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Effect of Sunghyangchungisan on Contractile Reactivity and Ca** metabolism in
Isolated Rabbit Carotid Artery

Young-Gyun Kim, Jung-Nam Kweon, Jong-Hoon Kim

Dept. of Circulatory Internal Medicine, College of Oriental Medicine, Dongeui University

Objective : This study was undertaken to evaluate the effect of Sunghyangchungisan (SHCS) on the regulation of vascular tone and Ca**
metabolism in arterial tissues. Vascular rings isolated from rabbit carotid artery were myographed isometrically in isolated organ baths and the
effect of SHCS on contractile activities, endothelial function and Ca® metabolism were determined.

Methods : In phentobarbital sodium-anesthetized rabbits, SHCS administered through ear vein (100 mg/Kg body wt.) or intragastric dwelling
tube (300 mg/Kg body wt.) attenuated phenylephrine (PE, 10 x#g/Kg, i.v.)-induced increases in both systolic and diastolic cartoid arterial biood
pressure.

Results : In experiments with isolated arterial strips, SHCS relaxed arterial rings which were pre-contracted by phenylephrine (PE, 1 sM). The
responses to SHCS were partially dose-dependent at cancentrations lower than 0.5 mg/ml. When SHCS was applied prior to the exposure to
PE, it inhibited the PE-induced contraction by a similar magnitude which was comparable to the relaxation of pre-contracted arterial rings.
Washout of SHCS after observing its retaxant effect resulted in a full recovery of PE-induced contractions, indicating that the action mechanism
is reversible. The observation that SHCS did not change the EDs of PE on its dose-response curve ruled out the possible interaction of SHCS
with e-receptors. The relaxant effect of SHCS was not affected by removal of endathelium or a nitric oxide synthase inhibitor, L-NAME.
Methylene blue, an inhibitor of the soluble guanylate cyclase, did not affect the refaxant effect of SHCS. These results suggest that the action of
SHCS is not mediated by the endothelium nor soluble guanylate cyclase. Constant cGMP production determined in arterial strips in the
presence or absence of SHCS is consistent with this conclusion. When contraction was induced by additive application of C&** in arterial rings
which were pre-depolarized by high K+ in a Ca*-free solution, the relaxant effect of SHCS was attenuated by increasing the Ca* concentration.
SHCS, when applied to the arterial rings pre-contracted by PE and then relaxed by nifedipine, a Ca* channel blocker, did not show additive
relaxation. SHCS partially blocked Ca* influx stimulated by PE and high K- which was determined by 5-min “Ca uptake,while it did not affect
Ca* efflux.

Conclusions : From above results, it is suggested that SHCS relax PE-induced contraction of rabbit carotid artery in an endothelium-
independent manner, andinhibition of Ca?* influx may contribute to the underfing mechanism.

Key Word : Sunghyangjeongki-San(4 8% 7| 4),contractile reactivity, Ca*metabolism,phenylephrine
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Prescription of Sunghyangjunggisan

Ae EFERES 0E R HRE
BRos R BES v ARE &
< Q719 HEshs vl

. ® B

1. B & Mi#

1) 8%

B AHeS g #E 1.5-25
kg2 E7](New Zealand white rabbit)
£ 45 BhIgle] AHsslth

2) &4}

BEERES (PR Kigst
qom, ge FIden EEd
A BES A& mEste] AR,
RH B 1Y 48 ted 2o

3) Bk L RE

Phenylephrine, acetylcholine,
isoproterenol, methyllene blue,
Krebs-Henseleit Solution € AleF 5
& Sigmar}l (13, St. Louis, MO)¢]
AEE AH43819 1, nifedipine, No-

BEAL EgE E =@
E % Herba Pogostemni 5.625
W OE Folium Perillae 3.750
= Radix Angelicae Dahuricae 1.875
KER Pericarpium Arecae 1.875
HRE Poria 1.875
E Cortex Magnoliae 1875
B it Rhizoma Atractylodis Macrocephalae 1.875
- Pericarpium Citri Nobilis 1.875
L EH Tuber Pinelliae 1.875
B OE Radix Platycodi 1.875
BEX Radix Glycyrrhizae 11.875
= B Rhizoma Zingiberis 3.000
x E Fructus Zizyphi Jujubae 3.000
" B Rhizoma Arisaematis 3.750
R & Radix Saussurea 3.750

