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In vitro Effects of Mono- and Dimethylarginines on the
Contractility of Rat Thoracic Aorta

Youn Ho Park, Sun Mee Park, Yong Kee Kim and Hyang Woo Lee*
Department of Biochemistry, College of Pharmacy, Sung Kyun Kwan University, Suwon 440-746, Korea

Abstract—In order to study the functions of vascular endothelial nitric oxide(NO) generating
system, we examined the effects of monomethylarginine(MMA) and dimethylarginine(DMA)(asym.,
sym.), arginine analogues, on modulation of vascular tone. Also, the concentrations of endogenous
arginie and MMA were measured by HPLC in rat aortic tissues.

The results were as follows.

1. The maximum relaxation induced by Ach (1.5X 10 *M) was 80% of the contractility of rings
of rat aorta induced by phenylephrine and L-Arg causes endothelium-dependent relaxation of the
aorta precontracted with phenylephrine and these relaxation were concentration-dependent.

2. Endothelium-dependent contractility of rings of rat aorta induced by MMA (100 uM), DMA
(asym., 100 uM) and DMA (sym., 100 uM) were 25.5%, 27.5% and 16.5% of that induced by phenyle-

phrine respectively.

3. The relaxation of rat aortic ring induced by L-Arg was inhibited by MMA, DMA(asym.) and
DMA(sym.). The degrees of inhibition induced by MMA, DMA(asym.) and DMA(sym.) were 45.7%,

37.1% and 18.3%, respectively.

4. The endogenous arginine and monomethylarginine contents in rat aorta were 83 pmoles/mg
wet tissue, and 34.9 pmoles/mg wet tissue. After stimulation with Ach, the concentrations of L-

Arg and MMA were significantly decreased.

These results suggest that there are the strong relationships between the endogenous L-Arg and
methylated arginines and NO-generating system.

Keywords [ ] Nitric oxide, EDRF, Arginine, Monomethylarginine, Dimethylarginine (asym., sym.).

Nitric Oxide(NO)&= 214 F4-Yol| 4 6~1029]
#He W E e ol BUAT EE vE
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rophage®] <o &4 2 uteigle} ApHAFAV}
NO¢t #23Ado] gl&-& wach? =3k NO fAh=42
Hl2-2 macrophage® =t ¢}l peritonial neutro-
phils,” human neutrophil,” phagocyte 52 %% s}
Lol Wolahz AFollA] ARtk Ag FHaldsl
o o] 2] EMT-6 adenocarcinoma cells,® hepatic
kupffer cell®lA% NO7} A=ty B wsleich

Cerebellar neuron culture”$} brain extract® 2
HE] NO9 MAdo] #alsd o]a ¥ NO= cGMP
level ] #x17} o3 ¥3lo] nonadrenergic, noncholine-
rgic transmitter24] 2183t Aol oltelw
ojglicl . gho}?

371y endothelial cello|A] 215l &4l en-
dothelium derived relaxing factor(EDRF)'V= acety-
Icholine, bradykinin Sl 2§ &g o) gbata st
23 oA zta3? HadEe EAZ Palmer Soll 9
3 NOYol wrsl#th™ Ach 52 oFgel o =t
endothelial cell] Ca**¢] =7} £7}5le] NO syn-
thase7} #4355 L-Arg2 25 € NO7} §HAds=?
AAE NO&= o]%3t a3 JAFIYE F4lks]o] gua-
nylate cyclases #AsHA|70ch o] Fte] 2gow
cGMPE Z7H)71a ¥ fd2ue] Ca*t F=7t
2 &tElng dyto] o)ty B uEchY

oje} 7ol MA WAl cftet &S vEld=
NO+= NO synthase 9A[#2 4234 L-monomethy-
larginine, L-nitroarginine'®l 2]&] A Ado] oJA| =,
macrophageel| 4] &+ *#5 A 9l ulbe|ejote] Abd
ATE 2ckslo ¥ cGMPE) 3418 A g B8
golgt 24w AAVEIL Frh 53] Hiolst
aeke] o2 B71 FF dlEHel4 Achell i3t
o)t oA guinea pig F-Fo4 tensions]
Z7119 HMzm mr)Ede] dglte] Z7L'™ guinea
pige] #AEFle] F71Y L-NMMAS] A= Fof4]
Har datel 441 blood flowe] 7+ 59 oFg] A

