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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 of NN 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
[g/ml) induced relaxation in aortic ring by 6-63%. The vasorelaxant effect of NN was not inhibited by
nadolol ([3-adrenergic receptor antagonist) 10 M, but was significantly attenuated by L-NAME (nitric
oxide synthase inhibitor) 10 uM and methylene blue (gaunylyl cyclase inhibitor) 1 M. In the oresence
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, ct-adrenergic recepfor agonist) 1 M in Ca’"free Krebs solution,
suggesting its inhibitory effect on intracellular Ca” release. Moreover, NN attenuated contractile effect of
PE 10"°-10° M in both normotensive and hypertensive aortic rings, but enhanced relaxation to
isoproterenol (-adrenergic receptor agonist) 10°-10° M in hypertensive aortic rings. In addition, NN
diminished vasorelaxant effect of acetylcholine (muscarinic receptor agonist) 10°-10° M in 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’' 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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NIzAUANUITNIUYBIATANA TUTIMAI 40-100 pe/ml (31N 2) Wennsanna1 E_ asiHuduile

K s o .. 7 1 é 1 1
i L-NAME Saufuasanalinfmaiedii g, aﬂaamﬁerﬁm 40.3743.86% HWANA1IINATE,,,
me"lﬁmsfc‘rﬂﬂ“lumwmuwmemmm (P <0.05; M15797 1) rmmimaemﬁﬂﬂﬂmmwmiﬂﬂﬂ
Tutamanaiioy zopngNIvEYaeadon Taer 1N NO
wefutudoduiiugiudnadiedy 3918%n1snaaoslayly methylene blue 1 u 14
3 = ] 4 (Y] [ @ ) o
Yarudunanmseongnives NO wuduileld methylene blue sanfusanaluiivale vaoa
A o A o YA Lo ' v o @ ~
lneanaIeAIanaInaRBAR1ERL I 5-37% Fallnnuuanaaninms Iiensasalutivalufie
pg1uRLIBE NI BT A MeEDA (P <0.05) Nszauanududuvesmsanaluiianaie 40-100 pg/ml
d' A'! =y d' T d J A 9/ 1 o/ r as 1 .
(3U0 3) WeNnsana E_, 92U uiio 1 methylene blue aufumsaialutiivalea E_ daag
) . P 1 ' A 9 @ @ = ' =
IMABINYY 36.7514.89% Fauana 1991l E_ ileldasana lutivaluiissoiaufied (P < 0.05;
1 Y] n’: Y @ .d t r W LY @ =
a3l 1) Aaluwamsnanssiifuiulimueiududaiiasadaluimalseengniveennen

oA 1 )
@A IAgNIUN1I NO
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—@— Control (n=8)
—(O— "Nadolol (n=8)

% relaxation
LN N
(] (]

(o)}
()

0 20 40 60 80 100
N. nucifera (ng/ml)

d' o = P LY o o = v =
31]71 1 LL’CTGNﬂ'liﬂﬂ‘l&lﬂ’)“ll’t’]\ﬁ’iﬁ@ﬂlﬁE)ﬂm@iﬂﬁﬁﬁﬂﬂiﬂﬂ’)ﬁﬂ’)ﬂ (N. nucifera) INgDU1UAYY

(control) uaz¥ nadolol 10 UM 3948

% relaxation
LN N
(] O

(o)}
o

—@— Control (n=8)
—O— L-NAME (n=8)

80 ' ' . —
0O 20 40 60 80 100

N.nucifera (ug/mil)

ot o & A Y Y @ =t roa
3‘1]‘” 2 Llﬁﬂﬂﬂ'liﬂﬁ'IUﬂ'J"U@Qﬁﬂaﬂm@ﬂlu@iﬂﬁ‘liﬁﬂﬂiﬂﬂ'Jﬁﬂ?{(N nuczfera) INUIBYNNAYD

(control) az 1 L-NAME 10 pM 591A28 *P < 0.05 vs control (Student’s ¢ test)
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o

N
o

% relaxation
D
(@]

o
o

—@— Control (n=8)
—(O— Methylene blue (n=8)

