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THE VASODILATING EFFECT OF ROYAL JELLY IN 
RABBIT ARTERIES 

Penchom Peungvicha, Yuvadee Wongkraj ang and Pranee Jaiarj. Department of 
Physiology, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand. 

Royal jelly was the milky white, highly viscous secretion from the hypop­
haryngeal glands of the worker honey bees. The vasodilating effect of lyophilized royal 
jelly was tested in rabbit aorta and femoral arteries in vitro. It was found that the 
vasomotor tension, induced by the submaximal dose of norepinephrine, was 
significantly decreased by royal jelly (dissolved in dimethylsu/foxide) at the doses 
of 1 and 2 mg in 25 ml of kreb's solution (P< 0.05). Furthermore, after adding 
physostigmine (acethylcholine agonist) about 1 min before royal jelly and norepine­
phrine at the same dose the tension was more significantly decreased. But after 
adding atropine or scopolamine (acethylcholine competitive inhibitor) about 1 min 
before royal jelly and norepinephrine at the same dose, the tension was not different 
from the dimethylsulfoxide and norepinephrine treated group (P )0.05). The results 
from this study suggested that royal jelly might inhibit the vasoconstriction via 
acethylcholine receptors. 
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i~3-1fi~l1~t1 royal jelly Lth-lmm'l~~d~l)1\~ 
(Worker Honey bees) a1'1-l.1l1qj'~"~ Apis mel­

lifera Linne (Fami ly Apidae) r.1ffo1t'l-l.tuimnun'l-l. 

Lnfl'l LLn::;f 1m1\.l.L th'l tJ~t1mL~1r~~filmm1d\11n vlt11-1 
\J~L 1CU~1L ~l'JffJ1 vit11-1'lt1t tJl·M~f'l L ~fl 1ifLim!ii'1tit1'1-l. 
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L tJ~t1'1-l.lL tJri~ 1 ""1" tJ1::nt1rnmm1-1d~ ~l)arniw1-1Liiu 
iu1fl11 hi1tJ lyophilized form a1\.l.tJ'l::nt1\JtJEJ~U3-l 

1., "'ti ~ 'l"~ ~ ' m 'l-l.m~my1rH (Queen Bee) '1:: ITT'l\J\.l.l-Jrmm 

'lt1'1'1-l.filnt1uiv1fil ~~m\JL tl'l-l.'ltJ'lmi1"3-ldl)i'.ir.muiEJm1 

l~Vl!\~1LU\~vJ1Lm3-li't1 (mature insect) li11~m~l'IC1J1 
~ t 1 J'd ~ d I 
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" ~ ~ d ddtJ t .. ' ' ' . J .. CNl!.lUlfll'lY13-l ) :; tnlUfilEJ'l1~n1tll1~1001'11~ L'b\.l. f'n'l -
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t1::L 'Orin IA~ii ~ami'.iii t1t1ff3-1u lvu'l'lfil mfim::rifo 

un::m~m m~lfilL Ylitl'l(2-4 ) m.ifi~iifll'lEJ1m'l~fl3-l\j'lrn 
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rtt1111\·mci1vLL \~~'rinlfJ L \'i11::L~t11Tzhm.h1v~111mfJ . , 
'll::aam1HuriC 1 • 5 ) ti1111r.1H C 1) ltamnn~ii.~11~m1 , 
i5111rt11,·mru 1 iinwrn~1 lm::m1L mt11m1t1a11hl'I , 
'rinlfJt1ci111'li!11Lri H::L1fohm1a11m11L01itt11m1 (L'ilii 

L~tltll'rrn olUelnLrlU) h l'lt1llv':i::\JUth::rllY1 (L'ill-1.llill-I. 

'!J.J.,,,tu m1J.1~1L~t1H) ua::T1l'lvm1::uul111v1rn::\~na!il 
L~El!il (L'lllm11H!ilii.Tu~!i1'1'1, arteriosclerosis)C 1 • 4 ) 

" 
.rt':i':i\'ll'lnlL .,,,~1iit11vLn!ilv1nuv~tJ~~r.1m ~Hm1l'ria , 
LifJm~a!il l'lru::m~fJ~vrtii. 1vv::flrtvltnYJ5'1JmfJ\1nEJ!il " " ., 

d d-:: - d J" 
Lnt1!il'ri':im.1u£Jvnl':i'ri!il':i!il'rinu!illnu!ilt.1t111ii.Hr~11 

1arntJtln·atuLL~::aTHfO'lil •• 
m ::ul1m:fii.5t111mLLtilv (New Zealand white • 

~ ~ 
mm.in 2-2.5 nn.) 