HAN7E rasglct o]#1d NO synthase A}
Aol 2)gh AtE e L-Argel o8] whbds+ 71

ol g viehin} 3 BolxH o LARke] o
A28 el Bol4dg Itk

o)zigt A5 wiuto g dto] E Ao e d g
NO AA71He 7|42 arginine®} methylated
amino acid?] monomethylarginine(MMA), dimethy-
larginine(DMA, sym, asym.)2] &3tel ol 2-8-&

Al &

ih

7AAstgd o Ho]HA] L-arginine®] A}
MMAS] Eafjolie} MMAo| d3| +F =g o]
ko] zAQIALRA Y slEAde]l leAl Aot}
g3y Args} MMAS] k& HPLC system$& ©]
2-5te] zAbsleich

AUy

AEHSE

A% 250~300g2] Sprague-DawleyA S #FE
FrEgle] FEAA dAZIE AT F A
Apa-salet

Alet

Phenylephrine(Sigma), Acetylcholine Bromide
(Sigma), N°-monomethyl-L-arginine(Bachem), N©,
NC-dimethyi-L-arginine di-(p-hydroxyazobenzene-p'-
sulfonate) salt(Bachem), N N’S-dimethyl-L-argi-
nine di-(p-hydroxyazobenzene-p’-sulfonate) salt(Si-
gma), L-Arginine(Sigma.), Sodium acetate, trihyd-
rate(Sigma), Triethylamine(Aldrich), Phenylisothio-
cyanate(Pierce), Dowex 50W H™ form cation excha-
nger(Sigma) 71e}e] A|ekE Algh EFA|FE A3}
e,

717

EEG & Polygraph Data recording system (GRASS
MODEL 79E, GRASS, U.S.A)), Isotemp Refrigerated
Ciculator (Model 910, Fischer, U.S.A), 95% O./5%
CO, air tank, HPLC (501 Solvent delivery system,
486 Tunable Absorbance detector, U6K universal
injector, Waters, U.S.A.) Freeze dryer(Labconco, U.
SA) & AHE3dch

k2 AMXIA| ©Ee| M3RH

Az Aol 3 A& «F %44 A thoracic aorta
g ¥ vlg] 95% 07122 5% CO7bA 2 E3H4]7)
Krebs bicarbonate buffer (pH 7.4, 37C) -2¢§2Vef 4
Az A2 Az, 39S Azt o g oF
7~8 mm=z Zz} ARE3todch

vlg] 95% O.7F=9F 5% CO, 7k~ E3HAIZ)
Krebs bicarbonate buffer (pH 7.4) £<12} 10 m/ or-
gan bathol] 3-8 Y3 glass hookel] 71 o} trans-
ducerell @17 A4]7) & GRASS MODEL 79E EEG &
Polygraph Data Recording System®.2 23 3}gic}.
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w4 223 mediumirt HHo] HEE 60F Ax
preincubationdt ¥ 7zt o}E =2 2}x)3}te] 2047} incu-
bationA} 2] & #9] Wi3}E #aslsic}. Phenylephrine
750 nM&- 7}8ted & %470 F acetylcholine
15X107°M< 7}sle] Achell @& E2Hg-& A+
¥.3 L-arginine-$ organ bathu] &%%7} 10 ¢ 1077,
1074 107% 102 MU=l a3 FHsich

XTHI 2 FXXA| @Ee Wi 55

Organ bath W ¥ 60%-%<} preincubationgt
F Axx oFE MMA, DMA(asym.), DMA(sym.)&
30 pM, 100 uM-& 7}sba 3082 A *] 3o incuba-
tiondF § phenylephephrine 2.5 ¥#g A7
L-arginine 10 M %] &}e] incubation A1Z-& <]
H3te] WsE FAsich

S =X L-Arginine, Monomethylarginine2| &2t

1) ZX|x2|®

i) MAAE]— 43R & AE GF XA
thoracic aortag 33k ¥ vlg] 95% 0,7}2=9} 5% CO;
7}~2 ¥3}A]7] Krebs bicarbonate buffer (pH 7.4)
fofoll A etz Agrs], gAg AAsL ¥
He] TAE A F 50% ethanold 4m/ A= 7}gk
% glass-glass homogenizer 2 <1v}3l5ic}. Homoge-
nateE 12,000 X gol| 4] 1057+ dAlH-elste] FaHdE
At

i) Acetylcholine XX 2| AlEH—AH7]9} e Wy
o e FPE v|g] 95% O0.7F29) 5% CO7tAE
23}4)7] Krebs bicarbonate buffer (pH 7.4) 4-°42]
10 m/ organ bathell ¥ 3 bath] %7} 1.5X107°
Me] =2 Achg 7}8le] 308 592} incubationgtc}.
IncubationZ® % d3eo] FAE A3, 50% etha-
nol& 4m/ J% 7}3+ % glass-glass homogenizer=
odn}gte}. HomogenateE 12,000 X goll 4 10¥-%F
AR-elste] AFGHS dgch

