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Induction of nitric oxide production in vascular smooth muscle cells
by aqueous extracts of crude drugs
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Abstract

We investigated the effects of aqueous extracts of various crude drugs on the nitric oxide (NO)
production in cultured vascular endothelial and smooth muscle cells. Aqueous extracts of Astragali
radix, Ginseng radix and Scutellaviae radix were shown to induce NO synthesis in rat vascular smooth
muscle cells (VSMC). On the other hand, no significant alteration of NO production was observed in
bovine aortic endothelial cells when aqueous extracts of these crude drugs were applied. Aqueous
extracts of Astragali radix and Ginseng radix induced NO production in VSMC in a dose-dependent
manner at higher concentrations over 400 xg/ml; 10- to 20-fold increase over the basal level in the NO
production was observed when 1 mg/ml of the crude drugs was applied. Aqueous extract of Scutellariae
radix also showed dose-dependent induction of NO synthesis at concentrations between 20 to 100 xg/ml.
NO production induced by these aqueous extracts was inhibited by a NO synthase inhibitor, N¢-
monomethyl-L-arginine, and dexamethasone which is a transcriptional inhibitor for inducible NO
synthase gene, indicating that these extracts induce NO production by increasing the transcriptional
level of inducible NO synthase gene. Our findings suggest that some crude drugs act on vascular function
by modulating NO synthesis in vascular smooth muscle cells.

Key words nitric oxide, vascular smooth muscle cell, Astragali radix, Ginseng radix, Scutellariae
radix.

Abbreviations c¢NOS, constitutive nitric oxide synthase ; DEX, dexamethasone ; EDRF, endoth-
elium derived relaxing factor ; GABA, y-aminobutyric acid; iNOS, inducible nitric oxide synthase;
LDL, low-density lipoprotein; L-NMA, N¢-monomethyl-L-arginine; NO, nitric oxide ; NOS, nitric
oxide synthase ; PBS, phosphate buffered saline.
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L-arginine HkN—®{L%#%E (Nitric oxide, NO) #*
MERENKE L D 7+ IMEEICEE L, MRS mED 3
YhO— e BWTEE LR R T2 LTS
BT 7z

Thbb, BroREs L 2 NEMKFEZ WL
BT IO FER A b 24 > x> F I X%
DL BHEINLNENEICENORMLEY T
(BN L% T E, 8512 NO A IL/AMROBEESR 1T
KON I~ D5 « superoxide D EEE 2 HIHIL,
BOWNERD 2> Fo—McBW T L EELRE 4 R
LTV AR EFEIENDE DG THRMEI LT
505V & b1z, MEBEHIK D NO #* low-density lipo-
protein (LDL) & {b-e i 38 1 fiha oo b5l 7 #id] 3
DXz DV MERELE 2 R 2 & LIERS LT
200 AR 51T 2 NO OB & LTI M5 i 4
BAE TR LA X, I E I N R M R o)
NODF—4y L LTEL OB L EN T D
A5, MEFHEHBEEL NOZEELA—F 7 ) viich
B — X 2 0FENICEES L, ERNEHEED NO e
A& & T 7z i) AR RS B o S 5 B o 38 i B
CLHEES LTV EARES N TN D,
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B BT BB L L AThRT w50 Y L L, NO %
MLTze 7 N Ric B ST TEFROEBEIER I
ToREHIIAE - 723 H ) TH Y, EEBSC & B ME
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(1) #mE9EEE 523 % 12 phenol red-free » RPMI
1640 (Sigma) (2 10 % 7 >+ BR R I, 100 u/ml ==
2,100 pg/ml A M V7 b A L aE@imL THEAL 72,
MEFEHMIBIET v F KBRS ST L ) icoBEL
72, SD Z o b (%, 6 8%, #2509 » b KEMR*

Bz L, phosphate buffered saline (PBS, pH. 7.4)
BT MR & A IR AR A R L R YI L, 029 2
74— PBS ¢ 37°C 15 5 MMH U ASA x5
Sk L7z, 295 —E L 7 R AR R
THEFL 7218, MREEET v 29T, 2ng/mlo
basic fibroblast growth factor % #M L 725X % 18
AL 10-14 BEEEEL 2, PREMEMSE D BEL TE 12
EHMmigE P 7 ~EDTA B v CTIRREEE L,
20 RRELUF il 2 B U 7o BhIREISRIN R MlRaIL,
v Bk L D 0125 9% 3 75—+ (404, 37°C)
Bz L0 MR L O RIBEIREL L, SFIEE MR B L TRk
Ry LRI L 72,

