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' 
!711:Wn1':i'LL'l"l'l'lcJ'l'11..:J!?l:;fm1'elnHil-iflu1Jr;iV1'Cl'J..:J Nelumbo nucifera Gertn. (N. nucifera) Lvl'fl 

1,1h.Jmiht..:i~611J71'1"1 'Cli?!A'"J1:W~'Ub'Cl~!?l 1,1,l9itT..:i6111l?lV1inj1'Wm':i'!?l':i''J'<il~'elUn'Cl1nm':i''fl'fln9'l'li'l'l1..:i1,17i"Jl 
9,, 2,, I (f' 

';j'l'lt.11 L 'WVl'i'l'el i?l L~'el !?l 1' 171~1.h:;~..:i A611'el..:J n1':i''l'l l?l'i'l'el..:J Af..:iih 'Vl'fl ~m~n 9'1'1fi611 t.11t.1V1'i'l'el !?l L~'el i?l LL'Cl~n'i'l 1n n1':i''el'el n 
O" 2,, I I 

9'1'1fiLU'el..:J ~'W611'el..:J~1'J'~fl!?l liJ'lJ'JVl'Cl'J..:J N. nucifera (NN) l9i'elVl'i'l'el l?)l,~'e) l?)l,'el'el'elfonvhmnroi1V1V11;;}6111'JVJi'J 

A'J1:W~'Wb'i'l~1711.ln~1,1,'i')~Vl'U6111'J~l,Vl~l'..l'Ji:n1*1,uuA'J1:W~'Wb'Cl~!?l~..:J bi?ll'..ln1'J'~i.JVl'i'l'eli?ll,~'el!?l~1171-if1..:i"TI11'..1 
'lJ 'lJ 

if 2,, 2/ I I 

';jfin1':i''l'l i?l'i'l'el..:J 'W1Vl'i'l'el !?l L~'el !?lroi1nwwi..:i~'fl..:in~:win 1,1, 611'"J'W111 'UVl'i'l'el (?11,1,nr;i 1,~ rn 1, U'el L~'el LL'i'l~L V1um-w11 * 
'lJ q 

Vl'i'l'el!?lL~'el!?lVl!?l[?l'J~'Jl'..I phenylephrine (a1-adrenergic receptor agonist) 611'W1!?1 sub-maximal dose 
,, 

91n'W'Wl*~1':i'~fl!?lliJ'lJ'JVl'i'l'J..:JLi,iJU cumulative dose (10-100 µg/ml) t:-J'i'ln1':i''l'l!?l'Cl'el..:J'l"li.J':l1 NN 

~1:JJ1':i'1T'ITT 1 *Vl'Cl'el !?lL~'el !?l A'i'l11'..l(?]'"J 1,1,uu dose-dependent J..:i~'el..:in~:w b!?ll'..IVl11 *Vl'Cl'el !?lL~'el!?l A'i'l11'..1 [?]r;i1~ 
q 

85.39 ± 4.5% w~:; 83.8 ± 5.8% 1un~:wAr;i1:w~u'i:'Cl~l7li.ln~1,1,'Cl:;n~:wAr;i1:w~'U'i:'iN~l7l~..:il7l1:w~1~u 
. q q 'ti 

,, ,, ~ 

'W'eln91nU'l"liJ':l1 L-NAME (nitric oxide synthase inhibitor, 100 uM) ~1:W1'J'rltJUtJ..:J9'1'1fi'll'el..:J NN b!?ll'..I 

vi11*Vl'iN'el!?lL~'el!?lA'iN1t.1[?]r;i1~ 28.46 ± 7.25% 1,1,'i;'l:; 51.52 ± 23.29% L'Wn~:wF1r;i1:w~'Wb'Cl~l7li.ln~1,1,'i;'l~ 
q 

n~:wAr;i1:w ~'Wb'Cl~l7l~..:i 1711:w~1~u 1,1,~ !?l..:J':J1fl'l'li11 . .m1':i''\ll1 L*V1'Cl'el !?lL~'el !?l A'Cl11'..1 [?]'"J61J'el..:J NN ~r;iuV1~..:i1,n !?l 
q 'lJ ·1 

e-l1'W'Yl1..:J nitric oxide (NO) b!?lt11..l':i':;~'l'lfiJ71'1"161l'el..:J L-NAME 1un~:wAr;i1:w~ufo~171i.Jn~:w1nn11n~ii 
q q 

Fl'J1:W'91'Wb'i'l~!?l~..:J'elti1..:ii'l1!1'..lihrib]d'l'l1..:J~rl~ (P<0.05) LL~!?l..:JLiXL~'W':l1'W19:;i'Jmn~'el:W611'el~ endothelium 

L'WJ71'J~A'"J1:W~'l..!b'i'l~~~~ L~'elLiX NN fr;i:wnu propranolol (~-adrenergic receptor antagonist, 

50 uM) Vl1'fl atropine (muscarinic receptor antagonist, 1 uM) 'l"liJ')11:w~1:w1':i'ritJrn1'~9'Yl'if A'Cl11'..1 

Wi'l'el!?lL~'el!?l'll'el~ NN 1~'UJ~~'el~n'i'l:W L'Un~:WA'"J1iJ~'Ub'tl~1711..ln~Vl'i'l'el!?lL~'el!?l~i.lnM91n endothelium 
q q 

' 0 ti.Ji,, I ~ .c::i.:::::I 
!?l'eli.J~'W'el~l7l'el NN !?l'U'ell'..ln'J1Vl'Cl'el!?lL'i'l'el!?l'l'l:W endothelium (45.33 ± 11.53% vs 16.45 ± 3.24%, 

2,, 2,, IS' I r 

P<.05) t:-J'iNn1'J"l'l!?l'i'l'el..:JAf~i1~ti.l1~11 NN i'l9'l'lfi6111'..111'..1Vl'Cl'el!?ll,~'e)(?l ;~'W19~1,'Li'Wnfl1n1'Um'J''el'elnq'l'lfi'i'l!?l 
~ ,, ,, 

A'J1:W~'Wb'i'l~l7l 9'1'lfi'111'..111'..1Vlfl'el!?lL~'el!?l611'el~ NN 'IJ'Ui'Jn'Cl1mu'Ui1~LLUU endothelium-dependent Ll,f!:; 
,, ' 

endothelium-independent L!?lmLUU endothelium-dependent 'IJU~'J'WVl'W..:JLn!?leJ1'U'l'11..:J NO 

n 
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The leaf of Nelumbo nucifera Gertn. (N. nucifera), an oriental herbal medicine, has 

been shown to improve health well-being and posses antihypertensive effects. Its vascular 

effect has not yet been studied. The purpose of this study is to investigate the potential 

vasorelaxant activity and mechanisms of leaf extract of N. nucifera (NN) in isolated aortic rings 

from normotensive and hypertensive rats induced by constriction of left renal artery. Thoracic 

aortic rings isolated from both groups of rats were placed in organ baths and constricted With 

a sub-maximal dose of phenylephrine (a,-adrenergic receptor agonist). Then, the relaxant 

responses to cumulative concentration of NN (10-100 µg/ml) were examined. NN-induced 

concentration-dependent relaxation was observed in aortic rings of normotensive and 

hypertensive rats in a similar degree (85.39 ± 4.5% and 83.8 ± 5.8% respectively). In the 

presence of L-NAME (nitric oxide synthase inhibitor, 100 uM), the vasorelaxant effects of NN 

in normotensive and hypertensive aorta were significantly attenuated to 28.46 ± 7.25% and to 

51.52 ± 23.29% respectively, suggesting that the relaxation is partially mediated via 

nitric oxide (NO). The inhibition effect of L-NAME was significantly greater in normotensive 

rings than in hypertensive ones (P<0.05), thereby indicating an endothelium impairment in 

hypertensive state. Both propranolol (~-adrenergic receptor antagonist, 50 uM), and atropine 

(muscarinic receptor antagonist, 1 uM) showed no significant effect on NN-induced relaxation 

in both groups. In comparison to the intact endothelium ones, the denuded endothelium rings 

from normotensive rats showed significantly smaller vasorelaxant responses to NN 

(16.45 ± 3.24% vs 45.33 ± 11.53%, P<0.05). In conclusion, these results show that NN can 

produce vasorelaxation, which may account for its antihypertensive action. The effects of NN 

are both endothelium-dependent and endothelium-independent mechanisms, and the former 

may be mediated through NO. 
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.d 
'LI 'V1 'VI 1 

0 

'U'Vl'W1 

,, ' ' 
hfolwn:wrK'Wt~~ri~-:i1,u'Wtm1,1Tif-:i'Vlhl~1:w1rnfmnhlvnt11rffei' bb~::::1rffei'~TJ'J1bU'W'JJ1rin:n1mJ 

41 

~::::b~tll:W~'W 1r.ifo'liTYl11 ,X1,n (71 b5'fo\ 1,1, 'Ylrn6TITJ'Wbb~::::TJ1n1:i'hm1,:i'-:i [?]TliJ1Jl1tJVli-:i I, "]j'Wn1:i'b~Tl:W~Jl1'\"'l"11Tl-:J 

Vl~TJ!?lb~TJ!?lbb(?)-:Jb(?)m<u'l"l1::::V1~TJ(?)b~TJ!?l~~:wTJ-:i r11 ir;i1r.i 1ri bU'W~:W'l"l1ri-rlr;imV1~TJ&!'JbTJ-:JL:iJ1rffei' ir;i1r.i 
,, 

~:Wb'\!l~'J Jl1'J::::Lrl'J1m1Tif-:i (Germann & Standfield, 2002) ~1Vlfo~n~1mh::::b'Vlrall'YltJ'V'llJ'J191'W'J'W 

=l 0 

n :i'::::'Yl:i''J-:J~ 1 n1 :i'ru ~"11 :wr.i1 'W'J 'W 
q 

I 2., I ~ 

142,873 fo\'W 1'Wil 2543 1,1,~::::i'.i91'W'J'Wbvl:W;'WtJtl1-:J(?]TJl,'WTJ-:JbU'W 265,636 fo\'W L'Wil 2547 'Wt1nr.i1nu 

b:i'fo\fo\'J1:wrK'Wt~~ri~-:ir1-:i1,u'W~1mrin1:i'ri1t1 1 1'W 4 ~'WrKrn111'W1h::::-n1m-1'Vlti1'Wil 2547 (~1tl'rnTw 
41 q 

~t:1~bbv1-:J'll1~. 2549) 

n1:i'fo1i1 lJ'fo\ m1:w rK'W fo~ ri ~-:1911,u'W~t1-:ii.J fo 1,i.J~tJ'W'V'l 9 ~mm 1,-rl'W 
,, 
0 ., 

fo\'JlJA:W'W1Vl'Wn t1t1n 
q 

,, 
bf1(?)b5'Ai'JL9"111(?)b~tJ!?lLi.Jb~tJ-:J (myocardial infraction) 1Ji'~-:i 20-25% 1,1,~:::;~(?)~rl5'1n1:i'Lf1(?)b5'foli'Jh 

'l¾mVl~'J (heart failure) 1Ji' >50% (Neal, 2000) Ji'r;imV1!?J~Vh11X~l1r;imV1fi1~~t1-:ib~m1'W~1mb1'.l'W 

91'W'J'W:WVl1 ra\1~ n15'U1 b 6111tJ1~91 bU'W91 n [?]1-:Ji.J:i'::::b'Vl ra!vh 1 m 'VltJ~t)-:J b~mtffolJ (?) ~ n15'A1:W1 [9]~T) (7\ 
q 

1,~:w~'WbU'W 3229 'l¾1'W1J1'Yl1'Wil 2547 (nt1-:Jfo\'J1Jfol:wm, 2549) n1f.;~'W1t:-J~r1Jiru'1'1nn:w-n1~~i'.it1tl 
q 41 

1 'Wi.J:i'::::b 'Vlf3\i'W:w1'Vl (711,1, 'Yl'Wm bbi:.J'WU99U'W 9-:J b'U'Wbb 'W'J'Yl1-:JVl~-:J 1 'Wmmnu nJVl1n15'"111 (?) (?)~91n n15' 
q ~ q 

I 2,, 2J I 

=JnJ 1 <V '1 "-' <al ,?I nl =J=J ... =J 91 n n1 :i''Vl u:i'::::b 'Yl f3! 'YltJ r]-:Jt)tJ 'Wb "11 rl:i'tJ'W'll'W bu'Wu 5':::: b 'Yl ra\'Yl :W A'J1:Wt1 (?):1-J ~ :WlJ:i'f:Wbb~ :::::w fo\'J1 :W 
41 q 'IJ 

9'Wbf117\ bU'Wm~~'WL vnH'fn1i1 b:i'fo\(?]1-:J 1 ~-:J~t)'J1 bU'WJJilUblJ blJ1 L 'YltJ ur.iiu'Wtl'n';j'Vlm ra\1~ l9lfd:w~'W19 

~9::::An'li1Jlilururu11'VltJ bb~::::1'WU 2547 ~1'Wn-:J1'WAru::::mrnn1:i'mV11m~::::t115'.i'WbtJlJ1tJ~9::::'W~'W1 
'IJ = ~ 



m:i"Vl !?l ~'El 'Ub]'l'l'tvn-:i lJl i'll'J'l'ltn'll'El-:J~~'W1 'V'm ~'Elm tTI W-J'W1 lU'Wtn lle.J'Wif r.ir.ru'W ~'J'WL 'Wt~'9i'u ~u1'i:n A 

~'J'WL VI nJ ~'El-:imt1 -if e.J~[?]Jl ru"Vl1 mn t!?l lltl~'llJl 1 'j,'j"'l 1 nnnii'll1 ~ ll!?1 f>i1Ut1 ii ll'tl ~A'J1 ii l~'El '7'fl !?1'fl n1 t 1 -if 
• QI qJ q 

., ' 
'IJ'JVl'tl'J-:J (Nelumbo nucifera Gaertn.) lU'WL~tJ1Vlyj'IJL'W'l'lnJl1A"ll'El-:J1.h~l'l'lf'1L'l'ltl [?11ii~1n • 

mm'j,'jVJcJlle.J'Wl 'l'lt1'),'j'IJ~1'1J'JVl'tl'J-:JlU'W~'ll~L ~1.h~ btl'll'W1~ lfl'El'IJ'V.!n~ 'J'WL umtfojj-1 A11ii ~ !?lU n ~ [,h--'.11 

Lf?1l611'W lU'Wtl1'1.J1J'--'.lll1i-:J lUW'El'WL'W M~V11t1tl1 'cl(?]L'] llnim~mU'W~'W 0~!?11 ~'J'l'ltn1W-J'W, 2540) 
q • • 

<V "" 

('J'W!?l 

n9'.jj'DJ~TI'Wfi, 2541) vh1~vit'Wl~'El!?l'lltl1tl!?l'J (~'W'l'l1cJ ~--'.IVl1.J[?IJ'1, 2535) bb'cl~'lltntlVl'cl'fl!?ll~'El!?ll'W 

·1h1r.i ('W'W'l'l'J'W 1.Jb1Jb]J~1.h~ir~M bb'cl~ 'ElJ'\¾'ll b'llA"nm"'l1']J'j,'jJ', 2541) bb'cl~tJ--'.lnVlinj1'W'l'l1--'.I 

'J'l'lt.11 f'11~ [?lfi:!?lti Trongtorsak ll'tl~ADJ~ (2004) lU'Wn1t~njj-19vi'ttl!?l A'J1ii !7l'WblN~ [?lll'IJ'IJJ'~tl~tn'J 

bb'cl~ll'IJ'IJ b ~tJ'IJ'j,'ji'W'll'El--'.1~1J'~ n (?] 1uu1V1'cl'J--'.I L 'WVl'W"ll11~n A11ii '9l'W b'tl~ [?l~-:i bb'cl~Vl'W'JJ11~n m1ii i-w 
~ ~ ~ 

b'Cl~ [?JU n~ 'j,'j'IJ~1~ 1J'~ ll !?l L'IJ'IJ'JVl'iN'J-:J~1ii1nl'iN !?l A'J1ii !7l'W fa~ [?l L~~-:j ll1J'IJJ'~t1::t11'Jll'cl::ll'IJ'IJ 
., ~ 

l'iltJ'IJ'j,'ji'W · bbl?1 mt~ njj-1ilt:iJ~1ii1tbl'IJ'Elnn-:in-;;;i 1n n1 J''El'El n b]'l'lfi'iN (?] A'J1ii '9l'W b'iN~ [?)'JJ'fl--'.1~1J'~ll (?] L'IJ'IJ'J 

Vl'iN'J-:J b!?lm1rn1~n1J''El'Elnb]'l'ltb!?ltl [?IJ'-:J~Vl'cl'fl!?ll~'fl(?l bti'fl--'.191nff'ln'JJ'fl-:JVl'cl'fl !?ll~'fl!?lne.J'iN b!?ltl [?IJ'--'.)[9]'E) 

A'J1ii !7l'W b'iN~ [?I '9i'-:itl''WADJ~ITT~tl9-:J~'WL 9 ~njj-1 e.J'iN"ll'El-:J~1J'~ n !?191 n L'IJ'IJ'JVl'iN'J--'.I [9]'f} n1J''Vl1--'.11'W'll'El--'.I 
~ 

ll 'l'l'Wtl1 lle.J'Wif "'l"'l'IJ'Wl71'El LU • 

1. ~ njj-16]'1'li'l'l1--'.l lJli'll'J'l'ltl1'll'fl-:J~1J'~ n (?] L'IJ'IJ'JVl'iN'J-:J 171'Eln1J''Vl1-:J1'W'll'El--'.IVl'iN'fl !?1 l~'fl !?1 l'fl'El'fl f[?l1 