Total amount 39.750

nitro-L-arginine methyl ester (L-
NAME) 5¢& Rearch Biochemicals
International Products (7]=, Natick,
MA) AE& A4392H, 45Ca,
cGMP A G 3A A9k, scintilla
tion cocktail-& New England Nuclear
Research Products (7} =, Boston,
MA)Z$E FYstel AL s

2. ik

1) ke R

EFIERER 10 B 5ES 397.5g%
TS a3 W1 &iEK 3,000ml
£ 3 1% 3 B B¢ ARt o3
de FAARVIE FRAZEY
89.5g9] extract® A1t}

2) Bl mEE X BB Tik

E719 E#ks B3+ pentobar-
bital sodium (20 mg/kg)S FEAS
Pl & GERS BHAA Bk —
e LI ¥ heparino] B &€ £H
KZ A7 catheterE #HAZIL F¢
£ A2 B fES —5 95
3o §E AES MTSIL A2 A
Mg stA stglom "QAde MRS
& B RS Bt B
Eifikoll $EAE catheterol] M7t
£ EHStn BhY #ME £ERSE
(Grass polygraph 7E)Z 4%3t%th
gnol AL Biflke B9 SiREs
gAY BRES B39 o,
oluj & B =T Efjol 2 g
B (Millipore, 0.2 #m pore size)E F|
Fgle JEaREsIG . LEEE &
Fi 2 AR TR BES EESt
ST

3) M&ENS BT
E7Y E#Ffk(ear vein)g &to



pentobarbital sodium (20 mg/kg)<
EAS] HiErs 12 BEhkS FEHE
o} FH e S 3 Krebs-Henseleit
Solution (KHS)o| ¥ 1 78RR
(streomicroscope) Toll A1 BRELA fikl
7Hst AL FIHSS Bk Ef8E
B REE FEdY BEY #6
S BET S 77 1.5mme 37)
Z Yt #hfiRiR(arterial ring) S T
E9ith. #ikIES KHS7} S Q& #
# &% (organ chamber)d] ¥ L
A8 21y 1 g FEst &’H
B (Grass FT-03)o] BEIEA7) 1 %
BERNSE 19 RS Mmakict

EEo] Y KHSY #HR-(TY
mM) NaCl 115, KCl 4.7, CaCLk 2.5,
MgCL 1.2, NaHCO:s 25, KH-POs: 1.2,
Dextrose 100)%t}. A< 37CE #
#aHA 95% 02/ 5% CO: E3171~
£ st

B 141 AU 2 B < FEAIZ
1%, IM¢] phenylephrine 0.2 {19
Wie RIES BZRste RIEe] Zipd
#% EBS fhfesisit Bl U S
& 2057 iR 2oEEAl 1 gy
B o] MRS =8 BRESICE
Weiee] Bbe HRME Il (isometric
contraction)$- &7 ##4 Grass FT-
03)2 HEst £EEHMH(Crass
polygraph 7E)2 FC&kSHATH

& REMRE REE 287 9
ol = 7te UFEe HAsY nE
NES A £2E AEME kRE
(denuded endothelium) EAS &
. mE AR 3] REEd
)& 1 #M¢) phenylephrine 0.2 Ui
& F5T 1%, acetylcholineol] <] 3k
% RS Bk FEE B R

&3

4) #B187R cGMP 82| BiE

I BROIAMS 22 S22 57
M EEES #HEE 40CY 6 % trichlor
oacetic acid /A% 0.5 mio] &4 RIE
£ A1jEA]7) 3 polytron homog enizer
Z HERS TEAY. of BEES
2000rpmol Al 15 4R R LEsHS
HEWS T2 58S %, diethyl ether
2 f#@ske] trichloroa- cetic acidE
BrEsT Ao LR SHf FES
water saturated diethyl ether2 5}
ZHe 54 AR EAA diethyl
ether /80| 4EE=H Pasteure pipette
0 F o|E &I o9} 2 #iE
£ 4 ¥ 5Eo) 59 diethyl ether /&
A 473l trichloroacetic acidg fi
F3 1%, BB A W Bast
A7t cGMP &8¢ #HlEstsith 4
ol A sEls EES fRol JERD AR L
##& 0.1 % deoxycholic acidd]]
suspensiondt 1%, EHE BEE WX
g9ttt <GMP &< c-GMP['H] kit
£ Rt B RRE (radioimmu
noassay)© 2 #5319 2 ¥ pmole/mg
protein® 2 YEL| ST}

