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2
+ 'il 1f1fl11'.J i 'U!GJffl~ 'U elf) 'illffW eJ-:j'Vj1J11ffl'.i fftl~ i 1J 
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Evaluation of hypotensive mechanisms of crude leaf extract of Nelumbo nucifers Gaertn. 

Petcharat Trongtorsak 

Department of Medical Science, Faculty of Science, Burapha University, Chonburi 20131. 

Abstract 

It has been reported that the crude leaf extract of Nelumbo nucifera Gaertn. (NN) possessed a 

hypotensive effect. NN may cause vascular relaxation resulting in decrease in the blood pressure. 

However, scientific evidence regarding its hypotensive mechanism has not yet been documented. The 

aims of the present study were to evaluate the vasorelaxant effects ofNN and its possible mechanisms in 

isolated rat aortic rings, as well as to examine its effects on vascular reactivity in isolated aortic rings 

derived from normotensive and hypertensive rats induced by constriction of renal artery. NN (10-100 

µg/ml) induced relaxation in aortic ring by 6-63%. The vasorelaxant effect of NN was not inhibited by 

nadolol (~-adrenergic receptor antagonist) 10 µM, but was significantly attenuated by L-NAME (nitric 

oxide synthase inhibitor) 10 µMand methylene blue (gaunylyl cyclase inhibitor) 1 µM. In. the prescnc~ 

of L-NAME and methylene blue, NN caused only 40% and 37% relaxation respectively, suggesting its 

vasorelaxant effect mediated through nitric oxide-cGMP pathway. NN also reduced vascular contraction 

induced by phenylephrine (PE, a-adrenergic recept~r agonist) 1 µMin Ca
2
+-free Krebs solution, 

suggesting its inhibitory effect on intracellular Ca
2
+ release. Moreover, NN attenuated contractile effect of 

PE 10-
10

-10-
6 

Min both normotensive and hypertensive aortic rings, but enhanced relaxation to 

isoproterenol (~-adrenergic receptor agonist) 10-
9
-10-

5 
Min hypertensive aortic rings. In addition, NN 

diminished vasorelaxant effect ofacetylcholine (muscarinic receptor agonist) 10-
9
-10-

5 
Min both groups 

of aortic rings. In conclusion, NN can elicit vasorelaxant effect which is partly mediated via nitric oxide­

cGMP pathway and may inhibit intracellular Ca
2
+ release. Additionally, NN can modulate vascular 

reactivity in both normotensive and hypertensive aortic rings, particularly alteration in the responses of 

vascular adrenergic receptors resulting in decrease in vascular tension, which may contribute to its 

hypotensive effect. 
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rl11 'm 'U 'W lfl&nt~ rl11 l.ltlli'1 qJ'Uel-:J'U qJttl . 

ff"J'l ll\ol 'W.t rl tt \91 n-:i 1~ufl11~r111111 ~ uiJ-·wif fff-:i~~ 1 ~ u ih.um Ll''Ufll'W ~ avlu efo ~Yu iJ l'U t1-:i 
• qJ . . u q . <u . 

1h~1V1fl'l vw . 'ill fl fl1':ib17--:n ~ ~il1u lu'Ua-:i nn1u u! rn:rn11n:iw Ll''tl'Ua-:im~l'l ':i1-:Jff1TITHU Ll''U 1 u ii 2548 -
I• • • qJ • ~ • q . q 

ii~ibu 327,919 fiu ~jtl~l'l'U'VJfl'Ul'l':illl'UflUfl11~mlll\ol'U !rltt\91~ -:i (rl1tl'rn1:u-nfi~lll1-:J'lfl~, 2549) 
• ,. • ,• •• _ I 'JI • 

mlll\ol'U fott\9l-bl'-:Jltf irn1t'Yi\ol'nill I tlL1fl11~N\PlUflAll':il-JII H~'U l'lf'U fl11~'1111 'ill'Yir\1 (heart failure) llrl~ 
"U • q QJ q , 

hr1'Yiriamiia~ lub'f11a-:i 1rlu~u 'il7flfl1Ti:1'7':i1'ilcJ-:J'WUi1 hr1r111lll'l'U fott\91~ -:i1tlum·ml?Jfl1'.i\917U1 u 

0'U\olU~ 3 1 'UU':i~'lfl:fl':i I 'YWluil 2547 ~-:iii1.h~'lflfl':it~u;r°J\ol'illfl !':iflfl'Jlll\ol'U!rltt\olb'f-:Jllrl~ !':ifl'Yirltl\Pl 
"' 

1ila\Pl1'Ub'flla-:i~-:i 21,756 ffU~m.h~'lflm 100,000 m.1 (rl1tl'fl-:i1tinfi~11tt-:i'lf1~, _2549) m':imUrJll':i~\olu 
'JI I I f I • . 

fl'Jlll\oll-Jlil tl\Pl 1 u ~ihm '11 ci 1Ul~'U ~-:iviiir111l1b1lfltlJt!Vl-:J V-:JV1\Pl ·!\Pl uvi'a-:iuf 1i !U~ V'U'W t]Afl ':i':illfll':i~lt'W'U 

ii\oltrn~f mh~V11um1'tiai1vrl\Plr11111\olu1ila\PlmU~fl'U 1 u ~il1vm111\ol'U 1ritt\91~ -:i ~11~u vi'a-:i 
' ,, ,, 

f mJ ':i~l'l l'U u1 rl \Pl m111\olu1ilt1\Pl·t1VN ~ mifo-:i 'Yi lflfl\Pl 1 \Pl m1:iJ11-a'1~ibm 'Yi ci1il~a-:i 1~u~11 ;~1v 1 'Wm':icifa 
,, ' , 

Ult ~1-Jl~'U 1111 lrl'ln ~ fl~-:J'J\91 n~uvi1 ;1 'U fll':i ~ii\91 Ulllrl ~u1rl11 ~ '\) ':iUL11'U 1 'YI ulv-:i vi' a-:itl 11otr1'\l lfl~ 1-:J u ':i~ll'lfl' 
. q <u u_ 

'l-1111110\PlUtlJ'Yilfll ':i'Ul\Pl ~rl fll':i~l b'ffiAm':itl 11.fj'w1fl~11fov1hm~uu'IZ11 'iltrn~tt na\Pl 1ila¢11 uil 2548 

~ 'JI c!. ,% ?I 'JI 'l '.:'I o 'l 'JI cl mn-:i 4,155 nl'UUll'l lln~l'Wll'U'Ul1J'U 7,915 nl'UUll'l 1 'U1J 2550 (fltMfl1UflllU1, 2551) l'll I mm.J 
"' q 

j} 'JI . 'JI ' ' ' • ' I 

ll'U1 I Ull1 'Ufll':it.Jll.fj'Wlf mil I rn 1 'UflrillU 'il~b'f-:i~'Uflfl 1 'Utl'Ulfl\91 \ol-:JlJ'Ufll':i'WI-JJ'Ull'lf'WVlflj'fi':i':ill'lfl~llfl 
' q "' 

mlfl 1u 1 'UU.':i;~1 Vlfl'~'U llll'l \Plll l'l'U u111~uu 'il 'il1J u ~-:i1~u 1~ l'l wn ~-:i 1 u fll':i 11flu ru'Yi 7\ol-:J flri 11 
"' q u 

I I I , j/ 

1 uu'\l'il1J'Ufl'U~1lrlflt11t1-:i$iU1,111 u1!a-:i~~\olllW ct1TI':i':ill'lf7Alllfl~'U iim':it.Jlb'fll'U l 'Wrnl 1; 
q q ,, . , 1 "' "' . "' , 'l ?I .,, • , l!j l!j 'J/d.,, ""~ ,!! 'JI 

u ':i~ U'b''Ull VI 'U bl'l':iff-:ilfl':il~'\1\,ll-:J"7 ! 'U fl11lll1J 'U 'il':i-:J1J ':i~ll'lfl' ! l'lU !\911111-JJ'U TI ':i ':ill llr1~.fJll1J tlJtlJl'W'U Ul'U 
I • • -._ 'JI 

1nu1nUfffi 1 tb'fll'U tV11fom 11r1m1tlunmtTW11--J Vfl~-:iu1~tl'lfl't V1uv-:iiim1mrn1flmnu11--l'Wnwvh 
' q 

bl'll'U l 'W'.i" ~-:J'Wl'il~'WI-JJ'U11\9lti~U~iiav\9llll'fi'.i"':ill'b'1~11110\PIU':i~ !V'b'U!\PIU!Q'Wl~ 1 'W~l'Ufll':ii'mn !':ifl 
q q "' ,, ' ; 

av1-:i 1 ':i~\ollllfll'.i"t.Jlb'fl.J'W 1 'W':im 1 ;1 'Wfl11·r mn t ':ifllJ'W ~1t~'Wvi'a-:iiim':iV1\Plb'ft1Ut]l'lTIY11-:imir'b'1V1m1rn~ 
,, ' 

l'l\Pl bl't!U'Wll 'Utl-:J bl'l.J'U l 'W':ilJ 'W "1 tvfo 11110\Plfl'JlllU n tl\PlllU 1 'W fll':i 1 'li 
. • 'JI ' ' 

o, a' ?I l!j 'J/ 0 d o, • I 
U111rl1-:J (Nelumbo nucifera Gaertn,, 1-:Jfl' Nymphaeaceae) lu'U !ll'Ull'l'WUV11l'lflfllfl'UeM1J':i~ll'lfl' 

•, . --, q 

1V1v 1'Uu'il~11u11o1nm':iri-:irn!111tt'111'Yim-:i1~'W'W'lftfl'rn]n'il'IJ'eJ-:i1.h~1Y1f1' ('W':i':iwuv' 1'b''b'1,r, 2s48) ~ 
':ilU-:Jl'WilU':i~l'V1fl'l l'lUl~ri-:i 1 U1J1 I D'UWllflU'.i"~ll'lfl'~l-J ~1'W1'Wlllfl~ail1vhru1 I 111 ;1 'Ufll':il\ol~UllUl 

('b'V'U v1 'Wt9fU':i"!'W'Vl':i 1rn~r1 w~, 2544) \91711917':i lbl'l.J'W l 'W':i 1 l'l v11 fl"l ri1'W'Ut1-:i1J1tt m~ mm ':in 1 ;t~'W 
' • ~ I 

b'l'J.J'U l 'W':ii'fl1J1mnnN\PlUflA~1-:i"7 t1o1 (lb'!\917 "!1V1v11wi'W, 2540). \ol-:itl'i:i111ttn1-:i~-:i1~u miu t 'W':i'Ylii 

~nvfl 1vrn .:i~il 111~iJ 1mftfl1JWl1-JJ'W 1 1 'W'Vll-:J mrn'Wl'l vu~u1 l'l v 1 ~1:fr'1 u111tt-a 1-:i11wi' 11~1miri-a\o1r1111.J 1o11-.1 
"' ' ' 

' ~ . ~ . 

trlM\91 (1iJ~ flt]'hllli't~t!fi, 2541) 'illflfll':iftfl1Jlt]V1TI'tll-:Jtfli'lf1V1m1u~-:i\9l'W'lla-:im':iLl'fl\Pl 1 u111mnnnd1 



2 

ffllJTH1'119lfl11lJ~t-J ii1M\91 l~uurn\1f'.J'l.Jyj'a\Hrn~mJU'J~f'.J~f'.J11 (Trongtorsak et al, 2007) 'U'il~'Ut-Jf'.Jl~'l i' 
'lum1i119lfl17lJ~t-J im1\9lri1u'lnajiJ 2 ntj:u'l11aj'l fitJ v~ntj1J'llV1mrntJ1P1!i1tJ1P1uc1~mntjm'l'ui1LYm1~ 

mu~ ~111vtrnu i 11ftm1i~ cHi1tJ-:i1~ tJ\91 'J1'ilfftJu11m1 fffl\91 iuD111c11-:i tJtJmrnic11P1m1:u~u i c1tt \91 i 19lt1H1u 

ni1 in 'll9l ~-:ieJ11111~1~u i ui~11ff~'Jfft119l'l uD111c11-:ieJ11111~eJeJnq'\ili'Uv1v11c1eJ\9ll~eJ\91 flnJ-:ieJ111iiq'\ili 

uni1tJ-:imnh-:i1u 'lJ el-:J'l-1 clel\9l!i1tl\Pl'illf)'Vjf'.Jlliff fl l'Vj i 'j,.jfl 11~fl11lJ\91'j,.j htt\91 ff -:i 11%1eJ ffl'J ffl1C 11.J UTtl tn-:i 
. '" 

. cf"'~ 91"" '!91 "''1"" ""' .J' '!91 ., 91d,,,"1 '1 .,, 
· eJ1'il'il~eJeJnq'\!11i'll'U1Jffffl1~ummrn 11m11J\Plt-J tcl'l-1\9lcl\Plcl-:J m1fl'mflt-J'il~ tttJ-:iflrn1:u1,'\il:u1J1~ W'l5t-J u 

fll'j i i'fflJ'j,.j i 'Vj'j !~elf)l'J'l.Jl'lJ\Pl 1 rn1rn~1~elfl1Tfo'lflff'Ufll'Vje)t-Jl:JJm!'l.J'l.J~-:i\9lt-J!el-:i'UtJ-:iU'J~'l57'l5t-J flni-:iv-:i 
q q 

' ' <=I <=I ~ 

1 'J 'HU fl 'J 'J ti 'YI !fUJ 1 'U eM 

'illf1fll'Jftf1117'1-11ffl'J1.h~neJ'l.J 'l t-J 'l 'U'lJ1'1-1cl1-:i 'Vj'l.J'Jlffl'JU'J~f)eJ'l.Jri1u 'l my1~u isoquinoline 

' q_ f I d 1.l]'j/ i o, ~ 

alkaloid 'l5t-J\91\9ll-'.J'7 alkaloid f1'llJU'Jf1'\ilffllJl'JtHWf1 L\9l'illf1 'l.J'l.J1'1-1cl1-:i flel nuciferine, remerine, irn~ 

nomuciferine il9lf'.J'illf1'lrn1tt-:i 33 kg mmHUWf11~ nuciferine 0.2 g, remerine 8 g, Ucl~ nomuciferine 

11 g (Ta~g Ucl~ Eisenbrand, 1992) ~tl:1Jlff7:1Jl'JtHWf1 alkaloid flf1lJlf1:IJltl'illf1i'l.J'lJ1'1-1cl1-:i l~un 

armepavine, anonaine, dehydroanonaine, pronuciferine, N-nomuciferine, dehydronuciferine, 

liriodenine, dehydroremerine, methylcoclaurine, N-methylcocaurine, asimilobine, 
Q .<::::). Q,I o' 

N-methylasimilobine, lirinidine, liensinine, isoqueretrine, llcl~ roemerine (1"!\917 -q1'\ilf'.J11\9llt-J, 2540; 

" Tang & Eisenbrand, 1992) 'j,.je)f)'iJlf)'Wiuiu'lJ1'1-1cl1-:iv-:iu'J~f)tJ'l.J¢i'1vm1 steroid fiei ginnol llcl~ P-
" sitosterol iU'lJ1V'lih11l1u1~mm~um1 alkanes (C12-C27) uc1~m1 phytol ~1f'.J (1"!\911 "l1'\ilf'.J71\9ll'W, 

2540) 

1wcJ1u'\!11cJm1 U'Vj'\11 vw-rn i '\ilf'.JUcl~flililww1 i '\ilf'.JVt-J vu 11'\il nri1u'UeJcJ'lJ1ttc11-:i ffllJU t1 i if mn 
cu u u q 

}-I Q/ "" '1 1IJ 91 1IJ 91 I 91 Q/ '1 91 ~I O O .,, 9191 'l 91 91 I 91" I O ~ 
m1~1Jel-:Jf)'Wfll'Jtf1\91 L'Jfl L\Pl I\Pl!lf1 m-:i1u1 t'l5!1J'Wtll'U11-:Jf11tM Uf11el'W 'W Uf1'Vltl-:J'J'N l!f11J'J~'ill!\Plel'W 

q 

H\91Uf)~ uc1~f m:11 hf11\Plir\911-'.J'\!111'J (1'l5'W ll 117'}5' 2532) 'Jlf)'lJ1 i i'1~t-Jtl11.Jl'J-'.Jtll-a'-'.J un!eJui 'j,.j cl\9116D' 
q 

31 31 , 31 'JI 

unie11m~m~mm11 il9ltJ'I.Jl'Jlf)'U1:IJlloi':1Jfl'l.J'I.Jl'ltt1$iei\91 $i:ufl'.i-'.Jcl~ 1 un1 lt-Jcl~ 3-4 r1f-:i (lu~ flt)EIW 

vru{ 2541) llJ~\Pl'lJ1li'l~t-Jtl11.J1Ht77-a'-:i 1.JlHfl'J'JJ) unm'l'mrn:dhlffflf)lff'l.J (1'l5'W ll1'Jl'l5, 2532) 
q ' q 

" ' ' 
\Pltlf)'lJ1lJ'Jff'l-111t-JUn'lf1 'lu i i'tt'1rn~tl\Pl 1rn~unmm'JN'W fl'j,.j ilPlvi i'n~U\PleJf)'Vje)f1'l.J111WYiflt-J (1CVl\91 1W 

m1uc16, 2529) mm~1N1-D'1iflt'eMt11'1-1eJ:1J1.J1H111 'l 11uc1~ i i'1~uv1'l5t11-a'-:i 'lu\9111uv11 '\ilt1~u1~ntJu~1v cu cu q qJ 

" 
mff1t1cJ 5 l~un mffrn~~ "Wnc1 m1ii uum'fl uc1~'lJ111mcJ 'li'1~u\9111rnllm~tl1ttfu1.J1H111i'il1rn~ 

q q q 

o o a.,, a., dQ ..:::io Q 0.J o' Q.I d .<::i A a., 'J} 

Ull'lfl7cl-'.J (flqj'ilt-Jl \Pl11fl'El llcl~'flW~, 2542; 1-q1P11 "l1'\ilt111\9llt-J, 2540; 'j'J5'j,.j ll1'Jl'l5, 2532) \Pl'U111'1-1-'.J'l5-'.J 
'JI ' 31 'j) 

.,, 0 91 .,, "I I ~ ""IJL I "" .,, i ""Q/ '1 j) 9'11J j) 9'91 9 
f)'l.Jt-Jl'je)'j,.j'j'l.JlJ'J~'Vllt-J 'l51f'.J'Uf'.J1tl'l-1cltl\Pllcltl\Pl'Vl !lJ!cltl-'.J'l-11 'ii 'j,.jeJf)'illf)WM l'l511f) I'll umeiu l'WHcl~m~'\11{'.J 
" , 

'Wl ('l5V'W\9lf 'W!;f'.J'j~'j,.j'\il'J Ucl~'flW~, 2541) 'luu1iJq'VlTicl\Pl'fl17:IJ~'W icltt\91 i1Plf'.J'I.Jll'UU1-a'\Pl'!-1%1eiuttcJloi':u 
3} I 3I 3J I 

fl'l.J'Wllttt$iel\Pl $i:u'fl'.i-'.Jcl~ 1 un1 l'Wcl~ 3 'fl1-'.J $i:u~\Pl~elflt-Jel~NUelf'.J 201'W 'il~'lf1Vlttfl11:IJ~'W ii'ltt\91 



r 
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' 
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Ii] 'J) OJ "' OJ o' 'J) 'J) 'J) cl I OJ ~I Ii] d I 

'i;l\?l'i;l-:1 !\?I (1'Wl>l f1t]'l:lt:Ul'l'W1i, 2541) 'i11f1'llel1.j'i;l'll1Wl'W\1~!'11'W111JTl11:11-:!tu'W'i:1l.j'W !l'l1'Vl'VlHfJt:Ufll'Vl1-:ltl1 

trn~trlu mm LV11~iirr'nt1mV11:1.:i~ 'il~'l11mvi'wim 'l 11tnl>l 1h~ 1t1'lf1-J 
q ~ 

- 'j/ ,, 

1'Vlt11rl'11:Y\911vu5u1:1nV1flru m.:it11'llel.:i1:111u 1 V111JTtt 'i;l1-:I i.:i-w m11:Yt1\?l 'il1mtt!11!1mm1t1'i;l\?11.J Wll'i;l l 'W 
q q 

' ~ " 
t~ell>l 'l'Wm,1'll1TV1~7'ltttfl\?1!1J1'1111'W 11>lt1 streptozotocin (Mukherjee et al, 1995a) m1~t1:1~:uqv1TI't'lffWl\>11'1 

~ " ' 
'llel-:1~'1-JG!!ii'W (Mukherjee et al, 1997) 1:1111:1fl\?l'il1f1!'11!1v.:iiiq'VlTI'tl1Jlfom1~'l'W'l1~'lll1 ~f)'n-:fV-:!!'W:IJf11'j 

' QI + + -'l ~ .c:i d. a., 'JI Q.I 'J} I 'J) 
'll1J Na , K trn~ Cl 'Wu'i:11:111~ (Mukherjee et al, 1996) !:IJeJu\?l'i:1111:1f1\?l'illf1!'11-:111J1'11r:11-:!!'lll'lfeJ-:J'VleJ-:J 

'11~(i1Jim'l'W'll'Wl\?l 0.5 mg/kg l'l1J17'i:11lJ11tlile:i-:in'Wf111'Mf1~tnl>l'illf)f11'jf)'j~~'Wli'1t1ll'l~1 (Dhawan et al, 

" 1977) f)l'j'V]\?}j;j'e)-:J 'l 'W '11'W'U1111>lt1~ \?11:1111:Ytl\?l 'illf)!'11!71J1'11'i;l1•mj'7']f'e),:ji] 'e)-:j iir,mvh 'l Mffa 11.J!'UeJ'i;lltlfl'i;lltl 
~ . 