0 20 40 60 80 100
N.nucifera (ug/mil)

510 3 wamsimsameivemaeaiomile Wamsaialuifamans (V. nucifera) ifivapd1ufvn

(control) wazly methylene blue 1 uM $9178 *P < 0.05 vs control (Student’s ¢ test)

M 1 msnmedegageussiaeadeae i msanaluifnais (Waucifera)
9819187 (control) uaz 1% 31 nadolol 10 M 1138 L-NAME 10 pM #38

methylene blue 1 pM

Groups Emax (% relaxation)
Control 63.17+3.96
Nadolol - 66.69+7.25
L-NAME 40.37+3.86"
Methylene blue 36.75+4.89"

=
wananuily meantS.E.M., n =8 )AN1TNAABY, *P <0.05 vs control (Student’s ¢ test)
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o s o d
2. WavesmsanalulInalNnen1sHas Ca' ainmeluyaa

lumsAnunfl 18 1@vasadensglu Ca™free Krebs solution udanszqulivoeadioanada

A28 PE 1kﬁﬁ-‘§qiﬂuwamﬂmmﬁ"a Ca™ mﬂ_ sarcoplasmic reti'cu_lﬁm muluaad vingilit 4 wwidiuh

ol ca® Muuenwad PE ansamiivanhldifaus swemasadonlaumas 1.1840.12 ¢ ud
\Lﬁa“lﬁ"miaﬁﬂiuﬁmmaﬁ'auﬁu PE ﬂzsﬁﬂuiqﬁwmwaamﬁaﬂiﬂé@ﬁmﬁﬂé 0.28+0.04 g i

L@_ﬂﬂ'pmmﬁa'hiﬁmsﬁﬁﬂ"luﬁawmqaéwﬁﬁ'&é’nﬁqmqaﬁﬁ (P <0.05) waﬂ]imam:ﬁymm”lﬁmﬁu

e

] @ ™ ' = o 2+ ¢ Y oM o A
31615ﬁﬂﬂ1‘ﬂ‘ﬂ’mm&m%:uwaaﬂmiﬂEN Ca ﬂ'lﬂﬂ']Ualulclfaﬂﬂﬁ']llluaﬁﬂusua\jﬂa@ﬂlﬁﬂﬂ

1.4
1.2 1

S 1.0

e’

c .

& ¢

@ 6

o

= .4
2 1
0.0 .

PE PE+NN

3N 4 uanswmavesmsadaluimany (NN) deussiadivesuesnasaidoaimiisaiidae
) . ' [ 1
PE 1 pM U Ca”-free Krebs solution 11e/A3f 1)1 meantS.EM., n =10 NANGUAT

NAADY *P < 0.05 vs PE (Student’s ¢ test)
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v o iy v - &
N 2 MsfAnEINaveIEITanalulIvalfeN TN UaHBUBIindAIARA

(vascular reactivity)
1. anudulafinmenasoIndy renal artery

- ' 1 dv Y = [} 1Y N 4 o [ a Yy =y <4
114ﬂ'li‘l’lﬂﬁf]ﬂf’f’J‘H‘Hulﬂm‘HEJ’J‘L(ﬂ‘VI‘Vi‘LIﬂa111’?‘LNMﬂ’l’)%ﬂ’ﬂllﬂuTaﬂﬂﬁﬁﬂ’w'&‘ﬁﬂ"l'iG\‘U left
renal artery i]’lﬂNﬁﬂ’li‘l’Iﬂﬁ?JﬂHﬂﬁNﬂZ i]"’L‘HLl’JﬂLlﬁﬂﬂ'lﬁﬂf]u‘ﬂ'lﬂ’l‘iﬂ'lﬂﬂ (week 0) ﬂ'l SBP,
MAP 1@ pulse rate (PR) mawmwwqummmm ﬂﬁm"ﬁl mumuﬂﬁuﬂ’nmﬂaﬁﬂmuu"luu

o

Ananasiuediitfeddynieada ludad 6 wmmimm (week 6) wm1m SBP ilng
“MAP mawumnnﬁuﬁ"lﬁ'%’umiau renal artery umz‘wmm mozﬂsaumamwu‘mnauﬂfmﬂmm