~ lltln91 nVl'W'll1'J L 'WJl1'J ::u n ~ bb'cl~91 flVl'W'll1'J~ bl n b vitimtl11 *nn1r;i ::A'J1ii !7l'Wb'iN~ [?)~--'.) 
'll 'l.l 'll 'll 

2. ~fl'.jj-1n'tlLnn1t'El'fln9vi'tlrl'El-:i~'W"ll'El--'.!~1J'~n!?lL'IJ'IJ'JV11N'J--'.!171'El receptor 1711--'.11 L'WVIIN'fl!?l 

l~'El !?ll'El'El'flfa1 ~lltln91 nVl'W'll1'J L 'WJl1'J::Un ~ ll'iN~91nVl'W'll1'J~ bln mtimtl1 L~nn1r;i:; 
~ ~ ~ 

2 



) 

I 
I 

1 . ~1J'~fl 17lr.nn 1u'LI'JVl'€'l'J,:Ji.l19 ~n 9'Vlivh 1 *Vl\;'l'el 17lb~'el In b'el'el'elfa1 fol'i.ntl [?l'J 

2. ~1J'~fll7l91n1uu'JVl\;'l'J..:J'W19~'el'Bn9'Vlif ehw nitric oxide vi1'el beta-adrenergic 

di . . 

receptors VIJ''el muscannic receptors 

_,.CV 
"lJ'el'U b"lJ Wl"lJ'el~ n1'a'J'UI 

1uu'JVl\;'l'J'1'.]n'W1il1~fl 1n ~'m 5% ethanol '1'11~1:i'~fl 1n 1*L'U'We.J'1 Lb~'J'W1il1'1'lln~'elU9'Vlif'l'l1'1 

L.ni"ll';j'Vlm ~ism:r'l'l1..:i1'WV1 '6'l'el l7l b~'el 1n L isisisfa1~ bbtl n'el'el nii1r.i1nviw.n1'J t1nmbU..:JVl'WL'U'W 2 n'i:'lii A'el 
'll 'll q 

Vl'W°ll1'J~'1mvitimtl11*il.n1'J~m1ii~'Wt\;'l~!?l~'1~'m';j1/~u renal artery bb'€'1_ ~Vl'\A°ll1'J~iJr-ir;i1i1~'W · 
~ ~ ~ ~ 

~ ~ 

t'6'l~l?li..ln~l?l1i1~1~u r.i1n-W'WbbU..:im:rAm11isismil'W 2 ~'J'WA'el ~'J'Wbbrn'Vl1n~'elU9'Vlfi°llt11t1V1\;'l'elln 
I tf' !lJ I 

b~'el ln°ll'el..:J~1J'~ n In 1uu'JVl'€'l'J'1 ~'J'W°Yi~'el..:J A m~nn'€'11n fl1J''el'el n 9'Vlfib'U'el'1 ~'W°ll'el..:J ~1J'~ fl In 1U'LI'JVl'€'l'J..:JYJ 
' ~ ~ 

Vl'€'l'el l7l b~'el l7l b 'el'el'elfa1 t1nt11 'l!~1J'br-iiJ'Viil folill~iJU~tJ1JrJ..:Jfl1J'Vl1'11'W°ll'el..:J b 'el'Wl 6l1:W vi1istl l7l fl'W receptors 

"lltJln~1'17 b~'el~~·1~1:i'~ fl In 1uU'JV1'€'l'J'1'el'el n9'Vlf ~1'W'Vl1'1 nitric oxide vi1is beta-adrenergic 

""' ' ' receptors VIJ''el muscann,c receptors 

~I 'i' .-.,,,i , '1 !Vcv 

lJ 'a~ b ~ "1f 'W 'VI Fl 1 CPI 'J 1 "'l ~ b CPI 'a'U 
2-' ii tf' ii 

91n fl1J'Affl11U'l'l11 m~'ll'elil\;'lYl'Wlii1'W'Vl1..:J b.ni"Jl';j'Vlm bb\;'l~nlN 1n fl1 :i''el'el n f1'\'lfib'U'el..:J i1i''W°ll'el'1~1 :i' "' ..,, • I 

~ ~ 

bb'€'1 ~b'U'WYl'Wlii1'W1 'Wfl1J'Vl1';j~ tl°ll'W~..:J 
d.9 "' 

3 



----· -------------------------

d 
'LI'Yl'Vl 2 

n1 <avt 'LIVI 1 u 1-a-aru n 'a'a:l-.1 

Q.I cf Q.I 

~ m~nu~'Vl1~~ 'I nMl"f1~ IPl 'a"ll'el~'LI'J'VI~ 1~ 

U'JV!'i.'i'J'11,'.U'WYl"l1J1~'W uvT'J 1u1 'WUJ'~I, 'VI P11 'Vlml1N~ih~1, 'VI Pl1 'W'Vl1UVrH~t1 (Nguyen, 2001) il 

~'il'W 9111"\1~ l?lfr:h Nefumbo nucifera Gaertn. 1 'W'J-:1 V'1 Nymphaeaceae ('J'W~ n 911ru~·1,fo{ 2541) 

U'JV!'i.'i'J1-:iil~'i1b1t.1 rn1,1?1 mh-:i n'W1u l?l1 :J-J'Vl'i1'1~m "J!'W HA ur;i i l?l l?lUlitJ mm 1,1,1N~i 1?11?1u-:1 n-n 1,u'W#f 'W 
q q ., ., 

('W'W'Vl'J'W 1_Jrnt.1uJ'~Jl PIJ' 1,1,1N~A ru~, 2541) i n11rn~'Vl1-:i'W 911P11~ l?l f'll'i1'1 U'JV!'i.'i r;i-:it1mu'W1~tl1'i11tJ 
., ' 

V!'C11t.!U ilm~1'i1tl1'W~'W1#ftl11rn~mJ'Ul,fl'i)i.Jfl'i.'i:I-J 'll'W1'711vrru ilvt'W~1Pl'Wtln'C11'1 30-60 ']:1-J. 'll'i1U1u 
qJ 'U Q,' 'lI 

' ., ., 
Cfornl'i.'i~ l,'.U'WA~'W ~'J 1uiJ'W'J'C1 1mi'i1'Wili n11ru~~'J'W[7l'J fl1'W1Ut.!1'J"ll~'W!,V!U'i11.J1 n1'W1rn1,1N ~fl1'W 

'll 

I I if I 

'7l'ilnll.;'1t.!1'JiJ~m~n 1 'Vl'J1u 1,rJ'iJinr.i~iltl1m-:1'll1'J!,l,l;'l~!,'.U'W~1t.!1t.1 (?l'i)nt,~t.l'Jl,l,'Vl'1'il'i)n91mvr11 il~ 
., ., ., 

"l1:!-J'W'i1:I-J:W'J'11,1,'i.'i~~'ll1'J 'Vi-:i1rnl.'C1~'7l'ilnr.i~iln1'W"l1t.!1'J~'W~'W~'JU1 n~U'7l'ilniJ'i:A'Wn~unr:f1-:i ~'J'WU'C11t.l 
'll 'll ., 

~m 1,1, VJ'i.'i:J-JbA'1'1'i11, '111 ~1'W1 'W n~u '7l'il n91'W'J'Wi11n ~m-if 'i1'Wfl'WV!'C11t.l"n'W 1,n'6'lJ'[7l'J 1,ilt.1iJJ'u ¾1-:i At1t.1 
'll 

n1rn 'W'VltJl,1,t:.J'Wl 'Vlt.l 1,1,'i.'i ~niluru ill1 l 'Vlt.l~'WtJ'W'h 'VI n'tl'J'W'll'i1'1U'JV!'C1'J'1iJ'6'ln'W A ru1-n1n1111,1,1.'i~U'i1'1 fl'W 
qJ ICV Cl,' q q 

m~v11ml1 b'7lt.!U1J'1nU'Jl-J1#f:1-JnuJ11'1X1,~'i)(?l ~:J-JA'.¥-:!'C1~ 1 1,1,fl'J 'J'W'i;-l~ 3-4 Af-:i ('J'W~ n911ru~vr'W{ 

2541) l.:!-J~(?lU'J1-if1,u'Wt.11U1J''1fl1i'1 U1J''1AJ'J'.fl 1,1,nn,;m1,'1;-l~~11~irn~u (¼'-nu 'u1J'1"l1 '2532) '7l'ilnU'J 
q q 

• !lt I I 

1,1,ni11 'W 1 -if 1X 1 :1-J l,~'i) (71 1,1,'i.'i ~ 1,1,n 'el 1 n1 J'~ 'WA 'W b(?l t.11-if n ~ jJ (?l'i) n 'W'il n u11,r;i ru 'VJ A'W (~ '111?1 'J ru 'W1~\j IN tJ, 

2529) 1,n M[7l'J ~ 1, oif 11,A1'i1-:it.11 Vl'il:WU1Ni'J 1r.i 1,1,1.'i ~1-if 1,uut.11"]jn1 i-:i 1 u~1vrfut.11 l 'V!t.1~iJ J'~n'flu ~'Jt.l 
'll q 'll 

lt'i.'i~U1J'-:1n1i-:i (nru1o1'W1 ~~1,P1111,1,'C1~Aru~. 2542; ~~'711 ~~'Vlm1~u. 2540; f"]ju tu1J'1"]j , 2532) ~ 
q Q,' q q 

!lt I it !lt 

frrn 1X-:i'll-:i nutl1r'il'Wfo'UJ'~'\!11'W "J!'Jt.l'llt.!1t.!VIIN'el (?l l,~'i) '7l'Vll'U 1,~mi11 r.i 'W'i1 nr.i1 nurY-:i 1-if l,1,M'fl'W1 'W!,1,1.'i ~ 
., ~ 

nJ'~'t,11t.lU1 ("]jtJ'Wl?lf ~1,~t.!J'~'W'VIJ' 1,1,\N~Arn~. 2541) 1uur;iiJq'VlfilN'71A'J1:W~'Wb'C1~1?l b'7lt.!U11UU'J'6'l'7l 

4 
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~ I i' !v 

V11''flmlnn~fa-Jnutl11'1~\~'eJ(?)bb~'J~:WAf-:it1::; 1 bbll'J ')'\,,ll;'l::; 3-4 Af-:i ~(?)~'fltl'W'flr.h-:i-wm.J 20 ')'W 9::;6]'Jr.J 
., 

1~r1'J1:wi'Wfa~!Jlt1(?)t1-:i1rJi' (rf'W~ n91~nw::;vfo€, 2541) r.i1n-L''fl~t1l1J'El--'.!lX'Wr.i::;b~'W'J1'1J'JVl~'J-:ibu'Wvl"ll 

~:w'W1 'W'.i'~n~n'W A ill'Vl1-:Jr.J1 bbl;'l::;n ~nr.J1l1'W~--'.!~9 ::;tl1:w1'\Z W-l'W1 b ,&'bn fr1th::; br.J"Jl'W~'el hJ 
q q '!l 

· iq1'a'll'a~n'elui. ui.uu1V1~1-:i 

~1nh::;n'flU~'Wu1 'W'Vl nri'J'W"ll'fl--'.!'IJ'JVll:'l'J--'.!'tl'J'W:l-l1nmJ1 'Wn~:w alkaloids ~-:i1rJi'fo n1'.i''Vl (?)~'flu 
q " q 

9'Vli'Vl1--'.!b1li"ll~'Vlm bbt1::;n~!Jl'.i'lA'.i'-:J~f1-:1bb!Jln~1-:in'W:w1n (Li et al., 1989; Li et al., 1990; Wang et 

al., 1993) 'W'Elnr.i1nem:w1ru alkaloids b'Wyj"Jl8--'.!~'WtlU~Jl1'J::;~1-:i7i-:ie 'El11:J"ll'el--'.!yj"Jl 'r.lillVIJ;Jii bb~-:1 
., ., ' 

~r;l1-:i 9'!]n1~ r111:w~'Wb'W'fl1n1r1 ~:w tJ1':w1rutl11'W~'W l(Y)r.Jbtu'Y'l1::;'Elth-:i~-:i'IZ'W~nn:w"ll'El--'.!Yl"ll 

(genetic factors) r.i::;bU'W~1bVl~~1A'!J~'fln1'.i'bU~r.J'WbbUIN-:Jlli':W1ru alkaloids 1'Wvl"ll (1'W~ n9Mru 

'!Zu{ 2544) 9'Vli'Vl1--'.!b1li"ll~'Vlr.J1"ll'el--'.!~1'.i'~tlf?191n'IJ'JVl~'J--'.!1~nm'.i'AnM1tl'W:W1nb'WU;i'::;b'Vlri~'Wb~r.J 9'W 

1~Vf')'W bbt1::;61l~'W (Mukherjee et al., 1997; Li et al., 1989; Li et al., 1990; Shoji et al., 1998 ) 
ii I f ~ 

'91--'.l'W'W'IJ'JVIIN'J--'.!Y!U~n b 'Wbb~l;'l::;U;i'::;b 'l'l ri'El199::;n~1'.i'~1 Aq)Ylbb!Jln ~1-:J tl'W 9-:191 bU'W~'El--'.! A nM19'Vlfi'Vl1--'.! 

bJli"ll~'l'lr.J1"11'El'1~1'.i'~n (?)91nU'JVIIN'J'1~UIN n b 'Wth::;b '\fl ri1 'Vlr.J b ~'El~ ~9'WA'J1:W bU'Wb 'El n i nMbW"ll'El--'.!~:W'W1 'W '.i' 
" " q 

r.i1nn1'.i'AnM1V11~1'.i'1h::;n'E!Ub'WbUU'JVl~'J'1 'l"IU'J1~1'.i'U'.i'::;n'ElU'tl'J'WbVlajd'.l'W isoquinoline 

alkaloid "J!'W(?)~1-:i7 alkaloids n~:wurn~~1:W1nlbbr.Jn1~r.i1n1uu'JV11N'J--'.!A'El nuciferine, remerine 

bbl:'l::; nornuciferine l(?)r.J91n1rnb,&'-:i 33 kg ~1:w1nrnr.Jn1~ 0.2 g nuciferine, 8 g remerine bb~::; 11 g 

nornuciferine (Tang & Eisenbrand, 1992) ~'fl:W1~1:W1'.i'mbr.Jn alkaloids ~n:w1n:w1r.Jr.i1n1uu'J 

Vl~'J-:i1~bbf1 armepavine, anonaine, dehydroanonaine, pronuciferine, N- nornuciferine, 

dehydronuciferine, liriodenine, dehydroremerine, methylcoclaurine, N-methylcoclaurine, 

asimilobine, N-methyl asimilobine, lirinidine, liensinine, isoqueretrine bb~::; roemerine 0~fr11 ~ 
q q 

~'Vlr.J1'1W-J'W, 2540; Tang & Eisenbrand, 1992) 'W'Elnr.i1n~1u1uur:i5-:iu'.i'::;n'EIU~'Jr.J~1'.i' steroid A'El 

ginnol Ul:'l::; /3 -sitosterol 1'W1uur:i5-:ii'.1111:w'W'.i'::;rnmu'W~1'.i' alkanes (C 12-C27 ) bb'iil::;~1'.i' phytol ~'Jr.J 

0~(?)1 ~~'Vlr.J1'1W-l'W, 2540) 
q q 

., ., 
Vii n'ai1'W'Vl1--'.!~'Vlr.J1 ri1~ !Jlrn 'W8'W~n'l"I A DJ"ll'el--'.!'IJ'JVIIN'J'1 171'1'1 n1'.i'A nM1M'.i''l"I ADJIN f?1'W11711~ 1 'Wb~'el (?1 n 

~ q q 

I 2" ~ ii 

VIIN'J--'.! Yl ~ n (Y1 (?l 'J r.J'W1 bblN ::;~ n (Y1 ~ 'J r.Jbb'ellN n'El e'.l'el ii'.J 9'Vl filN (?1 ;i'::; '9l U'W1 !Jl 11:'l b 'Wb~'el f?1 b 'Wm::;~ 1r.JU n ~ bblN::; 

m::;~1r.J~ b V1timtl11 ,&' bfl &l l'.i'AbU1Vl'J1'W91 nm'.i';fr1 adrenaline hydrochloride 0.5 mg/kg bb~ :::d1'El 

5 

----------------------------



~ 2.1 ii I ii I 

~m~nnti 1n n1J'fl'fl n 9vifi'l"IU'J1 A'J1:WVJ'Wf?1'fl -w11711ti n ~ tr1~ ~;'W L'W'fl~r.i1n hJ bi~ md 1 -lf n\l tr1~1 'Wb 'W'el b~'fl 

bb'i'1:::'.m~Jf 'Wn1J'Vl1~1'W'll'el~~'W"]j~'W (Huralikuppi et al., 1991 a; Huralikuppl et al., 1991 b) 
q q 

~ ., ' 
m d~ rn119vifiti (?1J:::'.'9l'l.J'W11711ti 1 'Wb~'el (?l~'J'Wb Vl~1U'JV1ti'J~'VI~ n (?l ~'Jtl methanol 'll'W1 (?l 300, 600 

mg/kg Vl1~i..hnbbflVl\f'll1'J~bVltit1'J'W11 i~\n (?l tdAb'l.J1Vl'J1'W~'Jtl streptozotocin 'l"l'l.J'J1~1:W1dl:lti (?l 
,, , 

d::'91U'W11711ti1'Wb~'el(?l'lJ'el~Vl'WVl(?l't-l'el~l~ 53% bbti:::'. 55% 1711:W~1'9l'l.J b5'.l'elb'Vitl'l.Jll'l.Jtl1:W1171d~1'W 
~ ~ 

chlorpropamide (Mukherjee et al., 1995a) ~'J'WbVl~1'1J'JVl'i'1'J~~~17(?l~'Jtl ethanol iJ9viftl(?lJ:::'.'9l'l.J 
9,, I I I 