Norepinephrine solution (LEVOPHEDR 

1 : 1000, Winthrop) 

Atropine 1 : 1000 (t111A'm1Lrnr'llm1H) 

Physostigmine, Scopolamine (Signa) 

Lyophilized Royal Jelly (Lm~tJ>lvlniiH~vrl!il 
'nn~11.,,,1mvm 1.,,,3-1 lITTmillth::mmL l111i!l1fJ15 lyop­

hilizalion (Lyvac GT2, Leybold Heraeus) m1H 

vll-1. 0.1 Mbar vii.'li!JrHlL '111 LnuliliimL~U 4 °'ll 

viin11v::11l 

l<reb's solution 

95% 0 2 + 5% co2 

" 

RM Oynograph Recorder (Backman) 

Churchill thermoregulator (Churchill In-

strument Co.Lid.) 

1finT1Yllil~i'l\I 
~ ~ I .., d 

l]Yl5'lJ i'l\I U3-ltl\I m i'I n 1 '1Vl61'161VI ~ i'I Iii rn i'161 U~l\I 

Li'l - i'li'li°m1 Hl~1ii.La-cm{m~mvm::oi1fJ Yi1fowrtau 

m ::uht.1 L!ilt.10'imitl'lt1 nt.1n\1aumL~u!illWlv Lu-uu{m~1li 

a11 (descending aorta) mmITTLliLllmilmn~m 

L~t.1n11 aortic st rip m1 1 '2!H.ua1LLt.11l.\ 1 lltllvL tl'u 
L~ll~>lU1':ivrtTm::mmR1u (Kreb's solution) ~lmii , 
25 ~a~~m~tl-ru~ru'rilJ~ 37°'ll lLa ::1liihm~rtH 
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95 % 0 2 + 5 % C02 olEJUnlfJ?}l-l.Ln~t.11\1ntl!ilL~El!il 
~nil111'ri~vLil1nu force-displacement tranducer 

lLn::Ll'l~1NUii. fin 'lm T iim1\·l ~!il~ii 'rinum~uVl~vaci1 ii 
" 

tllvL~m~a1li~LL':ivITTvL~HITTl-I. {basal tensio) 1 n-rH 

l !iltJtl-ru 1 li~LL ':iv&ivoiam1Hrtv'IJEJ\ILL )\l\1!il-rVl\1ntlVIL~tlVI 
" 

th::mru 1 n-rw?iH. ua1tl~ut.1l illlBlvL tl'm~un1u 
t1-rum11liLtJ1rltJ'1111\'HL1VlauH"1l-I. 30 mYi uii.fin 

l L 'lv wn-rUJ~ii.m~ m'1nu!ilL~aUJ L~mmHm1a::a1mrn{­
ilrlm Yl~ii 1 : 1,000 ~11Llliim1'1!11-r!il.,,,au!ilL~um1il01 
.,,,\i11mm::Olii.~11Yi11 ,,.,,,ntl!ilL~tl!il\1!ilvl1 'li!lvii.HILL )\IITT\I , 
r111rtV1tl1::mru 2-3 mYi~11a1\I L~un'IJUl!il'IJu11m1 
OJ , 

a::a1mia{ilfo l.\ Yl~u ~Yi11 l1'1aum~u!il'ri!ilm1 '{i!J,·m 

mm::Aut.1ii1!11 4 'lHTm~m11l!11aumnrn1!11au11 rnauv 

vit1fommHm1Yi1a::a1t.1 dimethylsul foxide (DMSO) 