Wi War SBP Az MAP fimganimyvnguatugueteiifediigymaiia (2 <0.05) udam

pulse,rate Tiunnarefuedreiiidiameadd @131f 2) #ansnanewaadlifiunMIAL renal

artery annsamiipnh IdiffuanuduTadiagld

a3 N‘n 2 LerAsn systolic blood pressure (SBP), mean arterial pressure (MAP) 1i6ie pulse
rate (PR) ﬂlawumnﬂaummu (control) ua“ﬂaummﬂﬂawm (hypertenswe) Tu

Flaminoumsiide (week 0) HazdUa M nEINMTHIAA (week 6)

Control Hypertensive
Week 0
SBP (mmHg) 159.44+1.36 157.94+2.33
MAP (mmHg) 127.78+1.23 130.11+2.10
PR (BPM) 357.00+3.25 352.28+9.93
Week 6
SPB (mmHg) 163.56+1.93 186.22+2.29*
MAP (mmHg) 128.50+0.94 136.17+0.61*
PR (BPM) 350.78+8.92 362.33+12.28

1 T 1 -
UerAA Uil Y meantS.EM., n=9 NANYUNITNARDY, *P < 0.05 vs control (Student’s  test)
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P~ |
2. PITABUANBIVOIHADANADAADAITAYHABAIADN phenylephrine

l ’ E4 [
Wethvasamoaysanyanengunianuau ladalnd (NuAILIAN) LAZNGUANNAY

TafiagaumageumsaeuauainedIsaunasaien luanzniuas lulimsanaluiivas wa

mMinansdlugin s uaaInIsAeUANBIVDIY
: . : . v -
adrenergic receptor agonist) AINYNUY 10M-1

wlSeunsunsnoUaLeInD PE Y09vanaiaD

auTanaga (hypertensive) Wi lufianuuanaefiuediahiosddgniead

=1 1 P=Y & . —
DALRBARDEIALYABAIABA phenylephrine (PE, o-
0°M luannenfiuag biiensanalutivais wn

ANgUANAL Tariailn@ (normotensive) agNguAY

e T o @ an

(gUns) mE__ Tuns

ABUTUBIVBIrABARBANquAIUAY Tafiagwwelinnninquanuau Tadnlndus lduana1aiu

N9A0A (127.14+5.40% vs 123.2944.62%, A13199 3)

MIADUAUDIRAE PE ﬂ]ﬂﬂﬁﬁﬂﬂlﬁﬁ)

' [ a = 1 A o o w A 9/
anquanuau lafailnanaasesaltisdagieIn

asanalusimedesudae (P <0.05, 317 54) msavudustvesnavaienluvazh liiasade

Tutfadeléar pd, Tasmas 8.082+0.067 luvaziiimsadaluthvarsesiimanauiy

& 1 4 =¥ s L 1 a o s Qo ‘i'
6.816+0.126 Fwanalennde lifissanaluiinaredaltodingneana (P <0.05, a151991 3)

v
wonnnilasanalutivaldilinaaa E_

an ﬂ' =4 =3 as d' 14 o
analeSouieunuan1izh ludidmane (8

lumsnouaueIvenasafionsdlliiudifyni

0.441+4.62% vs 123.2914.62%, P < 0.05, A1519% 3)

NIADUEUBIAD PE veanaoadonnquauau laiageaaniedaiisdAymaada

dieldesanalutinassiu (P <0.05, 3Uf

A a 1 1 T A tey o
5B) Wenasae1 pD, wunluvugd lifimsanaly

o s ~ 4 1 [ Y] a 1 ‘:y =
1anadalian 7.999+0.073 laemaes uazdisInitunuaisanalutivalsmilszaaaily

& I 4 [ F=} e
6.33010.365 “INLLﬁﬂﬁNﬂWﬂLﬁﬂuluuﬁﬁﬁﬂﬂcLU

luiusadenuaisana luivaldinaaam

o

Fawmwénﬁﬁﬂﬁwﬁmmmﬁa (P <0.05, #1319% 3)