I I t!' ' 'j/ V 

\911 m1tflifou 1 '111 ilii111vi'uinu trndjr,rnt'W11t]'VlTI'U'eJ-:J pentobarbitone r-rnihJ.:ii11m11:Yt1\?lm!11!1 
~ ' 

'11m.:iiiq'VlTif1\?11~1J1J'LI1~1:11'Vltr1'Wf1m.:i (Mukherjee et al, 1996) t:welfle:ium11:1t1\?l'illf1!'11!11Y1mn.:i'ltt 
I I 'j/ I 

'11'W'U71l'l1J111:11lJ11tl'i;l\?l'e)lf11'jiJ'eJ.:itiYt1vimut11'111 'l 11tfll>l ll 1tl'W1:IJ'W 'i;l~'tt .:Jtlj;j~j;j\?}f11'j! fl ~e)'W, '111'll'e)-:f . 
~ q 

" ..:::i, .:::IQ.I I Q./ 'j} Q.I 

'Vll-:lt\?l'Wel1'1111 (Mukherjee et al, 1995b; Talukder et al, 1998) 'Welf1'illf1'Wtl-:ll'l1J111:1111:1f1\?l'il1f1!'11-:111J1 

'll ~ o "'. I '[ , di 
'l1'i;l1-:l\?11tl methanol mm1rnV11J'ill'W1'W!CJf'i;l'i;lu1~1:11'Vl 'W'i:1:IJeJ-:!1:11'W dentate gyrus 'Uel.:J hippocampus CJf.:J 

011] 19) , 0.1 'j) a., r d d. 'jl oll)jl 
'W1 1 'LI'i:Y'll'eJ!'i:1'W'eJ!l'W~11m11:Yf1\?l 'illm'l1.:i11J1'111:11.:i 'Wl'il~mm1rnV111m1 t 1 tl'W 1 trn~m1mn LA (Yhn9: et al, 

~ ~ ~ 

2008) 

'illf)f)l'j'V] \?11:1'01J'i:1111:1fl\?l 'illf1~1J1'11 m-:i~ 'e)f)l'j ~1-:1 l'W 'Uel-:1111 'l 'ii 'l u '11 'W 'll11~tltlf) 'ii lf)'.fl.:J m ti 
~ 

" ' ' 
l'l1J11m11:Yn\?IU mm1rn-w:1Ji\9111m1t~'W'llel-:l 'H 1 i'il trn~t'W:IJ!t 1-:ID1J\911'll'e:l-:J111 'l 'i1Mel-:J1J'W (Malakul et al, 

2001) 1rle:ii'l 1 'l 1J1J1'11r:11-:Jtl 11.:J lJl'i:1fll>l li'1t1 95% ethanol tl~1flel'W'i:1111:1fl\?l!tfl'l1 'W 'll11 l'l1J171:1ll111tl 
~ 

fle:i.:ifl'Wf111t~m~i1J 1flrn'i:1!\9leJ1eJ'i;l 'lm~el\?l (Onishi et al, 1984) 'i:1111:1fll>l'illf111f11J1'11r:11-:!iit]'Vl{'i;l\?l teu''lu 

I cl otq3Jd° CV 'J}a., 

m~\911!'.I t!'i;l~'i;l\?lf111tm.:i'Uel-:l'i;ll 11:1rnf1'11'W\9l~t.fl1 (Mokkhasmit et al, 1971) 'Welf1'illf11:1111:1f1\?l'illf1!'11-:171J1 
~ 

d. cf QI : 'l .i:!f, !i) d. QI ~ 0.1 1 a., cl a., cld c.,I 

'\H'l1-:J 'il~lJt]'Vl 'lift~'j~~lll-Jl\Pllft urn tl~l!ft1 1J'l1 ft f1i1WJWJ'W 11mnm~ 'illm1Jft~1JTl1 ft1-:Jf11Jtj'Vl'lift~ 
" ~ " 

1~i1J'Wl\911'i;l 'lm~ell>lt'lf'Wfl'W 11>lm'i:151lt]'VlTI'll'eJ-:J~'W1!~'W 'l 'Wf111'Wl'W1\911'i;l!,rl!CJf'i;li (Huralikuppi et al, 

Q.I cl Q./ d. d'0.1 t I Q./ d 
1991) 1:1111:1f1\?l'illf1!:IJ'i;l\?ltl-:J:1Jt]'Vl'lit11Jtl.:J a 2-adrenergic receptors (Han et al, 1991) tl'i:1\?l-:1111:1111:1f1\?l'W 

'i:11lJ11tl~l'Wf111eJ'e:lf1t]'Vl{'IJ'eJ-:I catecholamine 'lu'.i1~mt1LI! f111~mn'l'W'LI1~t'Vlft~'Wt~tl l'l1J1Trf1'W'UeJ.:J 

QI 'jld. d lfJjl QI 91 ' e::::i. 1 
l>leJf11J1'11m.:i1m.:i:1Jt]'Vl'li'i;l\?l 1'\J 1rn~rnmmnn'VleJ-:!11;]'illf1eJ'l111\91f1 1fl (Ahmad et al, 2001; Jain & 

Verma, 1981) 

" 
ff1'W'Uel-:!'11J1J1'11m.:i'i:11>l'i:11l111tl'Wl:IJ1'Vll!rl'Wt1ll'lelf1'1~'lum1fo'l:l1 L1flt!vu (Mitra et al, 1976) 

I ,,, V ,,, V 

t:w mJ 1 'l 1J 111 'i:Yl>l m 'i:Yn l>l u~ 1'Vl l>l 'i:YV 1J q 'Vl TI 'll V .:i m 11:1r1 l>l n rn CJfj;j '1! l'll~t~ t1 .:i V11J 11 iiq 'Vl TI~ 1 u .fJ iJ u ~1 l>l t151J 5-:i 

f111'11k~ P-hexosaminidase 'illf1 basophilic leukemia cells (Tanaka et al, 1.992) 'i:1111:1tll>l'l1J1JTttm.:il11t1 
,/ I 'j/ I 

ethanol ii fl'VJTim~~'W lipid metabolism trn~flv.:i fl'W f111 !'W:IJ'U v.:i 'W1'11 'W f1\911 'l 'W '11 'W vi L l!i'1Jm'1111 l 'U:IJ 'W 1:1.:i "I q Ill llJ 

L_ 



" 
tl'W:1Jr101:'1'1~ (antioxidant effect) mt~l'l'IJ171:'1'111:'1'tl\oliiNr1V'!JeJ•:l!i'W!CJl'lJ aldose reductase !trl~fl11!fl\ol ... 

.J ')3/c:ll <V'J<V I -~ <V"" 3/ 
glycation products CJl'•m1:'1'\ol.:J L'l-ffl1'W171:'1'111:'1'fl\ol 1'1J'IJTl1"1.:J'Wl'il~1:'1'1JJ11t11Jt1.:Jfl'Wfl11lf1\ol.fll'J~!t'Vl1flCJl'tl'W 

'ill fl! l'r\!'IJ7'1117'W!trl~ !lfl~iifl17JJ'ff:IJ'W'Wlitl'!Jfl71!fl\ol oxidative stress (Jung et al, 2008) ) 1:'1'111:'l'tl\ol'illfl 

[ 'IJ'IJ1'11r11.:J$J'1t1 5% ethanol 1rlt1'Vl\ol1:'1'tl'!Jf1'1Jfl11'Vll.:J 7'W'Utl.:J'l11 [ 'il'l1'W'U71~!Wfl 'illfl~1'ff\WJ'Vl\olrltl.:Jl'l'IJ17 .. 
~CJ j/ da., a.,91fJ9/ ~G]j/ CV I ..:9 O 

mm1tHl'IJJtl\ol 1lflTH\ol 'W !trl~!t H'IJ'IJ\ol1'Utl.:J'l11 ! 'il !\Pl !trl~!:IJtl !'111:'1'7jfffl\ol!lfl'l1 ~ 'U71'Vl7'1111;'l O\'llr.H:l\c•l \ol'"I 
. . " 

l'l'IJ17iiNmU~t1wnJ-a.:ii1mJW~'Utl.:Jflil'W ivlvl111--;i 1 'il flci71~tl'V17 PR-interval 'ff'Wrl.:J !trl~'U'Wl\ol'Utl.:J T-

" " wave [ mu~wm:::!fl\ol!~1~'W !!1:'1'\ol.:J171:'1'111:'1'tl\ol [ 'IJ'IJ1'11rl 1.:J1:'1'1JJ71t1!j .:J flljl-Jl ! vJvJ1'il lfltttl.:J'IJ'Wrl.:Jb'ftttl.:J u .. 

" ci1.:i1t-a~d .:Jfl11!f1\ol ivlvl1'Ut1.:J'l111 'ilttt1.:ici1.:.i (Trongtorsak et al, 2005) 'Wtlfl'illffW1:'1'111:'1'tl\ol ['IJU1'11"1'1V.:J 

mm1t1r1 \olfl 11:iJ\?l'W 1 -att \o'IU urn~ vuw~r1--.11 'Wtt'W'U71U fl~ ur1~1t'IJ'IJ1~t1~t111 l 1--.1111--.1'U11~iim1~m1JJ\?l'W .. .. 

4 

!i:l'M\ol'i;J;.:J (Trongtorsak et al, 2007) 'illflfl1111m1~11mnh~fltl'IJ['Wi'l1'W'Utl.:J['IJ'IJ1'11"1.:Jl'l'IJ17i'l1'Wlmy 

" 
iJ 1~flt1'1J$i'1vm11 'W flzjJJ alkaloids 1 \oltll'Q Vil~ isoquinoline alkaloids !trl~'Wtlfl 'illffiW.:iiJ1~fltl'IJ~'Jt11:'1'11 

I q q a., a' 

flrl:IJ flavonoids Uri~ steroids (11:'1'\oll 1:'1'1'Vltl71WJ'W, 2540; Kashiwada et al, 2005; Tang & Eisenbrand; • • • 
~ I _9.-1 Q.I d ..:9 cl 

1992) lllltl.:Jltl171:'1'71 asimilobine Uri~ lirinidine mm1t11Jt1.:Jfl'Wfll1'11\ol!f11.:J'Utl.:J'l-rnt1\olmt1\olrnt1t11\oll 

" " 
'Utl.:Jf11~\917tl!~ (Shoji et al, 1987) alkaloid l1.:J1:'1'tl.:J'W1:'1'1JJ11t1l'l'IJ!~l'Wl'IJ'IJ1'11"1.:J (1'~\oll b'[1'Vltl71WJU, 

" ~ 
2540) \?l.:J'W'W~.:iiim1JJ1iJ1--.11 iJi~11m11:'l'f1\ol'il7fl 1 uu111m.:im'iliifl'1Lflm1t1t1flq'VlTir1\olm1JJ~111 m1\ol 1GJv 

vh 1 tt 1-rn t1\oltiit1\olfl m v~ 1 m1ffffm-d'~.:.i ii~ \ol~.:i 11 mv~ 'il ~'Vl\ol1:'1't1'1Jq 'Vl f 'U t11ffn r1t1\P11ilt1\ol'Ut1.:.imnl't1\P1 'l u'IJ1 

'11rl1.:J 

'l 1--.1tl'il'il'LI'W i~iim1ffflmt~t11num1:::m1JJ\?l'W !i:ltt\olmt1cl1.:ifl11.:.i'IJ11.:.i y\1 'l tt'Vl17'1J~-!ll'll'.llli . .. 
" " " .J 

1:'1'.flll'l'\Jtl-!l ! 1fl'W JJlfl~'W l 1--.1 fl 11:::u lJfll'l'IJ17'11 rl tl\ol 1ilt1\P'l!t\ol-!l 'il~iim1JJ~,!j \911:1Jlflfl17U fl~CJl'-!l!iJ'W Nrl 'il lflflll 

. " 
1'17-!ll'WviN\olUfl~'IJtl-!!U1~m'Vltm~~t1{1JJ'W (Bakris & Mensah, 2003) 'Wtlfl'illfl'WV-!ll'l'IJ17'11rltl\Plliit1\ol 

. " 
'V17-!!7'WN\olU fl~ 1 \P1 vm 'il 'il~\olt1'1J1:'1''Wt1-!l~t1m1 ~u11 r1t1\ol1il t1\P'lt'WJJ~'W1t~ \olti'IJ1:'1''W t1-!l~am1flr1wn-a a\ol it{ ti\ol 

'tl\P'IM (Takata & Kato, 1996) 'l'Wm1~fl11lJ\o1'W 1-att\91\{'1'111;'lel\P'l!i1el\P'lcJ•:rvm--hiim11~ellJTTtil~'lrn.:i 
I ..:9 d., ..:9 lfJj/j/ I 

endothelium (endothelial dysfunction) m'll1fltl endothelial cells 'il~'l1rl-!!1:'1'11flmt1'11i:ltl\Pl!rlel\Pl !\Pl'Wtltlfl11 

- I "" "'1 ~, .J 'I d "'1 3/ 'I <!I d 

1Jfl\ol 'il-!ltll'il!u'W1:'1'1!'11\o'J'l1'W-!l 1'Wfll'Hl'IJJ!!H\ol-!l!m~m-!l\oll'W'Vll'W !'W'Ylrltl\Pl!rltl\Pl (Boulanger, 1999) llllEJ-!ll'W 

V'WeJ'W17'l'Wl'l"71:'1':IJ7'1Jtl-!!~iht1m1JJ\?l'W !i:ltt\ol~-!l'il:::ii1~\?l'IJ angiotensin II (AngII) ~-!lfl17Ufl~ !trl~ AngII 
" . . 

'W 'il~l'll 'l tt!fl\Pl tl'W:1Jrl01:'1'1~-vi '11 -a tl\ol!iit1\ol:1Jlfl!fl'W ! iJ 'l1 ~t1vi11 EJfl17!fl\Plfl71~ oxidative stress i'l-!! Ni:l 'l tt!fl\Pl ... 
fl11'Vll"1tl'l1rltl\ollii tl\Pl!!rl~!fl\olfl71!~tl:IJ'l1'W l~'Utl-!l endothelium ( endothelium dysfunction) 'Vll 'l tt N~\911:'1'11 

f1"1tl'l1rltl\ol!ilt1\ol nitric oxide !~Utltlrl-!l (Sowers, 2002; Touyz, 2004) 
I I j/ ,t' 

'il lflvi flci 11mu-a 1'il~1li 'W 11m flt11vil ~f mn !lflfl17JJ\?l 'W !i:l11\ol~ -!!i'il1-!!tl'Vl TI'IJ1:J1t1'11 '1t1\ol1iit11o1 

c{31 .:::t. d , , .c:S , a., ai. , ..:9 cf 
1m:::q'Vl1i\oll'Wtl'W:1Jrltl1:'1'1~ (antioxidative activity) fl'Wl'il~1:'1'-!!Nrl\ol\oltlfl71~m7JJ\ol'W !i:l'l1\ol1:'1'.:J flrl71ffel qir11J 

• q 'U qJ 

'lH.17LJ'l1'1tl\ol!~tl\ol 'il~'1511:J [ l1 fl'Jl:IJ\?l'W !i:l'\1 \olrl\olrl-!l i'l1'W q'Vlf ~l'W tl'41.Jr101:'1'1~l-J l'il~iJti.:i fl'U tii'l tt 
di & .J I I 3/ o II) 3/d & ') .:, <!I 

endothelium !1:'l"ffl.JlJlfl'U'W GJf-!l'Wl'il~1:'1'-!!Nrl ['11 endothelium 'Vll-!ll'W !\Pl\ol'U'W 1\oll:J'l1'1-!!1:'1'1':ifl"11:J'l1'1tl\ollrltl\il 



5 

lJ'J j/C!& .dl ~ 'j/ !l/Cl. Q.I I Q.I QJ Ci 4 
nitric oxide t\ol\ol'IJ'U i'w fl71ft'fl'!:ll!Uel~\l1'U'UeMfl'ili~fj1'il !'J'WU11ff11f1'fl\ol l 11111'11'11~'1-J elfl'illflllt]l'l1i1.'l\olfl11l1 

" ., 
~'U 11.'ltt \l1U~1v~iJt]Y1TI~1ue:i'4¾J1.'lBf1'1~ ~~ir um1ffn\ol l u'IJ1ttm~u1'il~iJr-mu nihM '111.'le:imi=te:i\ol 'illflel'4¾J1.'l 

.Q. a., Cl. di I I j} o ~ J'..::::S.& 3).::,. Q.I .dl 

e:if1'1~ l'Wm1~m1:1.1\ol'W 11.'ltt\l1f1'~ CJM'Ul'il~mr•m l ttm1m~1'U'UeJ~'\11.'leJ\olrne:i\ol l m111~'U\ol'IJU fl'ili~N1'ilt1'il~ 
~ . ~ 

n 'il \ol'U ~'11 lJl!'J~ 'il~l'l\ol ffelU r,rn l 'W fl 11U nil el~ '11 u 1~ 'IJ el~ '111,'j el\ol !il el\ol l 'U fl 11~ fl11l1~'U11,'j 11 \,I f1' ~ 'Uel~ fflj ff fl \ol . . ~ 

., " " 
l u'IJ1tt m~ 'Uelfl_'il1nuv~Y1\olf1'e:iutJY1 TI'IJ!'.11!'.1'111.'leJ~HfleJ\olU1.'l~ fl1.'l '1 nm1e:ie:inqY1TI'UeJ~ffwcrn\ol 'l 'l.J'IJ1'11'fl 1-:i 

Q.I d 91 ' Q.I d I d..::::S. rl ' .dl 1 0 ~ .Q. CJ.I 

\ol~ 'il~m'Wum11 l uu1tt1.'l1~11lu-cr-1'Ul'l:1.Jfl'ili u1~ 1t16lfu1rn~flw mm~t11ff ~ 'il~f111 unm1mmft'nm1'ilt1 . . ~ 

mh~~mde:i~!~el~'il~Ul !U'ffflWWWJ'Wl 'l U'IJ1'11m~ 'l i1rlut11fom 1 jfl~el '1u 
~ 

a. a.v 
fl'Hl1JH 'l-.! 1fl 111-.J fl~ 6l.lel-N l'l-.! 1-Utl 

'illfl~mh1mu~1~1~~'U 'il~!ti'U'JlffUfffl\ol 'l U'IJ1'\11.'l1~lJt]l'li1.'l\olfl1llJ~'U fott\91 u~v~ '1-JJiJ 

m1ffnmii~fl1.'l '1nmrne:iflt]l'li1.'l\olfl17ll~'U fottlllif' fl11mrl'W '1 u1#i'm~ttd ~rie:i m1ffn\ol 'l U'IJ1'11m~ 

ell'il 'il~elelflt]l'li1\olt1fln'Vl1li'111.'leJ\ol!fleJ\ol'IJ!'.11!'.11/l 11im~t11n1J1.'l\olfl17ll~'U 11.'l'tt\l1~'l ~'l u nnf mn 11fl 
., 

f111:1.1~u fo-nlll m 'l uiJ 'il 'il '!JU (~~UN'Wflll) m1ffmnw; ~l'l\ol ffeJUN1.'l'lleJ~ffnf1'n\ol 'l U'IJ1'11m~~e:i'\11.'lel\ol 
~ . ~ 

~ l/] e:{ J 'j/ J' cv 'l Q.I Q..I C! ~'J} .Q. ,:k I 

rn eJ\ol irn~ fl1.'l rn m1 e:i e:i fl q l'l 'Ii me:i ~ \91 'W u e:i fl 'il 1 nu ffn ff fl\ol u 111'\11.'l 1~ ti~ :1.1 tJ l'l 1i\l1 l'l-J e:i '4 ¾J1.'l eJffj~CJl' ~ m 'il~ 

di °' , , • 1d • r <!! 
'Uel~ endothelium CJl'~N1.'l\ol~flm1'Ul'il~!lJ 1.'l!'J'UU 1J1.'l~ flU\ll elUff'U el~'Uel~'\11.'lel\olrn el\ol ( vascular reactivity) 

'l um1~f11llJ~'U 11.'l'tt Ill m 1\ol !'J'\11.'lel\ol!f!el\olell 'il lJfllj\,le)Uff'U el~~e)fflj~U'\11.'lel\ol!flel\ol/,'l\oll,'l~U~ 
~ 

., di ., 
\l1eJUf1'U eM~e:imrnmt1'111.'leJ\ol!fleJ\oll11fl~'W CJl'~'il~'lf1t1'l if111:1.1~u fo-nll11.'l\ol1.'l~ (~~UN'Wflll) ~~iTu 

~ ., . 
m 1ffflrJ 1-w;~ \l111 'il ffeJ u N1.'l 'll e:i ~ m 1 ff n \ol 'l 111J 1'11 m~ 'l u fl nu fl il e:i~ '11u1'Yi'lJe:i~'111.'lel\ol i~e:i \ol 'l um 1~ m 1 :1.1 

~'U fo-n\l1ff~\Pl1!'J 
~ 

m rn n \ii 
t 1.J'U1ll1.'l1-:i 

y ~ertension 

'Ul'JllJl!M\il 
., "" 

\91 1 'U el 'U :IJ M ff'.i ::; 
'"' 

