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摘要摘要摘要摘要： 

目的目的目的目的: 以虎杖为原料提取的白藜芦醇(Res),再经甲基化反应合成的3,5,4'-三羟基二苯乙烯(3,5,4'-
trimethoxystilbene,TMS),对TMS进行结构鉴定和药代动力学测定。检测TMS对肺动脉平滑肌细胞(PASMCs)的

生长抑制和致凋亡作用。方法方法方法方法: 用紫外吸收光谱、红外吸收光谱、1H-NMR谱、13C-NMR 图谱、质谱检测等方法
对TMS进行结构鉴定。测定大鼠口服TMS后的生物利用度,肠道吸收特点,体内组织分布和体内排泄。测定TMS对
小鼠的急性毒性。利用大鼠肺动脉制备PASMCs。将细胞分为8组。A组(空白对照组):不加TNF-α,TMS,Res;B组
(TNF-α组):100 pg/mL TNF-α;C~E组(低~高浓度TMS组):TNF-α (100 pg/mL) +TMS (5,10,20 μmol/L);F~H组
(低~高浓度Res组):TNF-α (100 pg/mL)+ Res (50,100,200 μmol/L)。MTT法测定TMS对PASMCs增殖的影响。

流式Annexin V/PI法测定TMS对PASMCs凋亡的影响。结结结结果果果果: TMS的紫外吸收图谱为λmax(MeOH):318, 306.2, 

217.8 nm;红外光谱解析为IRνmax
KBr/cm:2999,2935,2836,1591,1511,1456/cm;1H-NMR谱解析显示结构含

有3个羟基; 13C-NMR图谱解析为17个碳信号,并且其结构中含有对称的结构片段。质谱图谱解析为ESI-MS 
m/z:271[M+H]+,256[M+H-CH3]+,241[256-CH3]+,相对分子质量为270,推测分子式为C17H18O3 ,结构中含有
甲基。样品元素分析得分子结构式可用C17H18O3表示,因此可确定化合物为反-3,5,4'-三羟基二苯乙烯。TMS绝

对生物利用度为45.4%,在小肠上段有较好吸收,通过粪便、胆汁排泄,在各组织中均有分布,最大耐受量(MTD)约
5.85 g/kg。TMS干预PASMCs 24 h后经MTT法测定显示对其生长具有显著的抑制作用,其强度呈剂量依赖性改

变。A~H组的生长抑制率分别为(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)%,(17.81±6.03)%。流式Annexin V/PI法检测结果显示:TMS干
预PASMCs 24 h组细胞凋亡率显著高于TNF-α干预组,且其作用呈剂量依赖性。A~H组的细胞凋亡率分别为

(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)%,(12.47±5.06)%。结论结论结论结论: TMS的分子式可用C17H18O3表示,结构式为反-3,5,4'-三羟基二苯乙

烯。TMS的生物利用度为45%。TMS呈剂量依赖性地抑制PASMCs的增殖并诱导其凋亡。 
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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 13C-NMR spectroscopy and mass 
spectrometry. 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-α, TMS, or Res. 
Group of B (TNF-α) was cultured with 100 pg/mL TNF-α. Groups of C–E (low–high concentrations of 
TMS) were cultured with 100 pg/mL TNF-α and 5, 10, 20 μmol/L TMS, respectively. Groups of F–H (low–
high concentrations of Res) were cultured with 100 pg/mL TNF-α and 50, 100, 200 μmol/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 λmax(MeOH) at 318, 306.2, and 217.8 nm. Analysis of infrared spectrum of TMS showed 

IRνmax
KBr/cm at 2999, 2935, 2836, 1591, 1511 and 1456/cm. The 1H-NMR map showed that the 

synthetic product contained three hydroxy groups, while 13C-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-CH3]+ and 241[256-CH3]+; the 
implied relative molecular weight is 270 and the implied molecular formula is C17H18O3 . These 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-α. 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 C17H18O3  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   
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