'W 1 1711'i'11 'W b ~ 'el (711 'W VI 'W '1J 1 'JU n ~ VI 'W '1J 1 'J 'VI l ~ f 'l.J n 1 d 'Li 'el 'W n tit A~ lb ti ::; VI 'W '1J 1 'J 'VI b VI 'W ti 'J 'W 11 * b fl (?l 
qJ 4J qJ 4J 

' ., 
tdA b'l.J1Vl'J1'W~'Jtl streptozotocin vi11 * A 'J1:W'Vl'W~'el n\l tA~6Jl'fl~i 171'J'l/l(?ltl'el~ b ~ :w;u (Mukherjee et 

al., 1997) 

n1d~m11 t(?lt1n'i'i:wtl'n~9t11 UUJ:::'.b 'Vl f'!~'Wb~tl'l"l'l.J'J1 ~1d~ 11(71 ~'Jt..l methanol r.i1n bVl~1U'JVl'i'1'J~ 
q 

9,, 9,, I I if 

tl'uiJ~dd'V'I "'l ru~1~1 '9l~'W ti (?l'fl1n1J'Vl'el~ b~fo1 'WVl\f 'VI b Vl'Wtl 'J'W11 *'Vl'el~ b~tl ~'Jtl'W1J1'ud::;~~ t(?ltlti (?l n1 d 
I 9,, I ~ 

bA~'el'WlVl'J'll'el~~11l bbti::::5rnr~mrni~ prostaglandins E (Mukherjee, 1995b) iJ9'Vlfi"nrnJ~~1r;i::; 

1'WVl\f'll1'J t(?lm~:Wn1J"n'l.J Na+, Cl- lbti:::'. K+ 'fl'fln1ui!~~1'J:::'. (Mukherjee, 1996a) bbti::::iJt:-itib~:W9'Vlf 

'll'el~ pentobarbitone 1umn~:J.JJ:::'.tl:::'.l'Jtl1n1J'W'el'WVliu (Mukherjee, 1996b) ~'JU~1d~ll(?l~'Jtl 

ethanol r.i1nn1uur;iiJ 1:1'1/ltti (711 ft 'WVl'W~iJ'el illVIJl~iln ~ bbti~Vl'W~b V1tirntl1 l1Xd'.luH' ~'Jtl~~ i ~~n 
~, 4J q 4J 4J 

UJ':::'.~'VliJ71'1"ln1d'El'eln9'Vlfti(?lL-nl~mrl'fl'Wll'l.Jt11 paracetamol (Sinha et al., 2000) 

d1tl~1'Wn1d~9t11 'WUJ:::'.b'Vlf'!9'Wl~~m'.'.1'1~1d neferine ~~ b1J'W~1d1 'Wn~:w alkaloids-~~n (?l l~ 
q 

r.i1n~U'J t(?lt1VJ1n1d~n'l'.'.1'11u papillary muscle 6Jl'el~Vli;;l171:::'.bJ71 'l"lU'J1iJ9'Vl1f~1'Wn1n~'W~(?l9~Vl'J:::'.'ll'el~ 

ir;i 1r.i (anti-arrhythmia) bltl:::'.tl(?l A'J1:W '9l'Wt'i'1~ 171 t(?)t1~1d'9l~ n'i'i11iJt:-im ~ :J.JJ:::'.tl:::'.b'J'i'11'1l'EI~ Anrf v\1~1'W 
., 

(action potential duration) ti (?1'1J'W1 (?16Jl'fl~ Anrf vh~1'W (action potential amplitude) bbti::::5u5~ Na+, 
' ., + 2+ =:I i,," ~ 0,, 6l 6l i,," ,::;;9_ CV ' 

K, Ca current 'Vlnti1:J.Jb'W'elVl'Jb9 bbti:::'.bVlt:JtibVl:W'fl'Wnu quinidine (Li et al., 1989; Li et al., 1990) 
9,, if I I 
~ o,,~ Q.,'(V e:::J ~ 0 

'W'flnr.i1rrn ~1d neferine m:wt:-i'G'ltl'l.Jm platelet aggregation Vl\]nlVl'Wtl'J'W191n collagen, 

arachidonic acid (AA) bbti:::'. platelet-activating factor (PAF) 1um::;1?ht1 t(?ltJi,J19:::'.b~m-n'fl~ll'l.Jn1d 

A'JU~:W~:W'9.jtiJ:::'.Vl11~ thromboxane A/prostaglandin 12 bbti:::'. cAMP/cGMP (Yu & Hu, 1997) ~'JU 

~1d liensinine ~~b1J'W~1d1'Wn~:w alkaloids ~~n(?)1~r.i1n~U'Jb'l1Ull'W 1~vl1n1J'~n'l'.'.1'11'Wi'J19*'el~'l.J'W q . 

., 
5u5~ ca2+ ion channel bbti::; Na+ ion channel bbti:::'.t:-i'i'1'JJ'fl~~1d'9l~n~1'J~'eln1d1Vl'G'lb~l:J'Wt'i'1~171 

!ll I ,r if 
CV .di CV t:!!, ,:;::;:. CV CV 2+ 

(haemodynamics) U'WbVl:W'fl'WnUt.11 verapamil 6]j~'fl'fln9vint1'l.Jt1~ Ca ion channel (Wang et al., 
,, 

1992) ~'el:J.J1tin~9tln~:wm~H\viA'WA two-microelectrodes voltage clamp 'l"l'l.J'J1~1d liensinine 
,, ,, 

v\11*Anrfv\1~1'W1'Wnia1m'W'fli'J19"n1'G'l~91nt:-i'G'l'JJ'fl~n1d8'l.J8~ Ca
2

+ ion channel (Wang et al., 

1993) 
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~'J'W'll'el--'.!lUU'JVl~'J--'.ltl''Wii n11il1:w1~ni?l ~'Jtl methanol 1,1,~::::'Vl i?l'ClTlUrj'l'lf ~11'W'el'4¾J~~'M::::1 'W 

1,"]j~i Caco2 ~6.JrnV1tim-w11~1,nl?IJl1'J:::: oxidative stress rJi''Jt.1 H20 2 'YiU'J1i'.J9'Vlf~11'Wffl-:}¾J~~'M::::~--:i 

~i?ln1'.i'[9]1tl'll'el--'.!l"]j~~1rJi'mh--:ii'.ltl't.1~1~~'l'l1--'.l~f:1~ (Wu et al., 2003) ~1'.i' nuciferine r.nn1ut1'J (hl1rJi' 

t::::i_J'l'Z'W(ur;i) iJ9'1'lt~ (?IT)1 mnnl--'.! vh 1 ~Vl~'el (?I !,~'el (?l'lJtJ1t.l t(?lt.J [91'.i'--:J l,l,~ ::::~ i?l A 'J1 :W '9\'W fofl [911 ui [?]'J'l'l (?I ~'el--:J 

(Sinoherbking, 2004) ~1'.i' asimilobine 1,1,~:::; lirinidine l1J'WntjJ-J alkaloids ~~nl?l1rJi'r.nn1uU'JVl~'J--'.l 
I ,s- j.- I 

ll?lt.1tl'n';j9t.Jr.i1 mh::::1, 'l'l f'\ nj~u "Y1u'i1i'.J 9'1'lfit1rn1--:in1tvi ri i'J'll'el--'.!Vl~'el l?I l~'el ri l'el'el'el fm'Vi 1,1,t.1n'el'el nr.i 1 n 
., ., ,. 

:h--:in1t.1'll'el--'.ln:i'::::1?ht.1 1,1,~::::~1'.i''Yl--'.l~'el--:JUi'.Jn~1nn1t'el'fln9'l'lfil1JU serotonin receptor antagonist (Shoji 

et al., 1998) r.i1nn1tAn'l11'll'el--'.l ~J-19~ 'el'.i'nl1;[9] (2547) 1rJi'Am11~1'.i'~flrlVltl1U91n1uu'JVl~'J--'.lrJi''Jt.J 

5% ethanol l?l'eln1'.i''V11--'.!1U'll'el--'.li'J1r.im.i".ll1'J~l1,t1n'fl'fln91n'h--:in1t.1 tt?mHf isolated heart perfusion 

1,tlupJ 1,1,uumt'l'l l?l~'el--'.l 'YiU'J1~1t~ fll?IV1t.11ur.i1 n 1u1J'JV1~r;i--:ii'.J 9'l'lf 1, ~J-J 1,1,Nuu i,;i 1,1,~ ::::i [9]'.i'1 mn~u 

"ll'fl--'.li'J1r.i li?ltl'el'fln9'l'lf~TW ~1-adrenergic receptors 1,1,~:::;~1t'Clfl~'91--'.!rnhr;ic1--:ii'.J9'l'lf~r1A'J1J-J'9\'W · 
., ' 

fofl [911rJi'v(--:i1,rnut::::t.1::::m,;i 1,1,~::::t::::t.1::::1, ~t.JU'Yi i'W tri t.11rffii' l,~Ll'f) ll, u::::'J1~1 '.i'~ fl l?l 1Uu'n,hr.i ::::ii n ~ 1n n1'.i''el'el n 

9'l'lf~1u ~ -adrenergic receptor ~Vl~'elrll~'elml~'J'Vl11~Vl~'eli?ll~'ell?l'llt.l1t.1[9]'J (Trongtorsak et al., 

2004) 

"" ""CV bb 'W'J '"1 IPl"ll'el..:l..:11'W'J~~ 

r.i1 n n11A n'rt1~mhr;i J-11 u~r;i1h--:i ~u 'YiU'J1~1t~fl rir.i1 n 1uu'JVl~'J--'.l'el'el n 9'Vlifl '71 A'J1J-J iu fafl [91 

1 'Wi [?]<J'l'l l?'lfl'el--'.! 1,1,l?ihl'Cl1J-11ttl'flfiU1t.1 n~ 1n mt-ern n 9'1'1 i~ ml'W'el'W 1 mnrn ri A'J1J-J '9\'W fafl [?]'ll'el--'.l~ 1 '.i'~ fl '71 
,. ' ., 

1u u,;i 1rJ\' tl?I t.1 vu 'Yi 1:::: n 1 t'fl'el n 9 'l'lfi1'71 t.1 [91 '.i'--:J'VlVl~'fl i?l l~'fl ri r.i1 nvi in ~1 'Wi?l1'11'VI 11 ~ A ru:::: ~';j9 t1 i--:i 

~J-JJ-J ~ ~1u.-.i 1 ~1 '.i'U'.i'::::n1lu1 u1uur;itl1r.i ::::'f:l'f:I n n'l'li~ i?l A'J1 J-J '9\'W t~~ [?] ~Vl'i"l'el ri l~'fl ri tri t1V111 ~Vl~'fl ri 
q d.9 ·1 

l,~'f) l?1'lltJ1tl [91') !91--'.ltl''Wm'.i'A n'111-d~,-'.jn, l?1U'.i'::::~--'.l Al ~'el'Vl i?l~'el1Jn~ 1n n1'.i''el'f) n 9'Vliltl'el--:i ~U'll'f)--:J ~ 1 '.i'~ fl l?l l1J 

tl'J 1 uvi~'fl l?1 l~'fl l?1~ 1,1,t.1nr.i1 nVl'W"ll1'J~i'.J A'J1J-J '91'1-.l fofl [?l~._:i1,1,~ ::::Vl'W'll1'J~i'.J A'J1 :w iu fo~ 1mJ n ~ 
~ ~ ~ 
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,d 
'LI'Vl'VI 3 

"""""' 0 """ """ CV 'J fi ~1 b 'W 'W-!11'W'J~ ~ 

I 2,, !l/ I 

blJ'IJ'J ~'iN'J-:J'YIH1 'Wn1J'~ ni11'W ;'eliJ1'-l1 m.J'el'IJ'JLL vl-:i~u-:i 1 'W9-:iwr '9\"ll'iN1J1'01h-:iL~'el'W fi'W'J1 AiJ • 

2, I 2, 

u 111J ur;i ~'iN r;i-:i ~ '9l iJ1 ~1-:i LL~ 'J 1,11 n 1'1fo iX-:i 1h~iJ1 ru 3 1'W r.i 1 ni!'Wu 1 iJ 1 i'WL u 'W~'WL~ n 1 
ii I I I 

th~iJ1n.l 1 'W'J LL~'J'W1L'U'ellJ~'JmA1'el-.'.I hot air oven 'Yl'eln.lWln 60 'el-:Jf"l1L'lf'iNL;tl~ LU'WL'J'iN1 3 'n'JbiJ-:J . " 

n1J'~fl'9\~1J'91nb1J'LI'J~'iN'J-:JLiiJr.i1n 'W1LU'LI'J~'iN'J-:J~'elrnL1X-:i 50 nfiJ iJ1~iJnlJ 5% ethanol 

lli'iJ1ITTJ' 2000 n'iN~~ITTJ' 9'WnJ'~i-:iL~'El'9\L'LJ'WL'J'iN110 'W1'YI 91ntl''W'W1iJ1nJ''el-:J~'Jt.1~1'111'JlJ1-.'.1 LL~'J'W1 

~1rn:;'iN1t1L'U'iN~L~t1i'J'Vl1'iN~'iN1tl'el'eln~'JmA1'El-:i rotary evaporator ~'f:ln.l~.1:Jn 37 'el-:Jf"l1L'lf'iNL;tl~ 

r.i'W~1 J''iN~'iN1tl'iN '9l L ~~'elUJ'~iJ1 rur11-:i~~-:i tl1~ 1J'~n '9\~L~ rn 1ih1r;i '9\U1n n1J1-:i TI '9l eJ11 iX LL tl'W LfllJL'J~ 

'elnJ~.nn -80 'el-:Jr-i\1L6Jl'iNL;tl~ L'LJ'WL'J'iN1'el81-:JU'eltl 4 -E''JbiJ-:J LL~'J'W1~1J'~fl'9\~LL'l1LL;-:iettJV1111XLL1X-:J~'Jtl . "' 
I I ii ii it 

LA1'el-.'.I freeze dryer ;-:ir.i~1~~1J'~n '9l L'Li'Wt:N~'W1 ITT1'iN r.i1n'W'W'W1~1J'~fl'9\iJ1LfllJL 'J1 'W~ '91 '9\ f1'J1iJ;'W 
""' ., ,, 

r.i'Wn~1r.i:;1'if-:i1'W n1J'~n'9\ b'9\t.1~fi'W'°l~L~~1J'~fl'9l L1J'LI'J~'iN'J-:JUJ'~iJ1ru 19.87% 'll'el-:J'W1mYn11J'LI'JLLiX-:i 

(L~-nJ'fa'W ITTJ'-:J[?]'elr1nt LL'iN~ nl'!)!n:i 1r.i~ITTJ', 2546) 

9,, iJ I I 

.9 ""' "" "" "" "' ., Krebs solution Lu'W~1J'iN~'iN1tH'iNtl-:JL'W'e!Ltl'el 6J!-:JuJ'~n'ellJWm NaCl 118 mM, KCI 4.6 mM, 

CaCl2 1.8 mM, MgSO4 1.2 rnM, KH 2PO4 1.2 mM, NaHCO3 25 mM Ll'iN~ glucose 11 mM· tJfo 
I 

""' "" al pH= 7.4 'Yl'eln.l~.fliJ 37 'el-:Jr-i\1L6Jl'iNL'Titl~ . " 

,, 
.c:l ~Q/ Q 

nitro-L-arginine methyl ester (L-Name) 6Jl'el91nlJJ''l1'YI Sigma chemical (St. Louis, USA) ~1J'Lf1iJ 

L~~1e'iN~'iN1tlb'WJ1ni'W LL'iN~'Vl1LU'W aliquot LfllJL'J~'elru~.nn -20 'el-:Jr-i\1L6JlfH;tl~ Ld'El'Vl1n1J''Yl'9\'iN'el-.'.I . " 
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tl111.h9'el91'1 '91':lt.l Krebs solution A':l1m-if :w-if 'W"ll'el'1~1nAJ'.J~H1 'Wfn~"Vl i?l'cl'el-:J ll'~i?l-:!1.U'WA':l1m-if :w-if 'W 
., 
6.ll'W~i?l'Vl1t.J1'W organ bath 

' 

., . 

n1~"Yli?l'cl'el-:J'W1-if'Vl'W"ll1':l (rats) b'V'lfll~ ~1tl'Vi'Wfi Sprague Dawley 'el1tl 7-8 iu~1'if ~1'W':l'W 20 
cu cu 'I q 

., ., 
l.~t.1-:Jif?lrf'Vl i?l'cl'el'1"ll'el-:JJ71A~"ll1~'Vlt.11 f"\1~ f?lfn1'nl'V'l'Vltl 'elillVIJlij 25 'el-:Jf"\1b6ll'clb;Tit.l~ 1*'W11.b'cl:::'el1Vl1J' 

' " 
'elt)1-:J~M::: Vli-:191 n~-K f?lrf 'Vl ~'cl'el-:JUfiJ ~':l l '111fill~-:ibl.':l ~~'el:W1 VI~ bU'Wl.':l'cl1 1 -Ku i?l1'1X ~-:J'W1:1-J1'Vl1 mt 