(2) NOEAEZEOERIE  NO IALE CHBRHENH
2, FOBRALESH TH 5 nitrite (NOz) % Griess
RECERT 22210k 0T 72] #EENO NO; 0
B33 i & REO Griess A3 (1 9% sulfanilamide/
0.1 % N-1-Naphthylethylenediamine dihydrochloride/
5% ') ) ZRAML, 10 2RI TRISHEIC 540 nm
DI % ELISA reader (Titertek) THlE L 72, it
WERERWE T T 7 e L, EERBETHR L 7o HAEE
(NaNQ,) 227 ¥ —FELTERLZ,

(3) &£FEKIFADPE : AAAEIEIL T F FHEE

(EE) LD ATFL, £E10g DX 200 ml DFEIKIZ
CHERICH D THIBL, ERTBREL 2%, BT
BE TR X 2B R2ERL 720 KEBKIZT10mg/
mlDEFKZIXZDA L v 7B L ERICHL
72 MIEBT H 2 Wi MEPSRMER S T 54
B 09 b4E, BE HE N, EE SR %5
FLAE, AR, NE, ROK, SIS, 4, M, A
2, B, BERTF, I, RN, MR, AE, o2l
05 R o AN

4) EBEZ7ObO—)U #IIE6X10°/ml OEE T
24 well plate (238 & 16 RO BIEEEEIC THINEAT plastic
plate icft7 L 7z oA L 72, 1 well L4729 500 xl &
FERWE A vy, 10 mg/ml DAEFKT X BN E BEL
EHRBEIC TS LML 7z, BrnBREDERKL
¥ ZFFFE F O8RS RIC 8538 MP o NO; B2 €l
L7z, 21 D IS MIBHE 2 RS L WiBELT A
2mg/ml ¢, F /R L0 BHE ORETL 72,
NO & 5BE# (NO synthase, NOS) OBHEHKITH 5 N6~
monomethyl-L-arginine (L-NMA) & NOS #{z¥ o
EELAToOHER %A T % dexamethasone
(DEX) (2 Sigma #t (St. Louis, USA) X WAL 72,
L-NMA (378 AT 100mM D 2ty 7 iEH %, DEX
BEZS /=N TImMDA Ly ZEBEERL 72, B
BEIZNFN ImM (L-NMA) L r10-°M (DEX)
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7 CHENRNE ML KO8T o P KRBT S5 %
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ICERERTONO; &4 Er'l 2, 72 M8 N

Table I Summary of the screening of crude drugs for
the inducing activity on nitric oxide production
in vascular smooth muscle cells and
endothelial cells.

Crude drug VSMC Endothel

Angelicae Radix (%/#) - -
Arecae Semen (FE#FF) - -
Astragali Radix (%)
Carthami Flos {(#L7t) - -
Cinnamomi Cortex (¥:f) - -
Cnidii Rhizoma (JI|%) - -
Coptidis Rhizoma (#3#) - -
Ephedrae Herba (f%) - -
Eucommiae Cortex (fLAilr) - -
Fritillariae Bulbus (H &) - -
Gardeniae Fructus (1I4g F) - -
Ginseng Radix (A%) + -
Menthae Herba (34) - -
Mori Cortex (FFikz) - -
Phellodendri Cortex (¥#1)
Pheoniae Radix (%53K) - -
Platycodi Radix (4548) - -
Puerariae Radix (35#R) - -
Scutellariae Radix (%) + -
Sophorae Radix (%) - -
Uncariae Uncis Cum Ramulus (898 %) - -

Rat vascular smooth muscle cells (VSMC) and bovine
aortic endothelial cells (Endothel) were treated with vari-
ous concentrations (0-2000 #g/ml) of each crude drug listed
in the table. Nitrite concentration of each conditioned
medium was measured for up to 10 days. The activity of
each crude drug on NO induction was summarized as posi-
tive (+) or negative (—). Positive (+) indicates that nitrite
concentration of the medium is significantly higher than
that of control culture. In the endothelial cell cultures,
nitrite concentrations were less than 1 M in all samples.

FHEALLZBESCE, W TRoEEks X ARmMEEICY,
BEEBP O NO; 213 Griess RETRETE w1~
V(A uM ) TH-72, —F, 7v b mEFEGC
LT3, REFLZ218ENHY b AE (Ginseng radix) - ¥
E (Astragali radix) - 8% (Scutellaviae radix) 0> 3D
DHEFKRT X 212 NO EARBIEAH % 72, Fofio
ERIXZAFIELDEBEHIC TR LY, HEL
NO EAREERIZRED -7 BT, 7o FFEDH
MBLIZ N L CHEELX NOESRBIER 2 BH A NS - &
F-ESTICHAL TR LR