13, 25, 50 Lia:: 1 oo h1Tm~m1tl1::mru 1 mYi 

Lill1'1t.1;:;Jm1m«.ii!l10011a::mmm{~flLiil·~ii 1 : 1,000 

~1u1ii 4 h1Tm~mnmtlun~Hmul'IH oiumLmHm1 , , 
J' 'l ~ • ' 

a::a1m.iHr~rn.i. DMSO 'IJl-1.l!il 2 mH 7. vll.\1UL'r11 

nu~u 13, 25, 50 tla:: 1 oo ·i~tm~m (~m'hnu 
ti- J' - • -1HlnlUHrN 0.25, 0 .5, 1 l\a:: 2 fl)H !il1H'11!11U) 

th::H1ru 1 mYina::'rit.1UJmH~K11!A1£Jrt11a::a1mrn{ 

ilVIL ii ,.l~ii uii fimL ':iv'ri!il-r!il~uLn~m.,,,arnm~a!il~Lnm 
,J' trao 

'11nr4a1 1H'Ut111rt11a::a1£Jita.1 r.1 111m::rt11a::~1m.ia1uvi-

L lwl~iivu'l~L~ ':i11m11rt11rtV1u1u 2 -3 mYi~11a111uan " , 
~ .¥ 1 .., a du 

l]Yl5'lJi'l\IU~tl\lr;Ji'Jn1 ,Vl~,~Vl~D~L~i'l~U61\IYlr;JU 

'll1 Lm~mm1w1!11at111 L?.lii. LITTmnu\1aum~u!ilU!ilv 

m-uu{m tLoi1i1~1u'riau!ilL~u!illL6'1v~Olu'IJ1 (femoral 

artery) ~v?lu (ll.lm!ilLthun~m) m1th::mru 1 ?iH. 

1rn1u 1 uri111L i!m~mLa::oiml'l~u.iuiiiim'lliiLOimnii 
T!ilfJ 1 li~lL ':i'1~vl ~HITTU 0.5 n-rH Lla'Jtl~ut.1'l 1l l\Blv 

L tl'm~m ,1m.fft.JITT'11l1Lil1nurtml·mmat1Hmii. 15-30 

u1Yi uufinU':i'1\1Vl-rVl'ri~tl!ilL~El!ilL~mmH OMSO 13 , 

25, 50 ua:: 1 oo 'tJ.Jtmam1tl~::H1ru 1 mYi nib 
,,tJ!il!illH\1K11i!l1t.1rt11a::a1£JHu{ill"lL "\'l ~l-1.'IJ\.\ 1!11 4 

'IJ.J Tm~m nm uun~Hl'l1Ul'IH Ilium 1iim1a::a1m~H , , 
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J ~ ' .... QI 

fi'11it DMSO '1Ji!.1Vl 2 n-r3-J 7. ~1U1ULYi1nitu·mrnu 
1 it 1Yit1lol1nt1vim3-Jn~'1i!i1t1rtTrn::mm.rn{afo it,.,%. 

uu Yin lL ·;hmiri-rmmrnm 1~t1fi1Yi 1n mv1nr.m113-J'IJt1'1rt11 

C1::C11m.i.3-Jfi'1m1::m1C1::C11mrn{afo u'·fiu ait1m1 '~ti 

{)'VIB'l.lehrtUJt1\1&1ein1·rnlil'Hil'VlavliltavlilUi;l\1 

!:! 'j .! .r.. ~ 
l'1mnnC1 nm1t1t1n[J'r10'1Jt1'1it~m'1 v'1'r11i1C1t1'1'Cl1lrn::nt1m 

tei-eiei{m m1C1::C11£Jit3-Jfi'1LU DMSO tlU1(i] 2 

n-r3-J 7. ~1l-!.1U 50 UC!:: 1 00 'kiTA1~m '1~tl 1 LUI:: 

2 3'1Cl~n-r3-J '1£JO'llU'111'1 ::rt1mFl~U~1U1U 25 ilC!-
' J'. I ,.., . 

nt1um1C1::C11t1ii.m.J'1u1::mru 1 m'r'l m£J atropine 00 - ~ ..... d ~ 
""m mmwt1ut1'1m1nm1lilnflt11i1Lflt1lillUMLt1-t1t11m 

1 : 1000 ~1mit 20 'l~Tm~m (10-6 M) n~ti 

scopolamine 1 : 1 ooo ~1ml.i. 50 'k!Tm~m n~ti 

physostigmine 1 : 1 ooo ~1U1U 50 ·~tm~m 

~'11 nlimi.i1m1nmo11 fomm1C1::C11mrn{avil u ,.J~u'li!J 
t1rl1'13llt't1'11Fi'qJm11rtfiITT Tmm111l1111'1'11i1lii'1~1nmv1n 
m1C1::mt1'1«11afo mfhrnmC1'1v1n 1. 73 ± 0.20 n-r3-J 