'Vl~'cl'el-:J 1.1.ti-:iif?lrf'Vl~'cl'el-:JlU'W 2 ntj:1-J7'Cl::: 10 [yj'J A'elntjm111:1-J'71'Wl'tl~f?l~-:i 1.1.'Cl:::ntjrn111:1-J'7i'ufa~f?liJn~ 
., ., 

'Vl1n1t11?l systolic blood pressure "ll'el-:JVl\,li-:J 2 ntj:1-J'Vl1-:JVl1-:J'Vl\,l 21u~l?l(?]'elll'W 91ffW'W 

1.V1Cmtl1V1'W1 'Wrn'll--1 A':!1:1-J '71'Wb'Cl~ f?l~-:i1 *i:11111:::A'J1:I-J '71'Wb'Cl~ 171~-:J~':ltl~fi e.l1 [y] ~ t:.Jn'Vl'Cl'el i?l b~'el ~ renal 
41 q 'll <lJ <lJ 

I ii I I 

"ll'W1i?l 45 mg/kg 1.-if1'Vl1-:i"Jl'el-:J'Vl'el-:J dj'elVl\,l~'CliJ9-:J'l'l1rnte.J1[y]~1,tl1?11171'111-:J.if1t1 1.'Cl1:::1.tlm~m~'elll.t1n 

renal artery 'W1'Cl'J i?l'1l'W1~b~mh~'Wtln'tl1-:J 0.3 mm 'J1-:J'Vl1iJ f?l1:I-Jll. 'W'J'll'el-:JVl'Cl'el ~l.~'el i?l 1-if'l V1:1-Je.l1 [y]l?l 
., 

(size 2/0; Aesculap AG & CO.) ~n'Vl'tl'eli?lb~'eli?llb~'J~-:J'Cl':l~'el'eln 91n'W'Wl.~iJUl?ll.l.t:rn 'l'l1A':l1:W~:::m~ 
ii ii I !v ii 

~1t.1tl1m~1 b~'el betadine b~'el~'W91 nm~'tlUVl'W'Vl ~'Cl'el-:Jl~fo'el1Vl1Jl.b'c1:::'W1'eltl1-:i~~t::: wK-:i e.J1[y] l?l 
" 

7-8 lu1?11'1X 'Vl1f11t11?l systolic blood pressure ~Vl1-:JVl'W 21'W~i?l~'elfl'W (1.'V'l"lltfai! 171J'-:J~'el~ni bb'cl::: " . 

ru-D!& 1r.i9171J', 2546) 

b'VlAtiAebU'Wn1t11?l systolic blood pressure (SBP) ~Vl1-:JVl'WbbiJU non invasive 1'W171':l::: 
" 

conscious d:1-Jr.i1n1*A':l1:I-J?i'el'Wl.l.riVl'W'91':ltlbA:Wl~'1l'W1~ 100 1f?ll?l 1.U'Wl':l'Cl1 3-5 'W1~ b~'el1*Vl'Cl'el~ 
" 

l.~'el~~Vl1-:JVl\f'1lt.11tl ~-:ir.i:::'Vl11*f?lt'J9 pulse wave L'91~1tl r.i1m!'W1-ii'~1vi'elfy]'JV11.fl~'el1*mi'elzj1'wvh 

~U1tl e.l'el'WA'c11tl l~~'Wl.!?7'W 'W1Vl1'1Vl\,l~'el~b.If1LU1'W tail cuff plethysmograph 1*'eltj1'W~1lbVft,J-:J 

proximal (?]'elVl1'1Vl\,l bi?lt11.A1''el-:1'7i'-:irn,h':l~'elb'll1!7U !ITC Model 229 Pulse Amplifier/Pump 

photoelectric tail cuff system ( !ITC Life Sciences; Woodland Hills, CA) ~'1'Vl1Vlir1~ inflate 

1.1.'Cl::: deflate 'tlm-if1~ tail cuff 1.1.urnif?l'i:'W:1-J°111.1.'Cl:::1.A1'el-:i'7i'-:imh1~-:i~'el1..If1nut:::uu'IJ'W-t1n Biopac 

MP100 Acquisition system (BIOPAC Inc.) ~-:i9:::'IJ'W-t1nA~'W;'V'l9t (pulse waves) bb'Cl::: SBP 'i:~t.1 

1.1.~1?1-:irrnrnt11?lA'J1l--1'71'Wb'Cl~f?le.l1'W'Vl1'1Vli11r.i'elA'el:1-J~':lbf?l'elf (b'V'l"lltfrni! 171N~'el~ni 1.1.'Cl::: ru'i:]jru 1r.i 

9f?lJ', 2546) 

vii-:ir.i1 n~Vl'cl'el l?l l~'el 1?1~vi1-:ivi'W~u r.i:::1~~1:w1ni'IJ'W-t1 n A~'W;'V'lr.it1~ ~'ell--111.~'el 1.A1''el-:iu~'elt.1 
" 
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' ' 
wave ~1~1Jbb:i'n V1'5--'.l91ffVlVl'iNtll?lb~Tll?lviV11--:JV1'W~1J Vl'Wbb(7l'iN::;1r1r;ir.i::;1~fun1:i'11?1A'J1:i.J~'Wfa~[?J 3-4 

"1 "1 

,., ,., ' 
Af--:i bb'iN::;L~fof11:i'[?JJ''J9~1!1JA'J1:1-J~'Wt'iN~!?l 21-w~~i?ltlfl'W 'W1A1A'J1:1-J~'Wt'iN~!?li1--'.l 21'WVl1A1b'il,~tl 

""" .. n1'JU fln'Vl~'il (j/ £ ~'il (j/ £ 'il'il'il 'Jf;/1 

2,, ' • ~2.i I 2., a,, 

~'iNUVl'Wl?l'Jtl pentobarb1tal sodium "ll'W11?1 60 mg/kg 'ill?lb"111'1'l1--'.l"l!tl--'.l'l'ltl--:J bb'iN::;'l'l1?1~tl1J:i'::;1?11J 
"1 

,., ,., ' 
aorta tltlnr.i1ni1--'.lf11t1 r.i1n'W'W'W1:I-J1LL'll1-w oxygenated-Krebs solution bb'iN::;bmrntlt!L~t!L"lllY'W 

b~tlb~tlb~m~'W (connective tissue) tltlf1'-l1nVl'iNtll?lb~tll?l~'Jt!A'J1:i.J:i'::;J1'1?1J'::;1--:i1:iJ1~ endothelial cell 

(EC) bb'iN::; vascular smooth muscle cell (VSMC) rinvh'iN1tl U1Vl'iNtll?lb~tll?l:I-J11rll?ll?l1:I-J'11'J1--:Jb'LJ'W'J--'.l 
"1 

,., ' 
bbVl'J'W 91'W'J'W 4 ~'J'W bbl?J'iN::;~r;J'W\:.11':l 3 il'iNfo:i.J[?JJ' 91n'W'WMll?l'iN'Jl?l stainless 2 b~'Wb"111viil'iN1t!Vl'iNtll?l 

b~tll?lbb1?1'iN::;~1'W 'iN'Jl?lb~'WVl~--:J~l?1171Jbb'l'1--:Jbbfl'J~ organ bath 'iN'Jl?l;nL~'WVl~--:Ji?ltlfllJ isometric force · 

transducer (tilJl1'V'I 1) ~--:ir.i::;~--:iib]Jb]J1n.lb"111 Biopac MP 100 Acqiusitoin System b~tl'LI'W~f1bbN 

~--:Jlrl'J"lltl--'.lVl'iNtll?lb~tll?l91'W'J'W 4 'llt!--:J "110J::;'Vl1f11J''l'll?l'iNtl--:JVl'iNtll?lb~tl1?19::;1lzjb'W or;gan bath ~n Krebs 
!.I ii I ~ i,, 

solution pH 7.4 ~'J'W organ bath 6TI'W'Wt!nd'.h,1u1vi1V1'1Nb~t1'Wt1?1t1n thermocirculator D:I-J'W1b~ 

LVl'iNb~tl'W b~t!A'JU~:1-J~OJVIJJi'.l"llt!--:J Krebs solution 1~A--:J~ 37 tl--:Jf!1b"1l'iNb~tl~ '\Al}!l:i.JfllJ 95%02 bb'iN::; 

5%CO2 [?J'iNtll?lf11J''l'll?l'iN!l--:J 
> I ,_, 

~1f115'1lforoi1:1-J1[?JJ'~1'W"ll!l--:JbA11l--:i (calibration) b~Tl11?1bb:i'--:J~--:i1u'llr;i--:i 0-5 nf:i.J 91f1'W'Wl~bb:i'--'.l 
oS 

bil~t!'W Krebs solution 'VJf11 15 u1vi 17tl'Wf11J''l'll?l'iN'el--:J9"¾--'.l b~!lfl19M"lltl--:Jb~tJ~bf11?191f1f1J::;Ur;J'Wf11J' b:1-J 

[?!1tu~~:I-J 

nu1--:i f11 J''l'l l?l'iNtl--'.l~'l'l W~tl1J f1'iN Lnf11:i'tltl n~'l'lif'lltl--:J~1J'~171?1 llJ'LI'JVl'iN'J--:J~ VSMC( endothelium-
,., ,., 

independent relaxation) i--:i'W'W9--:J~'el--:Jnf11:i'"J!l?l EC tltlf1~'Jt11.l'iN1t1 forcep Vl'5--:J91ffW'W'Vl1f11J' 

'l'll?l~tllJ A'J1:i.J~:I-J\j:i'OJ1 'Wf11Jbtl1 EC tltl nJhti acetylcholine L'il'IAl1::;Vl'iNt!Mb~tll?l~L:W[9l!llJ~'Wtl--:Jl?itl 
,., ,., 

acetylcholine b '1'11'W'W 9--'.l'W1:I-J11fl'Wf11J''l'l l?l'iNtl--:J'W 



Isometric force transducer 

Kreb's solution 

3 7 °C water circulation=~f:"::J:::,;t 

Isolated aorta=~,]:=~ 

~ 
Bath drainage 

,, 

MP 100 

□ 

'Vl1fl1:i'Vl'11'MlUn1'a''Vl1'11'W'11'el~Vl'iN'el'11b~'eli?l'0''1 4 organ baths Ji''Jt.Jn1:i'L* PE 1,1,uu 

cumulative dose L'W'11'W1'11 5x10-
9 

M, 1x1ff
8 

M, 5x1ff
8 

M, 1x1ff
7 

M, 5x1ff
7 

M bb'iN~ 1x1ff
6 

M ~'el 
' ' ,, ,, 

9'Wrn-~'0'-:im:m '11 [?]'J'l!'el-:!Vl'iN'f"l (?\ b~'el i?l hl 1, -wi.i~'W~ n PE 'WA(?lbU'W 

100% 1,1,~r;i~1'W1ruV11'11'W1(?1f-1'J1i.11,-if:w-if'W'll'el'1 PE ~vi11*Vl'iN'fl(?lb~'fl(?\Vf(?l[?]'JLJf 80% 91m!'W~1~Ji'r;it1 

Kerb's solution bb'iN~:i''elL*bb:Nm'1'11'el~'Vl'iN'el'11b~'e}(?ll,"]1~ baseline 
4J 

~1uvi 1 -Pin'H1 i:J'Gl"ll'el~'iil1'a'iil 11 vi b'U'IJ'J'Vl'Gl'J~ l?i'el n1'a'Vl1~11.J"ll'el~'Vl'Gl'el vi b i'el vi b'el'el'elf1P11 

l,d'e}l,l,:i'-:lm-:1'11'el'1'\!l'iN'el(?ll,~'e}(?\'e}r]~ baseline 9~rn-~iJf'W1*'Vl'iN'el'11l~'f)i?)'\)f(?\[?]r;}~'Jtl PE L'W'11'W1'11~'Vl1 
4J • 

1~'Vl'iN'elm~'fl(?l'\)f'1)[?]r;i1~ so% :i''el9'Wrn-~J-:im~m-:1'11'el~'Vl'iN'el(?ll,~'e}(?\:w1n~~(?\ (maximum tension) 9~1~ 
q 

~1:i'~fl(?ILUU'JVl'iN'J~bLUU cumulative dose 'll'W1(?1 10, 20, ·40, 60, 80 bb'iN~ 100 µg/ml Lb'iN~'Li'W'Vln 

1,1,N m-:i'1l'el'1'\!l'iN'el (?\l,~'f)(?\'e}t.11-:ii,l'ell,~'el-:i l,d'e} 1 *~1:i'~fl(?\ 1uu1V11N'J'1'11'W1 (?ll,11'11 

~1uvi 2 PinH,n'GI 1n n,'ii''el'el n q'Vlfi"ll'el..:i'i/l1i'iiln 1?11. 'U'LI'J'Vl'Gl'J~ 

1. nTi'flflnq'Ylf"llfl-Jg,/1'Jg,/f7ffl irnJrnJ/~':1-:ichw receptor ffei117 irn:: NO 
' ' ,=IJ al ..:::!:I .~ 

b:W'elbb:N [9]'1'1f'el'1'Vl'iN'el i?l b'iN'el (?l'f"ltJ'l'l baseline 
4J 

blocker 1?11'11 3 "l1'Wi?l 1Ji'1,1,ri L-NAME (nitric oxide synthase inhibitor) 100 µM, propranolol 

(beta-adrenergic receptor antagonist) 50 µM bL'iN~ atropine (muscarinic receptor antagonist) 
,, ' 

1 µM L'Wbbi?1'iN~ organ bath bU'Wb'J'iN1 10 'W1'vi 91n'W'Wb'Vl'Wm-w11~Vl'iN'eli?lb~'el'11'\!l(?l[?]'JJi''Jt1 PE L'W'11'W1(?1 

' ' ' ..:;:!092,, ~ Q/12,, CV ,d ,=IJ ,::::,j 

'1'1'1'11 b'VIVl'iN'el(?lb'iN'ell7l'Vll7lWJ '11 80% :i''el9'Wm~'l'l~bb:i''1[9]~'11'el~'Vl'iN'el'11b'iN'ell7l:W1n'l'l~l7l (maximum tension) 
q 

9~1*~1:i'~ll'11LU'Li'JVl'iN'J'1bbUU cumulative dose '11'W1'11 10, 20, 40, 60, 80 bb'iN~ 100 µg/ml bb'iN~ 

u'Wvirm:i'~~-:i'11'el'1Vl'iN'ell7lb~'el 17l'eltl1-:ii,l'el1,~'el-:i bd'el 1*~1:i'~ll'111uu'JV!'iN'J'1'11'W117l 1,11~1 
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2. n1J'flfln~nf"llfNf:11ninJYJL1JD'?Vlfl'Nthw vascular smooth muscle cells 

'\!J1n1j'VJ(?)\N'e)'11,"Jj'\,,lb~mnu'l'W'.'l'"J'W~ 2 "]'e) 1 l,l,[911-if'VflN'e)(?)l,~'e)(?)~lh11-1'°l1f1 EC L'WVl'Wmh1rir.i1:w 
qJ q 

' ,, ' 
rir.i1:w ~'Wt1N-t'.\ 1?11.L~ (?)'1°11'tl:WINb'Li'WbU'e'lfb"TI'Wi?ln1n 'V1:w;u (% increase) 1.iJ'e1LV!t.1UllUfl'elU~11r1 (?) 

qJ 

' ' ,, 
~U'Vf\N'e) (?) l,~'e) (?)'V!Li?l'n1'16]1t.l f11J'blli't.lUL'Vlt.lULU'elfL "]'j,,\l?]f11J'b ~:W;'l,,161J'e)'1 SBP j~'t,d1'1ri'e'lu~1 lrl (?) nu 

' 
mf'1~1!rl(?) t(?)t.1L-n~ri~';j1,Aj1~vfouu Student's paired t-test LiJ'e1A1 P < 0.05 1,1,~(?)'1~1iirir.i1:w 

I CV I .::::I Q/ 0 CV QQ 

bbi?I n 1?11'1 f1U'e'lt11'1:WU\:J~ 1 A blJl'l1'1~ bl i?1 

1,1,j--:[ ~--:t"ll'el--:t'Vf \N'el (?) b~'el (?)VI~--:[ 1 '1¾~1j~fl (?) LU'U'"JVl~'"J'1 

' ' ' 
(% relaxation) biJ'elbVlt.1UllUbbN~--:t~'1~(?)'V!Lfl(?)'"l1n1J'b'V!Ut.l'"J'W1~'"Jt.l PE(% of maximum contraction 

qJ q 

to PE) '91--:t~:Wf11j 

% relaxation= 100 - (% of maximum contraction to PE) 

' ' ' ~ j~Vi'"J1'1f1~:W'Vl 
q 

' ' I 2.1 ,:S I I a/ I .::::lcv O Q/ QQ 

'el\:.11'1'1,,\'el\:.IVl'l,,1'1 AbLl?I n 1?11'1 f1U'e'lt11'1:WU\:.1~1A nJ'Vl1'1~bl i?I 
qJ ~ 

,:::$, 0 I ,:;::I I 2/ QQ 

9'1'Vl1f11 j'VJ(?)~'e!U A1 Vu ~\:Jj1\:J A (?)'"Jt.l~ bl i?I 
qJ 

unpaired student's t-test t(?)t.1f11j';j1,r1n~'!fi'el:W~'Yl1--:t~ri~~r.ir1turnm:w SPSS for windows 
'!J 
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d 
'U'Vl'Vl 4 

if1-:isif1t.1 l.l.'iN~'J[?)fol'11~r~'t,1fo~1n~'V!1'1'Vl\ft[?lt.Jb"D tail cuff plethysmograph ~'19~'J[?)fllfl'W'Vl1n1~e-l1[9][?) 