EOH BET r-gobuling FiEos
3to] Bradford®] 590 2 HiEsI AT

B) “Ca kA BE

“Ca iAY #I7E-& Aaronson?} van
Breemend] HiE202 &t HlA
£ PSSl A oF 2 BER F9F A7)
% 1 Ci/mle] “CaZ wET & K
o il A 5 4 incubationd}Si
Incubatione} B¢ #li#e Al Ca*
o] ¢ 2 mM EGTAZ #453 3
PSSollA] 45 47f fEEEste] fiie HMED
o #4&% “Cag fpEetdch ol
ol 27|12 ity TAE & &1
N NaOH¢| =0l scintillation cockt

ail (Aquasol-2, New England Nucl
ear) TmlE Y1 “Cad) ES HHIDL
%% (liquid scintillation counter,
Tricarb 300C, Packard)Z JlE3le] ¢
mole /kg wet weight2 HERRATL

6) “Ca el AE

“Ca f # & Aaronson¥ van
Breemen] /o2 51t Mk
“Ca ] gl PSSAAM 2 Bff] ¢ F
A7 1%, “CaE BET BN —
E B “Cag AfslgiTh.Caro] gl
wil BHAAS | e F Qe
fHieiEe] #(LE 7] Hslo] 6.8 mM
CaCh% 5 mM EGTAE 5% PSS
of| A 45 43f8 BEEEste] MEAR SiERel &
A% “Cag BREIAT & BhHY &
2 miol 99 S 2 7 Moz
&7 BReE RhEE “Cad 58
WEs T mEY #iEel B¢ e
B71E FEda FAE @ 3, 9Cadi
A8 flE et 2 FEOE EHE
Ak Bl e U “Cadl 28
B Z semi-log Tof VERI T the-¢
Aoz HHES (k, efflux rate
constant)& &34t
In(*Ca)tl - In(*Ca)i2

t2-t1

(“Catl, “Cat2; Bi5E Bh 11 2D 20 M)

5 "Ca T 8)

k=

7) B

3atg LiEe & BTN pEES
67} L ko) BE TR A AL ERE
sl g + FERER YES
o5 3§70 T 228 BEE
VE7} o1& wo)= student s t-testZ
BEst p<0.05¢ o FET ER7}
A ALE EfiEIAT
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Table 1. Effect of sunghyangchungisan (SHCS, 100 mg/kg body weight)
administered through ear vein on phenylephrine (PE, 1 #M)-induced

changes in arterial blood pressure (B.P.) and heart rate (H.R.) of

phenrobarbital sodium-anesthetized rabbits.

B.P.(mmHg)
HR.
systolic diastolic mean
Control 136+13 94+11 115+11 112421
SHCSalone 127 %12 92+8 110+8 10748
PEalone 187+12 132+10 160+14 839
SHCS+PE 162+16 118+11 140412 914-8
Mean = S.E.of 4experiments.
AR ek G
{mmHg)

200 SHCS(100mg/Kg, i.v.)
I M C ar otid B.P.
100
0 SﬁCS(wOmg/Kg, iv.)
{mmHg) |
200 ‘ ‘

v » :=;iij?;}‘\L:i‘,\‘!'i‘il»i‘\i*,l‘ i Cﬁrotid B.P.

100
0 A
PE(10.9/Kg, i.v.)
{mmHg)
200 v
arotid B.P.
100
0 SHCS(100mg/Kg, i.v.)