1.9\ilfllllJ ., . 
\oll'U'l'll'U\olel 

fll'.illHl'Uel-:J 

"' 

0 "' 1.9 \ii fll'.i '1'111.9 ll'Jl! 1.90 \il!1.'lel\il 
' ., ' 

1.9 \ii fll'.itftel:1Jl!'Ull1 'UB-:J 

endothelium 
11.9 el\il 

~ "' 1.9 \ilfllllJ\il'U!i.9 el\il 1.'l\ol vascular reactivity 



' 

l 
r 
I 

~ 
' 

1. t~tlfffl'l:llt]'Vlef 'llt11tllH'ltl'fltiit1'fl'lJtl,H'l'l'HH1'fl l i.J'U1l'Hl'J-:Jml~ fl'i:'l I flfll':itltlflt]'Vl f 
2. t~tlffmllrH'l'lltl-:l'i:1'1':ifffl'fl 1 i.J'U1111:11-:Jl>itlfll':iloltli.Jff'Utl-:l'lltl-:l'Vil;ttl'fltiitl'fl ( vascular reactivity) 

1'Wm1~m1'.1Ji'U httlol1J:-:i 

'Ue1 m 'Uvl 'U 0~ 1 r11 ~ m 11 ~a 

i'UHi.JiJ'lltl-:Jfll':i1'ilmtl'U fll':i1'0 m;-:J'Vl'fl~tl-:1 (experimental research) 1'fltJ'V11fll':i'Vl\P1l;ttl-:J l 'U'Vi\!'ll11 
, ,, 

u11 i.J'U1l1 m-:imt\911 vrntl'U m1ffn'flt1~1-:il'I t111Ju~1t11 i 'Ufffl'l:llt]'VlTI'Vl1-:imff'lf1'Vlt11i-:ii1 

1) 'Vl\P"l fftli.Jrll;t'lltl-:J'i:1'1':ifffl'fl 1 i.J'U1l1 ~1-:il>it1l1l;ttl'fltiit11P1Wtltl{lol1 (aorta) ~Utlfl'\Jlfll1 'U'll71 1 \P1 ti 
<IJ 

6 

fffl'l:llt]'Vlef'llt11tll'l~tl'flliit1'fl (vasorelaxant effect) H1;t~fffl'hllfl~ lflfll':itltlflt]'Vlefttl't1-:i~'U t~tll:] 

17'i:1'1':i'fff1\P11 i.J'U1l11:11-:Jtltlflt]'Vlf rh'U receptors 'lf'W\P"l l\P"l l 'Ul'll;ttl'flti1t11P1 

2) 'Vl'flfftli.J rll;t'lltl-:J'i:1'1':ifffl\P"l l i.J'U1l11:11-:J l 'Ufl1':i'Uflilt1-:ifl1':i'V!l-:Jl'U'lltl-:ll'll;ttl\P1tiit1'fl l 'Ufl11~fl11'.1Ji'U 

1 ~ttlolm 11P1t1mtit11tl11 tt' l'l 'U 'lJ11iim1~m1'.IJi 'U htt \91 m#i'1t11Tim1~71'1'fl~i.Jl11;tt11P1tiit11P1tt1P1-:i 
<IJ <IJ <IJ 

&. 0 j/ ' i:=1 ~ 
(aorta) '.lJ lrl'fl'hl 1 fl 1 ':i'Vl 1-:J l'U \P"l 1 tlfll ':i \91 ':i 1 '\l ff tli.J ~ fl 1 ':i \91 tl iJ ff'U tl-:1 \91 tl m':i \91 iJ 'ti 1;t tl'fl rn tl\P"l l t ~ ~ m ':i 

r1 mt1l11;tt1'fltiit11P1 L 'U ff m1~~i'.itrn~ ~hliim1'ffn'fl 1 i.J'U1l11:11'.1 11P1m1l1 vrn vit11J fli.J mn11<.11'U 

'Utl'.ll'll;ttl\P1ti1 tl\P"l '\llfll'l'U 'll71'Ufl~ 
<IJ 

,, ' , 
m1fffl'hl1ilvl11 tt'i#i' t1-:i r1m1'.1Jf1 mhfi t11n1Jfl1;t i flfll':it1t1flt]'VlTI~1P1m1'.IJi'U htt1o1'll t1-:i mwrn'fl 1 iJ 

'U1l11:11'.I ci1-:immH11iirlw1!t1'.IJ1;1/wnw~t1fll':iffflm1it11 mf 'Uml>it1111 Bmf .:.iir-:itr!'Um1mn'U'Vl1-:i cu <:fa cu da 

1'Vltllrl'l'ff\91 {~fflftUJ'\llfl'U fl1 'il tl'ff~i.J1tflfl ttl'U fll':i'ff'Ui.J'ff'U 'l-Jfll':i'WWJ'Ulff'.IJ'U i '\,'l';j i 'Vltl 1 tt'i#i' 
Cl <u CU 'I q 

mm! 1 'U m fl ~ 



fll 'HTn~trl'Hll fl hru1 ttr:n-:J 

' ,:t 

'U'Yl'YI 2 

i 1J'LITnm-:i~i ii um1ffnmi1leim111nuei'IJ1!l t1-:ir1 ~-:ii u ~-:itt 1\ol'lHl1J~i u i1-:i l~el'U :umw1:u 
q 

7 

l'l.rl'. 2550 !\olc.l!f11J1llflUel'LI1i'U~1el'Ulil'lf1'1 9.00-11.00 'U tl1i1J'LI1'\1n1-:Jff\ol:IJ1~1'1 !!~11,llflill'l\ollttl!TT-:i 
V ' 'JI . jl I I I ·, 

~lfl'W'Utt'Ulr!'U;'U i t1ii'IJ'Ul\ol1h:::mru 1 {h 'Wl 1rn:hvitt'UU~11 lleirn,1)1mfljeJ-:J hot air oven vieiru m1ii 
q "' 

. ' " 
6O°C tr!unm 3 i11m u~1tn1JtU'IJT1wn-:i1ut1-:il'lmff&iflun:::r-ml11mi-:i111utlu t1J'LI1mri1ifo:::~\ollfl1J 

q "' q 

" 
111 mimiru:::iim.J n1111:::ihi 111 ii um1fln\olm1~ei Ll 11 

" ' 
f111fff1\ol'ff7111'i''l'll\911:IJi'U\9'lel'U"Vitloi'11tm'UHu~1 (Trongtorsak et al, 2007) !\olcJ'Wli1J'IJ1 

3' 3' a.. <Qo 31 3'~ cl .::t ct 
ttm-:itm-:i,50 g \9'l:Ufl1J 5% ethanol llrnl\911 2000 ml !\olcJ\91:Utm\?lel\Pll'U'Unm 10 'Ul'Yl 117fl'l--l'Ufl'.iel-:J 

~ ~ 0 I" f a, 0 ~ di . . d 
m1n:::mt1\ol1cJN7'1Jl11Jl-:i mm1n:::mc.1 1J1:::mc.1mY11n:::mc.1eieinA1mmei-:i rotary evaporator 11 

" eiru tt fl:JJ 37°C 1 \Pie.I 1 rim1-a:::mc.1111n t 1J'IJ 1'11 m-:i fl f-:in::: 250 m:1 '1'17 mn:::m c.111 iH,"(1 rn::; mtrn \ol n .:i m ~el 
q "' . 

111:::murn~-:i'\1~'1 tnrnnrn:::mv~il'i'H1u¢i'uitt~~ -80°C 1rlunmeiv1-:iueic.14i'11m U~1'Wl 
"' 

I cl di- f 0 9 'j} 3' 3' ~ .:k 13' QI d-=i Q./ cl .-:::i : 

m1n:::mmt'lf!l'IJ-:J'U 1J'Yll t'\1l!'\1'1\ol1mmei-:i freeze dryer "lf-:i11::; \ol'ff71fffl\ol'Yl:Unfl1lru:::t'U'UN-:i'i:'f'Ul\9'lln 

n11irn\ol !\Plt11TI'l111::: il'i'm1ffr1\ol t 1J'IJ1'11m-:il11:::mru 19.87% 'Uei-:itlrnun i 1J'LI1u11~ 1num1ffn\ol t 1J'IJ1 

" " 
ttm-:i i 11 u¢i'\Pl\olm1:u;mrrnf 1Ji i1um1'Yl\olnei-:iiu~ei 111 

"'"' 

/ ,1 Jdtd~9 dl 0 "I "I .,Qd 

__.,m1n:::mc.1mc.1-:it'Uel!tlel'Yli'lf t'Ufll':irl'fl'l:Jlfll':i'Yll-:Jl'U'\Jel-:J'\1nel\oltnel\olflel Krebs solution "lf~:IJ 
" . 

ri1ul11:::n~rn1-:iu NaCl 118 m.M, KCl 4.6 mM, KHzP04 1.2 mM, MgS04 1.2 mM, NaHC0
3 

25 mM, 

CaC12 1.8 mM, glucose 11 mM i'W1JNfll':i'Yl\Plnel-:J1l:::ii low sodium Krebs solution ~~l\9'l1m.J !\oltln\ol 

NaCl miiei 62.6 mM ri1'Uel-:Jfll11:::t1ei1Jt'U''"]!'\1:Uel'\.J normal Krebs solution bl7'11f1Jfl7':il\911t1:u Ca
2
+-free 

. d ~ . 
Krebs solution 11:::!l'Yl'U'Yl CaC12 \ol1tl EGTA 1 mM 

" ' 
'ff11ffrl\ol l 1J'IJ1'\1n1-:Jl\9l~cJ:IJl m.i'Yltiflf-:ivi'l'llfll':i'Yl\olnel-:i !\Plt1'El:::mc.1h1 Krebs solution uJ1 

q 

tl1illmeJ~~1c.1m:::\olll'lfl':iel-:i ·m1mii~1-:i1 'l~mi phenylephrine (PE), acetylcholine (Ach), 

isoproterenoi, Nadolol, N°-nitro-L-arginine methyl ester (L-NAME), lt-a::: methylene blue l\9l~c.l:IJ !\olc.lfll':i 

-a:::mc.1imi'1niu irlei-a:::mc.1m1tfliiu~111:::'1'11trlu aliquot tn1JH~ -20°c 1rleJ'l'llfll'J'Yl\ol'EleJ-:i11:::u1111tfei 

~ . 9 ~, ~ ~ ~ ~ / 
1ll-:J\ol1c.l Krebs solution t'\1 \olfl17:1Jl'IJ:IJ'IJ'U\911:IJ\9lel-:Jfll'J · 

" " .:::! Q./ ~ ~ Q.J 

'ffl'Jlfl:U'Yl-:i'\1:U\ol9fel1llfl1J'Jl'l'Yl Sigma Chemical (St. Louis, USA) 
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. j) j/ jJ 

,& .c::.1.9 j} j} Q../ rl Q.I o' .::! ~ 0 Q.I 

fll'.ifl'fl'l:ll'W 1'lf'l1~'1Jl1 (rats) !'l"lf!'fj Ll'ltl'l"l'W~ Sprague Dawley fl\91TVl\o1rltl-:J'WCJHl'illfl Ll'l'Ufl 
. " 

ff\911'Vl\o1rltl-m'l1-:J'lfl~ 'JJ'l111'Vltll~tl)J'tt \olrl ,~1 TTl1'\.J'VlfltJV1 'UTTtl-:J I~ tl-:Jff\?11'Vl\o1rltl-:J'Utl-:Jfllfl 1'lfl1'Vltllf!'1Ml { .. .. 
m1 ll'l"l'VlfJ r1w~1Y1t17fl'lfl\91{ llm1Y1t1Tt1t11J'.i'l"ll l\o1t11 TT'l1'W 'IJ11uf rn,i 11 ~1r11J~ -:i1n\o1l!'tJll h1:u1~'W nm .. .. . 
3-41'W fltl'W!~llfll'.i'Vl\olrltl-:J . 

1 'Wfll'.iftfl'l:lltJ'Vlf 'llt11t1Mr1tJ\o1t~tJ\o111r1~nr11 flfll'.itJtlfltJ'Vlf 'lltJ-:J m1 flt11'11 rnlm m-:i 1 ~'l1~ 'll11 

m1:.1 10-12 ffU\o17tt ~l'W1'W 16 \911 ih'Wm'.ifffll:l7Nrl'lltJ-:Jflnfln\o11u1J1Mr11-:i\o1tJfll'.i\?ltJ1Jfl'WtJ-:J'lltJ-:J'l1r10\o1 
q 

·, 

fll'H-h ~vim il r.r.nh 1 tt'ii fl 11 ~ ri 11 ii v1 u 1 t1 tt vHY --'.l .. 

. flel'WNl\91\ol fll'.iNl\ol\o1!~'JJ~1tlfll'.ii'111TTH~flrl1J l~tlfll'.iQ\o1 Thiopental sodium (Abbott) 'IJ'Wl\o1 20 mg/kg 
" . 'j/ I 'j/ 'j} 'J} ,Q 'J) 'j/ .,:9. · ~ , :, t fl/ -=.,.· 

!'Ul'lftl-:J'Vlel-:J l!r11\?lllJ\o11tlfll'.i'Q\o1 Ketamine 'IJ'Wl\o1 70 mg/kg l'Ul'Vll-:Jflrllll!'Wtl !JJell11ftH'\"lJ 0ii'H--ll\?l~H1]\'l 
'JI I I \ • 

l\91~1-:J~ltl !rll~!'Wel!VO!'WtJUtlfl renal artery 'Wlrl1\o1'1J'Ul\o1!~'WNl\J'WVmn-:i 0.3 mm 11-'.l'Vl11J\?17:!JU'U1'1JO-'.l 
.'ii • 

'l1rlel\o1!~tl\o1 H?lmJNl\91\ol (size 2/0; Aesculap AG & CO.) fjfll1rlel\o1!~el\o1Uii'1~-'.lrl1\o1eltlfl 'illfl'U'WI.U1J1J\ol 

" " """'"' 099,I ci ""ll]_f"' II] 099J"> 9,1 
UNrl Tfi'W'il~1111'l1 renal artery \?11J !rlel\o1 rn!rltl-'.l !\?lrl\o1M'Vll ll1lfl\o1fll'.ifl'.i~\,J'W rennin-angiotensin-

". 
aldosterone system (Coleman, 1980) '11~-'.li'11Nl\91\o1{jltl!!Nr!Ji'11:.11:.11CJJ11;tJ Betadine (New Life Pharma 

. " 
co., LTD.) ur1~illt1cJl'Vlfl1'W!'WOflo-:in'Wf111~U'Vl'.ifl~el'W'illflfll'.i~\o1!;tl '\11;1-:JNl\ol\ol 6 ffU\olltt 'l1'W'Ul1flrill . .. . 
" . " 

i'.1 'il~iim1~m1ll\ol'W 1 ritt\91 fl-:i hw\?l '.i1'il 'i;"ftJ1Jml'JJ\ol 'W h tt m11-'.lm-'.l 11 ii 'il ~'l"l1Ji1m1'JJ\ol 'W htt \llt'Wll~'W 'ii 1 n .. .. ' 

I I a., I .,:9. I Q.J 

fltl'WN1\?l\?llllflfl11'11'.iel!'Vllfl1J 10 mmHg 

fll'J1vlrl1liJvl'W Tt1ttvl'YIH'ttH'tt\f (Tail-cuff Blood Pressure Measurement) 
" . 

fll'.ifffll:ll'W1~1TI1\o1mllJ\ol'W lrl'tt\?l'Vll-:J'l11-'.l'\1'W l\o1t11~1r1?0-:i IITC Model 229 Pulse .. 
Amplifier/Pump photoelectric tail cuff system (IITC Life Sciences; Woodland Hills, CA) ~-'.l'il~t91mJ\91tl . . 

9,Ja.., 0..1,dl ~<l.l& ~ci 

!'Ulfl1J'.i~1J1J1J'W'Vlfl Biopac MPlO0 recording system (Biopac Inc.) !'l"lel1J'W'Vlflflrl'W'lf'l"l'il'.i (pulse waves) 

no'W1\o1ml'JJfl'W lrltt\?l\oltJ-:iitt'm111fom1ri11n'IJ11 (ow11fliiu1~mw 38°C) 1~imm 3-5 .. . .. 
,· 

fl~'W1f'l"l'il'.il~ '!11;1-'.l'illfl1ttm1'JJftJ'WUii'11~~1l101i'W '.itl'il'\.J'\1'U'i;"f-'.l1J~-:J l:U~'W!\ol'W 'Wl tail cuff fl1'JJ~'l11-'.l .. .. 
I I t;-1 I 

'11'W'IJ11 1r1?tJ-'.l IITC Model 229 'il~'tll'\1'Wlvi U'JJrlll!~l!!rl~Uriot1tlelmllfl tail cuff U1JUeJ\?l l'W:IJ~ !lJO .. 
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"' .,, . 
tfl 1fl-:iihJmJt~1u:::-n1 'l 111HJfl\oll~fl\ol~MHn-wt1rnrn u'W1J'W 'V1flflt'W;'V'I u11li1¢i ulfl'W 'W lfl ~fl-:i u:::1lrimra:1J 

"" 
flflflu'Wil-:i1:::i1mi!-:iu:::mm1t11J'W'V1flflt'W;'V'lu1i¢i0flflf-:i m1:1Ji-u'l-w tail cuff ru ~\ol~1J'W'V1flflt'W;'V'I 

' jl 1 ' ~ lfJ j/.::::S. Q..I ~ I I ~ .::::S. .:::S.'l I ,'I I 

u1flil'Wmfl !\olelflflHflflfll systolic blood pressure (SBP) ff1'Wflil'W'l5'V'lu1'Vl '11t\J~\olflflfl1 Mean arterial 

pressure (MAP) fll pulse r~te (PR) fll'W1WulflflHW1J'W'V1fl'Ufl-:!flt'W;'V'lu1 '11'1fU11U~Il:::ihu:::1$i'fum1 
. .,, . 

\9111uffflum1:1Ji'W !Il'H\9121-w~¢l~flrrwuti'.1u1Pi1m1:1Jiu !Il'H\911'1-:i 21-wmPi1m~t1 

• , " . '11m ,1• •1:u;f u 1 :ii"':•: \l i ,n_tj u "'~~uul\: ", tj ~• 1w;f u foii mi;,~ u jj,J: 1>i' ri "" 
'VllNl\91\ol (week 0) UI1:::1\olfl11:IJ\ol'U !Il'l1\9lflflfl~'l'-w-a-1l\ol1'11'Vl 6 mMNl\91\ol (week 6) !\olm1l1t1rn'Vlt11Jm1:1J 

.,, 
. iu !1;ll1\9l'Ufl'1'11'W'IJ1TY1'1 2 fl1;1:IJ 

" . \ 

,:\ ~ ,! 

fll'Hvl'Jtlit'l"HHlvl!tHlvlHHlel'Jvll (Preparation of aortic rings) . 
-a-mJ'l11,1'1111¢i1tl Thiopental 'IJ'Ul\ol 70 mg/kg l\oltlflWQ\oll~l'lfeMilfl-:i l:Wffl11,1'1111-a'Il1J~'1~1\ol\ol 

-, ' • • I 'J/ 

ttl\ol'lffl-:!flfll'WBHtlfl thoracic aorta 'U1'11IlB\oll~B\olU'lf'l'W oxygenated-Krebs solution vhthl ulfl'Wl-llllfl'Jl1J 
jl I I • 

-a-:::01\oll'WBl~eJtnt11vl'-w flBflulfl'l1 IlB\oll~B \ol u-a' 11o1 \o'l n ~B\oll~fl\oll~ u 1-:i~1-w1-w 4 ,h-w 1 \ol vH~ 1;1:::ih-w i'i 

m1:1Jm11l1:::mru 3 mm 'U1Il1\ol stainless 2 ltr'WffB\oll~ll'W1'1JB'1'11IlB\oll~B\ol u-a'11J111I1B\oll~Bl•lWU1'W'l'W " . 
) 'l !J,/ !J,/ .J ,:I <V I !J,/ 'l I C! !J,/ .J I . !J,/ V 

organ bath t\olV '11Il1\ol!ff'U'11'1-MV\olf11JU'Vl-:illf11 'U organ bath ff114Il1\o1Bfllff'U'11'1-!-l\>lBl'UlfllJ isometric 
& I Q./ 9/ I Q./ cQ , dt 

force transducer (Biopac Inc.) cir-:iu:::mfft!Jt!J1Wl'U11;);1:::1J1J1J'W'Vlfl Biopac MPl00 acquisition system ll~fl 
.,, . 