E_, luMsasuausvetvasamonadisiiisdiagy

g ‘

neanadlonlSeuieuduannen luliasaia luiimane (70.0947.62% vs 127.1445.42%, P < 0.05,

A1319% 3)
Y Y Y o ]
Han1INAaeIl1sAuLERe 1T U7
(sensitivity) HAZARANLIIIUAITABUAHDA (

weavesnynNuau lafinlnAuazanudula

%1sﬁﬁ”ﬂi‘uﬁwmaﬁwaaﬂmm"lﬂumma‘uaum
¥
esponsiveness) ADA1SAUMABAINOA PE Nalunaon

v
wage wenuintdmunmsanalutinnars kg

T ' a = ) = 11 1
us\imﬂuﬁaamﬁaﬂﬂqnmmwiawmqq IﬂﬂW%Wiﬂ!ﬁnﬂﬂWiW\i 3 3TVUNA pD, YDINYUAITY

auTarialnAanaslnumie 16% Weldasanalutinvaiiiy dwa E_ svannslasnie 43%

il v E4
weldmsanalutnvarnsn Tuvasivaeadeanguanuau Tadagaiual pD, aaaaune 21%

TaumdailelWmsanalutiivalsw uaza E_ asaslasmasia s4% deldasadalugdmans

593 (A1319% 3)
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A B

¢y 140 : o

g —@— Normotensive (n=9) —W— Hypertensive (n=9) ' 7

o 120 —(O~ Normotensive+NN (n=9) —/— Hypertensive+NN (n=9)

© 100 - * #

e 80

o J

Q. :

n 60

o

= 40

P

© 20

= 0

o~ — — I. : . . - : . —
-10 -9 -8 -7 -6. -10 -9 -8 -7 . -6

Log [PE] (M) Log [PE] (M)

3UN 5 mInevausveImasadioanquanuduTaRialng (o) uaznduanusulafings (B) demsAunaeaiion phenylephrine (PE) lu

danziliuas ludmsadaludrans (NN), *P <0.05 vs normotensive, #P < 0.05 vs hypertensive (Two-way ANOVA)
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M151901 3 UEAdA1 pD, Uay B, 71 1411AN15A8LaUBese phenylephrine (PE) U84
HaeaRpANguUANNAL Tada1n@ (nomotensive) uaznguauau lata

4 (hypertensive) Tuanziivas lullasadalutivais (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+0.073 127.1415.40

Hypertensive + NN 6.330+0.365%*  70.00+7.62%*

1 3
waaeAully meantS.EM., n=9 NANQUNITNAABY, *P <0.05 vs normotensive

**P < (.05 vs hypertensive (One-way ANOVA AMAWNMTNATOULLY Tukey HSD)
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A4 0 &

3. MIADUAHBIVINIHADNADAND A 1T HADAADA isoproterenol

d‘ A :1’ 1 d‘d (Y =3y a ' 1 [

ethvasadoayoyu1fnguilaNuan lafialnd (NQuAILAL) LASNAUANAY
Tafiagunnageumsneudusaemsaarasation luannziiuaz lullmsadaluimaie wa
MInAaodlugiii 6 HAAINTABUANDIVDINABAIABARDAITAAIINABALABA isoproterenol (B-

. . Yy 9 -9 -5 Ry [P= (Y] Y

adrenergic receptor agonist) ANUVNYY 10 —10" M “lufmnzmuaz"luumiﬁﬂﬂiumﬁmq N
nlSeuifeumMInoUTUBND isoproterenol YOI ABATBANGNANUAU TafiAlNA (normotensive) LAY
nquauau Tafinga (hypertensive) WU N avaivanguanuau Tadageliuu Iunouauoade
. P 1 1 Y] a a w [~ 9 1 v o a ac
isoproterenol latfosndinguanuauTarialnd dsszmiuldaina E_ vesnguanudu Tardalnad