2. AB -BE -HENRKIFRIZL B NO ELEH
BYER R

2 NBENANE - BE - BENVEKZXAFLETT
Z oy MRS 6X10° cells/ml DAIIREEIC
T6 HMERER L R EFEF O NO; 2754
FKRE X 2N BEKGTMG % Fig. 1LISRT, ASLEE
13 2mg/ml DBEEF THBAEFRIETIRREL AT, 400
ug/ml Pl ETBERERIC NO EE 2RI L, £8 Kk
X ZAFEEIMEFO NO; Eitim (4102095 uM) LT
2 mg/ml DBE THEIZH 181 (741220 uM), AH
138 12 4% (49.07+3.2 uM) D NO A ZRL 2, —4,
HET 200 pg/ml DL B Tl SREE O 72 o MY
EFFEEDET T 525 25 ug/ml 2 6 100 pg/ml o> &
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Fig. 1 Effects of aqueous extracts of Astragali radix,
Ginseng radix, Scutellariae vadix and Angelicae radix on
nitrite (NO;) accumulation in rat vascular smooth mus-
cle cell cultures.

Cultures were incubated for 144 hours in the presence of
various concentrations of the herbal extracts. Cells were
cultured on a 24 well plate in 500 x1 of RPMI 1640 medium
containing 10 % fetal calf serum at a starting cell density
of 6x10%/ml. Nitrite levels in the conditioned media were
quantified using Griess colorimetric assay. Each point
represents the mean=S.D. (n=6).
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Fig. 2 Time course of the accumulation of nitrite (NOz)
in conditioned culture media of rat vascular smooth
muscle cells.

Cells were incubated for the indicated lengths of time
up to 144 hours in a control medium or in the presence of
Astragali vadix (1 mg/ml), Ginseng radix (1mg/ml) or
Scutellariae radix (0.1 mg/ml). Cells were cultured on a 24-
well plate in 500 x1 of RPMI 1640 medium containing 10 %
fetal calf serum at a starting cell density of 6x10°%/ml.
The extracellular accumulation of nitrite was determined
using Griess colorimetric assay. Each point represents the
mean=+S.D.(n=6).
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Fig. 3 Effects of N%-monomethyl-L-arginine (L-NMA)
and dexamethasone (DEX) on the nitric oxide synthesis
induced by aqueous extracts of Astragali radix, Ginseng
radix or Scutellariae radix. Vascular smooth muscle cells
were incubated for 144 hours in a control medium or
media containing aqueous extracts of Astragali radix (1
mg/ml), Ginseng radix (1 mg/ml) or Scutellariae vadix
(0.1 mg/ml) in the presence or absence of L-NMA (1 mm)
or DEX (10~°M). The data represent the mean+S.D. (n=8).

TIREBEKRTFI L NO EERBIER 2387, XRIEY
L T 447 (Angelicae Radix) »Kx % Z 2 EREICHET L
725, BaRiciE NO EARBEER LD h - 72, KIiZ,
#%E (1mg/ml) - A% (1mg/ml) -#HZE (0.1 mg/ml)
TR L 2B 0B P o NO; B4 R BlE L
72 (Fig.2), BB & AS3 24 BRIt W|ZI3 72 BRI
12 3 H > NO; 813 Griess Rt TR AT L ~
NAZZE L LI ERE L 2, 72, NOAKER
(NOS) mMZEXITH S L-NMA (1 mMm) = NOS H#HI&
FOELE L~V THOIIER %43 5 DEX (107°M) ©
Wz kD, I X AL VHFEI NS NOELAR
30% LT v~ eIl & 7z (Fig. 3), 3T %
HLDHP L NOPBERHI N TS 2HHEH2MRETT 5 72
&, MIEEFE TVREEIPICERERKRI X ZEFRML
FIREICRRET L 722%, 2L 3 20EEKZX 25D
NO B T - 72,

% =

MR ki & sRA T (Endothelium Derived Relax-
ing Factor, EDRF) & L TR 3 n2¥E» NO & [F—
THbd I EHFEAS NTLE, BEREIIC BT 5 HEERE
EZYWHE L L THONODEEFRLZICHLIZZ T
2V bh, IR B3\ C NO I3 M P R AR
SERE S b A N, ML TESC MM E HI I
BEL, ELIZETFVFI > - Fka) v iEEEomE
PR D ZEYE & L THMERI A & LR 5 FAHE
BH3INT5,

SRFEELIE, AZ - HE BED3>0HEFEKLX
242 &0, mEERGRES 50 NO EAER»HINT 2
ZERRLEFDA A Z XL DCTHRE 2T 72, EEK
BT % Db D 6D NOBEREIIEHOTE ST, MEFWNKE
MR AL T NOEERMEBEO L 72, 361
NOS HZEMTH 5 L-NMA L DEX (#4#E 2 ¥ 2|z &k
NHEIN D NO LML CTHRWERZRL 72,
b DERIE, AKX 22 L 5 B FE B
56D NOEEA NOS T & D) L-arginine »» 5 #72ic &
BE N NOICH®T 22 & 2570 T %, superoxide
FNOZHEET 2HFEL N &3 o superoxide  dis-
mutase (SOD) &A%, NO ged gXmic HEniciEs
LT 2 THEM b B8 5 B h b 5, hRICIZT T
RIA PRI TFX HEEENE) 72/ — LBt
Lede LT, Mt SOD EM* AT 2E+ %
AT SRS L 2R T, - R -
- ALTE - REKE T SO RER{LIER X SOD it AT
WEEN TS, L2LEELORFTIE, Z0)bH
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B 3 NOEEAREFEREIZHTEL T, £%D
SOD &Iz & 5 NO EA BEINOWREEILIE - & Bb
N5, 4%, NOS #HIETOEE L ~)UCBERIEEL & 8
LI L WA= X LOREPLEE RS,