1.tl'farnvit.1unuV1i-:ie-J1[9][?)b'W\;~,,_J[?)1,,f~ 7-8 ~'iNn1~'\'l[?)'iNlf1'1'1'1U~1 rimJe-l1[9][?)nfl1btu~t.l SBP whnu 

155± 10 mmHg V1i-:ie-J1[9][?)nfl1b'u~t.l SBP b~~~n.wd'.lu 180 ± 8 mmHg 1.dlf1~1'W'1nJI.U'Wb'LJlflfl."]'W[?l 
' ,, ' 

mn~~;'W (% increased) L~l.'V11fl1J 16% ~'1'Wb'W'Vl'Wn'6'i:w1P111:w/Kut1N~1nun~i'lfl1l.'u~t.1 SBP l.'V11fl1J ., q 

158 ± 11 mmHg I.I.IN~ 168 ± 6 1ui'LJ[?)1,,f~ 1 1.1.1N~iu[?)1,,f~ 8 1n1~~1/Ku ~[?)1.U'WI.Ulflfl."]'W[?ln1~ 
I ~ I I ~ 

1.~~;'W\~1.'V11nu 6% 1,;jlf11.mt.1rnvit.1rnulflf1.;u171n1~1.~:w;'W61llfl-:i SBP ~~V1~1-:i'V!un'6'i:w1P111:w/Kut1N~1n 
., q 

I al I Q/ I -=::f <V O CV ~~ 

Y1 ur;i1~ fol':l1~ 1.1.in n 1n1-:i n'W'1lt.11-:J~'Wt.11;(!1 fol '1J'Vl1-:J~ ri in (P<0.05) 
,, ' 

. (!ufl1Y1 2) ~1Nn1~'\'l(?l'iNlfl-:i-w1.1,l;(l[?),:i1,X1.~'W~1n1~e-l1 [91[?) ~u'V!'iNlfl[?)l.~lfl [?)!.1.fffel-:iV111nif 1-:isif 1t.1 1;(!1~1~ri 

1.V1timtl111X'VlmU'Wfol'11:W /Ku t1N~ in~-:i 1~ ., ., 

18 

* 16 

14 
D.. 
co 12 
(J) 

"'O 10 
Q) 
en 
ro 8 Q) 
I.... u 
C 6 
~ 0 

4 

2 

0 
Normotensive Hypertensive 

' ,, ' 
'a'LlJn'V'I 2 1.1.~ [?)-:J 1.ulflf1."]'W[?ln1n~~;'W61llfl-:J SBP fl1t.1V1i-:i e-J1[9][?) ~U'Vl'iNlfl [?11.~lfl [?)'VJLl7lif1-:isif 1t.1 7-8 ... 
i'LJ[?)1,,f ~'iNn1~'Vl[?)'iN'1:1'1bbl;(l[?)-:Jtfffelt.1fl1 mean± S.E.M., * P<0.05 vs normotensive 
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,, ' ' 
n'ld~m~nm~l,Vf~t]';l'W.111XVl'tl'e1 (?)l~-h1(?)ihld--'.I ~'1 (active tone) ~')ti PE "ll'W1(?)YJ'Vl111XVl'tl'e1 (?) 

l~'e1(?)Vf(?)[7l'Jl~ 80% l~'e1n1JVl(?)[7l'J"ll'e1--:JVl'tl'e1(?)l~'e1(?)'e1tj1-w1:1ll1'J~fl--:J~ (steady state) r.i-:i1,¾1:11J\:'1fl(?)b1J 

'U'JVl'tl'J--:J"ll'W1(?) 10, 20, 40, 60, 80 ll'tl~ 100 µg/ml bllJlJ cumulative dose t:-l'tln1J'Vl(?)'tl'e1--:J'Yl1J~1 \:'11J 

1:111 (?) b1J'U'JVl'tl'J'1'e1'e1n 9Y1iv111,¾Vl'tl'el (?) l~'el (?) fl 'tl1tl [,l'J b(?)tl l U'el fl "]'Wf?l n1Jfl'tl1tl [,]') l ~ l-J~'W[?l1l-J fl'J1l-J 

l"lll-J"ll'W"ll'e1--:J\:'11Jl:'1fl (?) blJ'U'JVl'tl'J--:J~b~l-J~'W (dose dependent; P<0.05) '"1'J1l-Jl"]l-J"ll'W"ll'e1--:J\:'11J\:'11l(?) blJ'U'J 

Vl'tl'J--'.l"ll'W1(?) 100 µg/ml i'ji;mvh11XVl'tl'e1(?)l~'e)(?)fl'tl1tl[7l'J~--:J~(?)~--:J 85.39 ± 4.52% ll'tl~ 83.80 ± 

5.82% b'WVl'tl'el m~t1(?)~bmnr.nnvi-w~i'j r111l-J t?l'Wb'tl~ [?]Un~ bb'tl~ ~i'j r111l-Jt?l'Wb'tl~[?l\:'1'1[?11l-Jii1 t?llJ ~--:ihl 
~ ~ 

' ,, 
l~'elf?l~'Jtl Krebs solution b'Ylt1b1XllJ--'.l~--:J"ll'e1--:JVl'tl'e1(?)l~'e1f?lnirni baseline 91ffW'W'Vlf?ll:'1'e11Jn'lJ'V11--'.11'W 

~ 

"ll'e1--'.IVl'tl'e1 f?l l~'e) (YI b(?)tlb ,¾ PE 'Yl1J~1Vl'tl'e1 (?) l~'e) f?ltJ--:Jl:'11l-J1JblVI f?l [71') 1~ lVl:W'el'Wl~l-J (l:Wl!?1bb\:'1 f?l--:)°]'e)l-J'tl) bbl:'1 (YI--:) 
~ 

~1 EC ll'tl~ VSMC ~Vl'tl'e1f?ll~'e1(?)tJ--:J'V11Vl'W1~1~~ bb'tl~\:'11Jl:'1flf?lblJ'U'JVl'tl'J--:Jl:iJ1cii'vi11N1t1 EC 

' 
ll'tl~ VSMC Y!Vl'tl'elf?ll~'el(Y) 
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) 

0 · -o- Normotensive 

• Hypertensive 

20 
C 
0 

..t,-1 

40 ro 
X 
ro 
Q) 

0:: 60 
~ 6~~, 0 

80 

100 
0 20 40 60 80 100 

N. nucifera (µg/ml) 

'l'llJl~~..:Jll~IJl..:JtlJltlA1 mean± S.E.M. 

N. nucifera % Relaxation 

(µg/ml) Normotensive Hypertensive 

10 19.15±4.09 18.90 ± 6.64 

20 42.24 ± 8.19 37.12 ± 8.57 

40 70.54 ± 4.42 58.76 ± 8.55 

60 81.40 ± 3.89 71.36 ± 8.06 

80 83.22 ± 4.38 79.20 ± 7.51 

100 85.39 ± 4.52 83.80 ± 5.82 

1w1"a"1.:i 1 ll~ IJl..:JlU'Elfl6ll"W!?ln1rn~1t.117l'J°11~..:iVl~'EllJll~'El IJl l~'El'Elfm l~~ 1~fo~1'J'~ll 1J11uu1V1~'J..:i i:.J~n1'J' 

'l'llJl~~..:Jll~IJl..:Jt'7ltiA1 mean± S.E.M. 
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v , . Q/ .c:1 dd o 
3.1 CJ~'1'fl.J81tn1U nitric oxide synthase tn'fln1'if-1~1Eltn'J'1'fl.J'Vf~'fl/1/£~'fl/1/'Yltvl'UEYJU1 

vi'JE1~1'i~n111iu'LJ'J'Vf~'J.J 

n1:i'~ m11 n'iN 1n n1:i''El'El n9'Vl'tbn'El~ ~'W 61l'El~~1:i'~ fl r) LlJ'IJ'JVl'iN'J~~v'h 1 'l¾Vl'IN'El r) &e1 r) AiN1tl [?l'Jt!'W 

i11n1:i''l'lr)iN'el~br)tl'Lf:WVl'iN'elr)b~'elr)'91'Jtl L-NAME (nitric oxide synthase inhibitor) 611'W1r) 100 µM 
,, ' ' 

bU'Wb'J'iN1 10 'WTVI '-l1ffW'W9~b'VliJmih1'1¾Vl'iN'elr)b~'elr)~bb:i'~~~ (active tone) ~'Jtl PE 61l'W1r)vii111'1¾ 

VliN'Elr)b~'Elr'l'V!r)[?l'Jl'91 80% bd'Eln1:i'Vfr)[?l'J61J'El~Vl'iN'Elr)b~'elr)'Eltj1u~n1r;i::;A~~ (steady state) 9~1'1¾~1:i' 

~f1r)L1J'Li'JVl1N'J~61l'W1r) 10, 20, 40, 60, 80 bb'iN::; 100 µg/ml bb1J1J cumulative dose t:-liNn1:i''Vlr)iN'eN 

'\l'l1J~1 1 um-i:w~ilA'J1:W '7l'Wb'iN~[Y]iJn ~ bd'el 1 * L-NAME 1'J:Wfl1J~1:i'~flr) blJ'IJ'JVl'iN'J~ nt:J'iNi111'1¾V11N'el r) • 

' 
100 µg/ml nt:J'iNi11b'l¾Vl'iN'elr)b~'e)r)fi'iN1tl[?)'Jl~ 28.46 ± 7.25% bbi;'l::; 85.39 ± 4.52% bJ'.J'elnbb'iN::;hJn 

L-NAME (Y11:W~1'7lU (:i'1.JJ11'\l'l 4) ((Y11:i'1~ 2) ., 

,, ' ' 
bU'IJ'JVliN'J~[?]~bb[I] 60-100 µg/ml bJ'.J'Elb vit1unuV11N'Elr)b~'El r)'VJL:WL~fo L-NAM E br)t..1A'J1m-ir:w'1f'W611'El~ 

~1:i'~flr)bU'IJ'JVliN'J~611'W1r) 100 µg/ml ilt:-11Ni11b'l¾VliN'Elr)b~'Elr)f11N1tl[?l'JL'91 51.52 ± 14.29% bbiN::; 

83.80 ± 5.82% bd'elnbbi;'l::;L:wn L-NAME (Y11:W~1'7lU (nJn1'\l'l 4) ((Y11:i'1~ 2) t:JiNn1:i''Vlr)iN'el~bb~r)~b* ., 
,, ,r 

b~'\.J~1 L-NAM E ~1:w1:i'ri~mr~m:i''El'Eln 9'1'lfi61l'El~~1:i'~ flr) 1uu'JV!iN'J~1 um:i'A1N1t1[?l'J61J'El~Vl'iN'El r)b~'El r) 1~ 
,r ~ I I 

br)tiiJ:i'::;~'V]fiJl1'\l'l n1:i'~1J~~'iN r)i;'l~ b 1,,\Vli;'l'el r) b~'el r)'VJlbt1nr.i1 n'Vl'W'Vln A'J1:W (711,,l fa~ 171~~ ., ., 
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C 
0 

+:i 
ro 
X 
ro 
Q) 

0::: 
::::R 0 

~ Normotensive 
0 ~&* 0 ~ 

~** i ~-~+ 20 
20 

Hypertensive 

40 40 

60 60 

80 

wilho~:-eiJ-¢ BO -----withoutl-~+ 
100 

with L-NAME 00 ~ with L-NAME 

0 20 40 60 80 100 0 20 40 60 80 100 

N. nucifera (µg/m I) 

blli't1rn1'imw~V1r:l1--:i rni:w~1~fo L-NAME n11 nci:w~htl~fo L-NAME C-J~n1'.i''Vl'9l~'el--:JWM1--:it'9lt1A1 
q q . 

mean± S.E.M. * P<0.05, **P<0.001 vs rni:w~hJ1~fo L-NAME 
q 

N. nucifera % Relaxation 

(µg/ml) Normotensive Hypertensive 

Without L-NAM E With L-NAME Without L-NAME. With L-NAME 

10 19.15 ± 4.09 2.69 ± 2.26* 18.90 ± 6.64 11.72±12.56 

20 42.24 ± 8.19 6.27 ± 3.57 * 37.12 ± 8.57 20.21 ± 15.58 

40 70.54 ± 4.42 13.37 ± 4.99** 58.76 ± 8.55 34.07 ± 16.58 

60 81 .40 ± 3.89 20.65 ± 6.02** 71.36 ± 8.06 42.19 ± 14.72* 

80 83.22 ± 4.38 23.26 ± 6.67** 79.20 ± 7.51 47.06 ± 16.59* 

100 85.39 ± 4.52 28.46 ± 7.25** 83.80 ± 5.82 51.52 ± 14.29* 

[9)1'a1.:I 2 bb~ '91--:J bU'elfb''l!'Wf?l n1'.i'"1~1tl 171':l'll'el--:J'Vl~'el '91 b~'el'91 b 'el'el'elf 1711 d1'el 1~fo~ 1 '.i'~ 17 '91 l1J1J')'Vl~')--:J l'9ltl 

bllitJUb1'itJ1J'.i'~'Vl'J1--:J nci:w~1~!1J L-NAME !71J nci:w~1il1~fo L-NAME C-J~n1'.i"Vl'9l~'el--:Jbb~'91--:Jl'9ltlA1 
q q 

mean± S.E.M. * P<0.05, ** P<0.001 vs nci:w~1l-J1rJffo L-NAME 
q 
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I 

I 

3.2 eJ~"l/'iJ-:Jfl1ffel1'lJ beta adrenergic receptors i'iln1'ifrn·19WJ"lJ'il-:J'Vl~'ilffel£i'ilPl'n 

i uiJ9,:,,iJ1,;i,:, tJ~1r;;~n0 7.LJmu~,:,.:, 
,, 

m:rflrn~nn vhn1J''Vl!?l'i:'l'El'1b!?lt.11l:W'V!'i:'l'El(?)L~'E)(?JJ\'t;it.1 propranolol (beta adrenergic receptor 
,., ' 

antagonist) 611'W1 (?1 50 µM b'LJ'tWrn1 10 'W1Vl 91n'W'W9'1b'V!Ut.l'J'Ll11 ~'Vl'i:'l'El (?lb~'El(?lnbb'J''1~'1 (active 

tone) ~'m PE "ll'W1(?)~'VJ1b~'Vl'i:'l'B(?)b~'El(?)'Vf(?)ir;i1~ 80% b~'Eln1J''Vf(?liCJ"ll'El'1'Vl'i:'l'El(?lb~'El(?l'Elzj1'W~171'J::;A'1~ 

(steady state) 9-:Jb~~1J'~fl(?)bU'Li'a'Vl'ClCJ-:J"ll'W1(?) 10, 20, 40, 60, 80 bb'i:'l::; 100 µg/ml bbUU cumulative 
!iJ" I I I 

dose t:J'i:'ln1J''Vl (?l'Cl'B'1'V'IU~1 '1'1-:Jb 'W'Vl'i:'l'B(?)L~'E} (?JVJbLt.Inr.i1nV1'WVln ACJ1:W 17l'Wb'i:'l~ rm.Jn ~bb'Cl::;VJnACJ1:Wl7l'W. 
'!J 

nun~:w~1~~1J'~fl (?) bU'lJCJ'Vl'Cl'J'1 bvlm'Elt11'1b~tl'} ~A'J1:I-JL6]:I-J']'W61l'El'1~1d~fl (?) bU'lJ'J'Vl'Cl'J'1 100 µg/ml n 

i:m1~'Vl'i:'l'El(?lb~'B(?161J'B-:J'Vl'Wn~:wm1:w171'Wb'i:'l~1m.Jn~A'i:'l1t.1i'JL~ 78.43 ± 6.44% bb'i:'l::; 85.39 ± 4.52% 
SJ • 

' ' ,, 
bi'.l'Elnbb'Cl::;hJiJ propranolo[ lY11:W~1171U ;'1n1J'A'Cl1t.Ii'JULiiiJACJ1:I-JLblY!n!?h-:J'Elt11'1n'Wt.1~1AriJ'Vl1-:J~(l~ 

,, 
(J'UJ71'V'I 5) (m'J'1-:i 3) ~'J'W'Vl'i:'l'El(?lb~'El (?161J'El'1'Vl'Wn~:wA'J1:Wl7l'Wb'i:'l~lY!~-:i'l!'WAmt.1i'JL~ 7 4.57 ± 8.9% 

'll 'll q 'll 

' ' ,, 
bb'Cl::; 83.8 ± 5.82% bi'.l-ai'.!Lb'i:'l::;Liln propranolol lY11:W~1171U ;'1n1J'A'i:'11t.Ii'JULilnA'J1:I-JLblY!n!?l1'1'Elt11'1 

nutl~1AriJ'Vl1'1~f:l~b"l!'Wfl'W (lU171'V'I 5) ([911'11'1 3) [;.J'i:'ln1J''Vl(?l'Cl'El'1bb~(?J-:Jb~b~t.d1 propranolo[ 1iJ 
,, .. 

