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Effects of Radix Angelicae Gigantis and Resina Ferulae on the Relaxation of
Smooth Muscle and Expression of iNOS

Seong-Jae Kim, Bong-Keun Song, Eon-Jeong Lee, Hyeong-Kyun Kim, Joong-Kil Kim

Department of Oriental Intemal Medicine, College of Oriental Medicine, Wonkwang University

Objectives : Radix Angelicae Gigantis(RAG) and Resina Ferulae(RF) have been used in oriental medicine or folk medicine
to increase stamina. The aim of this study was the characterization of the mechanism of action of RAG and RF on smooth
muscle and macrophages in rats to find new substances for the treatment of erectile dysfunction, cardiovascular diseases and
immune dysfunction. )

Methods : We investigated the effects of the water extracts of RAG and RF on phenylephrine or KCl-contracted rat
endothelium-denuded aorta, the production of NO in vascular smooth muscle cell (VSMC) and the production of NO and
induction of iNOS in the IFN-y-primed RAW 264.7 cells.

Results : The water extracts of the RAG and RF showed significant concentration-dependent relaxation effects on
phenylephrine or KCl-contracted rat endothelium-denuded aorta. It also reduced the tension of the rat endothelium denuded
aorta which was contracted in Ca™-free media. On the other hand, it increased production of NO in VSMC which was
stimulated with IL-8 or IL-8 plus IFN-y. The water extracts of RAG and RF increased production of NO and induction of
iNOS in the IFN-y-primed RAW 264.7 cells.

Conclusions : According to the above results, the water extracts of RAG and RF relaxed the smooth muscle effectively and
increased the production of NO in VSMC and macrophages. So, these herbs can be applied to erectile dysfunction,
hypertension, angina pectoris, artherosclerosis and a defense defect for virus or microbe. (J Korean Oriental Med

2000:21(2):60-67)

Key Words: Radix Angelicae Gigantis(RAG), Resina Ferulae{RF), Erectile dysfunction, NO, iNOS
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g Eglo] - disHelN Eelsith
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2) oA

B N8| ALL3 EE (Radix Angelicae Gigantis
RAG) 9} [# (Resina Ferulae:RF)= Y3 8tw 4
HLdAA A F, st ALt dES
round flaskol] 108]9] =&} 3 Yol 2417t 71
gt} AgAE A& v 52 dxsto AMEsHdTh

2. BEZ ojgh A

DAYFES] 224H

250-300g9] Sprague-Dawley 2| & ¢4 7
glol &5 dsudA &3 2AAAL 2dEF=2
A& AAL 2-3mm ol ringe 2 e WilE
Al As Tt Ring2 37°C oM 95% 029} 5%2] CO2
o B2k A% ZRE Smle] Krebs £l
o1%l& organ chamberd] $4 A& rlFE1 Y& 3
el AR W2 AT Abold] shZelAl ek

7t AR 1g9] Az AH & Jleln 605 o] HaY
& $ANRLH 20850 AAET 1T 2B E
phenylephrine (107 M)l :=&A1Z on Aol A &
A& W Yol §2 2A87] Aol acetylcholine
(1°M)E = o3 %}, Endogenous vasoactive
prostanoid®] A& 7] 3] indomethacin (10° M)
& F93lg e A organ chambery 37C 9
Krebs A 02 33 AH3tAch 544 F¥ (iso-
metric tension)-< force tranducer FT-030] 9]l Grass
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@9 phenylephrine (10° Mye] 37} ARtk 2F
CaCl: (0.1-5mM)E Ca* free §%0] HAH L2 Fo
son geel 24 £ PN Gl HE B
0E 34 2H AR

3. HEZ2 M=o iINOSS} e

A

Rat interleukin-18 (IL-1B), interferon-y (IFN-y)=
R&DZE FH T3t A3t

2) A el

Vascular smooth muscle cell (VSMC)& male
Wistar-Kyoto rats (300-350 g body weight)2] thoracic
aortaZ %] explant technique methodol] 23] #2131
t}. cell& 5-13 passages B oA AL&slH o 24-
well multiwell plates (4 X 10° cells/well)®l| seeding 3}
24717k Wi et F confluent 347 A4 cell& AF el A
&3tk

3) Nitric oxide (NO)2] &3

A NO2| %2 microplate assay "' S o] &3}
24 3HAth Nitrite S 3438171 948t Al£ek 3
Wi g WA 10048 AT F FYE FIHY griess
reagents (1% sulfanilamide/0.1% N-(1-naphthyl)-
ethylenediamine dihydrochrolide/2.5% H:PO)E 7}
st AL A ok 10837+ WA sttt Titertek
Multiscan MCC/340 (Flow Laboratories, Australia)Z
o g3t 540nme] FoX dojd FRE2FE F
=2 2339l Standard2 4 nitritet sodium nitrite
(NaNO») & AHg-3td S4stgict.

4. MM oA INOSS| e

1) Aok

Human interferon-y(IFN-y) (1 X 10° U/mg)<
Genzyme (Munich, Germany) 23¢] 13} Al8-3}
gt} RPMI 1640 2 DMEM bvJR], Escherichia colio|
A #%3 lipopolysaccharide (LPS), phosphate
buffered saline (PBS), fetal bovine serum (FBS) 2 A
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Fujok A|2FE L Life Technologies (Gaithersburg,
MD)EFH F5i3dte] o] &3t%ith

) A E

RAW 264.7 cell (murine macrophage cell line)<
RPMI 1640 8 x| <] 10 % FBSE A 7}3ka] vh 3l ot
B A E RAW 264.7 cell & trypsin-EDTAZ %
fr A712 o) A& 94 Felste] AR ¥WEI} 2 x
10¢cells/dish E =& 3~4Y E<F v tale] AFE-31 )
P815 Al £+ DMEM HiA]9|A 10 % FBSE #7}s1o
o Fatieh.