Lllii. 1.63 ± 0.21 n-r3-J (P < 0 .05) U,C1::v1n 2.03 ± 

o.33 n-r3-JL tlu 1.83 ± 0.21 n-r3-J (P < 0 .025) m13-J 

~i!ilu (m11'1~ 1 L1'1 :: iu~ 2) 

..... d - d 
\JU 'r'lml 1'1'11i111i1'1'1tlli1LC!tl(i] 

nT'.l'Vllil6tv'U't11\laCim 1 u~£JUL Yit1ur.m Tlilt1 W 
Student paired I-test 

m1".l1\l;i 1 r.mt1t1'1'111C1::mt1ii.3-Jfi,,1u DMSO 2 n-r3-J t: t1mlilui1'1 1 uim11'1nlilvi'1tit1'1tu1namnC1t1m~t11i1 
u1i111 m-t1t11'mt1'1::,,'1t1m1~t1viu1i111Yimmn 

DU11i1 

DMSO & 
J' 

'U3-JC.1'1 

DMSO 

3 

25 

50 

100 

13 

25 

50 

100 

F111~am11'1nmo11 (n-r3-J) t: t1t1'1 P-value 

1ri£Junu 

nri3-JFnUFl3-J 

DMSO+NE 4 ul m1C1::C11£Ji1.3-Jfi'1LU DMSO ll'lll"011ii'1 

.. ~ 

'VIG'leJ~HHeJlilUVl\lteJ-veJ'lG'l1 

6 2 .08 ± 0.32 

6 2.03 ± 0.24 

6 1.73 ± 0 .20 

7 2 300 33 -

. .. .. ., 
'Vl6'1eJ(;HHvlilUlil\l'Vl61U'l.11 

6 1.08 ± 0.09 

7 1.01±0.05 

1 7 1.22 ± 0.04 

5 1.28 ± 0.07 

+ NE 4 ul 

2.05 ± 0.32 

2 .03± 0.26 

1.63 ± 0.21 

1.83 ± 0.27 

1.05±0.10 

0.96 ± 0.05 

1.1 1±0.05 

1.16±0.07 

Yi'1V1'1'1 , , 
Lritiunu 

n~3-JFl'l\J~3-J (ul) 

1.4 

0 

5.8 

9.8 

2.8 

5.0 

9.0 

9.4 

NS 

NS 

( 0.05 

( 0.025 

NS 

( 0.005 

( 0.005 

( 0 .005 
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1 AORTA 

0 of. t .,. 
NE2 NE4 NE8 

2 

[ 
115 Di" 

1 
ARTERY 

0 

-atJ~ 1 1Lflvh1 dose response 'IJEh1fl1'm::n1£JlUJ{ih~l m·l1u 1 : 1000 'IJU 1filul1\l 1 rlU LU 
" 

·n..Juu 't1nt1filL~t1filLLV111 Lt1-t1t1im 
" 
1U~1\l 't1ntlfilL~tlfilLLfil\l~ITTUtJ1 
" 

uu YirnL 1\l't1filvl1'1U'lPi'Ll 1\l~\JH\Jflfil 2-3 u 1Yi~11~1\lm1a::mt1vunY1nfl~\l 1u'1Ull 'l\l't1fillii'1n~rnihclrh \] , , \I 

l ~3-IUJU~\JYllilnt!\lITTv ltJ 
(NE = m1a::mt1ilt1iilVlLu,·11t~. m.i1muu 'lHlm~m) 

,§ ,J' I _,, d 

qY15'llD~U~~~mDn1'a~fil~fil~HDfilLHDfilUfil~ 

~~U'll1 flTm::mviwfi\JLU DMSO '1J"1fil 2 n-r1-l 7. 