1Ju'Vimt1-:i~-:i'IJB'1'11IlB\oll~B\oll1'1 4 ri1'W 'IJW:::'Vl\o1'1fl'1'11IlB\oll~tl\olu:::t1~'l'W organ bath vii'i Krebs solution, 

pH 7.4 mrn;im,irutti;]ii'lttfl-:i~~ 37°C tm:::'ltt' 95%O2-'5%CO2 1rl0u'IJ1'W'l1IlB\oll~B\o1'lu organ bath 
. .,, 

!J,/ 'l !J,/ & I ,'I o, • f I 'l !J,/ ,'I !J,/ I 

umu::: '11UH\91'1 (resting tension) Ufl'l1Ilfl\oll[lel\ol 1 g ulfl'W'W1J'1flV '11'11IlB\ollilfl\oll'Ul'i;);fffl11:::fl'1~Il 

(steady state) l~'Wnm 60 min flm-H1:IJfl11'Vl\ol'1B'1 l\oltllD~V'W Krebs solution l'Jfl"'] 15-20 min 

' d d 

IT11-ftl 1 fll ';j fl fl 'lfl q 'YI fi 'Um ti 'Yi i;l el vi! ti el vi 'llel ,'Hll'J ~ n vi 1 u 'U 1'tnn ,m i;l ~mt, fl fll 'j el el fl q 'YI fi 
' ' V1 Q.J ( V ,4 4:!I ,e:f o 'JI 

1. f-ftl 'II eJ ·WTHJ'fl vi VU 'J '11 'irJ '1 fl eJ fl1 'i'H vi fl 'J 'II eJ '1 '11 'i:I eJ vim eJ vi 'tU '11 U fn U1 ffJll Ph en y lep h rill e 

CV ~ 'j) I 9/ 'j) 'l'J/ ~ v 'j) 

m v111;1-:i ulfl'11 '1fl\olm B \oll'lll'i;);ff m1:::m~ m1m m:::~'W 11_111;1 B\olm eJ\o1'11 \ol \911\9l 1V phcnylephrine 
. .,, 

II] !J,/ & "' 'l !J,/ a, 'l "' (PE) 1 ~tM u'W !\oll!Hfl-:11;);'1'{\ol (maximum tension) ulfl'U'W m1'7H!fl\ol uu111m-:iuuu cumulative dose 

h.i'U'Wl\ol 10, 20, 40, 60, 80 m'l~ 100 µg/ml 1J'U'V1flfll'jlD~V'UUD'1'1UH~.:J'Ua-:ir1I1B\oll~B\ol\9lrlfl~1fll'j 
.,, 

91 ~ Q.I 'J) Q,' ~ 9) ' ci 

'Vl\olIHJ-:1 m-:irHHl\oll[leJ\9l'11mV"']m.:i\ol1V Krebs solution '11Il.:lulfl'l1IleJ\ollilB\oll'\Jl~flfli1:::m~riBfl 30 min 

u~1~.:i incubate tlU nadolol 10 µM (~-adrenergic receptor antagonist) 11!B L-NAME 10 µM (nitric 

• • · h · h"b'tor) rl~fl methylene blue 1 ~tM (guanylyl cyclase inhibitor) l\olV incubate fl1Jtn'i 
oxide synt ase m 1 1 · ,, ,,, 

_ d " !J,/ !J,/ fi 'r\
1 30 

. ulflJ'Wm:::~'Wt'l-~'\11;\B\9ll~B'n'l1\9l~1Bfl'f11-:i~1u PE l ~lM 'il:Ul'fibt1~ 
·"'11'W~{'/1':i t\916\Jl~\9\'\.lllJ\Hlb, mm • 



I 
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. ,, ' 

~-:J'ff ·H'l'l>lU~1~-:J 'l ttm'.H'l'tl\>l 'l 1.JU1'11m-:J 'l 'U'\J'Wll>ll~:IJ~fWii' -:JU1J1.J cumulative dose U'Uviflfll'H'U~l:J'UU'Ufl-:J 
<\J • 

al 
u '.i-:J\vl-:J\vlfltll>lfll'.i'Yl\>lfltl-:J 

2. Mfl'lleJ'1ff1'HJ'f1vl 1'JJV"J'H'1":J-Jfl,eJf111'Hi'1 c/+ 'i11flil m1ut"lfmJ 
I 'JI •, 

t'WeJ'Yl1>1'ffeJ1.J1>111m11:'l't11>1 'l 1.Ju111 m-:ivi1 'l tt'l1 f!eJ1>11ileJ1>1r1mvi111>1v I tliiJ:-1flV1.JV-:Jfll'.i'l1-a-:i ca 21-• <\J ,, ,, 
fll1:J'l'Wlcirm1fl~l:1J1tfot11:J1.J'l1~tll:U fll'.ifffl'lfl'W~-:J'Vl\>lfltl-:J'l'U Ca

2
+-free Krebs solution (Guvdcs ec ... i, iJC4) 

,, ,, 
Q.I ~ 9/ 1 j/ 31 ~ 91 2+ . Q/ Q.I 

flll:J'l1M'illfl'l1fltll>ltfltll>lt'\Jlfffffll1::::fl-:J\>l'1U'11 m-rn'1tll>lt'1tll>l\ol1tl Ca -free Krebs solution 3 fl'.i -:i 'illfl'U'U 
<\J • 

. "' "' 2+ , . ~I . !JI 'l !JI "' "' !JI uicubate '11'1tll>lt'1tl\olfl1J Ca -free Krebs solution t1J'Ut1m 15 mm m::::\vl'U mrntl\ollflell>l11\ol\o11\ol11:J PE 1 
. . 

' ,, ,, 
llJ3' & 01 .dlciC\& 91 ~ 91 . Q.I 91 

µM 'il'U !\olUH\91-:J'Q-:J~\ol 1\olltH\91-:J'Vltfll>l'\J'U m-:inflell>ll'1tl\>ll>l11:J normal Krebs solution '11ml:Jf1Hllm 
. . ,, 

incubate t71.J normal Krebs solution 1'J'.l'Unm 60 min 'ltt'l1'1ell>ltiltll>lfl'a1.J'ff1:'l'fll1::::fl-:J\olfl 'illflU'Ul1lfl1'.i .. . -,, 
'\11\>l fftl1.J J:-1'1'\Jtl-:J PE 1 µM loieJ fll'.i 11 \>l\911'\Jtl-:J'Yifl tll>lliltll>l ~flfli' -:J'l1 J;1-:J 'ill fl incubate 11 '1tl\>ll~tl\>lt11.Jm'.i 1:'l't11>1 '11.J 

U1'11'11-:Jt'l'.l'W!1m 15 min \vll:IJ1~fl1'.i~flri11mu~1-u'1-:i~'U 1111vmvivrnt'.i-:J~-:J'\Jtl-:J'l1'1tll>ltiltl\ol~lfll>l'illfl PE 

'lltW::::~iitrn:::: 1:i.iiim11:'l't11>1 '11.Ju1'11m-:i 

. 
I <:I -=!! ._,"I ._, I <!{ 

iJ1'W1'1 2 fll'HHl'l:lWHl'Ufl..:'liJl1iJfl~H1J1J1'Yli:11..:'lr]elfll1vlel1JiJ'Wfl..:'l'UeM'Ylt1elv'Ui:lflvl 

(vascular reactivity) 

'JI I I I 

'l 
al "''l 91 .ei .:t d.Q 0,1 ")" C\ ,. f ..-:,, A.c:i 

'U fll'.ifl'fl'lfl'U '15'11'1 tll>lrn tll>l 'Vl!Wfl'illfl'l1 'U'\Jl1'Vl:1Jml:IJ\>l'U rnm1 ufl\ol (normotensive) 1rn::::'V1:1J .. ,, 
fl 11mfo l'111\vl 'Q-:J (hypertensive) 1 l>l l:J'Ul'l1'1tll>ltileJ\oll1-:J 2 nzj:1J:1J1'Vl\ol1:'l'tl1.Jfll'.i\ol tlU'ff'W eJ-:iloieJm'.i~U'\1 fl tl\>l 

"I • • · -10 -6 . I "I 
l'1tl\>l PE (a-adrenerg1c receptor agomst) '\J'Wl\>l 10 -10 M trn::::\vleJU'ff'Wtlsl\oltlm'.ifl'111:J'l1fltll>lt'1tl\>l 2 

'15'W\olfitl Ach (muscarinic receptor agonist) H'1:::: isoproterenol 'IJ'Wl\ol 10-
9
-10-

5 
M l\>ll:Jl1lfl1'.i'Vll>lfftlU'l'W 

m111::::~1:i.iii1rn::::iim11:'l't1\ol'luu1ttm-:i 100 µg/ml 
'jl :ii' . ' 

fll'.ifffl'Ell 'l 'W'IJ14\vltl'W'Wl1:IJ'illfl 'l tt'l1'1tl\olt~fll>ll-u'1riffm1::::r1-:i1>1'1 'l 'W normal Krebs solution t'l'.lu . ~ q . 

. ,, 
nm 60 min 'illflU'U incubate 'Yi'Ml>ll~tll>ll'W low sodium Krebs solution Dfl 15 min u~'1m::::r.1\/ltt . 

,_ "I d "' 'J) tl 'J) al 'J) "I 'J) . 

11'1tl\oll'1tl\>l\vl1J\vl1\911:J KC! 60 mM 'il'W \ol maximum tension 'il-:Jm-:J'l1'1tl\>ltf!D\>l\>111:J nonnal Krebs solution 

r;J ~ Q.I • .e:!. 1 ,d gJ 

\vll:IJ\>111:Jfll'.i incubate '11fltll>lt'1tll>lflU nomrnl Krebs solution 30 min Hfltll>lU'ltl\olflfl:IJ'l'l\oltlslfll'.i'Vll>lfltJUrm . 
'lleJ-:im'.ifftl\ol l1JU1'11m-:i'il:;;1~:1Jm'.i'i:'l'tl\ol lU'U~'l1m-:i 100 ~tg/ml U~1 incubate loiel~f1 15 min ri11.mf!tl\>l 

l~tl\ol~flflri:1.J'il::::t:i.i1~m1'1'.i1:'l'tl\ollUU1'11'11sl'il:::: incubate loit1~fl 15 min t'lf'Wtl'W trlt1mUfll'l1'W1>1fl'.i::::~'W'lM 
...__ __ --- __ •L - . q 

"I "' "' 'J/ -10 -6 . !JI "' "' <!l "1d "I al 
'11'1tll>ltflel\ol\vlU\vl1\>111:J PE (IO - 10 M) 111.J1J cumulative dose 'V'l'.ielslflUU'W'Vlflfll'.it1J'11:J'Wlt1Jf!-:JUH\vlsl 

~ 0 'j) ~ 'l.l_,.I' '191 ~ 'j} I . 0 

'll fl -:i '11 fl t11>1 rn el 1>1 Yl 1 fll '.i m -:i '11'1t11>1rnell'111 m 1J fl el v '11 '11 '1 fl 1>1 rn fl \oll 'IJ 1 ff 1:1' m1:;; fl -:i 1>1 f! 60 min mu 1w m . ~ . q 

'JI 'JI d o 'l 'J/"' .J· 'l 'J/ 'JI "' 'l 'J) 
'U'Wl\olfl11:IJl'U:IJ'U'U'Uelsl PE 'Vl'Vll '11tfl\olfl1'.i\9ltJU'ff'Wtlsl 60% (60% response) GJfsl'il:::: '15fl'.i::::~'U'l1'1tl\olt'1tl\ol '11 

. ,, 
~U\911 'l 'W fl1'.i'Vl\ol1:'l'tJUfl1'.i\9lelU'ff'Wfl-:Jloi el Ach 1rn:::: isoproterenol 'l 'W'IJ'WloitJ I 'U 
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'\1cl1'1'il:;;t~:1Jfll'H1'fl\Pli1J1.J1'\1r11'1 100 µg/ml tra1 incubate ~e);f) 15 min ihu11rieJIPlttieJ\Pl;f)f)~]J'i):;;ilJt~:IJ 

ffl'iflfl1P1i1Jtl'111m'1'il:;; incubate ~eJflf1 15 min t'lf'Wfl'U trle:im1Jf1l'\1'W\Plm:;;~ultt'11rie:imtie:i1P1~1J\,11~1v 

PE i'W'll'Ul\Pl'rlll:!Jt'fi':IJ'l1''U~l'lli'tttf1\Plf11HleJ1Jfl'UeJ'1 60% 'il'Wi~ maximum response t~:IJ'IIJ\PlffeJ1JNrl'UeJ~ 

Ach 11!e:i isoproterenol 'U'Wl\PI 10-
9
-10-

5 
M !IPIVf11'ii'ttu1J1J cumulative dose tm:;;tl'uvimt1.:.i~.:i'IJD'1'\1rltl\P1 

"" m eJIPI \91 ri e:i \Pl m 1'1'1 \Pl ri e:i '1 

"" ,! 'JI 
fll ':i1! rl ':il~'t'i 'UellHl 

'lJ ,, 
6fi'e:i:1Jr1l1'1'\1:IJIPIUfflPl'1i'WnJ mean±S.E.M. f11'it'U~t1rnvit11J6fi'eJ:1Jrl'rlll:1Ji'W !rltt\9lfil SBP, MAP 

"' "' "' 

I -:!I I d I a., I Q Q.I o a., .c::::i..c::::i. 

Student's t test mmn P<0.05 tleJ11:IJ'rl11:IJU\9lf1\911'1f1'UeJV1'1:IJ'WVfflflty'Vll'1fftl\9l 

i um1iarmnq 'Vlf 'llvw11r1e:i1P1ttie:i1P1tm:;;nr1 inm1e:inq'Vlf i~l'l l'W 1wu 1 '1~'1'\JeJ'1'11rieJ1P1ttie:i1P1 

"' '1 ~ "' 'I "' ~I • I " ~ " -=1 d "" '11rl'1'illf1 t'\1ffl'ifff1\P1 t1J1J1'11rl1'1tu'UtueJWlf'U\9l'\JeJ'1UH\91'1ff'1fl\P1'Vltf1\P1'illf1 PE(% of maximum contraction 
"' q 

~ ~ - ~I • I " ~ " "' 1 ° to PE) Ucl1Ufl\P1'1'1leJ:Yritu'UtueJWlf'U\9lf11Hrnwm (% relaxation) t\Pltlfll'U1W'illf1ff:1Jf11'i 

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

,.. I.:::! d ' 'jl ' I 'j/ .<::::i,QQ cl 
t u'i vrn'Vl V1Jfl11:IJU\9lf1\911'1'\J eJ'1'\JeJ:1Jr11:;;1111'1 f1rl:IJ\P11Vfftl\9l 1tfl 11:;;mm1J Student's t test '111f1 

"' q 

T e:!i I d t 0.1 I A a., o Q.I .::::t..c::::i. 

fl1 P<0.05 tleJll:IJflll:IJU\91 f1\911'1f1'U eJV1'1:IJ'UVfflfl U.l'Vll'1fftl\9l 
CJ 

i um1fff11flNrl'UeJ'1ffl'jfffl\P1 i 1J'U1'\1rl 1'1~ e)f)l 'j\9) e)1J ff'UeJ'1'\JeJ'1'\1 r1 eJIPlttieJIPI U'i '1~'1'\JeJ'1 '11rl e)\P) 

.e!i d .c::::i. I ~, ... I rl d ti ~ .d Q 

trlel\Pl'Vltf1\P1'illf1 PE Ufl\P1'1flltu'UtueJWlf'U\9l'UeJ'1U'i'1\91'1'Q'1i'[IPl'Vltf1\Pl'illf1 KCl (% of maximum response to 

I I I ~, ... I cl d rl Q.I 

KCl) fl1'Uf11'i\9leJ1Jfl'UeJ'1\9leJ Ach tm:;; isoproterenol ttff\P1'1flltu'UtueJ'.it9f'U\9lf11'iflrllV\911 (% relaxation) 

,..j.ci .::::! I 'jl .:::::t,Q.<::::t, cl 
tu'it'J1Jt'VIV1Jfl11:IJU\9lf1\911'1'\JeJ'1 dose-response curve \P11t'Jfftl\911tfl'il:;;mm1J two-way analysis of variance 

'jl I ~ I ..::::1, I QJ I d Q.I o a., Qc:t, 

(ANOVA) \911:IJ\Plltl Tukey HSD test mmn P<0.05 tleJ11:IJ'rl11:IJU\9lf1\9ll'1f1'UeJt'Jl'1:IJ'Ut'Jfflflty'Vll'1fltl\9l 

0 I .J O IIJ.10 I ~I 
fll'U1Wfll EC50 (50% effective concentration) 'illf1 dose-response curve 9f'1'il:;;'Ul tufll'U1Wflltu'U pD2 

,, ' 

value 'illfi'Q\911 pD2 = - logEC50 'UeJf)'illffUEJ'1'11lrilm'i\9leJ1Jfl'UeJ'1'Q'1b[IPl~e)ffl'j~1'1''l (Ema) !\Plt'J Emax yj 

tf1\Pl'illflf11'i\9leJ1Jff'UeJ'1~el PE 'il:;;11mt1ii'1filfll"J'\1\P1\911fl'1fl\Pltrle:ii'tt PE UfflPl'1filt~'U % of maximum 
"' q 

' I d .<::::i. I .,dl QI 

response to KCl ffl'U Emax 'Vltf1\P1'illflfll'i\9leJ1Jfl'UeJ'1\9leJ Ach tm:;; isoproterenol '\1:1Jltltl'1fll"Jflrlltl\911'Q'1"!1P1 

trle:i111' Ach tm:;; isoproterenol \9ll:1Jl;lli1J !IPlt'JUfflPl'1filt~'U % relaxation t'U~t'J1Jtvit'J1Jfl11:IJU\9lfl~l'1'\Jel'1 

9) I I 'j/ .c::::i...:::::t..c::::i. rl I ~ I d I a., I d 

'Uel:IJrl"J:;;'\111'1flrl:IJ\P11t'Jfftl\911tm1:;;mt1J1J Student's t test '111flfll P<0.05 tlel11:1Jfl11:IJU\9lfl\911'1f1'Weltll'1:IJ 
"' q 



J 
I 

12 

' c:I 

1H1'YI 3 

f--1 tt fl 11 'YI ~urn .:i 

, .d • d 

d1 u n ·1 fll 'i fl i'l1:n q n fi '\J mmnrn v1 i; fl vi 'U fl-:nn ·nr nv11uifrtti11 ~ u i1 ~ mt i mnnrn flt) 11 fi 

, , . 
..,GJ.., r .., <!I .cf .cf o:V 

1. IWJ'lleJ-J ,n 1fffJvl & UU'J 'H'il 'J-JvleJ n 11'Hvlvl 'J'l/eJ-J 'H'il eJ vll'il eJvl 'YU 'HUfl'J U1vl 'Jf/ Phenylephrine 

1rl01 tt1;1'7'J'fif1\Pl 1'u'IJ1iHl1.:J 10-100 µg/ml llflttcl0\Pllil0\Pl~ ,~r umw-1tiv1tl11 tttt\Pl~l~llV PE 

1 µM Y'l1J11ttcl0\9l!TI0\Pl'il~flcl1V~1 i\o1' 6-63% \oll:U'U'Wl'fl'U0·H1'l'J'ff\9l i1J'IJ1ttcl1.:J (dose-dependent 
• , I I . jl . jl 

response) \ol.:Jllfl'\91.:Ji'Wnlvi 1 1:f10itt nadolol 10 ~lM il\Plfl'U 0-adrenergic recepto~s 1'11J11ilimm'JtHJ1JV.:J 
~ . . 

,I . ' 1 • 

t]'VlTI'IJ'fJ.:J1;1'7'.ifl'fl\Pl 'l ui'h1-rn1~ l~ ciu~ 1) fll Emax ti'i011fo1'Jfl'fl\Pl 11J'!Jlttm.:i0v1.:i1~v1iiri1n11nu 

63.17±3.96% iu'Uru~~1rl0 itt nadolol ~h:u~--wiiflll'VllflU 66.69±7.25% ~.:i iliu1e1n~1.:inu0v1.:iiJ 
..;;:'"- . 
r Q,J o Q,J - .qe,, d. 

