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中文摘要 
 
三亞麻油酸（Trilinolein, Tril）為一天然三酸甘油脂，主要是分離自傳統

中草藥三七（又名田七或川七）的根部。過去的實驗顯示具有心肌保護作

用。但它的細胞分子作用機轉仍未清楚。 

本實驗使用血管內皮細胞，在應力拉扯下會產生氧自由基（ROS）再加

上內皮素第一型（Endothelin-1, ET-1）的作用，ET-1 也會刺激 ROS 的產生

及心肌細胞肥厚。經由此實驗模式，來觀察 Tril的作用。實驗結果顯示 Tril

可減少 ROS的產生。利用對照組的抗氧化物 N-acetyl-cysteine（NAC）也有

同樣效果。兩種物質 Tril 及 NAC 都可減少因 ROS 或 ET-1 刺激而激活的

Activator protein-1（AP-1）reporter gene 的活化，已知 AP-1是導致心肌細胞

肥厚的訊息傳遞因子之一。故 Tril的分子保護機轉可能經由抑制 AP-1的作

用。 
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INHIBITION OF CYCLIC STRAIN-INDUCED ENDOTHELIN-1 

SECRETION BY TRILINOLEIN 
 
 
 

 
ABSTRACT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 

Ttrilinolein, isolated from the traditional Chinese herb Sanchi (Panax notoginseng), has been 

shown to have myocardial protective effects via its antioxidant ability.  However, the cellular and 

molecular mechanisms of the protective effect of trilinolein in the vascular system remain to be

elucidated. Endothelin-1 (ET-1) is a potent vasopressor synthesized by endothelial cells both in

culture and in vivo. The aims of this study were to test the hypothesis that trilinolein may alter 

strain-induced ET-1 secretion and to identify the putative underlying signaling pathways in

endothelial cells. We show that trilinolein inhibits strain-induced ET-1 secretion. Trilinolein also 

inhibits strain-increased reactive oxygen species (ROS) formation. Furthermore, pretreating cells

with trilinolein or antioxidant N-acetyl-cysteine decrease strain-increased ET-1 secretion. Both 

trilinolein and N-acetyl-cysteine also attenuated the strain-stimulated activator protein-1 reporter 

activity. In summary, we demonstrate that trilinolein inhibits strain-induced ET-1 secretion, 

partially via attenuation of ROS formation.  
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SPECIFIC AIMS 
 

The aims of this study were to test the hypothesis that trilinolein may alter strain-

induced ET-1 secretion and to identify the putative underlying signaling pathways in 

endothelial cells. 
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RESULTS 

 
 

Trilinolein inhibits strain-induced ET-1 gene 
expression in endothelial cells. 

 
 

 
 

 
 
 
 
 
Inhibitory effect of trilinolein on strain-increased 
activator protein-1 reporter activity in endothelial 
cells.  
 

 

 

 
Effect of trilinolein on strain-induced ROS 

generation in endothelial cells. 
 

 
Trilinolein inhibits strain–induced ET-1 secretion via 
 
 

Trilinolein via attenuation of ROS generation in 
endothelial cells.  
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CONCLUSIONS 
 

In summary, we demonstrate that trilinolein inhibits strain-induced ET-1 secretion, 

partially via attenuation of ROS formation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 VII 
 

 

References 

[1] Levy D, Anderson KM, Savage DD, Balkus SA, Kannel WB, Castelli WP, Risk of ventricular 

arrhythmias in left ventricular hypertrophy: the Framingham Heart Study. Am J Cardiol 1987; 60: 

560-5. 

[2] Morgan HE, Baker KM, Cardiac hypertrophy. mechanical, neural, and endocrine dependence. 

Circulation 1991;83: 13-25. 

[3] Komuro I, Yazaki Y, Control of cardiac gene expression by mechanical stress. Annu Rev Physiol 

1993; 55: 55-75. 

[4] Cantley LC, Auger KR, Carpenter C, Duckworth B, Graziani A, Kapeller R, Soltoff S, Oncogenes 

and signal transduction. Cell 1991; 64: 281-302. 

[5] Boulton TG, Gregory JS, Jong SM, Wang LH, Ellis L, Cobb MH, Evidence for insulin-dependent 

activation of S6 and microtubule-associated protein-2 kinases via a human insulin receptor/v-ros 

hybrid. J Biol Chem 1990; 265: 2713-9. 

[6] Ahn NG, Weiel JE, Chan CP, Krebs EG, Identification of multiple epidermal growth factor-

stimulated protein serine/threonine kinases from Swiss 3T3 cells. J Biol Chem 1990; 265: 11487-94. 

[7] Yamazaki T, Komuro I, Kudoh S, Zou Y, Shiojima I, Hiroi Y, Mizuno T, Maemura K, Kurihara H, 

Aikawa R, Takano H and Yazaki Y, Endothelin-1 is involved in mechanical stress-induced 

cardiomyocyte hypertrophy. J Biol Chem 1996; 271: 3221-8. 

[8] Force T, Haq S, Kilter H, Michael A, Apoptosis signal-regulating kinase/nuclear factor-kappaB: a 

novel signaling pathway regulates cardiomyocyte hypertrophy. Circulation 2002; 105: 402-4. 

[9] Choukroun G, Hajjar R, Kyriakis JM, Bonventre JV, Rosenzweig A, Force T, Role of the stress-

activated protein kinases in endothelin-induced cardiomyocyte hypertrophy. J Clin Invest 1998; 102: 

1311-20. 