=

alaumdy 30.9742.68% drunquanudulafiagelidlaomie 28.5545.62% (15199 4) oe1als

o @ aa

amuflonadouneadaudl linuanuuanaeseslitoddamead
AIABVTUBIAD isoproterenol ¥BIMABAABANGUANUAY Tarialnd luanizhliay T
= a L% 3 ey t (Y 1T Ao o aa = ' oy 1
fiasadalutmaraiu liianuuanaduedniiisdidynieana (37 6A) wazar E_ Al
ANUUANANAUNADATUTU (15199 4) FIUNTADUAUBIAD isoprotereno] YOINABAIADANGY
kY a ' 4 Y a a ! o a Y Y
anuau laragawuduiielWasadaluiana1asmnu isoproterenol MadadaAIZIAAMITANIEAY 1A
1 d' [F=. [ % 1 o @ o aa d' /ﬂ' 3 d‘
wnanluanzi lullasadelufmassensiidedmiAgymeada (P < 0.05, 317 6B) rWoW915i19
1 1 d' 14 (% ar & s 9/ 1 d‘ Y
M E,, wunluannen luiimsadaluivaimaeadioanaiodala 28.55+5.62% uailelnais
o Y] t Y % kY d%’ I~ i < 1 dy (=
analutnansunasaienszaaiedl launaudi 38.56+7.85% aegelsimua E_ 1 lifina
HANANAUDI NN IAYN AT (A15199 4)
oYY Y v Y @ = ¥ A :
Hamsnaaetsuuaadlimu N sanalutivaldiuu TumumsaouausIne
. A ' " a ] e = A
isoproterenol JurasaRaanguANUAnlafiage ua lilinandswnlaimsaeuauolunasaidon
1 QI o Qé s 4 Q’ 1 1 a’ o
aguaNuaY lattalnddemsanaludivalrsennsoiival E_ vesnasadoanguaiuau lafags

1dTaomas 10% (35199 4)




% Relaxation

10 1

20

30

40 -

50

—@— Normotensive (n=9)
—(O— Normotensive+NN (n=9)

Log [Iso] (M)

Fm —m - - ~— D e T L L NN U N
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—W— Hypertensive (n=9)
—/— Hypertensive+NN (n=9)

T
Log [Iso] (M)

s 6 msaeuauesveMaenidoanguau Y Taralnd (A) uaznquanuduTadags (B) Aedisnalevasaiiion isoproterenol

(1s0) luannzitiuaz hiflsanalutivats (NN), *P < 0.05 vs hypertensive (Two-way ANOVA)




A1319% 4 uaaem E_ 114A1nmM3nouaueene isoproterenol (Iso) Y0 adALA0A

nauANNAUladalnd (nomotensive) laznguaNuAY Tariag

(hypertensive) Tuanizhiiuas ludasanaluiimais (W)

Group Emax
(% max. response to KClI)
Normotensive 30.97+£2.6
Normotensive + NN 27.91+2.67
Hypertensive .28.5515.62
Hypertensive + NN 38.56+7.85

v g 3
UaAIA NI meantS.EM., n =9 Y)ANQUNITNADLY

22




dninvsayn umIndoyimn
AUTUGY 8.1089 L 20131
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A A
4. ﬂ]iﬁ@ﬂﬁu@d‘l[@@ﬂﬁ@ﬂm@ﬂﬁbﬁ"’iﬂﬁ]ﬂﬂﬁ@ﬂ!ﬁ@ﬂ acetylcholine

1 E 1

WerhvaeadeaveyvnInguiianuau lafialnd (nqualugu) LazngUANNAY
TafiageamadoumsaouaueIAsmIsAaeHasaiion luan1zilivas luliasadalutivale wa
nsnaaeelugiil 7 weaninsneudueIveInasadionroalsnaIENaBAmen acetylcholine (Ack,

P . Yy 9 -9 -5 et (7=} Y] o
muscarinic receptor agonist) ANUAUUIU 10 -10" M Tuanmeniuas hiimsanalutivais mn
alSeuisunmsnouauedde Ach vosnasaRBANguANAY Tainlnd (normotensive) azngu
EY
AMuAY Tafiage (hypertensive) WUITHABAABANS 2 NQUINIABUAUBIAD Ach UUANAIALINIG
aa lﬂl L 1 Qa’ ) = d' a0 T a’ o

afida (31U 7) 1 E_, voanguanuau lanialnd lasmasiia 70.5613.84% uaznguanuau latags
Taomaelini 67.4145.44% (15199 5)