3) Nitric Oxide (NO)2] 23
A4E NO9| % HE8Z A ZoA INOS S4 7} 2
SR 28t

4) Western Blot 4]

ExtractsZ %23} < 5 x 105 M| £Z 1ml lysis buffer
Lo Yo t}g @M AFL bicinchonimic acid
protein assay 2.2 & 3} 3 F3 A2 sample
buffero] A denaturation A]7] th& SDS-PAGEE o] &
do WGEL ) ANIEF geld polyvinyli-
dene difluoride membrane© 2 transfer |7} v} 3}-
iNOS 342 A&7t 281 peroxidase?} conju-
gation® 2 A9} AFAIZ] F luminescence o4
3t A5 &9l3li)

85
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A ZThFig 3, 4).

Table 1. ICso of Herbs on Phenylephrine or KCI Contracted

Rat Endothelium-denuded Aorta

134 9 491

PE (ICs0,mg/ml) KCl (ICs0,mg/ml)
RF 3.383 0.18
RAG 0.499 0.363

RF : Resina Ferulae

120
100
80
60
40
20
0

Contraction(%)

Fig. 1.

Tension(g)
N

RAG : Radix Angelicae Gigantis

0.1

0.3

0.5 0.7
Dose of drug{mg/ml)

0.9

Concentration-dependent relaxation effect of water
extracts of Radix Angelicae Gigantis and Resina
Ferulae on phenylephrine-contracted rat endothe-
lium-~ denuded aorta.

4 Control
& RAG(0.3mg/ml)
® RAG(0.5mg/ml}

Fig. 3.

Nitrite concentration(ulv}

Fig. 5.

Ca?*(mM)

Effect of different concentration of Radix Angelicae
Gigantis on Ca*-induced contraction in Ca*-free
media in rat endothelium denuded aorta.

IL-8

Control

RF

RAG

Effects on cytokine-induced nitrite production in
vascular smooth muscle cell (VSMC).

EE D UL 982 o9 INOS 28 v|X e 9%

. BBt et

(177

HEZMH=z2 NO M4 ojxl=

¥y

EiEl i 2% cytokine2 & 58 FIZ A
2ol A gz W3kl folshA nitite FFE F7}
N A thFig 5.6).

4. g5l MR DHAMZS NO AbMo| olxls He
weol s IFN-y2 A2)® RAW 264.7 cello] A

Contraction(%)

Fig. 2.

Tension{(g)

0 ! % o ol

0.3 0.5
Dose of drug{mg/ml)

Concentration-dependent relaxation effect of water
extracts of Radix Angelicae Gigantis and Resina
Ferulae on KCl-contracted rat endothelium-
denuded aorta.

——Control

3 —&— RF(0.1mg/ml)
-‘ —e~RF(0.3mg/ml}

—&— RF(0.5mg/ml)

~
h

01 0.5 1

Ca?*(mM)

25 5

Fig. 4. Effect of different concentration of Resina Ferulae

Nitrite concentration(ulv)

on Ca*-induced contraction in Ca*-free media in rat
endothelium denuded aorta.

Control

INFY+IL 18 RF RAG

Fig. 6. Effects on cytokine-induced nitrite production in

vascular smooth muscle cell (VSMC).

63



(78) o gstel 3] a) 21219 A22(2000 69)

2ol e nitrite 5] /8 2712 vehdt
(Fig 7,8).

5. Bet MUl tiAMZe| INOS Welof n|x|=
A
B Wi IFN-y9F 87 A2l oA LA
iNOS enzyme proteindml A& 5% o&H o2 =7}
A tHFig 9, 10).

504

40

Nitrite concentration{ulv)

CON 0 10 50 100
IEN-y (10U/mLI+Awl{pg/ml}

Fig. 7. Effect of water extracts of Awi (Resina Ferulag) on
NO production by IFN-y-primed RAW 264.7 cells.

=
Adelv Akl de) Aol
A7k S Fe Ao 40 & 5%, 70U
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2 FAA A Bk o] WAEhs ez gz gl
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groj ol e] 7)1 RAE BEe] MFE olsls 1
Rem A2 SPIAR, HEER, B TE LHER
TE R SOl et BB, HilrRe, HiE

501
40
30

20+

Nitrite concentration{ulv)

CON o 10 50 100
1IFN=-y (10U/mL)+Danggul {(zg/ml)
Fig. 8. Effect of water extracts of Danggui (Radix
Angelicae Gigantis) on NO production by IFN-y-
primed RAW 264.7 cells.

IFN-y (10U/mL) + RF (#g/mL)

0 10

50 100

Fig. 9. Western blot analysis of INOS protein. Cells were stimulated with IFN-y (10 U/mL) in the absence or presence of

indicated sample at indicated doses.

IFN-y (10U/mL) + RAG (¢g/mL)

0 10

50 100

Fig. 10. Western blot analysis of INOS protein. Cells were stimulated with IFN-y (10 U/mL) in the absence or presence of

indicated sample at indicated doses.
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