WJ1;1'7flt!J'Vll.:Jfl'tl\ol (\oll'Jl.:J'Vl 1) 

· 1rl0itt _L-NAME 10 µM -i11Jnum'.ifl'fl\Pll1J'IJT1rn1.:i vmirnc10\Pl1~0\9lflmVATi'l\9ln.:i 

n~ 11;{0fl mvA 1 Ll~1vlv.:i 5-40% fll'Jffi'l lVA 1'U0.:i ttntl\91 iii 0\Pl 'il~n \9lm0v1.:iiiuvrl'1r1t!J'Vll.:Jfl'fl~ (P < o. 05) 

~'j'~\o}1Jflll1Jl'li'mi'u'IJ0.:im'Jfl'fl\Pl hJ'!Jlttm.:i 40-100 ~lg/ml ciu~ 2) 1rl0-w'ill'Jtl!l~ri1 Emax 'il~l'l1'W1llrl0 

itt L-NAME -i11Jfl1Jfl'l'j'fl'fl\PlhJ'Ulttm.:iri1 Emax cl\Plcl.:Jltt~eJLvlv.:i 40.37±3.86% ~.:Jll\olf)~l~'illf)~l Emax 

1rl0itt1,'(l';j''fffl\Pll1J'lllttm.:i1vlv.:it1v1.:i1~v1 (P < 0.05; \911'.il.:J~ 1) Nclfll'J'Vl\Plcl0.:Jllfl'\Pl.:Ji11111u1i-n1'Jfl'fl\Pl 
. . , 

iu'IJ1ttm.:ilh'il~00nq'VlTI'Ut11V'l1n0\P11TI0\P1 l\P1EH~1um.:i NO 

1~0V'\.JV'\.J'U0'ff'W'WEljl'W\q.:Jf)cil1'Ul·Wl'\.J i.:il\o1'l1lfll'J'Vl\Plcl0.:J t\PlVltt methylene blue 1 µMiu 
jl ~ I • • 

iJl9lfl'\.Jl~'W'Vll.:Jfll'J00f1t]'VlTI'IJ0.:J NO Y'l1J17!:f101 tt methylene blue 'i11Jfl1J1;1'7'Jfl'fl\Pl 11J1J1'11'11.:J '11'10\Pl 

1ilew1rH'l 1V\olln1P1Mn~r:iiih:itnnv\o111¢11vfv.:i 5-37% ~.:ium1JJ11l'ln~wil1nm11 tt'fflH't'fl\Pl L 'LI'lJl'Hn1.:i1viv.:i 

0v1.:i1~v10v1.:iiJurr~ll'lt\jl'll.:JcYG~ (P < 0.05) ~'.i~\ol'Lifl111Jl'Ul.l'U'W'IJ0.:J1;1'7'Jfl'fl\9ll'U'IJ1ttm.:i 40-100 µg/ml 

(!U~ 3) 1rl0-w'ill'JWl~ri1 Emax 'il~l~'\.J1llrl01tt methylcne_blue 11lJfl1J1;1'7'JcYfl\Pl!1J'lJ1ttm<lfll Emax ci\Pln.:J 

1'11~0l'WV.:J 36. 75±4.89% ~.:Jll\9lf)~l.:J'illf1~1 Emax 1rl01ttmH't'fl\Pl l 1J'lJlttm.:i1vlv.:i0v1-:i1~rn (P < 0.05; 
I j.l j.l • • . ef 

\oll'J 1-:ivi 1) 1o1.:iu mrnm'J'Vl?J c10.:iuvuvu 1 tt111 u 0v1.:i1~'W ilPl11m~fl'fl\Pl i u'IJ1tt m.:i00nq'Vl TI'IJ vwttn 0\91 

1i10\ol t\olV~l'W~l<l NO 
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0 
---- Control (n=8) 
---0- -Nadolol (n=8) 

C: 20 
0 
■-..... ca 
.~ 40 -! 
~ 60 

0 20 40 60 80 100 

N. nucifera {µg/ml) 
itl~ 1 !!L'l'<n-.'.lfll'.ifll;lll:J\911'Ut1-.'.ltt'1t1<n!~t1<n!rlt11 irm'.iL'l'tl<n l1J'U1'11'11-.'.l (N nucifera) !'WV-.'.lt!Vl-.'.l!~rn 

i j/ I j/ 

(control) 111;1~ '11 nadolol 10 µM '.i1:IJ<n1V 

0 

c: 20 
0 

1 40 -! 
~00 60 ---- Control (n=8) 

---0- L-NAME (n=8) 

80 ->-r----,---------,----r---.-----, 

0 20 40 60 80 100 

N.nucifera (µg/ml) 
itl~ 2 !W<n-.'.Jfll'jflj;jll:J\911'Utl-.'.l'l1'1tl<n!~tl<n!rieJ 1 irnnnn<n l 1J'U1'11'11-.'.l_ (N nucifera) !'WV-.'.leJVN!~V1 

(control) 1rn~itt L-NAME 10 µM '.j'J:IJ'il1V *P < 0.05 vs control (Student's t test) 
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0 

c: 20 
0 
:.:. 

a 40 -! 
~00 60 -e- Control (n=B) 

--0- Methylene blue (n=B) 

80 _.___,.._--~----,-----~--~~~ 

0 20 40 60 80 100 

N.nucifera (µg/ml) 
J'U~ 3 U'ff\Pl..:Jfll'HH'lltl\911'Utl..:J'l11:ltl\Pltilt1\Pltrlt1'ltt'"ffTH1'fl\,1'luiT-;nn11..:i (N. nucifera) l'Wtl..:Jt!Vl..:Jt~en 

'l 
'J) I 'J) 

(control) Ul:l~ '11 methylene blue 1 µM 'i1:IJ\P\1tl *P < 0.05 vs control (Student's t test) 

Vll'iN~ 1 fll'.ifll;lltl\91..:J ~ ..:J"!IPl'Utl..:J'l1''1tl\Pllilt1\Pltrl ti 'l tt'm'.iffn\Pl 'l U'll1'111:l1..:J (N.nucifera) 

tlV7..:Jt~t11 (control) u1:1~'ltt':i1:11fiu nadolol 10 µM M~tl L-NAME 10 µM M~tl 

methylene blue 1 µM 

Groups 

Control 

Nadolol 

L-NAME 

Methylene blue 

Emax (% relaxation) 

63.17+3.96 

66.69+7.25 
40.37+3.86* 

36.75+4.89 * 

I ~I 
Uff\Pl..:Jflllu'U mean±S.E.M., n = 8 'Vlflfll'i'\11\Pll:ltl..:J, *P < 0.05 vs control (Student's t test) 

q 
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V GJ V f ~ 2+ 1 ,f 
2. N€11/eJ·J'trTnrnv1 tllV'J tttrJ..J fl v tn "i'H tFJ Ca fl mn 1f1 ut CJ/€1 €1 

dl dllJ 91 91 ,,i • 2+ • 91 91 91 ,,i "' 1um1ffmm.,1 i\olhnnrn\olrnfl\olfl~1u Ca -free Krebs solut10n umm:::;1,Juh111-afJ\oln'lfl\ol'l1\oll'l1 

c%1v PE 1 ~M-~,atluri-a'illflfl~nnt~ ca2+ 'illfl- sarcoplasmic reticulum frn.11mcifmf 'illfll'LI~ 4 'il~ti'.iu-,h 
~ llJ IA 2+ a' d 0 G) 9/ ~ .dl ~ "l' d \ 

!lJfJ !lJlJ Ca fllf.J'j,Jf)fl!C}fflfl PE 'ff11J11fll'l1W'J1'1-Jl 1'11tfl\ol!!'.i~l'l~'IHN'l1flfJ\oln'lfl\ol 1\olm~m1 1.18±0.12 g ll(,l 

irle11tt'mnrn\ol11JUTHm~'.i111fiu PE 'i):::;!n\olm~~~'IJ0'1'11flfl\ol!ihrn l\olmu.~m'Wf.J~ 0.28±0.04 g ~'1 
"- --- . -- ·. " 

Ul'lfl~N'illfl!ijfl hiihnnH1\ol 1uu1tt-a1~e1ei1~ih!vrl1fltU'Vll~'rl'ii~ (P < o .. 05) r1-am1Y1~ne1~ilu'rl'\ol~ 1 ttii'.i u 
,?----- --- . u . . ' ' . " . 

. 11'ff11'rl'tl\ol 1 'l.JU1'11 m~\il'il~iimifl\olfl11'11~~ Ca
2
+ 'illflfllf.11 'I-JlciftH1f1ti'1lirwm1 f.J'l.J'Uf)~ '11ftfl\ol!i1fl\ol 

1 .4 

1.2 

...-... 1.0 C) 
'-" 
C: .8 
0 ·-U) .6 C: 
G) 
I- .4 

.2 

0.0 

PE PE+NN 

iu~ 4 ll'rl'\ol~N-a'lle1~m1fft1\ol 1 uu1ttm~ (NN) ~e1u1 ~'11\ol\911'llfl~'llfl~'11-afl\ol!~fl\ol~m~v1tl1<%1c.1 
9 2+ , ~I , 

PE 1 µM t'I-J Ca -free Krebs solution ll'rl'\ol~fll!lJ'I-J mean±S.E.M., n = 10 'l'JflfltJ:J.Jfll'.i 

'Vl\olflfl~ *P < 0.05 vs PE (Student's t test) 
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' -d11-rii 2 m 'i fl fllflfrn 6Uel -:J «Tnrnvi 1 uu 1 tt !l 1 -:J ~ el fll 'i vi en.J «'I-! a~ 6U el -:J tt im ~u ;a vi 

(vascular reactivity) · 

.., ~ ... .., ,::f 

1. fl11:J.Jffl-ffiJ'Hfli11fJ'H~-J<fJ1f)flV renal artery 

'l 'W fll'.i'Vl\Pll;l~,:iri--.rw il1¢i'm ~rJTWl 'l Mri'W nci1m cl -:ii'.im1~rr:mJ~'W 1 '111 \91ff -:i¢i'1u1n1r1:i fru left 
~ cu q . cu 

renal artery 'illflNJ;lfll';j'V]\P)l;lt),:J'l'W\911'.il-:J~ 2 'il~t11u-:h'lmYU\P11ttntJ'W'\,1_lfll'.iN1\9lfl (week 0) ril SBP, 
--- - . '. j I . • . 'J/ 

MAP trn~ pulse· rate (PR) 'lltl-:Jri~'lll'.lflrj:1JWl'I.JfJlHrn~flrj:1Jvi'il~!l1'WrJ1Ul 'lMiJm1:1J~'W htt\il~-:J'U'W tlii'.i 

m1rnt\91fl~7-:Jtl'WtlV7-:JlJ'WrJLYll'lqJ'V17-:Jffi1A 'lwiu1P1111~ 6 '!1~-:JflTJNl\91\Pl (week 6) 'V'l'IJ17~7 SBP lrn~ 
I I 'J/ 1 

MAP 'lltl-:Jri~'ll71flrj:1J'Vit¢1i''I.Jfll'.i~'IJ renal artery i1~1t~:1J~'W djmiJ1r.irnvir.i'I.Jt1'1.JmfUl1flrjmrm~:1Ju~1 

" 'V'l1d1 11-:i~1 SBP trn~ MAP i1~1t1-:in1rnu'l!11nci:1Jfl'.l'I.Jfl:1Jt1v1-:ii'.ii'Tvrl1r1ru'Vl1~ffi1A (P < 0.05) u~~1 cu cu q q u 

~ulse ~ate tliU\91fl~Ntl'WtlV1-:JlJ'UVLYll'lill'Vll-:Jffi1A (\911'.il-:J~ 2) vli;lfll'.i'Vl\Pll;ltl-:JUff\Pl-:J'lMttt'W'Jlfll'.i~'IJ renal 
' u 

d o'l$/_;:lt "'1"" IIJ$/ artery tll:IJ7'.itH'l1'l-W1Ul mu'Wfl11:1Jf!'W l;l'!1\91'i;J;-:J t\Pl 

' -"" ' vll'JN'YI 2 Uff\Pl-:Jfll systolic blood pressure (SBP), mean arterial pressure (MAP) w:1~ pulse 

rate (PR) 'lltl-:J'l1\1'lll1flrj:1Jfl1'1.Jf.]:IJ (control) trn~flrjllml:IJ~'W Ll;l11\91'i;J;-:J (hypertensive) 'lu 

ffU\P1ll1ntl'Wfll'.iNl\91\P1 (week 0) UJ;l~ffUflll1l1~-:Jfll';jNl\91\P1 (week 6) 

Week0 

SBP (mmHg) 
MAP (mmHg) 
PR (8PM) 

Week6 

SPB (mmHg) 

MAP (mmHg) 

PR (8PM) 

Control 

159.44+1.36 

127. 78±1.23 

357 .00±3.25 

163.56±1.93 

128.50+0.94 

350. 78±8.92 

Hypertensive 

157.94±2.33 
130.11±2.10 

352.28±9.93 

186.22±2.29* 

136.17±0.61 * 
362.33±12.28 

Uff\Pl-:J~ltil'W meardS.E.M., n = 9 l'Jflflrj:1Jfll'.i'Vl\P1l;ltl-:J, *P < 0.05 vs controi (Student's t test) 



--------,.--------- ---- -- ---- ----

17 

4 r ~ 4 
2. f>T'ifleJVffUeJ..:J'l/eJ..:J'H~eJvlUJeJvlfleJilT'Jfl 'H~eJvlUJeJvl phenylephrine 

' ,, ' 
djel'W7tt l;lel\91tihi\91'11el-:Jtt'W'll71l1-:Jmi:u11i'im1:uiu fo 11 \ol'Ufl~ (flri:UflTUfl:U) 1rn~flri:um1:uiu 

11;111mr-:im'Vl\Plffelumrn elUff'W el-:J~ el:1':i~U ttl;l.J\91lt1el\91 'l 'W ff m1~~i'i1rn~ 1-J~m·rn~\Pl 'l u1J1tt~1-:i N-a 

fll':i'Vl\Pl:el-:iluiu~ 5 llff\91-:Jfll':i\olelUff'Wel-:J'lltl-:J'ttbel\Plltlel\Pl~elffl':i~U't'll;lel\Plltlel\Pl phenylephrine (PE, a-

. · !J/ !J/ -10 I -6 l ,,;,,. 11] '"' a, l a, 

ad:ener:ic receptor agonist~ fl11:ul'U:U'll'W 10 :llO ~ 'Wfffla.,11~'Vl~ll'a~ ~:U:Uffl':ifffl\Pl UUT11m-:i
1 

'111fl 

l~':itlU~'VltlUfllrnelUff'Wel-:J\olel P~ 'U~:'11'ael\Plll;lelrfl~:Ufl1~:U:'Wa.,11;1
0

'11:'Ufl\ol (n::note:ive) '.ll;l~fl~:Ufl11:U 

\Pl'W 11;1'11\ol~-:J (hypertensive) l'IU11 l:U:Ufl11:Ull\olfl\ol1-:Jfl'Weltl1-:J:U'Wtlfflflt\j'Vll-:Jfffl\ol (l'LI'Vl 5) fl1 Emax 'l 'Wfll':i 

•" u ".u."" ""' o "" ,O ""fl~"" 11ml'u 1 oil• 11: ,1: ~ ,i 1mflfl 11 fl~""°'"" u 1 oil •1.J fl'111,i 'ltl,,. mh ,fiu 
'Vll-:Jfffl\ol (127.14±5.40% vs 123.29±4.62%, \911J1-:J'Vl 3) 

fll':i\olelUff'W el-:J~ el PE 'Uel-:Jtt l;lel\91ttlelll\Pl flrirni11:uiu 11;1111,1,iJ fl~l;l\Pll;l-:JelVNiJ-wm:hl'lw1rlel '1 tt 

ffl'jfffl\91 'lU'lJ'J'j11;11-:j1'J:IJ$i''Jtl (P < 0.05, 'J'LJ~ 5fl.) fl~'J\olelUff'Wel-:J'lJel-:J'l11;1el\Pllt)el\Pl 'l'W'lJt\!~~llilJuffl'jfffl\Pl 

i rnhirn1, 'l ,I' ,i, pD, 1• mu~ u 8. 082±0'.067 1 f, ru:~ ii mm fi• i ui/1>1 o 1,.:il,i10•0"1lu 

6.816±0.126 cl1-:iu\olfl~1-:i'il1rnrlel 1lii'im1fft1\Pl 'l u1J111m-:ielv1-:iiJ-wtl'CTll'lt\J'Vll•rnil~ (P < 0.05, \o\111-:i~ 3) 
,, 

'Welfl 'ii lfl'W ffl':ifftl\Pl 'l U'U1'111;11-:J cJ-:JlJNl;ll;l\91~ 1 Ema 'l 'Wfll':i\ol elUff'W el-:J'Uel-:J'l11;1 el\Plltlel\PlelV1.:Jlh'TcnY71'7 \;~1117 ✓ 

ff(l~trlelt'U1tlUll1tlUtlUfffl11~~1-JiJ'lJ1'111;11-:J (8 .44±4.62% vs 123.29±4.62%, P < 0.05, \oll':il.:J~ 3) 

fll':i\olelUff'W el-:J~el PE 'Uel-:J'l1 l;lel\Pl!i1t1\Pl flri:um1:u iu h 111,1ff-:i1;11o1-a-:ielv1-:iiJ-wtl'ffll'lW'Vl 1-:iffil~ 
q ~ u 

trlel 'l ttff11fft1\o1 'l U'U1'111;11-:J11:U (P < 0.05, iu~ B) 1rlm~'ill':iWl~l pD2 l'IU11 l'W'UW~~ 1lii'im1fftl\9l tu 
' ' ,, 

1J1tt-a1-:ii'i~1 7.999±0.073 11o1mu ~ti 1rn~1{fo l tt11:uti'um1fft11o1 'l u1J111-a1-:i~1il 'il~1;11o11;1.:i1~u 

6.330±0.3 65 .l, u•mh ,., rnrl" 'l,Hl "''" fi• 1Uf 1>101, fl<li<ii ,l' u,hOl)lm, «0'1 (P < o.o5, •"" ~ 3) 

'l u 'l'll'W el-:Jt~t11ti'u m1fft11o1 'l u1J111 m-:iiJi:-11;11;11o1~1 E 'l u m11,1 elUff'W el-:J'Uel-:J'l1 l;lel\o1t~ el\PlelVN:U'Wtl'ffll'lW 

I 

max u 

' ' .Qi,~ ~ ... lt:::'l ..:::.1. a., dlJJ IA Q./ 'l OJ 

'Vll-:Jb'ffl\oll:IJe!tu':itlUl'VltlUflUb'ffll1~'Vl !:U:Uffl':ib'ffll'I UU1'111;11-:J (70.09±7.62% vs 127.14±5.42%, P < 0.05, 
.d 

\oll':il-:J'Vl 3) 

!J/!J/ ']!J/d• °''l°' "' 11]'] 
Nl;lfl1':i'Vl\o11;1el-:J'UN\ol'Wl!ff\o1-:J !'l1!'11'W1 ffl':ifffl\Pl 1UU1'111;11.:J:UN1;1'a\o1fl11:U 11 !'Wfll':i\olelUff'Wel.:J 

,, 
(sensitivity) lll;l~l;l\Plft11:UllHL'Wfll':i\olelUff'Wel-:J ( esponsiveness) ~elff7':i~U'l11;lel\o1l~el\o1 PE l1.:Jt'W'l11;lel\Pl 

,, 
ttlel\o'l'U el.:J tt'W m1:uiu 11;1111,1 u fl~u-a~m1:uiu 11;111 \olff .:i u el fl 'ii lfl'W c'r-:iV1u11m1fft1\Pl 'l u1J1ttm.:i 'ii~ 'l tt i:-11;1 

~ ~ 

l!Hfl11 'l 'W'l1r;lel\o1ltlel\o1fltj:Um1:1Ji'W 11;1111,1~,:i 11o1t1vi'ill':iW l'illfl\911':il-:J 3 'il~l~'W11~1 pD2 'Uel-:Jfltj:um1:u 

iu 1-a111,1ufl~-a1o1-a-:i 11Plmu ~ti 16% 1rlel 'l ttm1fft11o1 'l u1J1tt1;11-:i11:u ri1u~1 E 'il~1;11P11;1.:i 11P1t1m ~ti 43% max 
' ' ,, 

11'.iel 'l ttffl':ifftl\o'l 'l U'U1'111;11-:J11:U 'l 'W'UW~l1'11'ael\o1l~el\o1fltj:um1:uiu 11;1111,1~ .:J'W'W~l pD2 l;l\o'll;l-:1:IJlfl~.:J 21 % 

11o1t1m ~mrlel t ttffl':ifffl\o'l tU'lJ1'111;11-:J11:U lll;l~~l Emax l;l\o'll;l-:111Pltl!Q ~tlfl-:1 54% 1rlel ttt ffl':ifftl\o'l tU'lJ1'111,'!1-:J 

11:U (\oll':il-:111 3) 
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-T- Hypertensive (n=9) 
-v- Hypertensive+NN (n=9) 
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40 
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Log [PE] (M) Log [PE] (M) 

JiJ~ 5 t711\oltl1HY'UtJ.:J'lJ'el.:J'Yi'1;ltJ\9lli1tJl9lflrj:JJm7:JJ~'U !1;1'11\oltlfl~ (A) lll;l~fltj:!Jml:JJ~'U !i;l'tt\91~.:J (B) \9ltJ'ff71~'lJ'Yi'1;ltJ\9lli1ti\9l phenylephrine (PE) 1'U 

fffl71~~iimi~1:i.H'.ibl'71fff1\911iJ'lJ1'Yi'1;l1.:J (NN), *P < 0.05 vs normotensive, #P < 0.05 vs hypertensive (Two-way ANOVA) 
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' ' .ct ' d. lfl 9/ ' 
Vll'Hn'I 3 Uff\ol-:Jfll pD2 trn::; Emax 'Vl !\ol'illf1fll':i\9l'el'Uff'Wfl-:J\'1'0 phenylephrine (PE) 'Ufl-:J 

'Ht'lfl\ollfit1\olf1ri:Urr.n:u191u lt'ltt\91'Uf1~ (nornotensive) 1rn::;nri:um1:U\ol'W l'n'H\91 
q • 

~-:i (hypertensive) 'luffm1::;~:w1rn::;1JJ:wm·rnfi\ol'lrn}rn'n1-:J (NN) 

Group pD2 Emax 
(% max. response to KCI) 

Normotensive 8.082±0.067 123.29+4.62 

Normotensive + NN 6.816±0.126* 80.44±4.62* 

Hypertensive 7.999±0.073 127.14±5.40 

Hypertensive+ NN 6.330±0.365* * 70.09±7.62** 

I .?1 I 

mrn•rnll1J'U mean±S.E.M., n = 9 'VlflfH'llJfll'J'Vl~lHJ.:J, * P < 0.05 vs normotensive 
' ' 

**P < 0.05 vs hypertensive (One-way ANOVA m111'i'-mm:rn~r:H:l'I.Jll'U'!J Tukey HSD) 
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4 r 4 
3. f11JfleJUiJUeJ-J61/eJ-J'H'iJeJflu;Je)flfleJi111r16'11fl'HiWflfi;le)fl isoproterenol . ., . 