~imu 25, 50 ua:: 1 oo 'l~Tmiim 't1~t1 o.5, 1 
o a .., .., ::: .., d 

lLn:: 2 1-lnnm1-l mm1ovut1\lm1't1mfil't1nt1filrnufil 

LLfil\l~UJutJ1 ~\ll "1iimit 1m1't1fillii'1 lr;ivm1a::a1vtmi­

ilViL m•l1ulUfmh11Hltt1ri1fi'11JY11\lfl~Q\ Lfilt.1Yi11'1tL1\l 't1fil 

!ii'1~Lnfil'11nm1a::mt1\lt1iilViL uYl1ttnfiln\l'11n 1.01 

± o.o5 n-r1-l LUU 0.06 ± n-r1-l (P < 0.005), '11n 

1.22 ± o .04 n-r~ LUU 1.11 ± o .o5 n-r~ (P < 
0.005) mi::'11n 1.28 ±0.01 Luu 1.16 ± 0.01 

n-r~ (P < 0.005) m~~1!ilu (m1111~ 1 na::~tl~ 2) 

llull~t!LITTH atropine '1uHfm1~d.i~~u 1 o-6 L3-la1i 
tJ ,x .. Q 0 .10 

m~mvm1a::a1m-l.~r.111Lrn ::m1a::a1t.1\lt11t1m u MU 

,·1ui1n11m=1-rfil't1nt1filL~t1li'l'~u01nui111'11nn~3-1f11ufl~~ • • 
1~ DMSO 1IB::m'la::mmu1iilfom·rh-l> (mm~ 2) 

L'iluL!ilmnunrn~mOi~ scopolamine 1 : 1 ooo 50 
'J. .t o " J' , oo 
lll mam1 li113-lfil1t1fl11a ::a1t.1\l~r~\lua::m1\lmm·1-

l U '·l1u '~ui1m1't1VJ-rumat1VJL~t1Vlhiumn!ii111'11nnri~ • 
mufl3-1~1'1 DMSO ua::m1a::a1t1'Ut1iilVlLmfiu 

' 
(li11'l1\l~ 3) LUY11\llil'l\l~13-IL~mtii3-l physostigmine 

'lt 0 
., J' 1 : 1 ooo 50 ~1 mam·wn~mt.1fl11a::a1vu~r.11111a :: 

v.ui ilfo '"''11ti ''1ui11L 1\l't11A !ii'1~Lnfil '11nm1a::mmmi­
il\~ L '",·11irnfiln\l\J1n 1.2 2 ± o.o4 n-r~L U\.li 1.01 ± 
0.08 n-r~ (P < 0.05) L~mtl~tJULYitJUrlULL'lJ\~filvl1~ 
Lnfil\J1rnma::mt.1ttll fi\lna::m1ilui°ilVlL u ,·11u ~\IL rhnu 

+ ~ cl 
1.12 - 0.05 n'l3-l (Um1\JY1 4) 
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I 30 11 in 

3 

2 AORTA 
1 
0 

1- t 
DMS0

25 
RJ

25 
+ NE 4 +NE 4 

t 1' 

DMS0100 RJ100 

+NE4 +NE4 

:t (\ &(\ -..J 
-i '--;f "' -t 1' "' -t-
CXYISO RJ 

25 . 25 
D MS O RJ DMSO RJ DMSO RJ

50 50 50 100 100 50 
tNE

4 
+NE

4 
+NE

4 
+NE

4 
+NE

4 
+NE

4 
+NE

4 
+NE

4 

ARTERY 

+atropine 

'lU~ 2 vi'1t1ci113 I racing UelU1'1C·ll'l?JEl\lell'Jrl::rl1tJU3-Jfi\l 1 u D MSO ?JU 1Ul 2 nra.1 7. ~1U1U 25, 50 uri:: 
~ 

1 oo ·~rm~m cit1m'Jl4!ilrmmt1uiL~t1uiui1h1 m-t1t1{m ('Jtluu) tm:: lirit1!ilL~t1uiuui11~Ui'·wa1 ('Jtl~111) 
~ ~ 

~\IL l4limii 1fuit1m'Jri::ri1m.m{~v1L u l'l~u ?m 1ui 4 ·~ Tm~m 
~u i1rnl 'J\ll4!ilol1'1U'lili'll 'J\IITT\lel\lelm 2-3 u 1Yl~11~111m'Jri::ri1t1t1t1nl'ln1<1?11 'JEJ'lULL 'Jllliuio11n~urlr•hL ~3-1mu~11 

'1 "I "I cu 

Y1Ulnt111u1t1'ltl 

(RJ = Cll'Jri::mt1ll.3-!~111u DMSO. NE = Cll'Jti::ri1mit1{~fol-1>11l~u. mbmuu '~Tm~m) 

n 

X±SEM 

P-value 

DMSO 50 ul +NE 4 ul Atropine ( 10- 8)+Cll'Jn::mt1u~~111u DMSO 

50 ul+NE 4 ul 

9 

1.19± .08 

9 

1.19 ± 0.09 

NS 
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' 
rllL\J~tllL 'WrWlol1 ( n1~) 