Fig. 1. Representative tracings of the effects of Sunghyangchungisan(SHCS) on carotid
arterial blood pressure and EKG in a phentobarbital sodium-anesthetized rabbit.
SHCS was administered through ear vein and the effects on resting and
phenylephrine (PE)-stimutated blood pressure and EKG were recorded. PE was
administered through ear vein 5 min following the injection of SHCS.

fdfo] vdte] LB ERE FEIA
BHAIE BRE BEY & YU
MR ER B0 R e 2 R
# M 27 A BERE ST (Table 1,
Fig. 1 3}%h).

¥H EFERHS BR #E
(intragastric dwelling tube)S 534
#fisll (BE kg 300 mg) 307 &
i& % phenylephrined] ¢J& MR 5
of HlXE HRE BEY BR B
§ro] BRE o fiEEstA T ME RS
BNl HRE BEE & A

ARG ek nhaTtA = E@IE%%S(
EROE HEY 7S, #ik LBy
LEEY oM HRE BEEHA ¥3
THTable 2, Fig. 2).

2. Phenylephrine0fl 2|8} JtiEo0il
OlRi= R BR

A BRAME B g E79
BHk Rk (ring segment) FIH
dfo] phenylephrine 0.2 IiEs Hu
31 o)l WA EEERES HRE
gyt Fig. 3A9] UEhd #EE=
NEMIRE brEA S E7 BEik
&S 14M9] phenylephrine© 2 itk
N7l & BEERES Hsie 9
YeltE iR MRS Y Aok
EFEREE M2 Fmks 0.1
mg/ml) A 0.5 mg/mle] RETLA &
ERFHO R Sl Bt Bk &

AEE Bgor 0.5 mgmldiA He #

# %R E 534 + 102 %Otk
EFTEFHS phenylephrine S B3
37] Aol FIRESHE HolT REE
A& die} NS BAES HH HR
£ Hom £ Bhole ik AR
£ Holx] gtti(Fig. 3B). Fig. 3B
Uehd #RAM EFEREE BE %
KHSZ ¥it3t2 TFA] phenylephrine
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Table 2. Effect of sunghyangchungisan (SHCS, 300 mg/kg body weight)
administered through intragastric dwelling tube on phenylephrine
(PE, 1 #M)-induced changes in arterial blood pressure (B.P.) and

heart rate (H.R.) of phenrobarbital sodium-anesthetized rabbits

B.P.(mmHg)
HR.
systolic diastolic mean
Control 138+13 97+11 118+11 118%16
SHCSalone 131+11 907 110+8 104+8
PEalone 192+16 - 142+14 167+13 8749
SHCS+PE 174+ 18 121+10 148+ 16 98+9
Mean £ S E.of 4experiments.
MU iy EX@
{mmHg) *
200 SHCS(300mg/Kg, intragastric)
M ——— ©27' B
100
Y SHCS( 00mg/Kg, intragastric)
(mmHg)
200 o »
b Carotid B.P.
100 e
0 4
PE(1020/Kg, i.v.)
(mmHg)
200
Carotid B.P.
100
0 = SHCS(300mgiKg, i.v.)
L

Fig. 2. Representative tracings of the effects of Sunghyangchungisan(SHCS) on carotid

arterial blood pressure and EKG in a phentobarbital sodium-anesthetized rabbit.
SHCS was administered through intragastric-dwelling tube and the effects on
resting and phenylephrine (PE)-stimulated blood pressure and EKG were
recorded. PE was given through ear vein 30 min foliowing the intragastric
administration of SHCS.
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Fig. 3. Representative tracings of the effect of Sunghyangchungisan{SHCS) on
phenylephrine(PE)-induced contractions in rabbit carotid artery. SHCS was
applied 10 min after (A) or before (B) the addition of PE.

e Hfael ket Yetue nE
i RES NEMEAAY mE iz
EF, &, NO9 £mF o]d o
guanylate cyclase®] iEH{bol] 2§ A
o2 &#4 9u. Fig. 69 Yerd #
+ nitric oxide synthase (NOS) #]I
<™ L-NAMEZF EF1EFERY M
oo ERC nAe BRE
isoproterenol ¢ acetylcholined] 2]t
g g wlA& RS Mg BE
g Holth. L-NAMEE FiREsIHS
u] isoproterenolo]t} acetylcholineo]
A% ME i e FESH EEr
HAo 18y EFEREC % nE
stHE ART P WA St
NEMEE BET BEIKENA
phenylephrine &2 IS FHES 1%
0.5 mg/mle] EFERHS REEH