tihrwT1H1t1\Pld1e119l'lleN'l1'W'\Jl1l1~f1ci1.1viiJm1:uiu hcn1wun~ (ncim11m11.1) m1:;;ncirnn1:uiu 
'U q, q q q 

fl11'Vlffrltl~ i u ill~ 6 llrl'~~fl11\91tl1H1"W t1~'\Jt1~'\1rtt1\Pltilt1\Pl~tlt1'11'fl"1£J'\1rttl~lilt1\Pl isoproterenol (P-
$/ 9J -9 -5 'l d"" 11j •"" ., 9 ., 

adrenergic receptor agonist) 'fl111Jl'IJ:IJ'IJ'W 10 -10 M !'Wrl'fl11:;;'V]1Jllr:I:;; !1J:1Jrl'11rl'fl~ t'IJ'IJ1'\1r:11~ '111fl 

1111 £J'!Jl vi£J'!Jfl11\91tl1Jrl''W ti~~ ti isoproterenol '\Jti~mrn~ tilt!~ nzj1.1m11J\il'W !rltt\91ilf1~ (normotensive) trn:;; 

nzj:IJ'fl11:IJ\il'W !rltt\91'r;! ~ (hypertensive) 'Vl'IJ11'11rltl\Pll1it1\Plf1zj1J'flll:IJ\il'W 1 rt'n\ol 'r;! ~1Jll'W111! :IJ\oltl'!Jrl''W ti~~ ti 

isoproterenol tl'l1!t1£Jf111f1rl1J'fl111J\il'W !iltt\olilf1~ lil~'il:;;t1l'Wll'l'illf1fll E '\Jt1~mi1J'fl111J\il'W 1rttt\olilf1~1J 
q max q 

fi1 !\Plm,:i~v 30.97±2.68% ri1unrl1.1m11.1iu 1iitt\91rl'~ufi11~vm~v 28.55±5.62% (\91111~~ 4) mh~t1n . ~ 

\911mrl t1 'VI \Pl rt'tl 'IJ 'VIN rl'i'i~ w!{ 1 tli'VI 'IJ'fl 111.1 U\91 n ~ N t1 v1~ iJ ,r mh ri' Ul'Vl 1 ~ rl'i'i~ ., 

fl11\91tl'!Jrl''W ti~~ ti isoproterenol 'lltl~'\1rttl\Pllil tl\91 nzj :IJ'fl111J\il'W hen \91iln~i 'W rt'm1:;;~ii trn:;; 1JJ 
., . 

iim1rt'tl~ !'IJU1'\1rll~'U'W 1JJiiml:IJll\91f1~1~tl'WtlVl~ii'U£JfflfltlJ'Vll~rl'i'i~ ciilvi 6A) 1rn:;;fi1 Emax n1JJii . 
I Q./ qq I Q,/ t=!, I I ..!:{ I 

'fl11:1Jll\olf1\911~f1'W 'Vll~rl'tl\oll'lf'W f1'W (\ol11l~'Vl 4) r:1'1'W fl11\ol tl'IJ rl''W tl~\oltl isoproterenol 'Ut1~'11rttl\Pllrltl\Plf1~:IJ 

'flll:IJ\il'W 1 rl'nlol'r;! ~'Vl'IJ1llrit1 i tt rl'11rl'tl\Pl i 'IJ'U1'11 '11~".ill.Jtl'IJ isoproterenol '11'1 t1milt1\Pl 'il :;;tfl\91 fl11'fl"1£Jv11 ll'l 

:1Jlf1f111!'Wrl'fl11:;;~1llum1r:l't1\Pli'IJ'U1'11'11~tlV1~1J'U£JfflfltlJ'Vll~rt'()~ (P < 0.05, ill~ 6B) 1tt1'W'ill'it1n~ 

fll Emax 'Vl'IJ11 i 'W rl'fl11:;;~ 1liiim1rt'tl~ i 'IJU1'\1rll~'\1rl tl\Plliltl~'fl "7£Jv11 l l'l 28.55±5 .62% ll~trlti i tt m1 
., ., 

rl'tl~ i 'IJU1'11m~-i1:IJ'l1rltl\Pllilt1\Pl'il:;;'flr:11£Jv111191mn~'Wlrl'W 38.56±7.85% t!Vl~ l 10\911:IJfll Emax {l 1JJiim11.1 

I Q./ I d, Q./ O Q.J q.:::). .:::! 

ll\ol f1 \911 ~ fl 'U ti £Jl~ :IJ'W £Jrl'l'fl t1J 'VI 1~ rt'tl \91 ( \91111 ~ 'VI 4) 

Nrlfl11'Vl\Plrl'eWu'1~~ 'Ull rl'\91 ~ i ttl'l1'W11rl'11rl'tl\Pl i 'IJ'U1l1 m~lJll'U 111! :1Jl~1Jfl11\9ltl'!Jrl''W ti~~ ti 

isoproterenol i 'Utt rltl\Pllilt1\Pl nzj:uml:IJ\il'U 1 rl'n \91 'r;! ~ ll~l llii Nill 11~ £J'Wll ilii~ fl11\9ltl'IJ rl''Utl~ i 'W l1rltl\Pllilt1\Pl 

nrl:um11.1iu 1 iicn \9liln~~~rl'nrl'n~ i 'IJU1tt m~mm1 rn~:uri1 E 'Utl~tt r:1t1\Pltil t1~nrl:um1:uiu 1 rttt \9lm 
q max q <u 

1#!1~m,:i~v 10% (\91111~~ 4) 

- ----------- ------ - -- - - ------------------- --------- --- -----
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---- Normotensive (n=9) 40 
--T- Hypertensive (n=9) 

--0- Normotensive+NN (n=9) ---v- Hypertensive+NN (n=9) 

50 
-9 -8 -7 -6 -5 -9 -8 -7 -6 -5 

Log [Isa] (M) Log [Isa] (M) 

aiJ~ 6 f111\9ltl'l.H1''Utl,:J'\JtJ,l'\11:ltl\oll~tl\olf)zjlJm1:IJ\9l'U 11:l'H\91Uf)~ (A) U1:l~nzjmrJ1:IJ\9l'U h'H\91~,:J (B) ~tl'ff11'fl1:llrllH'ltl\olt~tl\ol isoproterenol 

(Iso) 1w:'l'f111~~ntrn~ iiJnrtnrl'll\ol 11JU1'\11;l1,:J (NN), # p < 0.05 vs hypertensive (Two-way AN OVA) 

21 
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~ I dll] 3,/ ' ~ ~nnrn 4 Uff~'1fll Emax 'Yl t~'illflf111\9leJ'Uff'UeJ'1\9leJ isoproterenol (Iso) 'lleJ'1111:leJ~n'leJ~ 

miuw:i1:1J\o1'U 1m1\9li.Jfl~ (nomotensive) um:nrlm111:1J\o1'U li:IM\9lff'1 . . ~ 

(hypertensive) 1'Um111~~ijlra~ 1JJijm1fft1~ 1 u'U1111:11'1 (NN) 

Group 

Normotensive 

Normotensive + NN 

Hypertensive 

Hypertensive+ NN 

Emax 

(% max. response to KCI) 

30.97±2.6 

27.91±2.67 

28.55±5.62 

38.56±7.85 

' ~, ' 
!tff~·U11!1J'W mean±S.E.M., n = 9 'VJflfHJ1.1fll':i'Vl~mJ.:J 

22 



. .., - ., 
G'l'lU fl 11fHl'~ fl llfl nntn t'Wij lW 1 23 

. "' .. 
~.uLYuq,i i),llltH 'i.1ft1Jl 20131 

~ I ~ 

4. fl11fleJVffUeJ.J"lleJ.J'HiJeJvlUJeJvlfleJff11rHJ1fJ'HiJeJvlUWvl acetylcholine 

' ,, ' 
d'.it1'UT11J;HWlliit1~'Utl-:J'Vi'U'Ulll1•:iflrillvilim1:JJ\Pl'U !fltt\91'Ufl~ (flrimni.Jflll) m'l~flrillfl1lll\Pl'U 

QJ q q q q 

t '111\91 rr-:im'Vl~fft11Jfll1\91 t11Jff'Ut1-:i~ ~m1flmVY1'1t1~1iit1 ~ 1 u rrm1~~ii1m~ i:Jiiffnffn~ 1 uu1Y1 m-:i i;.m 
'" 

fll1'Vl~'1tl-:J 1 'U i'!J~ 7 !!ff~-:Jfll1\91tli.Jff'U tl-:J 'Utl-:J Yi'1t1~1iit1~~tlffl rn mVY1'1t1miit1~ acetylcholine (Acb, 

'J/ 'J/ -9 -5 'I d"' 11J , "' ., 'I ., 
muscarinic receptor agonist) fl1lll!'Ull'U'U 10 -10 M t'Ufffll1~'Vlll!!'1~ !llllffl'Jfffl~ !iJiJ1Yi'11-:J Yilfl 

1'U1vrnviv1Jmrnt11Jff'Ut1-:J~t1 Ach 'Ut1-:J'Vi'1t1miit1~flrillm1mi'u 1'1tt\91'Ufl~ (normotensive) 1m~flrill • • ,, 
'fl17ll\Pl'U 1'1tt\91i.r-:i (hypertensive) 'V'liJ11'11'1tJmiiti~l1-:J 2 fltjlliifll1\91tli.Jff'Utl-:J~tl Ach i:J!!\91fl~l-:Jfl'U'Vll-:J 

fff)~ (1'U~ 7) ftl E 'Utl-:Jflrillmlml'U !'111\91'Ufl~i~miw~vliri1 70.56±3.84% !!('l~flrillmlll\Pl'U !'111\91ff-:J cu max 11 11 cu 

i~vm~vliri1 67.41±5.44% (\91111-:i~ 5) 

fll'j\,lt]i.Jff'Utl-:J~tl Ach 'Utl-:J'Vi'1t1miit1~flrillmlml'U !'111\91'Ufl~ 'V'liJ111'Ufffll1~~iimn,n~ • 
1 iJ'lJ1Yim-:iY1'1t1~1iit1~ 'il~\91 tii.Jff'U ti-:i~ ti Ach '1~'1-:it1v1-:iliu V'fflflt1J'Vll-:J fff1~1rlm'!J1 vrnviv1Jfl1Jff m1~~ i:J 

1Jffl1fffl~ 1 iJ'lJ1Yi'11-:J (P < 0.05, lU~ 7 A) 1rlt1'Vl'ill'JW l~ftl Emax 'il~!l1'U111 'Ufffll1~~1Jffl1fffl~ L iJ'!J1 

Yi'11-:J'Vi'1tl~!ijtl~flmV\911 l;ff-:Jff~~-:J 70.56±3.84% !~mu ~V 1rlt1iiffl'Jfffl~ 1 iJ'lJ1Yi'11-:J'Vi'1tJmiiti~'il~ '" . 
fl'1W\911 l;ff-:Jff~!'WV-:J 33.33±5.33% i~miw~v ~-:iiimlll!!\91fl~l-:J'illfl 1 'Ufffll1~~ i:Jlim1rrn~ 1 iJ'lJ1 '" . 

I .<::i QJ o QJ .:::::...:::::.. .<::i 

Yi'11-:JtlVl-:JlJ'UVfflfltU'Vll-:Jfftl\91 (P < 0.05, \91111-:J'Vl 5) 
" 

'lJ1Yi '11-:J'Vi'1 ti~ 1iit1~ 'il~\91 tiiJ ff'U t1-:i~t1 Ach '1~ '1-:Jt1v1-:iliuvrl'1flt1J'Vl 1-:ifff1~1rlmi.l1 vrnvi ViJfliJ ff fl 11~~ i:Ji'i 

m1rrn~1iJ'lJ1Yi'11-:J (P < 0.05, 'JU~ 7B) 1rlt1'Vl'ill1Wl~ftl E 'il~!~'U111'Ufffll1~~i1m1rrn~1iJ'lJ1 cu max 

' ' <'I "'1'l'J/ l d ,'Id "'1., <'I 
Yi '11-:J'Vi '1 tl~m tl~flmV\911 !~ ff-:Jff~ 67.41±5.44% !~V!'Q '1 V !lltlll ffl'jfffl~ iJiJ1Yi '11-:JYIJ;'ltJ~rntl~ 'il~flmV 

'" . 
\911 l~ff-:Jff~!'WV-:J 36.39±8.46% i~mu ~v ~-:iiim1:JJ!l\0lfl~l-:J 'ill fl 1 u fffl11~~,:Jiim1rrn~ 1 iJ'lJ1Yi'11-:JtlVl-:J '" . 
t::! QJ O QJ .a:i,.:::::.. ~ 

lJ'UVfflflt\J'Vll·H'l'tl\ol (P < 0.05, mnrn 5) 

'J} 'J} 1 'J} cl I ., 1 ., d l 'J} ' 
N'1 fll'J'Vl ~'1 tl-:J'Ul-:J\91 'Ullff~-:J Yi!Yi 'U 1lffl1 fffl~ iJiJ1Yi '11-:J llll 'U 1 ! 'UlJ'1~fll1\oltliJff'U tl-:J\91tl Ach 

,, ' 

1 'UY1'1t1~1iit1~l1-:inri1Jm1:JJ\Pl'U fott\91Ufl~1m~nri:JJm11J\Pl'U htt\olff-:i mnvl'il11w1'illfl\o1111-:ivi 5 'il~1l1u11 . . '" 

1unrillfl17:JJ\Pl'U latt\olff-:J i~v1unri:JJmllJ\Pl'U 1'1tt\o1Ufl~fll1\olt11Jff'Ut1-:J~t1 Ach '1~'1.:i 37% i~miw~mrlti . '" . 
1Jffl'jfffl~ 1iJ'lJ1Yi'11.:! 1'U'UW~~flrilJf111~\Pl'U i'1tt\olff.:j('l~ft.:il'WV.:! 31 % i~miw~v 

--- --------

. '" 

6'bf-~, 'n 
<W~t:/-":11\ 

(il~'2. 
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---- Normotensive (n=8) 
--0- Normotensive+NN (n=B) 

80 -'-----r---~--~--~--~ 

-9 -8 -7 -6 -5 

Log [Ach] (M) 

B 

* -T- Hypertensive (n=8) 
# 

-V- Hypertensive+NN (n=8) 

-9 -8 -7 -6 -5 

Log [Ach] (M) 

JtJ~ 7 fl11\?ltJ1JTI'WeJ-:J'\JeJ,l'nin:i~ufi0~f1~lJf117lJ~'i-1 l~l1\9l'Uf1~ (A) W;l~f1~lJf117lJ~'W h11\91~-:J (B) ~0mrnmcJlrirn~ifi0~ acetylcholine 

(Ach) 1unm1~~ihrn~ 1:i.mm1Tifl~ 11J'U1l\'1;11-:J (NN), * P < 0.05 vs normotensive, #P < 0.05 vs hypertensive (Two-way ANO VA) 

24 



Vll'lH~ 5 llff~-:1~1 Emax ~l~'illflf11'.j\,]'e)1Jff'l-HM~el acetylcholine (Ach) 'Uel-:l'\1'1;'Hl~ 

ii'h1~nci:um1:ui'W t'1tt1'1'Ufl~ (nomotensive) irn~ncimrn:ui'W t'1tt\?lff-:I . . ~ 

(hypertensive) imrm1~~ihrn~ 1liiim1rrn~ i 1J'IJ1'\1'11-:1 (NN) 

Group 

Normotensive 

Normotensive + NN 

Hypertensive 

Hypertensive+ NN 

Emax 

(% max. response to KCI) 

70.56±3.84 

33.33±5.33* 

67.41±5.44 

36.39±8.46** 

I ~I I 

Ufl~~filL"u'U mean±S.E.M., n = 9 'Vlf1fHllJfll'.i'Vl~('le:J~, *P < 0.05 vs normotensive, 
' ' 

** P < 0.05 vs hypertensive (One-way ANO VA \PlllJt{1Vfll'.i'Vl~fle:J1.J!L'U'U Tukey HSD) 
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' "" 1J'Yl'YI 4 

fl ii i.J ·n £1 ~Hlrl l 'j 'YI YI il fl-:J 

~ d'lrJ 'J} 'J} cl I Q.I Q.I .c:! d ~ ~ GI 'J} 

fll'.i ft'm:n 'W i fl mrfl-:i ln m 'W 11 m nrrw1 l 'U 'lJ 111 'i;l 1.,:i :mrVJ 1i 'll c.11 t11-n1t1fl1trvt1 i fl ::m11nH1 vl 1 1• 11 
. . ' .,, !V .,, 

'\11;ltlfll~tlfl'Uc.lltl\911 l 'W 'flfll:ltl!~ dose dependent lijtlftfl'l:Jlfli;l lfl'fll'.itltlflt]'Vl11 l'Utl..:i~'W '\l'l'U11 t]'Vl11 'll tile.I 
' ,, . 

'\11;ltlfll~tlfl'Ut1..:im'.i'fff1fl l'U'IJ1'11m..:i t:i.fmm'.ifl\jflcJ..:jcJ'lJ#i'1t1 nadolol '(~-adrenergic antagonist) 10 µM 
,, . 

ll~\jflcJ'UV::i#i'1t1 L-NAME (nitric oxide synthase inhibitor) 10 µM Im~ methylene blue (guanylyl cyclase 
'V'JJ ,,. 

inhibitor) 1 µM V·H'ifll'.i'Vl\911;ltl-::IU:ir°l ttl'i1 'W11 t] 'VI TI'IJ tllc.l'\11;ltl\9llilflfl'\Jt]..:jfll '.i'fff)fl 1 'U'IJ1'\11;l1-::1 l'LJt#i'tnfl rl1u✓ 
- ,, 

'Vll..:i ~-adrenergic ~eceptor_ l'W'\11;ltlfllTitJ.fl ll~lflflHl'W'Vll..:i NG-cGMP pathway 'Utlfl'illflUV..:i'W'U1lfi'l'.i 
"' - .. - ' j} I 3/ I • I 

'ffflfl l 'U'LI1'tt ,n-:iii rJj;jcJ'lJV..:ifll'.i'tt'fl..:i Ca 
2
+ 'il lflfl le.I l 'WICJJ1;l i:1flii'1:1J1ifo11 tl'Ul11flfl 'illflfll'.i m ut11il 1#i'1t1 

ph~~~ine l 'U fll'.iftfl'l:ll rli;l'\JtJ..:jfi'l'.iflf1fl l 'U'IJ1'\11;l 1--:i~tifll'.i l'ltl'U'CT'U t1..:i'Ut1..:i'l11;ltlflli'{tlfl ( vascular 

reactivity) l.'W '11 (ltlfll~tlfl 'Utl-::1 l1 'W 'Ul1fl11:IJ~ 'W 1m11'111fl~lrn~fl17:IJ~'W fa tt l'l'CT ..:i'W'U11 fi'l'.i'ff flfl l 'U'IJ1'\11;l1-::I 
"' "' 

Ii] 1 I c! "I 
mm'.it11;lflfl1l:IJ rnrn~m1rn1 H 'W fll~l'ltl'U'CT'W t1..:il'lt1fi'lrn'U'\11;l tlflrntlfl phenylephrine ( a-adrenergic 

,, ' 

agonist) l 'W '\11;ltl\?H~elfll1..:i'ffti-::lfl~:IJ 1rn~mm'.itll'W:1Jfll'.il'ltl'U 'CT'W ti..:i~ tl isoproterenol (~-adrenergic 
,, 

agonist) l 'W '\11;l tl\9ll~tl\9lfl~:1Jfl11:IJ~'W l i:'l'Hl'l'Q-::1 · 'U tlfl 'illflU'ri'l'.i'fffl\91 l 'U'IJ1'!1 '11..:icJ..:iiJ rli:'li:'lflfll'.il'I tl'U'CT'W tl-::1~ tl 

acetylcholine (muscarinic receptor agonist) l'W'l1'1tlfll~tlflfl11:IJ~'W l'i;lttl'li.Jfl~lrn~m1:1J~'W ll:'l'Hl'l'Q..:i rJ(l 

fll'.i'Vl\91'1 eN!fl'W ti!! 'Wd1m'.iflf1\9l l 'U'LI1'!11;l1..:iii 1'il~tltlfltJ'Vli'Uc.11t111l:'ltim~tiflu~1iJr11;l'Vl1 i tt' fl 11:1.J~ 'W 1 l:'lttl'I 
,, ' 

1;l\9lrl..:il'Wfl11~fl11:IJ\ol'W 1'1ttl'lfl..:it~ ~fl'\,1..:jcJ..:jiil'il~'i;lflfll'.il'ltl'U'CT'WtJ..:i'Uti..:i a-adrenergic receptors ul9i1V1:1J "' . 

fll'.il'ltl'U'CT'Wtl..:i'Uti..:i ~-adrenergic receptors ~tlfi'l'.i catecholamine l'Wfl11~fl11:IJ~'W li:'l'Hl'l'Q..:i#i'1t1 

d d 
~ ~ \fl ~ VG} V 

t] 'YI fi'U£Jltl'l1tl el vi~ tlel vlUtl~ ml ! fl fll'Jelel flt)'t'lfi 'lJfl ,.Hl'l 'J~flvl g 'U'U1'11r;l1,:j 
,-~~ 

'illflJ;~'VJ\91 (ltJ..:jlrlti 1 ttfi'l'.i'ffflfl l 'U'IJ1'\11;l1-::l'IJ'Wlfl 10-100 µg/ml 'V11 l ti'\11;lel\9lli'{tlfl 'Utll tl\911 t#i' 