MIABUAUDIAD Ach VoaravadaanguANNaU Tanalnd wuiluanizilmsdna

9 w a

lutmalmaeaiontznouaunIne Ach anatednaiivdnynsatadenSouounuaa1izn ld
a o s a A a A o [} Aa (Y Qs
fesanalufive (P <0.05, 3190 74) Wewnsannal E_ sswmiunluaniziiasanaludi
=S Y 9/ = a d‘ = [ LY =)
HaNHADARBANR LAY IR GIgan 70.561+3.84% Taomay Wellasaialutiavalasaiionsy
% v = d' A = 1 d' (F=) s L%
AmwA IngegaIios 33.3345.33% laamie delinnuuandainluanizi ilasadalu
Na NI NUYdIAYN1SETDR (P <0.05, 13190 5)
MIABUAUBIE Ach vanasadaanguaNNau ladaganu luangAliayanaly
1IMa1NraoARonIzAoUaUDIe Ach annsegalitodagnisadadenlSouiesunuantizh il
@ o = A4 a A o N Aot s LY
asanalulimes (P <0.05, 30 7B) WeWnsania E_ szmiunluangniiarsanalui
walmasaRennn1edl Idgega 67.4145.44% laamde dellmsanaluiimalmasaionszaaiy

7

b1 =Y = 2 a 1 a 12 s Y 1
A lAgagaiiies 36.3918.46% laomas Fallanuuanaisainluannzi hifimsadalutinaisedis
TdedAgmaeada (P<0.05, A1319% 5)
9 kY Y o ' o a ~ t [
nansneassdnsdunaalimunamsanaluimatalivur liuaamsaeuauedne Ach
3 1
TunasaidoansnguanuauTadinlnduaznquanudulafiags MIARIITUI01IAATT19R 5 3ZWUI
anafalutimaniiuu liuaamsneuauesds Ach lunasaideanguanuau Taialnauinnii
Tunguanuduladags Taslunguanuaulafialndnisneuausise Ach anad 37% lagnaolo

tesaialudman luvazingquanuauladingianauied 31% laondy

254672

L2512 %2
WG N\

M-




20 1

40 1

% Relaxation

60 - —&— Normotensive (n=8) —W¥— Hypertensive (n=8)
—O— Normotensive+NN (n=8) ' —/— Hypertensive+NN (n=8)

Log [Ach] (M) , Log [Ach] (M)

<

510 7 m3mouauewemmasafionnguanuan Tardalng (A) uaznguanuau ladnga (B) AvesAatsrasaion acetylcholine

(Ach) °luﬂma:ﬁ:ﬁuaz"!ﬁﬁmiﬁﬁ'ﬂ“luﬁwma (NN), *P <0.05 vs normotensive, #P < 0.05 vs hypertensive (Two-way ANOVA)

24




MINN 5 LaRn E. n1AnnmsneuaUBIAe acetylcholine (Ach) Y9410
= T LY o o . 1 Qs =)
faeanguaANuaU lafialng (nomotensive) HaznguANUAY IaAAgq

(hypertensive) luanzniiuay liflasanaludinals (NN)

Group ' Emax
(% max. response to KCI)
Normotensive 70.56+3.84
Normotensive + NN 33.33+5.33*
Hypertensive 67.4115.44
Hypertensive + NN 36.3918.46% *

o t
waaenudu meantS.EM., n=9 NNNQUNITNAGBDY, *P <0.05 vs normotensive,

**P < ().05 vs hypertensive (One-way ANOVA AAIWMINATAULUY Tukey HSD)
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UNH 4
anlsigrNanIsnaasg