DMSO 50 ul + NE 4 ul Scopolamine (1:1000) 

50 ul + fll'lt1::t11t1\.t~fiil1\.t 
DMSO 50 ul + NE 4 ul 

n 5 5 

x 
P-value 

1.19 ± 0.06 1.25 ± 0.11 

NS 

' 
rl1LQ~tJLL'lil'rWlol1 (n1~) 

DMSO 50 ul 

+ NE 4 ul 

(n~~ri1u~~) 

fll'lri::mti\.t~fiil 1'" DMSO 

50 ul + NE 4 ul 

Physostigmine (1:1000) 

50 ul + fll'lt1::ri1t1\.t~fiil 1'" 

DMSO 50 ul + NE 4 ul 

n 5 5 5 

X± SEM 

P-value 

1.22 ± 0 .04 1.12 ± 0.05 1.01 ± 0.08 

L Yir.1unun~~muri~ , , p ( 0.025 p < 0.01 

L Yir.1unun~~m'lt1::mt1 , 
\.t~fill1u DMSO 

n = ~1\.t 1ttr;l111~1'3 , ul = '!3-1 fri'lflrJl'l 

Gt':itl brn::1Iii1':iWe.J1,=rn1 ':i't'l ~ ;;i eh1 • 

p ( 0.05 

:::.¥ , J' 1 
m~ n1'l'YWlt11lilFl'lllt1. l'1m1fl1'lri::ri1t1\.tmJil '" 

DMSO 1 um: 2 firifln1~ m~T;miirn%nwt1w1'w 
'Y!rltllilL~tJ!illLlililrn-mi{unlOi' DMSO L tl\.tu11'1'i1ri::ri1t1 

• • v 

YiUim~Tmri::mt1m'lt.h::ntJuYiri::ri1m.t 1L\ri::ri::ri1t11 u 

lv3-Ju'!Oi'u11lcl1u tun DMSO m'lL tlum'liirJrioitJm'l 

Wil-Vtlltl'Y!rltlVH~tlVl rn~tl~ilLUi~ DMSO ~1'1-l.1\.t 
" 

L Yllrlt~ 1 un~~Fl1UA~~1tl f·lrln1WlV1tlfl ll 1 u 'Y!tltlVlL~fl(il , , 
dv " .J ~ J'1 

LLUlil'YlOlW!JlnL'CJ\.tn\.t fll'lt1 ::mt1\+~fN ti DMSO 0.5, 

.... 
1 LLti:: 2 i:lt1fln1'3-1mm'lC1ilu€fonT:mvi1'ui'Y!ritJtilL~tJui 

diJ 'ltJ ~ &1 d ~ I 

lLUlil'Yllil \.t V1 Ulllti::L 'l~tltln(j'Y15 WIJ\.t 1Vl'YllJl1n11'Y!tltlU1 

L ~tJUJUlilil m-tJtJ{unf-ill o.5 fitifln1~ ~Lllm'll\.tllLm1:: 
cl1t1. ~ii(]'Ylg'llmt1'Y!t1tllilL~tllil 1 'lnt3-JfiiltJ1'1L U\.t chol i­

nergic subs ta nee L '21\.t tJ::L 'llfiti LR~\.t :ailii'lltlillit 

·fo·1u1t1.\.t3-1fill'll\.t1V1 1100-1150 'l3-1(mn1wn1~ 
( 6- 1 0 ) uri ::'Y!t1tlrJIL~tllillLUlil~UlWIJ1~ol11'rnmi1tJ:: L 'Cltit1-

(R~'\-l.mnn11'Y!rltllilL~tJUllWlil 1 m1Jrn-tJtJ{un 
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tJnmn1'l'l'iV1-'llfJ1t1'l'il'lEJVlLREJV1LilVl\11nm'ln'l!'.m\i • 
lVlt1rl1'l~t1th::rn'r1v11'1 1 L~U \Wi~h"iL m·l~ii ~riun~n 