6-63% 1 \91 c.ll'Q ~ ti rJ(j fll'.i'Vl\91 '1 tJ..:jl! 'fffl..:j 1 Mitt 'W 11fi'l'.i'fff)fl l 'U'IJ1'!1 J:'l1..:j1Jt]'VI i'Ut1lc.l'\1'1 tlfll~tl\91 'illfl'.il tl-::ll'W 
,, . , 

fll'.iftfl'hllfleJ'W 11 ~ 1u t#i''W'U17 m'.i fl fl fl l 1.Ju111 m..:imm'.i t1 (lflfl17:1Ji'W 1 '1ttl'l 1 \9ltltltlflt]'VITII! 'Urn~ t11.J'W 'fl'W 
, 

l 'W'\1~ 'IJ 11m1:1J~'W 1 (ltt l'li.Jfl~ 1rn~mm'.it1titlfltJ'VITii:'l\9lfl17:1Ji 'W 1 (l tt 1'1 l 'W '.i~t1~t111 i 'W11~ 'IJ11m1:1Ji'W 
,, ,, 

l(l'H(,l'Q-::1 (Trongtorsak et al, 2007) 'illfl'.ilcJ..:jl'Wfll'.iftfl'l:Jli..:iflri11i1:1Jf1'Ufll'.iftfl'l:Jlfli'-:iu ii1'il~tqi.lt#i' 

11m'.i'fff1\9l l 'U'LI1TT m..:iii 1 'il~(lflfl11:1Ji 'W 1 '1 tt 1'11 flt1'Vl1 i tt TT i:'ltifl !~tlfl 'IJ t11t11,11 m'.i !! tii:'lmi:'l tit1tTTmt1\911~ 

cl ,, 
1 

Q.I Q d. ~ Cl.I , .c:! dQ.J i 
!U'WtJ..:ifli.J'.i~fltl'U 'W'U1'!1ft1..:i:IJt]'Vl1il'ltlTT1;ltl\91!1;ltlfl fl..:it'll''Wfi'l'.i asimilobine Im~ lirinidine :1Jt]'Vl1itl'Utl.:J 

' ' , 
Q.I ~ .c! Q O 'J} d. .::::::,,, 

fll'.iTT\Pll'l1'1JtJ..:jTTJ:'ltlflrntlfl'Vll'\1'Wtl1'Wl\Pl1tl serotonin (Shoji et_al, 1987) 1rn~m'.i leiensinine :1Jt]'Vl1ift\Pl 

fl11:1Ji'U httl'li'1m11 (Wang et al, 1992) ~..:iiT'W ~..:i!~'W, i.lt~11t]'Vli'Ut1lc.lTTfttlmi'{tlfl'IJtl..:jfi'lj'fff)fl l 'U'IJ1 

TT m..:i ~'W'U l 'W fll'.iftflmil 1nfl 'illflrJl:'li1:1Jf1'W 'llti..:im'.iTT mt1\911~..:i t~'W ri1'Wi.J '.i~flti1.Jtivi 'W i 1.Ju111 l:'l 1-:i 
"' 



elVl~ i '.ifi\911'1H'f1'UU'.i~fltl'U'Yl~fl L'I-JL 'U'IJ1'Yl1;11~V~U'.i~fltl'U$i'1t1'ff1'.i pronuciferine, nucifeme trn~ 
jl ,I ,, jl 

remerine (Wang et al, 2008) m11mi1i1m11ih]l'lfi'Utlltl'Yll;ltl\olltieJ\ol!l'i'1i'Ufl'U ~~'W'UL'Ufll'.iftfl'lfl'U'U 

~ell Ufl1'.i'Vllfl1'.i'fffl\ol 'ffl'.i1J ~ ~'\'lil!~TU1JJ1'\'l\ol'ffel'Ut)'\'lil;l\olfl11:IJ~'U ll;l'tt \,ll!l;l~flj;j l flfll'.itltlflt)'l'l,~tl l U 

1llflfl1'.iftfl'hl1'\Jtl~ Ohkoshi !!~~flt\!~ (2007) Vl'U11'ffl'.i'fffl\ol 1llfl L 'U'U1'Ylm<J'ff1JJ1'.if.lfl'.i~~'U 

27 

'J) ' jl ,I 

lipolysis 1 'U!'Wel!~tl ['lJ]j'U l\oltlNl'U'\'ll<J j3-adrenergic receptors 'Utlfl1llflUV<J1J'.iltl<ll'U11 t)'l'lfifl\Plf\TilJ\ol'W 

" 
ll;l'tt\91'\Jtl<l'ffl'.i'fffl\ol 1 'U'IJ1'Yl1;11~'fflJJ1'.if.l~flV'UV~l'i'1t1 j3-adrenergic receptor antagonist (Trohgtorsak et al, 

2007) ~~1Jfl11:IJ!~ 'U l Utloi'~ 'ffl'.i'fffl\ol 1 'U'IJ1'Yl1;11<J1l~tltlflt)'\'lf '\Jt11tl'YI l;ltl\olltiel\ol Nl'U 'I'll~ j3-adrenergic 

~ I ~ id Q.I I ~ cl 
receptors L'U'Yll;ltl\ol!l;ltl\ol !!\91Nl;lfl1'.ift'fl1fll'l'.i<J'Ufl1;11Jl'l'U11 nadolol (10 µM) c1rn'U'U nonspecific 13-

" .. ' 
adrenergic receptor antagonist iJjmJJ1'.if.lV'UV<lt)'l'lfi'\Jtlltl'Yll;ltl\ol!tieJ\ol'\Jtl<l'ff1'.i'fffl\ol 1 'U'IJ1'Yll;l'J<J i$i' ciuvi 1) 

fl11:IJ!!\91fl~N L 'U N1;1fl1'.iftfl'hllel11llfl\ol 1llflfl11:IJ!!\91fl~l<J L 'U 1fifl1'.i'fffl\ol L 'U fll'.ifffl'lfl'\Jel<J Ohkoshi !!l;l~fltU~ 

(2007) 1$i'm1\ol 1 'U'IJ1'Ylm<i$i' 1tl 50% ethanol 'ffl'.i'fffl\ol~ i$i'~<iel711U '.i~fltl1J$i'1t1'ffl'.i'ffll'lqj~ 'fflJJl'.i t11;1~mt1 
" .. .. 

L'U ethanol 1rn~m'.irl°ll'lqj'Utl11ltltlflt)'l'lfil'Ylijtl'U j3-adrenergic receptor agonist 'ff1'Ut)'\'l1il;l\olf111:IJ\ol'U 

.Q. QI CJ.J • _J 1 Q.I ct 'j) 

11;111 \91'\Jel~'ffl'.i'fffl\ol 1 'U'U1'YI m~ 1 'U fll'.i'\'l\oll;ltl<J II 'U'U in vivo GJMVl'U17'ff1JJ1'.if.l~ fltl'Utl~\ol1tl j3-adrenergic 

~ Ii] Ii] ~ I & dli] ~d 

receptor antagonist (Trongtorsak et al, 2007) tl11ll'U'U !U !\ol11L'Ufl1'.ift'fl1fl'U t\olu\ol j3-adrenergic receptor 

antagonist l!f1'Yl\j'IJ11f1tl'U~1l~LTT'ffl'.i'fftl\oll'U'IJ1'Yl1;11<J trn~ 13-adrenergic receptor antagonist ~LTT!-u'7t'U 

lJ] ~.d ... I I .J .Q. J'&::! al Q.I I d 

m 11 1 Ueltlflfj'l'l 'li'\'l'.i~'U'U1J'.i~'ff1'\'l 'ff1'U flm<J\91'.i <J anterior hypothalamic area GJf~'U'.i nru 'U:IJ'.iltl<l l'Utl'U tl'U 11:IJ 

d,,. O ') ~ QJ ') "> I~ ') ~ . 

'.i~'U'U j3-adrenergic receptors '\'l:IJNl;l'\'11 !'Ylfl11:IJ\ol'U tl;l'Yl\911;1\oll;l<l l!\91f.ll !'YI j3-adrenergic receptor antagonist 

" " .. 
llf1'ff:1Jel<J'ff1'U'U1JN1;1V'UV~t)'\'l1il;l\olfl11:IJ\ol'U ll;l'tt\91'\Jtl<J isoproterenol (Hocht et al, 2004) t:rn1111~'UlUt$i'11 

' " .. 'I & "''I ~"' IIJ"i "" 1'Ufl1'.ift'fl1fl'\Jtl<J Trongtorsak !!l;l~fltU~ (2007) j3-adrenergic receptor antagonist VI !'Yl'U'Utl11l !1Jtltlflt)'\'l'li 
'j/ I I 'JJ ,I 

il\olfl'U j3-adrenergic receptors vi anterior hypotharamic area ri~N1;1LTTfl11:IJ~'Ull;l'tt\91!'Vl:U~'U~<Jfll'Ufl'Ut)'\'l1i 

" " 
1;1\o\m1:u\ol'U httwueJ<i'ffl'.i'fft1\ol L 1Ju111m~ eJVN 11~m:ur,,i1;1m1ffnm L 'U111;1eJ\olttieJ\olflf ~i111-i'11'ff\ol~ LTTtlf 'U 

9) I Q./ Q.I ltj •\r] 'j) d al f al 
!!'1:1111'ffl'.i'fffll•l 11J1JTH'1:11~ !:IJ !\olelelflt]'l'l'li'Utlltl'YI l;lel\o\1'1:lel\ol rll'W 'I'll-:! j3-adrenergic receptors hnrnti\ol 1'1:lel\ol 

!~'U~'\'l'.i11Jfl'U~!!'aTJ1 nitric oxide (NO) !~'U'ff1'.i~'Ylk<i111fl endothelial cells 'Utl<J'Yll;ltl\olltiel\ol 

1rn~1JU'\'l1J 7'\'l'ffll'lqj L 'Wfl1'.if111JfJlHI '.i-:J~-:J'Utl-:J'YI 1;1 el\ol!ti el\ol l \oltl'Vll L TT 'YI l;l 'el\olttie:J\ol !fl\olfll'.ifll;l ltl\911 (Furchgott 

" 
& Zawadzki, 1980) fll'.i'fffl<i NO L'U endothelial cells 'W'Utl~flltll~fl1'.ifl1'UfJ:U'Uel-:J enzyme nitric oxide 

' ' " al ... I' 9J •lft ... 1.:::!'j/ al A a1 '3/d 

synthase (NOS) !:Utl NO ~fl1Jl;ltltl1llfl endothelium 11m11~!!Vl'.i rn'l'lflm:IJ!'Uel!'.itl'U'Uel-:J'Yll;lel\oll'1:lel\ol um:u . 

Nl;lfl'.i~~'Ufll'.i'Vll-:Jl'U'Utl<J guanylyl cyclase LTT!'U~tl'U GTP !~'U cGMP 'ff-:JN1;1LTT'Yll;lel\olltitJ\olfll;l1tl\911 

" " .. 
(lgnarro et al, 1986; Ignarro, 1991) L'Ufll'.ifffl'l:llU;<Jl~\il<J'ff:UlJ~jl'U11t)'l'l1i'\Jtlltl'Yll;ltl\ol!tieJ\ol'Utl<J'ffl'.i 

' ' " 
'fftl\oll'U'IJ1'Yll;l'J<JtJ11l!fl\ol1llfl NO vi11~<J1llfl endothelium L'Ufll'.i'\'l\oll;ltl<Jll'i'LTT L-NAME IUV'UV<Jfll'.i 

vi l<J l'U'Utl-:J NOS !!'a 1Vl'U11 t)'l'li'\J tlltll'l l;l~\ol!tiel\ol'\Jtl~ m '.i 'fftl\ol 1 'U'IJ1l'l l;l'J-:Jj;j\ol 1;1-:Jt) Vl-:J!~'U'Jf\ol l \oltl'Yl 11 TT~ 1 
I I I I ':J/ 

fl1'.ifl1;lltl\911~-:J"!\oll;l\oll;l<J 23% l\oltl!u~tl ciuvi 2111;1~\911'.il~vi 1) !!l;l~!ijtJLTT methylene blue l'UV'UV-:Jfll'.i 

Yll<Jl'U '\Jtl<J guanylyl cyclase fil'l'Ullt) 'l'lf '\Jt11tll'll;ltl\olltitJ\ol '\Jtl~ 'ffl'.i'fffl\ol 1 uu111 m~ ~nrn-:it'lf'U tl'W 1 \oltl'Vll 1 TT 
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~1m1r1mt11o1T'1'-:Jff~~~n1-:i 26% 1~m'i!~t1 (nJ~ 3 u~!i:loll'.iN~ 1) N~fll'.i'Vl~m:mf-:i 2 ri1uiruuiruuci?-:i 
IU' q 'U q 

tl'W!!~!i:tl'W !!~!i:'Ul L 'U~'Uflff1'LI11ffl'.ifft7~ I 'IJ'U1'\1 ~1-!ltltlflt]'Vlf 'llt11tl'\1~tl~!Titl~ 1 ~tlNl'W'Vll-:J NO-cGMP 

pathway 
'JI 'J} iJ I I 'J} 

Q.I '31 ~ d. ~ Q.I ..::::i, & -al 01 2+ 9 rl q & 
fll'.i'l1~\ol1'1lfl-:Jflmmum 'J tl'IJ'llfl-!1'11 ~fl~ rne1~'W'W 'il !i:!f1~'1l'W!1Jfl'.i!i:~U Ca mv 1 'W!"b'~m'W1J'll'W 

2+d ~ ~ el , .a1, "' ~ CiJ ,1 

Ca 'Vll'WlJ'U'W'Wm'illfl 2 !!'11~-!lfltl 'illflflltl'Wtlf1!"b'~~!!~!i:'H_M'illfl sarcoplasmic reticulum flll'J t'I-H"b''i:la 

~ d, 9)'}/'J)& I Q.IG)Q.I ~ 
(Garland & Angus, 1996) 'illflN~fllrnmn'Vlflm1mum'lll-:Jlol'W "b'-:J'W'IJ11ffl'.ifffl~ 1uu111m-:Jflflflt]'Vl1i 

"'"'i !llq!ll .;, cf a, !)/ 

'Utlltl'H~fl~rnfl~ t~tlfll'ilf1'.i!i:\PJ'W 111 endothelium '11~-:J NO fll'.iflflflt]'Vl'Ii'llfl-:J NO '11~-:J'illflf1'.i!i:\PJ'W 

'3) d lJ] d 9) 'J) I 3,/e::. Q.I t O 

guanylyl cyclase 'lmtl~tJ'W GTP t'U!1J'W cGMP !rn1'il!i:f1'.i::;\PJ'W protein kinase ff-:JN~l'H!fl~fll'Jtl'Utl-:Jfl1'J'Wl 

2+ ,1 !V , q ., di ,::11 liJ di d o q !V !V J .,. "" ., 
Ca 'illflflltl'Wflf1!"b'~m'lll"J:flltl t'W!"b'~~ "b'-:J!1J'Wfl~ tfl'H'W-:J'Vl'Vll t'Hfl'fl71J!'Wfl!'Jtl1J!fl~fll'Jfl'flltllol1 (Galley 

~ . ~ 

& Webster, 2004) \?1-:JU'W!:Wtl I Mffl'.ifftl~ I 'IJ'U1'11~1-:J~Ul'il!i:1JN~V'IJV-:Jfll'.i'Ul Ca
2
+ 'illflflltl'Wtlf1!"b'~rl'!'Ulri 

" 
mv i u1"b'~-a~1t11 ~mn~'Vl1-:i~e111rl1u NO ~1mt1 loli1fll 'J ftmnci'~-:i L~'Vl ~ffeJUN~'lleJ-:Jffl'Jfftl~ i utl111m-:i • 
~flfll'.i'Hi-:i Ca

2
+ 'illflflltll 'W!"b'~-a1vi1iru I 'Wfll'.i'Vl~~fl-:J L~m~t11i'l1 i Mfl~1mdm1t11J'llt1-:i11~e1~11ie1~11~ 

"' !ll q 2+ "' ;; 2+ dq !liq ., di q ,1 
lol1~1tl phenylephrine t'W Ca -free Krebs solution ~-:J'W'W Ca 'Vl t'lf t'Wfll'J'H~lol1'il-:Jm'illflflltl t'W!"b'~~ 

(Guedes et al, 2004) N~fll'.i'Vl~~tl-:J'W'IJ1lffl'.ifft7~ I 'IJ'U1'11m-:Jfflm'.ifl~~!!H~-:J'Uel-:J'H~tl~!~tl~~!fl~ 'ill fl 
I I 1 'J} 

"' o !V q 2+ • Ii] !ll di "'i' "' • I "' "' "' 
fll'.i!'H'Wtl1'Wl~1tl phenylephrine t'W Ca -free solution t~mflfl-:J 77% t~tl!l!~tl (!1J'Vl 4) <rM'W1..!N~fll'.i 

~ ~ . 
'Vl~ ~ tl-:J'U~-:J'lf1tl!ff'Wfl!! 'W:;:11 ffl'Jfftl~ I 'IJ'U1'11 ~ 1-:JU 1 'il!i:'U tlltl'H~tl~!~tl~ 1 ~ti L tlii N~V'IJV-:J fl1'J'l1 '1-:J Ca

2
+ 

o' !)I J"' "' 
'illflfllt1l 'W!"b'~~flm111u m 'J t11J'lle1-:i 11~e1~rne1~ 

tlTHrfl~ 1 uu1 'ttt11-n.lf m U~tl'U f)l 'Jvt e)1Jff'U e).:) 'lle) .:i 'tttl e)~g; e) ~ 
!~'W~'Vl'.il'Utl'W~!!~11ll'Wfl11!i:f1111J\?l'W 1~11\ol~-:J'il!i:!fl~fllrn'J!i:~'W sympathetic nerve 1Jlflfl11 . . ~ 

.I ""oq!ll• Ii] o, di oq!ll o, q "I ""di !)I• 

1Jfllol'Vll t'l1\olfl1J'l11J1fl tlol'\1~-:J norepinephrine 'il-!l'Vll t'H'J::;~u norepinephrine t'Wrnflm'WlJ'U'W !!~1ff-:JN~ 

9!V ~ -=icv<j !V .Jd lfJ .Jdo 3' c.,, a. ~J 
t '\1'11~fl~rnfl~\ol'IJ\ol1 t~tlf1'.i!i:\PJ'W a-adrenergic receptors "b'-!1!1J'Wfl~ tfl'H'W-!l'Vl'Vll I 'Hf1111J~'W fa111ol!'W1J'U'W 

!!~!i:!fl~ fll'.i!'U~tl'W!!'U~-:Jfllrnfl'Uff'W el-:J'llel-:J'H~tl~!TI el~~ el ffl'.i ( vascular reactivity) (Bakris & Mensah, 

2003) 1J'.ill'.Ml'WV'WV'W1ll'Wfl11!i:\'1111J\?l'W 1~11\91-i;;t;-:J adrenergic receptors l'W'H~tl~!~tl~lJfll'JloleJ'Uff'WeJ-:J 

~el catecholamine !U~tl'W!!U~-:JtU~1tl lmJ a-adrenergic receptors 'il!i:\oltl'Uff'Wfl-:J~tl a-adrenergic 
' 'J} jJ 'J} 

..::::i.& oG)!V .c:! d Q.I & d. 

receptor agonist !'WlJ'U'W'Vll t'l1'11~fl~rnfl~lol'IJ\ol11Jlfl'll'W 'Wtlfl'illfl'W P-adrenergic receptors 'il!i:lolfl'Uff'Wtl-!I 
' ~ 

I O '1 !)/ "' a, Ii] !)/ 91 • I"' • I "'"' 0 'I !)/ 
loltl p-adrenergic receptor agonist ~~~-:J'Vll t'H'H~fl~rnfl~\'l'flltllol1 t~'Wtltl~-:J fl1'.i!1J~tl'W!!1J~-:J'W1JN~'Vll 1'11 

' ~ ~ 

f1111J\?l'W 1~11\ol!'WlJ~'W (Takata & Kato, 1996) fl1'.iftflrJl'U~-:J'Vl~ffel'IJN~'Ufl-:Jffl'.i'/;1'tl~ l'IJ'lJ1'11m-:J~flfl1'J 

\olfl'Uff'W eJ-:J'UeM a- 1rn::; P-adrenergic receptors I 'W 'H~flmTifl~'Utl-!l'Hl,1'Ul1~1Jfl11!i:m71J\?l'W 1 m1\ol~ -:i 

Ci) .:Q .:!:I I 

t 'Wfll'Jfl'flrJlfll'Jlolfl'IJ ff'W fl-:J'U el-!1'11 ~ fl~rneJ~ loltl phenylephrine ( a-adrenergic receptor agonist) 

wu11m1\ole1uffue1-:i'll e1-:i flri11m111\?lu 1 ~ 11 lolff-:i i-J11\ol fl~ N 'il lflflri11m11J\?l'W fa111oltlfl~ (1tl~ 5) H~ 'il::;n1u 
q 'U q QJ 



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

29 

11'11cltl\Ol!atl\Olflri:Uml:U~'U !cl11\olff-:J1J!!'U1 ! U:U~'i):;:l,le)'l.Jff'Utl-:Jm -:Jfl'Jl (\olUl-:J~ 3) llff\Ol-:J'Jlfll'J~'l.J renal 
q "' 

~, "'. I " "' IJJ ' "I"' "I '1 31 "' 9 "' artery !1J'W!1cll 6 ff1J\Oll'l1 tM 1:U'V'l'l.Jfll'Jl1Jcltl'U!!1Jcl-:J !'U'Vl'Wl'Yl'l.Jtl-:J a-adrenergic receptors 1'U'l1cltl\Ol!cltl\Ol 
, I I I 'J/ 

tlVl-:J!~'U '11\0l!!cl:;:11'.lu 1:;:v:;:vi1!mn\Olfll'J!lJ~t1'U!!lJc1-:iri,hw u tlVl-:J l 'J~\oll:Uf:-lclfll 'jfffl'lfl'V'l'l.J1lffl'Jfff1\0l 1 'l.J'IJ1 

