrial of Forest Products, 2004, (4) :77—79.

7. EREDE RERAR, SR 53, A5 . AL T I B I A s Ui 0 Ao A< g5 [ b [ b 2473, 2007,32
(13):1317-1319. WANG Guiying, SONG Cuimiao, ZHANG Llinan, et al. Roles of potassium channel in
effects of resveratrol on isolated myocardial contractility and heart rate research in guinea pig [J] .
China Journal of Chinese Materia Medica,2007,32(13):1317-1319.

8. Shen M, Jia GL, Wang YM, et al. Cardioprotective effect of resvaratrol pretreatment on myocardial
ischemia—reperfusion induced injury in rats [J] .Vascul Pharmacol, 2006,45(2):122—-126.

9. Dong Z. Molecular mechanism of the chemopreventive effect of resveratrol [J] . Mutat Res,2003,
(523/524):145-150.

10. Makagawa H, Kiyozukay Y, Vemura YS, et al. Resveratrol inhaibits human breast cancer cell growth
and may mitigate the effect of linoleicaicid, a potent breast cancer cell stimulate [J] . Cancer Res Clin



Oncol,2001,127(4):258—-264.
11, L RS, AR, AF HPLC-MSYEI i R LML b (1 22 AT B (B)-3,5,47 - = UL — IR LR (KK

[J] .25%/r#r%i&,2008,30(3):215-220. MA Ning, LIU Wenying, LI Huande,et al. High—performance
liquid chromatographic analysis of resveratrol analog 3,5,4,—trimethoxystilbene in rat plasma [J] .
Chinese Journal of Pharmaceutical Analysis,2008,30(3):215-220.
12. Hussain AR, Uddin S, Bu R,et al. Resveratrol suppresses constitutive activation of AKT via
generation of ROS and induces apoptosis in diffuse large B cell lymphoma cell lines [J] . PLoS One,
2011,6(9):e24703.
13. By XS0, Al A5 . RP-HPLCYER T 1 AL P BT AE ) (BTM-0512) 76 K BRI S A1 23 i) oA [3] . 245%%
¢4k, 2007,42(11):1183-1188. MA Ning, LIU Wenying, LI Huande,et al.RP—HPLC study of resveratrol
derivative (BTM—0512) in rat plasma and tissue distribution [J] . Acta Pharmaceutica Sinica,2007,42
(11):1183-1188.
14. Levenson AS, Gehm BD, Pearce ST, et al. Resveratrol acts as an estrogen receptor ( ER) agonist in
breast cancer cells stablytransfected with ER alpha [J] . Int J Cancer,2003,104 (5) :587-596.
15. Wouria M,Gukoskays AS,Juang Y,et al.Food derived polyphenols inhibit pancreatic cancer growth
through mibochondrial cytechrome crelease and apoptosis [J] .Int J Cancer,2002,98(5):761—769.

2 I RS EE

1. k7812, EEFIL2,  XIEE3,  BRESL, M3 RHEERPUE A kSGC 7901 EH SIS [I]. K
2R (BE2E ), 2008,33(08): 718-722

2. RZESE, WKL HODAE,  RRK; AR, DI T A FE s ol ot T T B AE O L R T 9]
R (22K, 2001,26(6): 505-

3. ¥ BEBEE, SRR, B PRAS P AR AR 2 A0 M T S 3 R R I bel -2 IE RS [I]. K
2R (BE2ER), 2002,27(1): 43-

4. WRAY;  ARWRAL; R NMEs REERE Aol IO RIS S I TR L A R R Sl A AR o PR B2
RIBE PR3] PR K222 (R 22D, 2002,27(2): 105-

5. Wi SRR rER; TR S HEA TS S RIBMG-634 RIE T SR BT 9. h R
K2R (B2 240D, 2002,27(2): 111-

6. PREEFy; B2 HIWH:  OREGY:; (H202X0 PR LA RIS T K p38MAPKIE I 5% [3]. i K2z 2= (=
*#21R), 2002,27(5): 402-

7. Mg AR AR s 305 L LSk SE A EENFEARIGIT]. PR KEEREEER),
2003,28(1): 90-

8. TR, MR, J7AE: KENME: T Bel-2RIBaxE T E A RATAE I FRIE[I]. R
(BE2£)R), 2003,28(2): 102-

9. HRFEIE;  WEE O BHAM ERNE;  EEUH; Sl A E N e Sl i FEE O bl -2, bax, pS 3L R R 1)
FLI]. R R (P 2ER), 2003,28(2): 111-

10. BETHE; Ok HBIMLYT R S KR T caspase-3iE T INAT AL [9]. TR KR (B 2ERR), 2003,28
(2): 117-

11. B TIKESs RAIML: BB EBEE R HUTURG IR N bk R — B0, SR RS R (s
*21%), 2003,28(2): 140-

12. JBE%, R, 458, AR, BOH, 204, K UE A R R BURo  /NE _ 7 4l idKlotho
FIEFNFT I R

[J]. "R R (R 22 M), 2009,34(04): 300-307 N

WA LT LT g It A (g2 I 008,

14. e #wEwAL  WHER

s

ey

Y ﬁ%ﬂﬁﬁ*ﬁﬁsmgﬁ 8&)&%&%@ AT M 52 R ARG
[T1. HeE Ko (PR 2= . 2006. 3

.31.0071) - i 6\_5
e A 1 e e

Copyright by HFg K% 244 (524 K)