miﬁﬂmu"lmmm‘lwmu:nmiaﬂﬂ‘lumﬁmmqmﬂumwaamaﬂn Taere *"mmnﬂ‘ﬁ
waaﬂlgﬁammam‘luaﬂymv dose dependent maﬁﬂyma'lﬂ’miaaﬂqmmmmuwmw qw%‘mma
‘HﬁE]ﬂm’t']ﬂ‘llﬂﬂm’iﬁﬂﬂ‘l‘]_l‘]J’mﬁ’NlliJﬁnﬂiﬂﬂﬂfoJ‘Uﬂ’JfJ nadolol (B-adrenergic antagonlst) 10 uM
Lmﬂﬂfm Eldﬂ’JfJ L-NAME (nitric ox1de synthase inhibitor) 10 uM (8g methylene blue (guanylyl cyclase
inhibitor) 1 UM wamimamuﬂwmmw E]“Vl‘ﬁﬂlmﬂﬁﬁ’aﬂmﬂﬂﬂlﬂﬂﬁﬁﬁﬂﬂcluu’J‘Hﬁ’Nllllllﬂl.ﬂﬂmu/
N4 B- adrenerglc receptor 1uﬂﬁﬂﬂlﬁﬂﬂ UANANIUNTY NO-cGMP pathway uaﬂ%mumwmmﬁ
ﬁﬂﬂ“lumﬁmmwasmmmiwm ca* vinmolumadnduiiedoufiannmimitonhée
phen‘;'l_ep/hrme ‘lumiﬁﬂmwammmmﬂﬂiumﬁmmamsmuauawawaamaaﬂ (vascular
reactivity) luaoadeavaanyraanudy TafnnAuazanudu Tafaganui msadalufna
aunsoananyhuazamsslumsaevanesdaaisdunasaiden phenylephrine (ci-adrenergic
agonist) °lm4aamﬁaﬂﬁymmmju (REENITDIANNTTABL AUBIAB isoproterenol (B-adrencrgic
agonist) lunasaieanguANUAY Tadage wennniimsadalumaldilnaannisneuaiode
acetylcholir;e (mﬁscarinic receptor agonist) °lm4aamﬁaﬂﬂ’;mﬁuTaﬁﬂﬂﬂﬁuazmmﬁuiaﬁﬂqq WO
ﬂﬁ‘l’]ﬂﬁENLZ‘T‘L!E]LL‘L!S’51fﬂ’iﬁﬁjﬂchjﬁ’il‘l’iﬁ’N‘Li1%“’6E]ﬂf]‘l’l%%maﬁﬁ@mﬁﬂﬂLL%’JﬁWﬁﬁﬂﬁﬂ’JmﬁuTﬁﬁﬂ

ﬁﬂﬁ\icluﬂT)“’ﬂ’ﬂiJﬂuIﬁﬁﬁﬁﬂllﬂ E]ﬂ‘VNEN‘HW AANIINDUTUBIVDY a-adrenergic receptors LLG]L‘WII

NINBUAUDIVDY B-adrenergic receptors MDY catecholamine Tuﬂwawﬂmmuiaﬁﬁmma

‘ Qd I Qd [ o
gniuegviaeameaiazna lnnsesngnivesmIanalulianals
{;% A LY [ Y o LY =) s 9
nnAsnaasaiioldmsanalutavartwuia 10-100 pgml  Mlvvasaideaveeda1d
: =] ' Y LY =
6-63% laumay #ansnaasaasnmumsanalutianligniveerasnden 110318411
v . P
asenyIneunthi ldnud ssadalutmaannsoaannudulafia lasesngninuufoundy
lunyvanuaularinlnd uazansoesngniaannuau lavaluszezen lunyaianuau
b4 b4
Tafinga (Trongtorsak etal, 2007) NI WNUAIANEIAINATITIWADMsAnEINTI 1hezagdld
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Wunnsududnainlunizanudulaniageezifian1inszqu sympathetic nerve 11NN
] 1 v
Unaildaeunuanlanas norepinephrine 19%11952@Y norepinephrine Juidoaiuiy uddawa
v A Ao v . 2 g 2 Ao gy o a A &
Tiviasaonnud1 launszAu a-adrenergic receptors Fautiuna lnvitanildnnuau ladamuan
wazinamsasunlan1sneuaUeIUBINaDADARDE1S (vascular reactivity) (Bakris & Mensah,
2003) Hwnubuiunlunzanuaulafiag adrenergic receptors U apARDANINDDAUB
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. v y Y
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