~1:w1:rntTutT'1 m:r-a'Eln ')'Vlfi A'i:'11t.I'Vl'i:'l'El (?) b~'El (?161J'El-:J~1:r~n (?11u'Li'J'Vl'i:'l'J-:J L~ 
,, ' 

'1'1'11 un ~:wu n ~bb'i:'l::;1 'Wn~:wvi 
• • 

bU'WA'J1:Wl7l'Wb'i:'1~[9]~'1 
'!J 



C 
.o 
+-' 

0 

20 

CU 40 
X cu· 
Q) 

0::: 60 

:::R 0 

80 

Normotensive 
0 

Hypertensive 

20 

40 

kr 60 -1 
-g-::$80 + 

ropranolol without propranolol 
ranolol with propranolol 1 00 -+--,--,~--,-,..~.----.---.----r-"""T"""""l00 +--,--,~-.-'--r-'---.---,.-----.--,----r----.--, 

0 20 40 60 80 100 0 20 40 60 80 100 

N. nucifera (µg/ml) 

Llli't.1rn'Vit.1Uj::;V1~1~ n~~~1Jffo propranolol nu n~~~1ii1Ji'fu propranolol eJ'tln1j'Yll?l'tl'rl~LL'MM 

Y1nt.1rh mean± S.E.M. 

N. nucifera % Relaxation 

(µg/ml) Normotensive Hypertensive 

Without propranolol With propranolol Without propranolol With propranolol 

10 19.15 ± 4.09 22.27 ± 8.00 18.90 ± 6.64 17.23 ± 7.58 

20 42.24 ± 8.19 36.25±11.77 37.12 ± 8.57 38.58 ± 10.87 

40 70.54 ± 4.42 55.88 ± 9.58 58.76 ± 8.55 53.84 ± 10.89 

60 81.40 ± 3.89 67.29 ± 8.23 71.36 ± 8.06 64.00 ;t 10.27 

80 83.22 ± 4.38 73.16 ± 7.71 79.20 ± 7.51 70.44 ± 9.83 

100 85:39 ± 4.52 78.43 ± 6.44 83.80 ± 5.82 74.57 ± 8.9 

[9]1'a1~ 3 LL~ In~ LU'rlfL~tJL>ln1jrl'tl1r..l(?l'J"l]'r]~'\,'l'tl'r) l?lL~'rllnL'rl'r!'rlfa 1 L~'rl 1Jffo~1j~fl In hJU'JVl'tl'J~ ll?lr..1 

Llli't.1rn'Vir..1uj::;'\,'l~1~ n~~~1Jffo propranolol nu n~~~1ii1Ji'fo propranolol eJ'tln1j'Yll?l'tl'rl~LL~ In~ . . . 

ll?lr..1011 mean± S.E.M. · 
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' . 5V , Q/ . . II:# .c:, .c:, 0 

3.3 CJg./"lJ'eJ.:JB1tn1U muscrinic receptors tn'eln1'lfol~1Btn'J"ll'el.:JVl~'elvlrn'eltWYlmUB'JU1 

ffel'JB~1'l~11P11UmVl~'J.:J 
., 

m-r~m~nn vhm-r'Vlrn'iN'El~brnmJ~V1'iN'EJ(nb~h1rncil'Jr.J atropine (muscarinic receptor 

antagonist) "ll'W1rn 1 µM bU'Wb'J'iN1 10 'W1'Vl r.nntl''W9~bvitim-w11,Xvi'iN'Elrnb~'Elrnihb-r~~~ (active tone) 

· cii'r;ir.1 PE "1J'W1rn~vi1h"V1'iN'Elrnb~'Elrnvirnf?i11cii' 80% b~'Elm-rvirnf?i1"1J'El~Vl'iN'Elrnb~'Elrn'Elti1'W'?lJ111::::A~~ .. 
(steady state) 9~1,x~1'a'~n~11JU'JVl'iN'J~"lJ'W1(?) 10, 20, 40, 60, 80 bb'iN:::: 100 µg/ml bb1J1J cumulative 

!iJ I I I 

dose ~'iN m-r'Vl ~'iN'El~'l"lU'J1 i~ 1 'WVl'iN'El rn b~'El rn'Vlbbr.J nr.i1 nVl'W'Vli! A'J1~ (?)'W b'iN~ [Y]U n ~bb'iN::::'Vlil A'J1~ (?)'W .. 

ntj~~1 ,X'?l1'a''?lfl rn 1uu'JVl'iN'J~ b~r.J~'Elt)1~b~r.J'J ~ A'J1m"ll~"ll'W"1J'El~'?l1'a''?lfl rn 1uu'JVl'iN'J~ 100 µg/ml iJ~'iN 

1,Xvi'iN'El~b~'Elrn"ll'El~Vl'Wrn-i~m1~(?)'Wb'iN~[Y]Un~A'iN1r.1f?i11Ji' 77.11 ± 3.07% bb'iN:::: 85.39 ± 4.52% b~'El .. . 
atropine 

' ., 
[Yl1~ii1 ~u ~~m<rA'iN1r.J f?ir;itihlil A11mb[Yl n lY11~'E!tl1~il-wr.J~1 ri '1.J'Vl1~'?l~~ 

., 
('a'UJ71'l"l 6) ([Yl1'a'1~ 4) ~'J'WVl'iN'Ell?lb~'El~"ll'El~V1'Wn~~A'J1~~'Wb'iN~[Yl'?l~'W'WA'iN1r.1f?i11Ji' 73.22 ± 8.9 bb'iN:::: 

4.1 qJ q qJ 

' ' ,, 
83.8 ± 5.82% bi'.J'E!i!bb'iN::::hJil atropine [?J1~ii1~u ~~n1'a'A'iN1r.J[?)'Jtihli!A'J1mb[Yln!?l1~'E!r.l1~n 

'Wr.l~1A'1.J'Vl1~'?l'1~b'li'Wll'W (lUJ71'l"l 6) ([Yl1'a'1~ 4) ~'iNn1'a''Vl~'iN'El~bb'?ll?l~L1Xb~'W'J1 atropine hJ'?l1~1-rri 
!v tr ii I 

rrrnr~n1'a''El'El n ~'Vli A'iN1r.JVl'iN'El 171 b~'El 171"1J'El~'?l1'a''?lfl l?l LU'U'JVl'iN'J~ 1Ji' i~ 1 'Wntj~un ~ bb'iN::::L untj~'VILD'WA'J1~ 

~'Wb'iN~[Yl'?l~ .. 

20 



C 
0 

0 

20 

:.::; 40 rn 
X rn 
Q) 

0:: 60 

~ 0 

80 

Normotensive 0 
Hypertensive 

20 

40 

. 9::g:o ao 
without atropine Q >'atOOut atropine ~t 

60 

with atropine with atropine 100-+-~~~~-~~~.........-'100-+-~~~-.---'-~~~~~ 
0 20 40 60 80 100 0 20 40 60 80 100 

N. nucifera (µg/m I) 

mean± S.E.M. 

N. nucifera % Relaxation 

(µg/ml) Normotensive Hypertensive 

Without atropine With atropine Without atropine With atropine 

10 19.15±4.09 12.93 ± 3.69 18.90 ± 6.64 13.32 ± 3.89 

20 42.24±8.19 35.85 ± 6.12 37.12 ± 8.57 27.93 ± 7.30 

40 70.54 ± 4.42 62.48 ± 4.78 58.76 ± 8.55 50.52 ± 8.79 

60 81.40 ± 3.89 71.57±4.18 71.36 ± 8.06 62.03 ± 9.8 

80 83.22 ± 4.38 74.94 ± 3.62 79.20 ± 7.51 69.18± 9.89 

100 85.39 ± 4.52 77.11 ± 3.07 83.80 ± 5.82 73.22 ± 8.9 

1Wl'il1-:I 4 LVMl--'.IL1.J'ElfL~'Wl?ln1J'fl'tl181rl'J"ll'El--r\!l~'El!nL~'El!nL'El'El'Elfoi1 l,~'El1~fo~1:r~nin1uu'JV!'tl'J--'.I l!n8 

l,lli'8UL'Yl8UJ':;'\,d1-:i n~:w~1~fu atropine nu n~:w~1:iJ1~fu atropine t:J'tln1jV!{nfl'E)--'.)l,l,~!n--'.lll?l8rl1 

mean± S.E.M. 
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·, 

3.4 

independent 
... 

endothelium-

fl1'.i'P!fl'l11'W vhn1'.i''Vl(?)'c:l'fl-:JbfMJ1"1fVl'c:l'el(?}l,~'e)(7)91nVl'Wn~:wrt'"J1:1-J[i]'Wb'6'l'th11Jn~ 1,1,'i'l~l,1,U-:JVl'c:l'el(?) ., ' 

l.~'fl(?)I.U'W 2 n~:W~'fl Vl'c:l'fl(?)l,~'fl(?)~~ EC (intact aorta) 1,1,'i'l:;V1'i'l'fl(?)l.~'fl(?)~1h1Ar.i1n EC (den
1
uded 

aorta) b(?)tll,VltitJ'"Jth1*Vl'c:l'fl(?)l,~'fl(7)~1,1,'.i'-:i~-:i (active tone) ~'"Jtl PE 'JJ'W1(7)~'1111*Vl'c:l'fl(?)l,~'fl(?)V!(?)(i]'"Jl~ 

80% 1.ri'eln1'.i'Vf(?)[i]'J'JJ'el-:JVl'c:l'fl(?)l.~'El(?)'flU1m~J11r.J:;r1-:i~ (steady state) 9-:i1*'6'l1'.i''6'lf7(7) 11..11J'"JVl'c:l'"J-:J']J'W1(7) ., . 
' ' di "" 10, 20, 40, 60, 80 kl'c:l~ 100 µg/ml 1,1,1..11..1 cumulative dose t-!'6'ln1'.i''Vl(?)'c:l'fl-:J'V'll..l'"J1 Vl'c:l'fl(?)l.'tl'fl(?}'Vl 

U'.i'1A91n EC l9l'flU'6'l'W'fl-:Ji?l'El'6'l1'.i''6'ln(7)1u1Jr.iV1'c:l'"J-:JL~ii'Elt1n~1wc:i'fl(?)l~'fl(?)~~ EC ~r111m-if:w-if'W'Vln'.i':;[i]1..1 
' 

']J'fl-:J~1'.i'~n (7111..11J'"JVl'i'l'J-:J 'flri1-:i~t!m~1 i f!J'Vl1-:J~~~ (P<O .05) b(?)tl~ '.i':;[i]u r1r.i1:w 1, 611:W"n'W']J'fl-:J~1'.i'~ n (711u 

'LJ'JVl'i'l'"J-:J']J'W1(7) 100 µg/ml ~e.iffvh1*Vl'i'l'El(?)~~ EC rt'i'l1tl(i]'JLJi'~-:i 84.77 ± 9.25% 1,1,~V!'i'l'fl(?)l~'fl(?)~ 

hl~ EC fl'i'l1tl[i]'Jl~l'VhJ-:i 54.66 ± 30.52% ('.i'UJl1'V'l 7) (l911'.i'1-:J 5) e.J'c:ln1'.i''Vl(7}'6'l'fl-:Jl,1,~(7)-:J1*1,~'W~1 ~1'.i' ., 

endothelium-dependent 
1 & A !l.l ?° 

endothelium-independent n'c:l1'"Jfl'fl:We.J'c:ln'.i':;[?}'W VSMC b(?)tl[?}'.i'-:J 
' 
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I 

\ 

C 
0 

:..=; 
co 
X co 
(I) 

0:: 
:::R 0 

0 

20 

40 

60 

80 

lt!Jmn,ir~~ JJ'l11~VJEJ1tv\j1W, 

'31 tt~'W"1''U 0.1~0-l 'il.'lH'l'l.J~ 20131 

• Normotensive 
-~. --er intact aorta 

\~ * • denuded aorta 

~ 
. ◊-o-o 

1 00 -t-----.-----r----.c---,--.------.-------.-~--.--~-----.----, 

0 20 40 60 80 
N. Nucifera (µg/m I) 

100 

' 'i' ' ± "" ..,1..,1 i:.J'tln1'r'Vlf?l'tl'El-.:JLL~f?l-:Jbf?ltlA1 mean S.E.M, * P<0.05 VS v1'tl'Elf?lL'tl'Elf?l'Vl:I-J EC 

N. nucifera % Relaxation 

(µg/ml) Normotensive 

Intact aorta Denuded aorta 

10 18.97 ± 12.84 9.43 ± 10.62 

20 41.94±19.07 22.09 ± 17.10 

40 67.22 ± 12.76 35.81 ± 24.28 

60 77.68 ± 10.79 42.74 ± 26.75 

80 81.44 ± 9.94 50.12 ± 28.98 

100 84.77± 9.25 54.66 ± 30.52 

1Pl1'a1-3 5 LL~ l?l-.:JLU'ElfL~'t,\[9]n1~A~1tl{Yl"J6.ll'EJ-.:Jv1'tl'Elf?lL~'Ell?l L'El'El'Elf(?]1 Lci'El 1Ji'fo~1~~ fl 1?11UU"Jv1~')-.:J bl?ltl 

LtffornYJt1UJ':;v1ri1-.:i v1'tl'Elf?lL~'Ell?l~~ EC LL'tl:;v1"ti'El/?1L~'Ell?l~UJ'1Ar.i1n EC 1uv1un~:wA"J1:1-J~'Wb'tl~lil 
'IJ q 

261219 
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d 
'U'Vl'VI 5 

., ,, 
e-l'cln1J'~ m11 folf~'Wbb~ Cn~1'lXb ~'W'J1 ~1J'~fl (?) 11J'LJ'J'Vl~'N"1l'W1171 10-100 µg/ml !l'eln9'Vlivh 1'tX 

' ., 
'Vl~'fl Cn b~'fl 171 b 'fl'fl'flf lrl1vi bbc.Jn'fl'fl nioi1 n:h~ n1r.J'Vl'W61J1'l fol~1r.J i11 iiim1ru~ dose-dependent i~ 1iin~:l-l 

'lJ q 

' ' ,, 
fol'J1:l-l (?l'W t~~ lr!U n ~ bb~~ n'ci:1-Jvi b v1-wmtl11 'lXb'LI'Wfol'l1:l-l (?l'W 'i:~~ lrl~~ iim1r.i1n-wtT~'W1J'J1 n1J'fol~1r.J L,J'J61J'fl~ 

q 'lJ 

., ., 
'Vl~!l 171b~!ll71'W'WLi1~1:l-l1J''1\)ntJ1JtJ~ b!nr.J propranolol (beta-adrenergic receptor antagonist) bb~~ 

atropine (muscarin ic receptor antagonist) bb~ 171~'J1~1J'~ fl Cn 11J'Li'l'Vl~'J~ 1iJ1~'fl'fln9'Vlf ~1t.l'Vl1-:J 

muscarinic receptor bb~~ beta-adrenergic receptor ~'Vl~'fll71b~'fl!n bb(?)n1J'fol~1r.JL,J'J61J'fl~'Vl~!l!nb~!ll71 

l171r.l~1J'~fll7111J'LJ'J'Vl~'J~tl'utJntTrnJ'~'i:171r.J L-NAME (nitric oxide synthase inhibitor) bb~171~'J1~1J'~fll71 

11J'Li'l'Vl~'l~il1r.i ~'fl'fln9'Vli~1u NO t.l'fl nr.i1 ntltT~'W1J'J1 ~1J'~fl 17111J'Li'JV1~1~vh 1 'lX'Vl~'fl Cnb~'fl 171 fol-c:11r.1 L,J'J 
' ~ ., 

1~ii'flr.J~~ bi".J'el 1iJri endothelium bb~ 171~'J1~1J'~ fl 17111J'LJ'J'Vl-c:l'J~'W1'-l~!l!l nq'Vlfi fol~1r.J'Vl~!l (?) b~!l 171i~ bb1J1J 

endothelium-dependent bb-c:l~ endothelium-independent 

,, ' 
n1J'~m11-wH1b'Vl'Wr.l'JU11 'lXm~61J1'JiiJ71'J~fol'J1:l-J(?ltJfo~ [?]~-:) bl71r.Jbmfi~U renal artery !?11:l-l~fi 

"ll'fl~ Trongtorsak bb-c:l~folru~ (2004) ~~(?l!nbbU~~r.i1n Goldblatt model (Callera et al.,2000) ~iltliJ 

e-i-c:i1'lX renal blood flow ~171-c:l~ bb-c:l~'rl~e-i-c:i1tlm~~u rennin-angiotensin-aldosterone system ~~ 
q 

angiotensin II rie-i-c:im~~ii1'lXv1-c:i'fll71b~'fl171~UL,J'J bb-c:l~b~:l-ln1J'Vl1-c:11r.J NO 'ri'l'W aldosterone VJ1b* 
~ I 'v !I I 9.1 

m:1-J1ruu11 ui1~n1m ~:l-l;u e-i-c:ii~ 2 V11~V111 'tX fol'l1:l-l ioiu'i:-c:i~lrlb~:l-l;'W (fonJ11'J~fol'l1:1-J(?ltJ'i:-c:i~lr!~~1 u 
'lJ ., 

Q/ -=::I ' d. 