it

50.3+11.2%9 g BRE Bo] MK
IR BrEatA o5 HEMRERCA |
Ebd g R (51.219.3%)% BE
& EE7} HSlth(Fig. 7, 8). f-iEis
PEEEEA ME g BRE Yehe
isoproterenolol®} 1E:& 10 pMe) BE
oA REME FER 63.8113.6%9
S SRS EAOY NEMIEE RE
e S 16216.7%2 Mg BR
T B O AR Hates A
B AES 2 9 Th. Acetylcholine
o) 3B AMEMNE AR 10 Mo
RECIN 90% LiEel 7 iEhd it
%R E BEoY, REMIRE bk
ol 1 g BRI T2 AA 1
BR7T 2R NEMRY KFY
£ B Fth(Fig. 7, 8).

Fig. 4. Effect of Sunghyangchungisan
(SHCS) on phenylephrine(PE)-
induced contractions in rabbit
carotid artery. SHCS was applied
10 min before (O} or after(®) the
addition of PE as represented in
Fig. 2. The magnitude of relaxation
or inhibition by SHCS of PE-
induced contractions was expres-
sed as percentile compared to
complete relaxation to the resting
tension which was set as 100%.

Each point represents mean+
S.E. of 6 experiments.

5. cGMP 480l D[XI= HE

e BEREAN EFERES BR
7} NOS #iisivt Mg BrEd #
e ) gorout EFERAC] M
RE MRS SHeA S1E T
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sk Tt v

Fig. 9o Jeld #Re EFIEFH
o] ME i M wX e BEYE
guanylate cyclaseE #ifijsl= Aoz
%27 methylene blue7} EEIEFAL
isoproterenol & acetylcholines] 2|3
I e K A= MRE ik
B&E§ 7 oZ isoproterenol ¥
acetylcholine®] %89} HRHIOE B
FERFC] 9T g HRE methy
lene bluedl] J3 W& FES WA &
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Fig. 5. Dose-reponse curves of phenyle-
phrine-induced contractions in
rabbit cartoid artery. The arterial
strips were exposed to each
concentration of phenylephrine in
the presence (®) and absence
(0 ) of Sunghyangchungisan
(SHCS, 0.5 mg/ml). Maximum
isometric tension at the highest
concentration (10° M) of phenyl-
ephrine in the absence of SHCS
was set as 100% and the relative
contractile tension wasexpressed
as % contraction. Data are mean
+S.E. of 6 experiments.

£ 2 (Fig. 9) EFERASY i &%
F7} guanylate cyclased] FE{RTERYL.
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isoproterenol ¥ acetylcholine&
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109 Tl ME & & sink

6. ¥R 4& Ca* BRE Y Ca*
B BB HR
Fig. 119 Bl Cavg Ktd
HEOIA BB Kol o RES U
ERAA obE W7bA] R EBAD
% BIEE K 0.2 BAmAI7 kg A