( ril 1 ~'l'il'lEJVlLREJVl'l'iVlITT'J) EJ::L 'lfYlri ll'l~u · ( l11 Hf lmmil 

LREJVlAl'lltlITT'J) 'l'i~t1ui1uvlm'lL tJ~m.itL uri'1t1\IRU'l::nt1u 

'IJEJ\ILRflVlL'llu tfhrnun1'lft1flnl3L\lt1. mfoflulumflnhf'l 

~1\lmt1~\IUJthl~'l::uumuA:1.Jrlf11Yl~nri1'J 1,~ri1 umm:: . " 
'13.Jmi L'2hm1'lmUA3-l TVlti'l'il'lflVlLRflVllfl\I fo1m::uu • • 
u'l::m'r1a01Ttu1GiLrn::'l::uuvlfl3-l'l1'rifl~~u~mi ( 1 1• 12) 

nl'l'r'lITTl'lflfl\l~L th~m'lRmn 1 u 'l'il'lflVll1Vll'lEJ\I (in vitro) 

u\l~t1ITT'ilnri1'J~\l·w~r.m L 'l'iRm Virnr.Jl'l\11nm'Jm::fihi ~1 ~ • 
L ih'ltJ l\l'l!'.nl'l'l'iVl-'IJfJltl'IJfl\l'l'il'lEJVllRflCil 1 u 'l'il'lEJVl'r'lVll'ltl\I 

~rinmul'l:l.J lVlt1ol'J'l'il'lt1mRfllilm11r.hum'J-ru 1 i.i 'l'il'lfllilLRflVl 
" . 

L~fl1'1tmiDViLm·l~u~11m::mu a1 adrener-• 
\.I J' d d 01" gic receptor uunl'l13-lmm 'ltltJ'IJfl\l'l'il'lEJVILl'lflVl'r11 'Yi 

'l'il'lEJVlL~EJVl'l'iVIITT'J ( 13 ) fomm::illuuFJm ~£.13-lDrl'l::Ll'l~flu 
q 

LV1L'lfl'l'1r.hu receptor-operated Ca+ 2 channels 

d 1""' d t .J' L Ylfl 'l'iL 'l'ilWl'l'IJflilnl'l'l'iVl-'IJfJltl'l'il'lflVlll'lfl!il VltlUW.J'1 

'11VlL\1U~\ILREJn submaximal dose ~mmri::l'lltl 

t.rn{D,"im\~~u 1 : 1000 ~1U'Jt-t 4 '!J.Jfm~m ('lu~ 
" 

1 ) 1~ Un1'l'r1Vll'ltlilL~fl'l'it1Vlrl1'll'l !'. l'l1£.IU3-l~il0113-lrll'l 
m~mm.wiDfiL u '~~i.m 'lil\4VlITTT1Jfl'1'l'il'lt1VllRflVll'lVll'liltiri111 

~Utl~1fl~'r11il'1ClITTL rltlUrlU ll 'l'3'1'iVIITT'JYilnVl\11nm1l11l'lltl 

nl'l ::m'll'l::ri1mwiDVlml0l~u (P < 0.05) mi:: L~m~3-l 
.J' ' .J' 

1.1mmum\1Lfilm,"i3-1m3-rnum'll'l::l'l1m.u.m'1\11n 13 \JU 

cfo 1 oo '1.3-lfm~m'l'i~fl 0.25-1 n-r3-l\'Ml1 7. m'll'lVl 

~ .. d t" .: .J' r ll 'lil'l'ililfi11'1Jflil'l'll'lfl[i)Ll'ltltil3-H.m 1 um \'~3-l'IJU UWLU\'n:: 
' ' 

1 d dl-' d ) 
U'l'il'lflCilLl'lEJCillLCilil'r1Ciltl.'IJ1\11n 23.8-9.47. (011'l1\l'r1 1 

~ ·1 .! .J' r 1" ~ 11 
r1m.nnl'l nm'lflflnCJ'r15'1JEJ\ltrnr.J\I tilt! 'll'11'lt1Ut1'1 

vl1\I 1 Flfl atropine l\l'l!'. scopolamine m'l~llrlflil 
m1dmm'lmm::m1-ru muscarinic 'IJtliltl!'.L'lfYll'lll'lfttl. 

fo1mm·n:: atropine 'IJU1Cill'1113-JLV3-JVU 1 o- 6M 

mm'lri l \ri\ILm:;m1-ru'IJt1ilu::L 'lfYll'l Ll'lftu'ltlfori1ilri3-lmrn 
" 