-c:imtru~'W'J1 renovascular hypertension (Dobrian et al. ,2001) r.i1nn1J'fln'l1161J'fl~ Trongtorsak 

bb-c:l~folru~ (2004) 'W1J'J1n1J'b'Vltimtl1J71'J~fol'J1:l-l i-iu'i:-c:i~lr!~-:J l171r.l~fie r.i~vh 1* A'J1:l-l i-iut-c:i~lrl1U 
'lJ 

iU171T\,1~ 6-9 ~~bb~~i'.Jn1J'b~r.J~bUUiJ''elr.J ~'1~!ll71fol~!l'1flrn.J-c:in1J''Vll71~!l~Af~tl (?l~,!'W~fin1J'b'Vltimu1 
'lJ 

I !I ii ii 

1 'lXv1iiil fol'J1:l-l (?l\J l~~ lrl~~VJH1. 'Wn1J'~ m11 folf~'W ~1:1-J1rnv111 'lXv1uiJJ11'J~WJ1:l-l (?l\J fo~ lrl~~bb1JU IS'flf~ 
qJ qJ qJ qJ 

t}'Vlif"ll~1~Vl~'e) l?l b ;'e) l?l"ll'fl-!liq1'cl'cf 1l l?l b'U'U'JVl~'J-!J 

r.i1ne-i-c:in1J''Vl!n~'fl~l~'Yl171~'flU9'Vli61J'fl~~1J'~fl171bU'LJ'l'Vl-c:l'J~"llt.l1171 10-100 µg/ml Vl1b*'V!-c:i'fll71 

b~'fll71b'fl'fl'flfa1~bbr.Jn'fl'flnr.i1ni1~n1r.JV1t.l61J1'Jfol~1r.JL,J'Jbt.lin11ru~ dose-dependent b171r.JV111'!Xv1-c:i'ell71 
'lJ 
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9'Vl~°t(?)t.J fffel'.N~'\!l'i'l'el (?) b~'el (?) b 'el'el'elf fffel1'Vl1 b ~'\!l'i'l'el (?) b~'el (?) A'i'l1t.l [?l'J bb'i'i~tl:i'~~'Vlf .n1'\Al f71:i'A'i'l1t.l [?]'J b ~:W~'W 

' ' ,., 
fffel1iJ".lJ'W1 (?) A11m -if ii-if 'W"JJ'el'1~1:i'~fl(?) L1J1J'JVl'i'i'J--:J'Vl b ~:w;'W L 'W'\111'1 mm wv1tfoi: .. rw1 Vlt..11rJi'{n 1u1!1:w1 ~:w 

,., ' ,., 
171JU1b~b~'el(?)bb~'J~il 'oj~"jj'Jt.Jb~A'J1il!J1'Wl'i'l~fffel'i'j(?)'i'j,,:JL~ (1'W~ n9'Mru~i'W{ 2541) 'W'e1nr.i1nu~ 

f71:i'~ n'M19V1f "JJ'el'1~1:i'~ 11(?) L1J1J'JVl'Cl'J'1'Yl1'1 mi·f}vm1'!Alu'i1 "11:i'~ fl(?) L1J1J'JV1'Cl'J--:J "11il1:i''1'Cl (?) A'J1i1 rK'W 

fa~fffel:i'~t.l~t..111 t(?)t.11J'el'W~1:i'~n(?) 1uu1'\!l'i'l'Nbbn'\!l'W"JJ11~~.n11~A11ii rK'Wt'i'l~ fffel~-.:i ~(?)~'el n'W 3 iu (?)1'lf 
'lJ " 

'V'IU'J1'6'11il1:i'bl'i'l(?)A'J1:W(?)'Wl'i'l~fffelL~(?)m'!l.~t.l 5-11 % (Trongtorsak et.al., 2004) 'cl'J'Wf71:i'~mnq'Vlf 

b:at.1u'V'1'ct'W"JJ'el'1~1:i''6'lfl (?) b1J1J'J'\!l'Cl'J-.:J l(?)t.1:a(?)b6111Vl1'1 femoral vein ~1il1:i'bl'i'l(?) A'J1il (?)'Wl'i'l~fffelL~b'li'Wn'W 

(r.i11ru U'1J'1J19:r1w'.l, 2547; 'W'Jit..1 'elilu11~m. 2548) r.i1nV1t1nj1'WrK-.:imh19-.:i'l,hr.i~~ti.J1rJi'-i1 ~1:i' 

~fl(?) b1J1J'J'\!l'i'l'J-.:J '6'11:W1:i'n'i'l (?) A'J1:W (fr)'W fa~ [y] 1~ l(?)t.1'\il1 b ~'\!l'i'l'el (?) b~'el (?) A'i'l1t.l [?l'J '\il1 b ~ A'J1:W ~1'W'l'l1'W:i''Jil 

"JJ'el'1'\!l'i'l'el(?)b~'el(?)'i'l(?)'i'l-.:J 'elt!1-.:JLJ'fl[y]1:Wfl1:i'~fl'M1i11~6ifV!'i'l'e1(?)b~'e1(?)~~".lJ'W1(?)b'\!lfk/ (diameter> 1 mm) 9'1 

"JJ'W1(?) L'\!lfk/ 

r.i1n fl1:i'~ n'M1'\!11~1:i'i.J:i'~fl'el1Jb 'WLU1J'J'\!l'i'l'J-.:J 'V'IU'J1~1 :i'U:i'~fl'e11J~'J'Wb '\!lfk/ b'.Li'W alkaloids 

l~bbri nuciferine, remerine bb'i'l~ nornuciferine (Tang & Eisenbrand, 1992) ~:i'1t.1'11'W'J1"11:i''6'lfl(?) 

(Sinoherbking, 2004) 'W'elnr.i1niltY-.:ii'.1~1:i'~'rlnf?1LrJi'r.i1n1uur;i'\!l'i'l'J'1b6]'W asimilobine bb'i'l~ lirinidine ~ 
rf' 2-' I I 

9Vlfit11Jt1'1fl1:i''\!l(?)[?l'J"JJ'el-.:J'\!l'i'l'elf?1b~'e1(?)b'el'el'elffffel1'Vlb'\!!Ut..l'J'IJ1rJi''Jt.1 serotonin (Shoji et al., 1998) 91fl 

mi~n'M1~1:i''rlfl (?)'elt!1'1'\!lt..111J"JJ'el'1~U'J 'V'l1J'J1i'.J9V1f'i'lf?1A'J1:W(fr)'W fo~fffelb 'WVl1,l"JJ1'J 1rJi' (J ittiporn et al.' 
' ,., 

2002) ~1:i' alkaloid 'Vl'!Al1Jb'W~1J'Jb6]'W armepavine bb'i'l~ liensinine 'W'W~1:W1:i'bl'V'11Jl~'W~'J'W".lJ'EMb1J 
~ rr I 2-r 

U'Jb"l!'Wfl'W 0~ f?11 ~~Vlt.11') W-J'W, 2540) (?)'1'W'W9--'.lb'.U'WLi.J1rJ\'-i1 9Vlfi'Vlt11Jt1'1fl1:i''\!I (?) [?l'J"JJ'el-.:J'\!l'tl'el (?l b~'el (?) 
I I 2-' ~ ii 

b'el'f1'f1ffffel1'Vlb'\!!Umtl1 ~'Jt.l phenylephrine L'Wfl1:i'~fl'M1 Af'1'W bf7(?)91mrnir;i:w fl'W"JJ'e1'1'rl1:i'b'\!l'tl1'W1 'Wfl1:i' 
,., ,., .. 

vh 1 ~Vl'i'l'el (?) b~'el (?) A'i'11t.l [?l'J rK'1-w'W1 'Wfl1:i'~ n"M1"B'W~'el \iJ9-.:i A'J:i''Vl1 fl1:i'~ n (?)~1:i'11Xu1"1'Ylfi bb~'J'W1"11:i'bb~ . 
'ci~[?l'J:I-J1'Yl (?)~'el 1J b)Vlf 'i'l (?) A'J1 :W (?)'W fa~ fffel bb'i'l~b]'l'lf f71:i'A'i'l1t.l [?l'J"]J'e)--'.l'\!l'Cl'el tn b~'el f?1 ~'el hJ 

bJ'Vle°"lt~1~Vl~'el fn b;'el fn"ll'el-.!l'cl1<a1cH1 fn b'U'U'JVl~'J..:i ~.huvn..:i NO 

fl1:i'Vl(?)'i'l'el-.:Ji11rJi''Yl(?)'6'l'el1J9Vlf".lJ'el--:J L-NAME (nitric oxide synthase inhibitor) ~'elfl1:i''el'elfl9Vlf 

"JJ'el'1~1:i''6'1 fl(?) b1JiJ'J'\!l'i'l'N bd'el bllit.lU b 'Vlt..11J:i'~'\!l'J1-.:J'\!l'i'l'el (?) b~'el tn~1~fo'6'11:i'~ fl(?) b1J1J'J'\!l'Cl'J-.:J'elt!1'1 b~t.l'J nu 

'\!l'i'l'el (?)b~'el (?)~l~t'U~1:i'~fl (?) b1JU'J'\!l'i'l'J-.:Ji'J:Wfl1J L-NAM E 'V'11J'J11 'W'\!l'Wfl'tl:W A'J1:W(?)'Wl'ti~[y]i.Jfl~ '\!l'i'l'el (?l 
" •. 

b~'el(?) A'Cl1t.l [?l'J 1rJi' 85% bb'i'l~ 28% 'cl'J'WL'WVl'Wfl'tl:W~b'Vltirntl11~dJ'WA'J1:WrK'W fa~ fffel'6'1'1Vl'i'l'f1(?) b~'el tn Amt.I 
" • 'lJ ,., ., ' 

[?l'Jl~ 84% bb'i'l~ 52% fffel1:W~1(?)1J (:i'UJ71'\Al 4) (fffel1J1-.:J 2) (?)--:J'W'Wt:-l'tlfl1:i''Vlf?1'i'l'el'1'W9-.:Jb~'W'elbb'W~'J1 NO 'VI 
" 

V1i--:ir.i1 n "11:i''6'1 fl(?) 1uu'JVl'Cl'J-.:J b'.Li'W'cl'J'W~1 A '1J~'Vl111XVl'i'l'el (?) b~'el tn Am tJ[?]'J lf?1t..1'6'11 :i'"1 n (?) 1u1J'JVl'Cl'J--:J 
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I 

I 

m-:Jf'W endothelial cell 1~~r1-:i NO roi1mJ'W NO 9:;1,1,Y1ilu~-:i vascular smooth muscle cell 1,1,~r.iJ'.l 
q 

e.Jflm':;~'Wn1':i''Vi1-:J1'W"ll'el-:J guanylate cyclase 1~1,u~t.1'W GTP L'LI'W cGMP (second messenger) ~-:i 
q 

lU'el'eln9vif~ protein kinase G 9-:JJ'.ie.Jflflf?ln1nnf?I phosphorylation ~ myosin light chain kinase 

9-:i'Vi11,h~fl'elf?IL~'elf?!Afl1t.lL?l'J (Furchgott & Zawadzki, 1980; Furchgott, 2006) 
., 

r.nne.Jfln1':i''l'l f?lfl'e)-:)1,1,~ f?l-:J'J1 L-NAM E "ll'W1f?I 100 µM ~1J-J1':i'bl~U~-:Jn1':i'Afl1t.lL?l'J"ll'el-:J'V!fl'el f?I 
I I 11 21 21 I 

l,~'e)(?l'VJl,'V!Ut.l'J'W1~'.lt.1~1':i'~fl(?) 1uur.im~r.i-:i1~ 1,l,[?JU':i':;~'l']fill1'Y'ln1':i'~U~-:J'lJ'Whln-:i 100% i-:i1'Vl"ll'W1f?I 

A'J1lW1!:1-J6]'W"ll'el-:J L-NAME 1,'U'W"ll'W1 (?\~-:) l,l,~(?)'1'J1~1':i'~fl f?l 1UU'J'V!fl'.l-:J'l,\19:;'el'e) n9'l'lf ~1'Wnfl 1n~'W1~n 

'W'eln91 n NO 1'W1J99U'Wl~i'.im':i'L~'W'eln'6'l 1n 1'Wn1':i''Vi11 *'V!fl'elf?ll.~'elf?l"llt.11t.1Yint.1 endothelium-derived 
q 

hyperpolarizing factor (EDHF) rnhr.iA'El endothelial cells roi:;u~'Elt.l K+ 'El'Eln'W'elnl."llfl'if l.'LI'We.Jfl'Vi1 
,, 

1*n~1:WI.U'E1Cfou"!l'el-:J'V!'6'l'fl(?\l,~'elf?ll,nin hyperpolarization l,l,fl:;t?n:W~'Jt.ln1':i'Afl1tlL?l'J"ll'el-:J'V!fl'El(?)l,~'e)f?I 
,, ~ 

(Busse et al., 2002) (9)-:J'lJ'W9-:J'el19 L'LI'WlUl~'J1~1':i'~n f?l 1uur.i'V!fl'J-:J'el19i'.infl 1nn1':i''el'eln9'1'lfiU1-:J~'J'W 
,, ,, 

~1'W EDHF 'W'elnr.i1nu~~'El191,'U'WlUl~<J11'W~1':i'~ nf?l 1UU'J'V!fl'J-:JU'WJ'.i A'J1:I-Jl,6]:I-J6]'W"!l'El-:J K+ ~-:J9-:J'Vi11 * . ~ 

n~1:w1.tl'E11.1't.1U"ll'el-:J'V!'6'l'el f?ll.~'el 1711,n 171 hyperpolarization 1.L'6'l:;Lnf?ln1':i'Amt.l L?l'.l l~ 
l,d'El 1.mt.1rn vi t.lU':i':;'V!<J1-:J'V!'Wn~:w A'.l1:W (?)'W tfl~ lYIU n ~ 1,1,fl:; 'V!'Wn\;'1:1-J~ I, 'V!tirnu11 ~1,'U'WA'J1:W (?)'W 

qJ q 'lJ q 

tfl~[Yl~-:J l,d'El1~~1':i'~f7(?)1UU'J'V!fl'.l-:Jir.i:wnu L-NAME 'Y'IU'J1'V!'6'l'elf?il,~'elf?!Afl1t.lL?l'.ll~ 28% 1,1,fl:; 52% 
~ 

~ ,, 
lY11:W~1 (?)iJ 1,1,~171-:i1 *L~'W'J1U':i':;~'l'lfiJl1'Y'l"ll'el-:J L-NAME ~U~-:Jn1':i'Afl1t.lL?l'.l"ll'el-:JVlfl'El f?I L~'el f?l 1 'W'V!'Wn~:w 

~ q 

I I 11 21 

un~ 1~:w1nn<J1Vl'Wn~:W'VlL'V!Ut.l'J'W11 ~1,'LI'WA'J1:W (?)'Wlfl~[Y]~-:J 'eltl1-:inut.1~1i ill'l'l1'1~~~ (P<0.05) i-:iu 
qJ q 41 a, 

,,,, 
bradykinin, substance P L'LI'W~'W (Luscher et al., 1992) 91ne.Jfln1':i''l'linfl'el-:Ju~1~1,~'W'J1 'V!fl'elf?I 

L~'elf?l"ll'el-:JVl'W~J'.irir.i1:w(?)'Wt'6'l~lYl~'1'l!''Wi'.in1n~'El:W"ll'El'1 endothelial cells Yi11*lYl'EliJ~'W'el-.:lf?J'el L-NAME 
~ ~ 

fl (?I fl-:) 

\lj I CV .t, 4 CV"I, CV 
B.eta adrenergic receptor blocker b3-l~13-l1'atl~'l.J~.:Jt"}'Vlfi"ll'el.:1~1'a~n (Pl 'l.J'l.J'J'Vl~'J.:J 

n1':i''l'lf?l~'elUe.J'6'l"ll'el-:J propranolol (beta adrenergic receptor antagonist) f?J'eln1':i''el'eln9'l'lf 

"ll'el-.:J~1':i'~nl?11uur.i'V!'6'l'.l'1ll?1t.11* propranolol "ll'W1f?I 50 µM ir.i:wnu~1':i'~n1?11iJU'.l'V!'6'l'J-.:J 'Y'IU'J1n1':i' 

' ,, 
L'V!Ut.l'JU11~1,u'WA'.l1:I-J(?)'Wt'6'l~lY1~'1 (IUll1'Y'l 5) (lY11':i'1'1 3) l,l,~(?l-:J'J1 propranolol hl~1:W1':i'bl~iJ~-:Jn1':i' 

I I 21 11 

Afl1t.l L?l'.l"ll'el-.:JVlfl'el m~'El 1?1VJL'V!umtl1 t1?1t.1~1':i'~n 1?11uur.i'V!'6'l'.l-.:JL~ e.J'6'ln1':i'~m~n 1 'Wrif-.:i'\'.l1,1,lYJn f?J1-.:iroi1n 

n1':i'~n111~~1'W:w1t1?1t.1 Trongtorsak et.al. (2004) 'Y'IU'J1~1':i'~f71?11uur.iwtir.i-:ii'.i9'l'lffl1?1A'.l1:W(?)'Wlfl~lYI 
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I 
I 

I 

.. ., 
L'UV!'lf111'J l,l,'6'l:;9·vi'~~--'.!rnh1t,1rnrrnr--'.lt"1t1 atenolol (selective ~1 adrenergic receptor antagonist) 

'U'rlnr.::1nn6'1~'j'1ti'11'Wri11;'11'j'l;'1n'9l'LU'lJ'JV!'tl'J--'.lm':;~'W lipolysis L'Ub"ll'tl'Cll"JUJ'Wl'9ltit:J1'W ~ adrenergic 
,, 

receptors b'V'IJ'1:;t,1nt1U8--'.!l"1t.1 propranolol (Ono et al., 2006) 

L'Wn1J'~n111r1f--'.ln1~1:~' propranolol 1'W'll'W1'91~~'1:1-J1n (50 µM) ;'1fl'J1m61fa.J'11'W'j':;~ue~ 
,, 

J'1t..1'11'W~'WtJ'Wri11;'11:1-J1J't:'l'Vl11'!X aorta bb'Cl:; mesentery artery A'tl1t.l~'J (Priviero et al., 2006) ~--'.l'W'W 