Fig. 6. Effect of Sunghyangchungisan
(SHCS, 0.5 mg/mi), isoproterencl
(ISP, 10 M) and acetylcholine
(ACh, 10 uM) on phenylephrine
(PE, 1 AM)-induced contractions in
rabbit carotid artery. The relaxant
effects of SHCS, ISP and ACh on
PE-induced contractions were
recorded in the presence and
absence of Ne-nitro-L-arginine
methyl ester (L-NAME). The
magnitude of relaxation was
expressed as percentile compared
to complete relaxation to the resting
tension which was set as 100%.
Each point represents mean+S.E.
of 6 experiments. *, P<0.01 vs. the
respective value in the presence of
intact endotheli um.
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J RO Z S5 gl A Y “Ca FiAY)
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& BT FEIA #iasic
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FEO HRE YEIE A2 MRl
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d vetd Reltt. EEEREC] 9=
Hraeol M &S “Cadl efflux rate
constant= 0.015+0.0017 min-19]%]
ou EFEIFFEL 0.5 mg/ml fRE 40
= 0.016+0.0021 min-12 mhﬂjioﬂ
FES #2780
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Fig. 7. Typical tracings of the effect of Sunghyangchungisan (SHCS), isoproterenol(ISP) and
acetylcholine (ACh) on phenylephrine (PE)-induced contractions in rabbit carotid artery
in the presence (A) and absence (B) of endothelim.
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Fig. 8. Effect of Sunghyangchungisan
(SHCS, 0.5 mg/ml), isoproterenol
(ISP, 10 #M) and acetylcholine
(ACh, 10 #M) on phenylephrine
(PE, 1 #M)-induced contractions in
rabbit carotid artery. The relaxant
effects of SHCS, ISP and ACh on
PE-induced contractions were
recorded in the presence and
absence of endothelim. as repre-
sented in Fig. 7. The magnitude of
relaxation was expressed as
percentile compared to complete
relaxation to the resting tension
which was set as 100%. Each
point represents mean+S.E. of 6
experiments. *, P<0.01 vs. the
respective value in the presence of
intact endothelium.
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Fig. 9. Effect of methylene blue (MB, 10 z
M) on the relaxant effect of Sungh
yangchungisan (SHCS, 0.5 mg/
ml), isoproterenol (ISP, 10 xM)
and acetylcholine (ACh, 10 M),
The arterial ring was pre-contract
ed by application of phenylep-
hrine(1 «M) and the relaxation
induced by SHCS, ISP and ACh
was recorded. The magnitude of
relaxation was expressed as
percentile compared to complete
relaxation to the resting tension
which was set as 100%. Each
point represents mean+S.E. of 6
experiments. *, P<0.01 vs. the
respective control.
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Fig. 10. Effect of Sunghyangchungisan
(SHCS, 0.5 mg/ml) on cGMP
production. The arterial segments
were exposed to SHCS in the
presence and absence of isopro-
terenolol (ISP, 10M) or acetyl-
choline (ACh, 10M) for 5 min and
intracellular cGMP contents were
assayed by radicimmuno assay.
Each point represents mean+
S.E. of 4 experiments. *, P<0.01
vs. the respective control.
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Fig. 11. Representitive fracings of contrac-
tions induced by additive applica-
tions of Ca*. The arterial strips
were deprived of extracellular Ca?
by exposure to Ca*-free KHS for
60 min. Then, they were depolar-
ized by switching to 60 mM KCl in
Ca*-free KHS and exposed to
additive applications of Ca in the
presence and absence of Sungh-
yangchungisan (SHCS, 0.5 mg/
mil).
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Fig. 12. Effect of Sunghyangchungisan
(SHCS, 0.5 mg/ml) on contract-
jons induced by additive applica
tions of Ca?* in depolari-zed rabbit
carotid artery. The arterial strips
were deprived of extracellu lar
Ca* by exposure to Ca*-free
KHS for 60 min. Then, they were
depolarized by switching to 60
mM KCl in Ca?-free KHS and ex

posed to additive applications of

Ca* in the pre-sence(e®) and
absence(0) of SHCS. Maximum
isometric tension at the highest
concentration (5 mM) of Ca* in
the absen-ce of SHCS was set
as 100% and the relative contrac
tile tension wasexpressed as %
contraction. Data are mean+
S.E. of 6 experiments.
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Fig. 13. Representative tracings of the effect of nifedipine(NIF) on the relaxant effect of
Sunghyangchungisan(SHCS) and acetylcholine (ACh) on phenylephrine (PE)-
induced contractions in rabbit carotid artery. : T
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Fig. 14, Effect of Sunghyangchungisan
{SHCS, 0.5 mg/ml) 5 min *Ca
uptake in control,phenylephrine
(PE, 1 sM) and high K* (HK, 60 mM
KCl)-stimulated arterial strips. Each
point represents the mean+S.E.
of4 experiments. *, Significantly
different from the respective value
in the absence of SHCS (P<0.05).
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Fig. 15. Effect of Sunghyangchungisan
{SHCS, 0.5 mg/ml) on Ca* efflux
in cartoid arterial strips. ¥*Ca
remaining in muscle strips at each
time indicated was calculated as
percent of that at the beginning of
efflux measurement (time 0) and
depicted on semi-log scale.
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