NO EAE BRIz 4 E# A L 72 Griess MIE DRI R
FUIH M DA — 5 —Th % 7285, NO BEEH B AR
ENLh-2LDIEOWTh, ZF0L) WAL GET
LIRBICII L 5T, BLIBRENHENT v kEBw
THRET 5 LBELRB I Nz, 72, NOSFFHER
(inducible type, iINOS) & JEFEEA (constitutive type,
cNOS) iz Kpi& i, INOS Ik » THEEENS NOD
BIZ cNOS nFTEICc b ET 3N THY, @, i
BN B HIBRIZ 13 cNOS 75, Tl iz 13 INOS 77 &
LCHET B2 E oMb Tw o LizhisT, K&
faon cNOS o it bic & 2 NO EEAERISIER I Z nE
BRATRETIDIRE NI NG, UL, BB
EOENZDT v A RTEEHMERIZN L CNOE
HERIIER 2 B L DI OWTIL, FOEEDEIE
A OBE R RET I TaOBRBRICE 2 LB b S,
A X EEIC DV T3 NO EE A B BB 13 400 wg/ml
UEkogwggEcLrRBcsd, RN TELESM
HBEZEZ T ETFRINLD, FIRoBEBIC LD,
Z N in vitro DEBETORMBEO G2 IZTERNTOM

BV EHMEES 5 NO BEENEER % G T 5 R4

ik b T, BULEEYES 3 v Z12BWTC, IL-1 % X0
WA E A4 HEEE NS INOSIC L B EED NO
Al sy ZREBICBIT ARMENEREEZ LN TH
N Y R, TL-1 13 s A T AR I 0 L R %
NO FEERIBIER 2R 1. AB, BESESTRLAL
TR TR 7 NO FEH B8 ) J7 79 AR A T o 36T 50
RrLtiRENFFLVEHNENG, BEOOLERT
YERIZBET % in vivo ORET T3 TICHIHIMERZEWE
Td 5 y-aminobutyric acid (GABA) &% DO iEHHE
FLTHEE TS A GABA (2 13 A ML P 1
B L T in vitro T NO JEAE RIS 12 32

T, ZHFEEOMER FERIC, GABA LSt
FEHUERTIZLENOEMN LA =X L5 L T
BUREHE R R L T b, ABIZIZIME FH S & ME
B R A L T 2 BAH LN T 2550 4E O
EBIERIL, ABICLLNERTHERD A= XAV
ror LT, NOKHEEOEIFORS DR & 1M L
TV EBbN s, FEIC L METIRIERX /Mg
W7 5 NO 2 A L7z A 8 = X A0l b % Rt 535
BEST TIBRE SN TV EY 205 SRRz
L CHEERNTL RBEORIF TR - TW a2 X 5 0k
BIic i3, NO e MR 2 A BB £ REL, £

DYE D in vivo TOERZREST 5 LEFH D, 514
NIFRRBEEbLS,

NO # AL 7z mEHSRIC & 5 mEEm-<eHMEER D W
FIXHLECEREEE : VR T L 2 RS NS,
I F X BB REDEILERBEEES NOICLY
FREINLE\|MEINTEY, FoBFE LT, =
FE*ookDEEE NS thromboxane A2 % &)
MEFMEEERE I L 2 RBMEONECERL, &
I MREEE 2 3RS 5 2 E i L ) iR R R Jf T S
ECHBHIMER Y QBT 25 EHERBE N TVn
IO &) HRBIEREEICER T 208 - Bk
EoWE, 2 HICEIRB{LERRIR L SIcBIT 5 ERE
DEFMEH ORI L TH, EFERIC L 5 WEEE)
5D NOEEIZHT BERAPLNO 2L 7F Uz
ERICKIZTTERICET 2REIrSHBLEE BN,

&

E 2

ANZ - EE - BHE0&KZX 22, T EFET
MR 2 NO BEERBER £ 5872, EHEIC LD
MmAEPLSRER, ABIMREE{GIER 7 & DIEERRIC RUT§3
HEAOBIFIC, £ER & 5 MRS 50 NO BEHE
RIBAEH OB G- DT REM: % H8HE L 72,
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