9'1bU'W1u1~rh propranolol vh1'!XV!'Cl'rl'9lb~'rl'9lfl'Cl1t.l~'J ~--'.IA1'W9'Vli'111M PE ~vi11'!XV!'Cl'rl'9lb~'rl'91V!'9l~'J 

b~'rl1'1X PE 1'W'll'W1'9l~vi11'!Xbn'9ln1J'l?l'elUl;'1'W'el--'.I 80% "JmJ:;~~ propranolol 9--'.lbfl'9ln1J'l?l'elU~'W'rl'11~hl 

'1--'.I 80% vi1 'L '!Xn1J'~1'U'J n.lfl1 n1 'j'fl'Cllt.l ~'J'll'rl--'.IV!'Cl'rl vi b~'rl vi~ bfl '9191nl;'11'j'l;'1n '911uU'JV!'6'l'J-:J 1~ A1:I-J1 n bfl'W 
i.r 2,., 2,., o" 

fl'J1:I-J bU'W9l:J ~--'.l'W'Wn1J'~n'l11 L 'Wfl f'1'W9--'.ltJ--'.I hl'rl191;'1 iu1~r;i11;'11'j'l;'1 n '91 LUU'JV!'Cl'J--'.!hJ1~'el'rl n 9'Vlfi t:J1'W 

'Vl1--'.I beta adrenergic receptors '11'rl--'.IV!'Cl'rl'9lb~'rl'9l 9--'.IA'JJ'~n1J'~n'l11~'rl1i.Jt'9lm~'rln'Li beta 

adrenergic receptor antagonist ntj:1-J~'W 

bti'el--'.191n propranolol bU'Wt.11~1Uu'9l~m~'--'.I ~1 bb'Cl:; ~2 adrenergic receptors ~V!'Cl'rl'9lb~'rl'9l 
I ,, ,, 

bb~'VlV!'Cl'rl'9lb~'rl"1Vrnri1~ ~2 adrenergic receptors b'LI'W'tl'J'W:l-l1n ~--'.l'W'WL'Wn1J''Vl'9l'Cl'rl'1Af--'.l~'rl1U9--'.IA'JJ' 
I I '1" 2,, 2,., 

bU~t.!'W91n propranolol b'LI'Wt.11'l'Wntj:1-J'Vl'rl'rln9'VlfiU'9ln'Wb'u'V'11:; B2 adrenergic receptors 'U'rlnr.i1n-w 

~1'j'~n'9l1UU'JV!'Cl'J--'.ltJ--'.l'el199:;'e)'r)n9'Vlit:.J1'Wn'tl1n~'Wb']j'W ~3 adrenergic receptors n1'j'm':;~'W 

receptor ~--'.ln'6'i1'J~f:.J'Cl'Vl11'1Xvt'Cl'el'9lb~'rl'9lfl'tl1t.l~'J l'9lt.!'Vl11'1X endothelial cells wi--'.I NO (Trochu et 

al., 1999) 

t]'VI fi"11 ~1~Vl~'el !Plb ;'el (91"11'el~~1'a~n (91 b'LI'IJ'J'Vl~'J~ 13-i ~TW'Vl1-:I muscarinic receptors 

n1J'~n'l11f:.J'tl'11'rl--'.I atropine (muscarinic receptor antagonist) ~'rln1J''rl'rln9'Vli'll'rl~l;'11J'l;'1n'9l 

LUU'JV!'Cl'J--'.I l"1t.11'!X atropine '11'W1'9l 1 µM i1:1-Jnrnl1J'l;'1n'91LUU'JV!'Cl'J--'.I 'V'luri1mrn'Cl1t.l~'J'11~--'.IV!'Cl'rl'9l 

'l!m~1rlb]d'Vl1--'.11;'1(1~ (P>0.05) ~--'.IL'WV!~ntj:1-J A'J1:1-J~'Wfo~1nun~ bb'Cl:; L'WV!~ntj:1-J~bV!tit.1'J'W1 'l'IXbiJ'W 

A'J1:I-Jf?i'Wl'Cl~l?l~--'.1 (IU111'V'I 6) (1?11J'1--'.I 4) bbl;'1'91--'.lri11;'11'j'~n'9l'LUu'JV!'Cl'J--'.11:iJ1~'rl'rln9'Vlit:J1'W'Vl1--'.I 

endothelium muscarinic receptors 'L'WmJ'vi1'l'!XV!'Cl'rl'9lb~'rl'9lA'tl1t.l~'J r.i1nn1J'f\n'l11'11'rl--'.I 91FW 
.. ,, 

Ub]Jb]J19J'1~ (2547) 1Ji'vi1n1J'~n1119'Vlii'll'rl--'.ll;'11'j'~n'9l1uu1V1'6'l1-:i1'WV!~'1111 L"1t.1u'9ln'W muscarinic 

receptors ~'Jt.l atropine bb~'J;'91~1'j'~n'9l'LUU'JV!'tl'J-:Jb'111'Vl1-:JV!'Cl'el(?}b~'el'91~1 'V'IUri1~1'j'~n"11UU'JV!'Cl'J-:J 

~1:I-J1'j't:'J'Cl '91 A'J1:1-J~'Wl'Cl~ln1~ ~--'.li!'W9--'.l~ti.l1~r;i1 9'Vli'llt.11t.lV!'Cl'el(?}b~'rl '91'1l'el--'.ll;'11'j'~n '911uU'JV!'CJ'J-:Ji!'Whl 

t:J1'W'Vl1-:J muscarinic receptors 
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( 

tj'VI i"ll ~1~'Vl~'el l9l bih:1 l9l"ll'el.:!~1'a~ n l9l b 'U'U'J'VI~ 'J.:! bb'U'U endothelium-independent 

fl1'l~ fl'l'l'19'Vlf fl1'lA'<N1tl i 'J'lJ'El'1~1'l~fl f?l 11J'LI'JVl'i:-l'J'11 'WV! 'i:-l'El f?l b~'elf?l~1h1 f3\91fl endothelial 

cells i:.J'i:-lfl1'l'Vlf?l'i:-l'El'1'1'-l1J')1 ~1'l~flf?l11J'LI'JVl'i:-l'J'1~1:W1'l'1'El'Elfl9'Vlft1?1t1[?]'l'1~ smooth muse!~ cells lf?ltl 

m1m °ll:W"n'W'lJ'El'1~1 d~ fl f?l11J'LI'JVl'i:-l'J'1 'll'W1 I?\ 100 ug/m I vi111XVl'<N'tl (?11,~'t) I?\ A'i:-l1tl (?]'.] 1~ 55% 1 'WVl\{fl~:W 
I I !v 2J I 

A'.11:W~'Wfa~[?]Ufl~ ('lUJl1'1'-l 7) ([?]1'l1'1 5) lf?lt1ir.J1Ufl'<N1flYJ'Vl111Xfl~1mtl'El(?'t11JA'6'11tl(?l'J,!'WLnm'll'El'1 
qJ 

f71Jfl1'lUf?l~'W Ca
2
+ 1,-1'1~ smooth muscle cells vi111XA11m-L':w-n'W'lJ'El'1 ca2+ J11t11'Wb6l!'i:-l~°i'.i'l~~1J~1 

qJ .. ,, 
(Gonzales et al., 2000) 9'1'El19btl'W1u1~i1~1'l~llf?l11J'LI'JVl'i:-l'J'1iJ9'VlfiUf?lfl'W ca2+ channel 1'W 

ii ii I I 

fl~ 1 :w I, tl 'ti L1 ti 1J 'ti tl 1 '11 'l fl [?] 1 :w A 'J d i1 fl 1 d ~ fl 'l'l'1"]'W~'ti111 I, vi 'ti VI 1 fl 'i:-l 1 fl Yl ~ 1 d ~ fl f?l 11J 'LI 'J VI 'i;-l 'J '1 vi 111X 
,, . 

2/ -=::!I ,:::,J ~ .di a.,' 

fl'i:-l 1 ii b 'W'El b'ltl1J'VlVl'i:-l'El I?\ b'i:-l'tl I?\ A '<N1tl [?]'J 

1'WVl'i:-l'El !?I b~'El f?l~iJ endothelial cells i:.J'i:-lfl1'l'Vl f?l'i:-l'El'1'1'-l1J')1 A'J1m oif ii-n'W'lJ'El'1~1'l~ fl f?l 1uur;i 

Vl'i:-l'J'1".ll'W1 f?l 100 ug/ml 'Vl111XVl'i:-l'El f?l b~'El f?lA'i:-l1tl[?l'J 1~ 85% 1 'WVl\{fl~:wm1ii ~'Wb'<N~[?]11fl ~ (!11Jl1'1'1 7) 
2J 2,, I I 

([?11 n'1 5) 1 'Wm'l ~ fl'l'l'1 A f'1u 'l"l1J')1 171 'lA 'i:-l1tl ir.J'll'El-:tVl'i:-l'El f?l l~'B l?l YJ 1, vitlm tl1 tf?l t1~1 'l~ n l?l 1uu'JVl'i:-l'.l'1 
2,, !v I !v I 2.1 tr 

i1'W~fltJ1JtJ'1bf?ltl L-NAME ;'1tJ1JtJ'1fl1'l~~1-:t NO YJ endothelial cells ~'1i!'W9'Vlflfl1'lA'i:-l1tl[?l'J".ll'El-:t~1J' 

~ll1?111J'LI'JVl'i:-l'.l'1tJ-.:JiJim~n;w~1,1,uu endothelium-dependent ~'11,~tl'.J°]'tJ-:JllU NO pathway mh'1hn 
2J I I r, 

mii1 'Wfl1'l'Vl i?l 'i:-l'tl'1 A f-:i ~'ti 111 A'J'lVl1Vli fl j1iH Vi:W 1,~ii 1,nm ll1Jfl'i:-l 1fln1 'l'tl'tl fl 9'Vlfi".ll'El'1 ~1d~ fl f?l lU'LI'.l 

Vl'<N'J'1~1'W'l'l1'1 prostacyclin, EDHF 1,1,'i;-l:; histamine receptors bb'<N~A'JJ''Vl1fl1J'[?ld'.J9'1f?l~1 
I I I !v 

electrolyte ".ll'El'1~1J'~ nf?l 11J'LI'JVl'i:-l'J-.:J tf?lm'Yl.'l"l1~ K+ ;-.:i~ i:.J'i:-lbV1Umu111X l8'Elb6l!'i:-li"ll'El-.:Jfl~1mtl'El Cfou 

lflf?l hyperpolarization vi111XVl'i:-l'Elf?lb~'Elf?lA'i:-l1tl(?l'.J[?]1iiii1 (Kwon et al., 1999; Sobey, 2001) 

2J 2,, tr 2.1 

91flfl1'l~ fl'l'l'1 Af-:tU'l"lU')1~1'l~ll f?l 11J'LI'JVl'<N'.l-:tiJ9V1fi".lltl1tlVl'6'l'elf?l l~'tl I?\ i'11 'WVl'6'l'tl (?11,~'t) f?l11fl ~ . .. ,, 
1,1, '6'l :; 1 'W VI '6'l 'tl l?l I,~ 'ti l?l Yl i1 'l"l ti 1 fl ~ Jl 1 'l'1 A 'J 1 ii ~'Wt '6'l ~ [?] ~ '1 t l?l ti 'ti 'ti fl 9 'l'l fl ".ll ti 1 ti VI 'i;-l 'e} f?l I,~ 'ti l?l i '1 1,1, u 1J 

endothelium-dependent -vh11Xilmrnik'1 NO bb'i:-l~bl1JU endothelium-independent vi111Xfl~1m~'El 
,, ,, 

1,1't11J".ll'El'1Vl'i:-l'tl l?l l,~'t) f?l A '6'11 ti [?l'J ll?l ti [?]'j''1 i:.J 'i;-l fl1 'l~ fl 'l'l'1 A f-:iu~'El l?l A ~'ti-:! nu fl1 rn '1'1 'Vl tlbbi:.J'W1 'Vl ti (1''W~ 

n9'l'l'ru~'Vfofl. 2541) 1,1,'(N:;~'El f?l A~'El-.:inuviinJ1'W'Vl1-:t~vim f<l\1~ [?]f~V11J')1~1'l~ n f?l 1uu1V1'i:-l'J'1~1ii1rn 

'i:-ll?lA'J1ii~'Wfa~[?]1'WVl\{'lJ1'.l (Trongtorsak et al., 2004) 'W'Elfl91flnir-:iih1t1'11'W')1 ~1J'~fll?l11J'LI'J 

Vl'i:-l'J'1 (methanol extract) ~l1J'~~'VlfJ11V11'Wfl1J'1719f?l'El'Wii'i:-l~~'l:; (Wu et al., 2003) ~-:t'El'Wii'i:-l~~J'~~ 
q qJ q cu 

i1ii1n1'WVl'i:-l'Elf?lb~'Elf?l r.i:;vi1'i:-l1t1 NO bb'i:-l~l~bU'W peroxynitrite (ONoo·) 9-:tvi111XVl'i:-l'Ell?lb~'Elf?1Vlf?li'.l 
,, ' . 

ii1n~'W 1,1,'i;-l:;1,u'W~1bVI ~Vlll'1"1l'EN l'lAA'.11ii ~'W l'i:-l~[?]~'1 (McIntyre, 1999) fl1J'fl19 f?l'El'¾¾J'i:-l~~J':;YJV!'i:-l'El l?l 

b~'tll?l9~'Vl111Xi1 NO blfl'Vl1'i:-l1tlU'tltl'<N'1 ~-:ttl''W9-:J~ NO ii1nV1'El~9:;'Vl111XVl'i:-l'tll?lb~'Ell?lA'i:-l1tl[?l'J 91fl 
qJ 
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vasorelaxation i;,l1'W'\ll1--:J NO pathway r.,nnm:i''\lll7\'iMlUWnmu'W~M'll~--:J'i:i1:i''i:if1!?lbUU'JVl'tl'Hl"lU'J1iJ 

fl'J1J..H'Li'W~MU~tJ t!?lt1A1 LD50 (lethal dose 50%) ilr-11ii1nn'J1 8 g/kg (BW) (r.i--:in'tl'W b9b'Yil:..l:i', 

2541) £9l--:Ji!'W'i:i1:i''i:if1 (?) bUU'JV!'tl'J--:J9--:J'W19~n ~nl:JJ11'V'l~--:Jb'Wn1:i''tl (?) fl'J1il£9l'W t'tl,)~ bb'tl:;i W-l'W1b'Li'Wl:..l1 

bbt:J'WU99'1J'Wb ~~fnM1 hfl A'J1il £9l'W t'tl,)~'i:i'1 
q qJ 

. .. ., 
'i:i1:i''i:ifl l7l bU'lJ'JVl'tl'J--:J~~ n 9'Vlfl'Vl11 ~Vl'tl~ !?lb~~ !?lb~~~f~1 A'tl11:..1 !Yl'JbbUU dose-dependent i'1 

b 'WVl'tl~ (?) b~~!?l'.Lin ~ bb'tl:;1 'WV!'tl~ (?) b~~ !?l~i!'!"lt11fi'i:iJ11'V'l A'J1il '9l'W fa~~~,'.] t!?l1:..1nn'tl tnm:i'~~n9'\llf'll~-:J 

:;ii1:i''i:if1l7lbU'lJ'JV!'tl'J-:J 2 bbUU A~ endothelium-dependent t!?ll:..ln1:i'V!'j'1 NO bb~'J'Vl1b~Vl'tl~!?lb~~!?l 
., 

fl'tl11:..1 !Yl'J bb'i:'l :;bbUU endothelium-independent t!?l l:..l'Yl11 ~ n ~1m 'W~ b1'1:..1 U'll~-:JVI 'Cl~ !?l L~~ !?l A 'i:'l11:..1 !Yl'J 

tm'..l~:i'-:J 

!V 

"ll'fl b iqu'el bb 'U~ 
.. ., 

1. flnn n1 :i'M nM1 n 'Cl tn n1:i'~~ n 9 '\llfi'll~-'.l 'i:i1 :i''i:i n (?) bU'lJ'J V!'tl'J'1~ n fl f-:i t!?l t.1'.UfU'll'Wl rl'll~'1 

propranolol 1~~1'tl-:J vil~b~~nH selective ~2 adrenergic receptor antagonist b~~U'Wtl'Wn1:i'~~n 

9'Vli'll~-'.l'i:i1:i''i:if1r'lbU'lJ'JV!'tl'J-'.l~1'W'Vl1-'.l ~ adrenergic receptor 

2. fl'J:i'nm:i'MnM1n'tltnn1:i'~~n9'Vlt'll~-:J:;ii1:i''i:if1rlbUU'JVl'tl'J'1 tl7!m~~nH blocker "ll'Wl7!~1-'.J1 

b'lf'W cyclooxygenase inhibitor, K+ channel blocker b~~U'WcJ'Wn1:i''el'eln9'Vlf'll~'1'i:i1:i''i:if1l7lbUU'J 

Vl'tl'J'1~1'W'Vl1'1 n'tltn~'W'W'eln'·nn NO 

3. fl'J:i''Vl1 n1 :i'~nr.iif (?) r-11 electrolyte 1 'W'i:i1:i'~ n (?) bUU'JV!'tl'J'1 b ~'el~~9'W'J11 'W~1:i''i:i n l7\ bU'lJ'J 
qJ 

V!'tl'J'1n K+ ~--rn1'el hl ~'19:;L~tl'J']'el'1f1U hyperpolarization-induced-relaxation 

4. fl'J:i'bbl:..I n :;ii 1:i'~ f1 rl u1'~'\lltr.i1 n bUU'JV!'tl'J'1 wa 'J1.J1 ~1:i'bb~ 'tl:;"Jl'W(?) i11'\ll l7l ~'e!U n1 :i''Vl1-'.l 1'W 'll'el-:J 
q 
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