 VIII 
 

 

[10] van Wamel AJ, Ruwhof C, van der Valk-Kokshoom LE, Schrier PI and van der Laarse A, The role 

of angiotensin II, endothelin-1 and transforming growth factor-beta as autocrine/paracrine 

mediators of stretch-induced cardiomyocyte hypertrophy. Mol Cell Biochem 2001; 218: 113-24. 

[11] Yue TL, Gu JL, Wang C, Reith AD, Lee JC, Mirabile RC, Kreutz R, Wang Y, Maleeff B, 

Parsons,and Ohlstein EH, Extracellular signal-regulated kinase plays an essential role in 

hypertrophic agonists, endothelin-1 and phenylephrine-induced cardiomyocyte hypertrophy. J Biol 

Chem 2000; 275: 37895-901. 

[12] Cheng TH, Shih NL, Chen SY, Wang DL , Chen JJ, Reactive oxygen species modulate endothelin-

I-induced c-fos gene expression in cardiomyocytes. Cardiovasc Res 1999; 41: 654-62. 

[13] Hirotani S, Otsu K, Nishida K, Higuchi Y, Morita T, Nakayama H, Yamaguchi O, Mano T, 

Matsumura Y, Ueno H, Tada M, Hori M, Involvement of nuclear factor-kappaB and apoptosis 

signal-regulating kinase 1 in G-protein-coupled receptor agonist-induced cardiomyocyte 

hypertrophy. Circulation 2002; 105: 509-15. 

[14] Higuchi Y, Otsu K, Nishida K, Hirotani S, Nakayama H, Yamaguchi O, Matsumura Y, Ueno H, 

Tada M and Hori M, Involvement of reactive oxygen species-mediated NF-kappa B activation in 

TNF-alpha-induced cardiomyocyte hypertrophy. J Mol Cell Cardiol 2002; 34: 233-40. 

[15] De Keulenaer GW, Wang Y, Feng Y, Muangman S, Yamamoto K, Thompson JF, Turi TG, 

Landschutz K, Lee RT, Identification of IEX-1 as a biomechanically controlled nuclear factor-

kappaB target gene that inhibits cardiomyocyte hypertrophy. Circ Res 2002; 90: 690-6. 

[16] Purcell NH, Tang G, Yu C, Mercurio F, DiDonato JA, Lin A, Activation of NF-kappa B is required 

for hypertrophic growth of primary rat neonatal ventricular cardiomyocytes. Proc Natl Acad Sci U 

S A 2001; 98: 6668-73. 

[17] Omura T, Yoshiyama M, Yoshida K, Nakamura Y, Kim S, Iwao H, Takeuchi K, Yoshikawa J, 

Dominant negative mutant of c-Jun inhibits cardiomyocyte hypertrophy induced by endothelin 1 

and phenylephrine. Hypertension 2002; 39: 81-6. 



 IX 
 

 

[18] Luo JD, Xie F, Zhang WW, Ma XD, Guan JX, Chan X, Simvastatin inhibits noradrenaline-induced 

hypertrophy of cultured neonatal rat cardiomyocytes. Br J Pharmacol 2001; 132: 159-64. 

[19] Qin F, Rounds NK, Mao W, Kawai K, Liang CS, Antioxidant vitamins prevent cardiomyocyte 

apoptosis produced by norepinephrine infusion in ferrets. Cardiovasc Res 2001; 51: 736-48. 

[20] Shih NL, Cheng TH, Loh SH, Cheng PY, Wang DL, Chen YS, Liu SH, Liew CC, Chen JJ, 

Reactive oxygen species modulate angiotensin II-induced beta-myosin heavy chain gene expression 

via Ras/Raf/extracellular signal-regulated kinase pathway in neonatal rat cardiomyocytes. Biochem 

Biophys Res Commun 2001; 283: 143-8. 

[21] Chan P, Xu DY, Liu JC, Chen YJ, Tomlinson B, Huang WP, Cheng JT, The effect of stevioside on 

blood pressure and plasma catecholamines in spontaneously hypertensive rats. Life Sci 1998; 63: 

1679-84. 

[22] Lee CN, Wong KL, Liu JC, Chen YJ, Cheng JT, Chan P, Inhibitory effect of stevioside on calcium 

influx to produce antihypertension. Planta Med 2001; 67: 796-9. 

[23] Hsu YH, Liu JC, Kao PF, Lee CN, Chen YJ, Hsieh MH, Chan P, Antihypertensive effect of 

stevioside in different strains of hypertensive rats. Zhonghua Yi Xue Za Zhi (Taipei) 2002; 65: 1-6. 

[24] Wang DL, Chen JJ, Shin NL, Kao YC, Hsu KH, Huang WY, Liew CC, Endothelin stimulates 

cardiac alpha- and beta- myosin heavy chain gene expression. Biochem Biophys Res Commun 

1992; 183: 1260-5. 

[25] Weisz A, Rosales R, Identification of an estrogen response element upstream of the human c-fos 

gene that binds the estrogen receptor and the AP-1 transcription factor. Nucleic Acids Res 1990;18: 

5097-106. 

 

 

 

 



 X 
 

 

 

計劃成果自評部分 

   本研究所獲得的資料皆有創新性，完整報告未來應可發表在 SCI雜誌。 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