L~t11rl atropine 'l'i~El scopolamine 0113-1t1J1t1m'l 

.J' -a lo o .J' 
l'l ::l'l1mumilul'l::m'll'l::mmrn'lt1m u r 'lU 'l'lm1ti:!-Jr.1il 

't3-J Cl1:1.J l'l ri£J\1511m'l 'l'l:1.J Vl-r Cil'l'il'lflVl LR fl m4~fl'IJfJ1tl'l'll'lEJCil 
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L~uriHi (um1\I~ 3) Ul'!Cil\li1u:1.J~\lt1t1n(j'r1~rhuv11-ru 
' ., 

'llu\lu!:L 'lfl1l'l LA~t-t L3fo3'.im'lfi'uifom'l1m::u11fo~m.J 
afo ,J',. 'L! .!'t" 

fl::L 'lflll'l 1l'll'lH m-1r.J\1'3\l IJ-l'113-mmmn[J'r15 O"J m'l'r1Cill'lfl'1 

~1ifm::v11m thul011'r1till'luil 1 ttffITT1'lltttil~m~u rlu1.1n~ • 
... ~ d ~ d dt.1 

'l1£.1\11Hn1'lL u'ltlUL 'r1tlU(j'r15'1Jtlltll1l'lflVlLl'lEJCil'r1Ciltl.'IJ1'1JEJ\I 

~ r .J' , .. 'l" rlH'IJ lCiltlU~r.J\1111'113.Jl'l rl'IJfJlEJ'l'll'lEJVlll'lfllil !i1 1 00-200 • 
I d d ~ ~ ct ,!;,¥ Cl ~ d ~ 

L 'r11L3-lm 'r'ltiunuu 1m CJ'r15ULntil'llm ''m\l'll11'1'l1'Jlrn:: 

£Ju5'1ITT'1t1 atropine 1-dunu6 ~ufi'ur.mm'lt1t1n(j'r1~ 
r.htim1-ru'IJfl\lfl::L 'ZlYJl'l Ll'lftiiflilti 1,, physostigmine 

rll'litt1fln(j'r1~lVlt1fi'u~\ILflt1.h~ acethylcholine 

esterase ~11ri1l'l1t1t1::L'lfYll'l LA~u~11ri11~u::L 'lfYJl'l 
)d .! o .J' d,,; .! o)d 
bl'll'lHAil(j'r15fl~U ltl.'IJH mm \1l3-l(j'r1B'IJfl\lfl!'.L 'Zl'r'll'l ll'll'ltl. 

L~EJ 1'4 physostigmine 0113-JITT1t1"1'll'l::mm.rnr.1'1uri:: 

Cll'll'l::l'l1t1m1{D\'il Lu rl1'1-t rlui11L 'l'3'1'1111ITT1'1'il'lfltilLRtJCil 

l'ltill'lilucl1il3'.iumhfi'~'r11ilelnfa Yit1unrnl 'l\l'l'ltilm'J?Jt1\I 
d 0 .J' .. 

\il'lflITTLl'ltlVlLnVl\11nrl1'll'l!'.l'l1tltl.3.JC.J\lltl'l!'.rl1'ln::l'l1tl'l·W'l 

Dfot1.l0l~u (m'l111~ 4) 

flci1\lhn011:!-J m'l'r1Cill'lt111~'ll-iRmfl()'r1~~u5il 
m'l'l'itilvl'J'IJEJil'l'il'lfltilLRfltil~m'13'.i5n rJ1unn 'tn'l'i~flm1-ru 
~ti. 1 L'llu H~~ilfl1\13'.i(j'r1gfJU~\lnl'lEJEJn(j'r1~'1Jflil\.W{­
Dfo u ,.l~ufliltimil 5nn'!Ui ~"Lum ~fl\IU1Rmflvlt1ltJ 
n~Glff:i'l3.Jth::ml'1 

'IJEJ'IJtltJl'lru n.r1.-r01m t1.11'1rld1 ~1 ~m1~'Cl1EJ • 
L 'l'IRfl Vll.IBff011'r1Cill'lfl\ILLR !'.L Cil~£.ll.Jrl1'lLl'13'.i01l'lflVln1'l'r1CilRfl'1 

" 
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