- " 
ttc11-:iii Nclcl\Ol'n-:Jml:U 11 (sensitivity) 1rn:;:m1:um -:i 1 'U fll'J\ol tl'l.Jff'Utl-:J (responsiveness) 'lltl-:J'Vlcltl\Ol!i1t1\0l 

I 0 

flri:um1:u~'U !clM\oliJfl~!rn:;:flri:Ufi11:U~'U !cltt\olm!Ji't1v1-:i'l1\0ll'il'U (1iJvi 5 1rn:;:1on1H~ 3) Nr,i<lJv'11,n;;0ri11 
q ' q . cu cu 

1'lJ'IJ1'11cl1-:Jci''il:;:1ttNcl!!Hf1111'Wttcltl\Ol!atl\Olfltj:Uml:U~'U !cltt\olir-:J !\Oltl'W'ill'JWl'illflfil pD2 1rn:;: Emax ~-:J 

c1\0lc1-:imflii-:i 21 % 1rn:;: 57% \ollm!h~'l.J 1u'llw:;:~f1tj:um1:u~u fo11\oliJfl~c1\0lc1-:i 1#11vit1-:i 16% 1m:;: 42% 

' " ' 'J} 

m:uth~'l.J ~-:iviflri11mmi
1

1'lh~\91'W17ffl':ifff1\0l 1 'l.J'IJ1tt m-:imm1t1t1tlflt)V11i!\Olt1m:;:~u fll':itt '1-:i NO ~-:iuu 
di cl ~, IJJ. (IJJ 3/ I llj 'J ,"I I "I 
'il-:J:Umlll!1J'U rn !\Ol1lfll'Jcl\Olml:U rnrn:;:m1:um-:i 1'Ufll'J\oltl'l.Jff'Wtl-:J'lltl-:J'Vlcltl\Ol!cltl\Ol\oltl phenylephrine !:IJtl 

iim1fff1\0l 1 'l.J'IJ1ttc11-:iir mrlu Ncl'lltlsi NO 1'V'111:;:ii11t1-:i1u m1ffflr:11~si'V'l'l.J17fll':i v'l.J.isiflnmt-:i NO Ji'1v 

L-NAME 'Vl~tlfllHllclltl endothelium i111 ttmt-:i NO 1ii1Ji' iJNmvi:Ufll':i\oltl'l.Jff'Wtls!'lltls!'Vlcltl\Ol!atl\Ol~tl 

phenylephrine Nclfll'Jfffl'l:ll!ff'Utl!!'U:;:11 NO ~mt-:i'illfl endothelium ffllJl'Jtlcl\Olfi'Jl:Ul1!!cl:;:m1:ums11u 

~ ' .di 'j} 9) d I 

fll'J\oltl'l.Jff'Utl-:J'lltlsl'Vlcltl\Ol!cltl\Ol\oltl phenylephrine (Davel et al, 2006) 'illf1Nclfll'Jr!'f11fl'lllsl\ol'U'Yl'V'l'l.J1lffl'J 

Q.I q a.1 .e!i ..:!:! d d a v q 2+ 
fffl\Ol 1'lJ'lJ1'11cl1slffllJl'Jtlcl\Oll!H\olsl'lJtl-:J'l1cltl\Ol!cltl\OIV1!'11'Utl1'Wl\Ol1tl phenylephrine !'U Ca -free solution 

i171 ttiim1:u1rlu 1iJ1#111m1ffn\Ol 1 'lJ'IJ1ttmsim'iliiNc1c1\0lm1ttksi Ca
2
+ mt11mGJfc11;1~t1flm:Y.A\110w 

"' s 

' " 0 '1 3/d" I"' 2+ d 9 3/9 "' 3' "' d di O 9 3' 
phenylephrine 'Vil 1'11:U1J1lJlW Ca 'Vl'il:;: !'111'Um:;:'lJTUfll'J'l1\0l\ol1'Utl-:Jflcll:U!'Utl!'Jtl'l.Jcl\Olclsl 'ils!Vll 1'11ff11 

a, 9 a, '] I llj 3/c! _J 
fffl\Ol 1 'l.J'l.J1'11 msi ffll11':itlcl\Olfi11:U!! 'J si 1 'W fll'J\ol tl'l.Jff'W tlsl \ol tl phenylephrine !\Oltlfl'Yllsl'Vl'U si 

1 u fll';i'Yl\Olfftl'l.Jfll'j\,)e)'l.Jff'U tlsl'lltlsl P-adrenergic receptors hrnc1t1\0l!a tl\Ol'V'l'l.J'Jl 'Vlcltl\Ol !atl\Ol'Utlsl 

fltj:Ufi11:U~'U !cl11\olir sl1J!!'U11 U:U\oltl'l.Jff'Utlsl~tl isoproterenol u tltlf111'11cltl\Ol!atl\Olfltj:um1:u~'U !clM\oliJfl~ 

.J '1 3' d ' '1 d "'- I " .J d d d ""' d 3' d 
GJf-:J!!ff\Olsl !'11!'11'W17':i:;:t1:;:nm 1'Ufll'J\ol'l.J renal artery 6 ffu\Oll'VI GJfsl!'U'U':i:;:t1:;:V11rnm\Olfll'J!lJc1vuniJc1-:itt'Wl'Yl 

" ' 
'Utlsl'VI cltl\Ol!atl\Oll'l'1l'W'U fll'jfff1111Vsl'V'l'l.J17ffl'Jfff1\0l 1 'l.J'IJ 1'11 cl1sll'W:Ufll'j\,) tl'l.Jff'Utlsl ~tl isoproterenol 1 'U 

'11 rltl\ol!atl\olfl~:Um1:ui'U 1 rl11\olfl'-:J u1o1h]ii i:--lrll'LI~tll-H! 'LI l:'l-:J fll'j\ole)'l.Jff'U tl-:J'Utl-:J'l1l:'ltl\oll~tl\olfl~1Jm1:ui'U 
q "' q 

'J} I :j) 'J} 

1 c111 \olU fl~ l\OIV'W'U :u1u 'Ut1si~t1:u 1;1vi 1Ji' 'illflfll':iffflmfii' sii1irsi 1iimm1 t1t1nrnvN1;1isifl~11'Ut1sim1 fft1\0l i 'lJ .. "' 
; " 

'IJ1'11cl1-:J!Ji' t)VlTI'Utlltl'Vlcltl\Ol!atl\Ol'Utlsl P-adrenergic receptor agonist 'W'Utll'illfl\OINl'U'VlN NO-cGMP 

" pathway 'Vl~tlNl'U'Vllsl K+ channels !\Oltli1litt1n\Ol K+ efflux !Hl11JN1:l1ttf1~7:U!Utl!jtf'l.Jlfl\Ol 

" 
hyperpolarization ~s!lfl\Olfllrnmvw1 (Matsushita et al, 2006; Kang et al, 2007) ~s!'W'Wffl':ifff1\0l 1 'l.J'U1 

' ; ' 
'11cl1sltll'il!'W:Ut)Vlli'Utlsl P-adrenergic receptor agonist 1 'U'Vll:ltl\Ollatl\Olfltj:um1:u~'U !cltt\olirsi !\Oltltll'il l'U!'W:U 

fll'Jttksi NO '11~tll'U1JNcli111tt K+ channels IU\OllJlflt'U ~s!Vslfislvltl-:Jfll'J'l1'1fll\Yl'Uff'W'l.Jff'U'U'illflfl11fff1117 
.. q 

' llJ I \J] cl .cQ J'll) 'j} 'j} d 'j} I Q./ Q.I I 

\,le) ! 'U tltllsl ! 'jfl\oll:Ufll'Jfl'fl11 l'U !\Olli ff\Olsl 1 '11 !'VI 'WI! r1111ffl'jfffl\Ol 1 'lJ'lJ1'11cl1slffllJl'jfll;l\O) fll'j\,)e)'l.Jff'U tlsl \,le) 

a-adrenergic receptor agonist 1rn:;:1vi:Ufll'J\olel'l.Jff'Utlsl~el P-adrenergic receptor agonist 'llel-:J'Vlclel\Ol!atl\Ol 

" 
1 uwn1:;:m1:u~u !cltt\olm ~siuum1u1m1ffn\Ol 1 'l.J'IJ1'11 c11-:i 1 'l.Jfom hflm1:u~u 1 clM\olff siii1'il:;: 1 ttNc1~ 

"' "' 

-- -- --~--~------ --------------------- -- - ----- ---
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0 '1 V "" ., V ., d - I., - 1d 
li'-l':il:;;'Welfl'illfl'il:;;Y11 1 'tt tt-ael\ol!l:'lel\ol'Ut'Jlt'lvl1U-a1t'l-:JlJN-au':i'l.HumJ'Wfll':i vlel'l.H't"W el-:J'\Hl-:J adrenergic receptors 

'Uel-:Jtt-ael\olli1el\ol 1u'l 'W'Vlfl''Vll-:J~'i):;;')$1t'JI ttfl11lJ~'W 1m1v1-a\ol-a-:J 

I 'Wfl11:;;'fl17lJ~'W 1-att vl~-:J tf-:i lf1\olfll':il~ellJ'ttUl~'Uel-:J endothelium (endothelial dysfunction) 
, I I j} 

1 o V "''l ., & o '] V & '] "'I d 1 V "" & 
1\olt'l'Vll'tt'Wl'Vl 1'Wfll'rnm NO -a\ol-a-:i 'il-:J'Vll 1ttm-:iv1-:i 1'Wtt-ael\ol!l:'lel\ollJU'W11'\.JlJ!i'-llJ'U'W (Boulanger, 1999) 

& d& llj V "" I .J c;j d "" 'l V 
fll':ifl'fl'l:ll'W 'il-:J !\ol'Vl\olffel1Jfll':ivlel1H't"W el-:J'U el-:Jtt-ael\olrn el\olvlel acetylcholine G]J'-:Jl'U'W ffl':i'Vl'WcllJ 1 'lf'Vl'i>1 'f(tl'l.Jfl11 

1'11-:Jl'W'Uel-:J endothelium l'Wfll':itti-:i NO N-afll':i'Vl\ol-ael-:Ji'-11J11fll':ivlel1Jff'Wel-:J~el acetylcholine 'Uel-:Jtt-ael\ol 

1i1el\olflrillm1ll~'W 1-att'v1un~1rn:;;ncill'fl17lJ~'W 1-att' v1 ff-:i 1:Juv1 n~ Nfl'W ( ':iU~ 7) elVl-:J l ':inv111Jtt-aelmi1el\ol 
q q qJ <u 

' .,., 
fl'cllJf111lJ~'W httv1ff-:iih1 'W 11 UlJv1el1Jff'Wel-:J 1 ¢l'ihn11flcilJmllJ~'W httv1Ufl~ N-afll':i'Vl\ol-ael-:iu;1 ttlll 'W~fl 

q " • 

l'l$'Wfl'W11fll':i~1J renal artery l~'Wnm 6 'ffU\oll'tt V-:JlUffllJTHl'tlllttln\olfll':il~ellJ'ttUl~'llel-:J endothelium 
., 

l¢l'elVl-:Jl~ 'W i\ol 'W elfl 'illflU fll';j ftflElltl-:Ji'-11J1lffl':ifffl\ol I 1JU1tt-a1-:i'tll I ttfll':ivl el'!Jff'W el-:J~ el acetylcholine 
3) I I I 

-a\olm11-:ihrnci1Jm1ll~'W 1-att'v1un~u-a:;;'f111lJ~'W httv1ff-:i (':iuvi 7 1rn:;;1o11:il-:ivi 5) 1~'Wvi'Vl':il1Jfl'W~mt111 
q " " 

J ~d 0.1 ~ td ~ d , .::::. 
fll':i lffellJ'tt'Wl'Vl'llel-:J endothelium I 'Wfl11:;;m1lJ\ol'W 1-att vi 'ff-:J'W'Wl'U'WN-a 'illflel'WlJ-aelff':i:;;'VllJlflfl11Uflvl 

" . " 
(oxidative stress) (Touyz, 2004) 'illflN-afll':i'Vl\ol-ael-:J l:w'Ul'il:;;l~'W l u1¢1'11ff1':ifffl\ol l1J'IJ1'tt"1-:J'tll I ttlf1\olfll';i 

l~ellJ'Uel-:J endothelium li'-l';il:;;J'.hw-:i1'WV'Wtl'W1lffl':ifffl\oll'!J'IJ1'tt"1-:Jii phenolic content ~-:JlJlfl (Jung et 

al, 2008) 1rn:;;ff1'.ifffl\oll'lJ'IJ1tt-a1-:itf-:ii'.iqY1f~1'Wm.pJ&1~ff';i:;; (antioxidant activity) elV1'1!~1~i'fl (Wu et al, 
j) I I I 

2003) ~-:J'U'W ffUfffl\ol 11J'U1ttm-:itn11'ildji:,i&1ufl'tlel-:ittU1vi'llel-:J endothelium lJlflfl1l'tll I ttlirel:imtl'1vi 
I jJ I I I 

GJf-:J'O'eli'W 'WEI 'i17'W u tf-:i~el-:i fll':ifll'.i ft fl El 11vim~m'Welff'W1Jff'W 'W ~ 'fl 1 u elV1-:i 1 '.i nv11ll N'tlfll':iftfl'j,J 1viY-11J11m'.i 
~ . 

., ; 

fffl\ol L 1J'IJ1tt-a1-:J'1\olfll'.ivlel1Jff'Wel-:J~ el acetylcholine 'U 'W ell 'ii l~'W N-a 'ill flt] YI fi'UcJlt'Jtt-a'fJ\ol!i1el\ol'Uel-:J 

acetylcholine lf1\o1Nl'W'Vll-:J NO-cGMP pathway (lgnarro, 1991) l'l$'Wl~cJ1fl1Jffl'.ifffl\ol l1J'IJ1'tt"1-:J l'Wfll'.i 

'Vl\ol-ael-:J 1¢1' incubate tt-ael\olli1el\olfl1Jffl'.ifffl\ol I 'IJ'U1'tt'11-:Jfl'fl'W 1 ,r acetylcholine ~-:Jell'ill~'W l u1¢1'11ff1'.ifffl\ol 

9 ., 1/j_l"' V 9 V o d ,.f V ., .J dt 9 V 
11J1J1ttm-:i rnlJN&1m:;;\9,j'W 111 enzyme nitric oxide synthase (NOS) 'Vll-:Jl'Wli'-llJ'U'WU"1'.i:;;\ol1J'tt'W-:J !lJel 111 

,'1 d d O cl d c;j V O Gj V .,:, 1/j vv "'! ,'1 

acetylcholine 'il-:JlJNl:HVllJf111'Vll-:Jll-!'IJel-:J NOS elfll'l-'ltl-:Jl"1fll-!eltl 'Vil !tt'rrn-:i NO l\ol'Uelt1"1-:Jtt"1ell-H"1el\ol'il-:J 

'flmt'l\911 i¢l'tl'elc.1n111rlel 1:Ji'.im'.ifffl\ol 11J'U1ttm-:i 

i'l fltlfll'Y'l 1 'U fll'Ji;lY!fl111Jvl'U l i;l'ttVl'Ufl-:)i;l'l'JrXf1YI 1 U111'r'ii;l1-:) 
., ; ., 

fll'.iftfl'l;JTWl¢l'u ff\ol-:J 'l tt'111 u 11m':ifffl\ol I 1J'IJ1tt m-:iiiq'Vl fi'll cJlt'Jtt-a 'fl\olti1el\ol ~-:ii! 'W ffl'.i fffl\ol I 'IJ'U1 
., 

'tt m-:ii.l 1 'il :;;&1\olfl1llJ~'W htt vi 1 \olcJ'tll I ,r 'tt '1 el\olli1el\ol'UcJlcJ\?11 'W elfl'illflUffl';jff fl\ol I 1J'IJ1ttm-:iv-:iiiN-a 

U '.ilJIU~fJ'W fll'.ivlel1J ff'W el-:J'U el-:J adrenergic receptors I 'W 'tt '1 el\olli1el\ol~ 1¢1' 'ii lfl'tt ~'U11fl17lJ~ 'W htt vl~-:J 
., ' 

~'l'U'W ffl'.i ff fl\ol l 1J'U1'tt m-:ii.l 1 'i):;;i'.j N-a '1\ol fll'.i vlel'Uff'W el 'l'U'fl-:J a-adrenergic receptors ll~lVllJfll'.ivl'fl'IJ ff'W el-:J 

'U'fl-:J ~-adrenergic receptors ~elffl'J catecholamine ~tti-:iel'flfllJllJlflfl11Ufl~l'W.f111:;;mllJ~'W l&'ltt\ol\j'-:J 

di , & "" , 9 v ., 1 "" llj Ve! .J & i d& llj v 
GJf-:J'il:;;ff-:JN&'l&'l\ol!!';i-:Jvl-:J'Uel-:J'tt-ael\ol!l:'lel\ol 'lf1cJ !'ttfl1llJ\ol'W 1-attv1-a\ol-a-:J l\olelfl'Vll-:J'tt'W-:J fll'.ifffl'J,Jl'fl'.i-:J'W'il-:J l\ol 

lli1\ol-:J 1 ~l~'W17 t 1J'U1vt"1-:i1~'WfflJ'W li'-l'J~ij~nmni'-lff -:i l'WflWWl i uf mn h'flmlll~'W htt\olLf-:i 1rn:;;1~u . " " 

- ---------- -------- -- -----
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-u'ei:lJ't'lJ'U lij7'U~1 ~1h~fl e1um1-w'tlTHU 1i~e1-wwnnfl'll'U 1 vn 1 uuT1-rn-;Mi~mnfom 11flm11J~'U htt\Plfl'-:J 
'U d.S q 'U 

~ei1iJ 

I 'j/ 1 4' I ,I 

1. · 1 'Wil 'tl,JUmnvi1 ~1 'U m1 f mn 1 rn m11J~'U h MIPl'iJ -:ii}n'-:i rnviiiq'Vln'1m1vtrt1eJ~!i'ie1~u't'l~rJ1viiiq'Vl li'U'tJ 

ilfl'm1~ rn-:i'ff1'U 'UeJ<lfl'l.J'U 1 'V'l1'1J1Yi't'l1-:iih1v-:i1'Wii'Wv'U 11iiq'Vlf 'Uuilfl'm1~ !'lf'U d1'U'UeJ-:J !Yi ~11h 
,/ ' " 

m1fl'n~ 1 uu1Y1't'l1-:iu eJfl'tl7fl'tl~1J()'VlTI'UrJ1rJ'Yi't'leJ~!i'ie1~i-:ivi 1$i'uf!'~-:i 1,fo'.i'U 1 'Wm1ffm11'i'.1 ir-rn1,iii 
,/ di " ,/ 

() 'Vlli 'U'IJ ilfl'm1~9f-:J ir-:i 1ijiimr fl} l'U 'VI 7-:J i'Vl fJ1 m 'rl'\Pl {ii'U V'U ~ -:J 'W 'U ~ -:J fl 1'i'V11fll'j ft fl El 1 t)'Vl TI'U 'LI ilfl'm1~ 
" 'Ue1-:im1fl'n~ 1 uu1Y1't'l1-:i 1 uiu ~ eJ 1 iJ 

2. fll'j~'tl~'l.hff:IJ'Ul'V'l'ilU1~1um1fom hflYi!eJ'W\9ll'U1!~'UfJ1HH'Uil'tl'tl'IJ'U ffJ'jlJfll'jftfl'lfla'UEJ'UffJ1:lJ 
q q 

" " ' 
U't'leJ~fl rJ'lleJ-:Jfl':lJ'U 1 'V'l'i'in1~t! u n0u i-:itTu ~-:im1ftflEl 1-wE11'Vl rJ7'lleJ-:Jfl'1l'U l'V'l'i 1 uu1Y1'tl1-:ine1u vi 'tl~ 

q q 

3. 'tl7flH'tlfll'iffflm l$Juf!'~-:i 1irii1uifom11'V'l'UeJ-:Jfl'1J'U l 'V'l11 uu1Y1't'l1-:i 1'Wm1't'l~fl1111~u 1m1\Pl 1~ffeJeJfl 
q ' 

,/ " ' 
()'Vl 1i'UrJ71'J'Yi't'leJmi°iei~ flfl'n'-:iir-:iii H't'liJi' um1'Vi1-:i1u 'lleJ-:J'Yi't'leJ~!i'iei~ 1111 'U'Vlwvi 'tl~'lf1v1 irm1:wi'U 

" " 1m1\Pl 't'l~m 1 'Um1~m11J~'U httlPl fl'-:J ~ -:it! u 1 'W flWCTflEl7'U'U ~ei 1 Ufl11ft~m1~rl1-Aru t H 111'lJ1n 1,Y.1-:i 
~ u 

,I ,I ,I 'j) 

1 tt'1$i'm1u1~'Vl1i m1'1tl 1m'Vl~fl'eJ'Lif:l'Vl1i'tl~m1:w1o1u 1 't'ltt \PlH'tl~f:l'Vlli'IJl'JlfJ'Yi 'tleJ~!i°ieJ~~ flfli'-:i 
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