2) ¥7|4 ojolit BEel =P

Ay 232 AdAvlslo] ARl dt F L Adeds
Dowex 50W ofo]2 wst=] column (0.8X5cm,
Dowex 50 W H* form, 100~200 mesh)ol 7}3}aL,
acidic amino acid& #|73}7] $I5le] 50 m/®] wa-
ter® washingdt ¥ 25 m/¢] 2 M ammonium hydro-
xideZ &%8to] uke A7|4 ofu]x4l #8E& 70T
oA Zhat EFEEg) dojal AALE 4] FR

4] o] eppendorf tubeol] &% ¥ FHAE3ch
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3) Yol otolkAl BEO =
opy

Ethanol, Mili-Q water, triethylamine-& 27} 2 : 2
D1/ HIEE EE AAE Al S0 WE Ax
Azl 4714 olw)eAl FE ol ety A Ax &
% ethanol, Mili-Q water, triethylamine, phenyliso-
thiocyanateZ zt7zt 7 :1:1: 1(v/v)2] v|& & &3
A Alde D27 471 ov)al B8 7}
alod wh-2-A]17] & 7Ax3keic)h Diluent 200 W E 7}
811 0.45 um filter unitd AF8-s}o] o3u}gt & HPLC
Aekol o] &-3hqict

HPLC EA{Z=71 % FHaahy

Column<- silica base®] picotag column-g- ©]-4-3}
o o]lFAte 2 Eluent A9} B9 gradient system
2 A6l A A3t} Detector+= UV absorbance de-
tector(269 nm)& Alg&3lglon w27 35C o]gl
i aufs 0019l Injection volumn-2 10 /o)
gdem Argst MMA9 &5+ 37 Argy} MMA<
pmoleol] &} peak area®] TA R 7]ekil-& A5}
F3kedch Arg@ MMA peake] &9l o %2ke] sta-
ndard-& sampleol &3 F injectiond}ed peak re-
tention time2] A3} peak aread] H3}E ¥nl
slo] #alsfgich
solvent 2713} gradient program-2- t}&-3 %t}

| REH s

Solvent A: 0.14 M Sodium acetate trihydrate
Triethylamine 0.05%
Mili-Q water 1L
pH 6.4 with phosphoric acid

resulting buffer . acetonitrile=94 . 6
Solvent B: 60% Acetonitrile

Gradient program

Time flow %A  %B curve

0 1.0 100 0 *
10.0 1.0 54 46 5
10.5 1.0 0 100 6
11.0 1.5 0 100 6
14.0 1.5 0 100 6
14.5 15 100 0 6
205 15 100 6
21.0 1.0 100 0 6
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Temperature: 35C
Injection volumn: 10 W
Detector: UV absorbance detector (269 nm)

AEEn

Ach.o} Zi=TY L-Arg Mx|A| &322 3 —-Or-
gan bath] phenylephrine 750 nM$ 7}3le] -3
$22)7) ¥ Ach(15X10 ‘M)el| &l3ted 80% AEZR
o) 2kl o v] L-ArgS organ bath W FFx7} 10°¢
1075, 1074, 1073, 10 *Mo| HxE I x]5}lS = 10
%ol A} 40% HEZ Fpo] o)A 7} HAF Frlee
AES e BE FRA fAe datad
odgic}k(Table I, Fig. D).

MMAZ} DMA(asym., sym.)2| TX{XIA| &2
#13}—Organ bath\] &3] MMA =i= DMASHES
zkzt 308-7b A x)X|8l3 phenylephrine(750 nM)&
xstlS w) dAe] FEHEe Fvle MMA HA
%] A] 30 uM, 100 uMef| 4] 15.6%, 255% %7131 =
DMA(asym.)& %81 «f 30 uM, 100 uMel| 4]
15.0%, 275% T&85& Z7H7A A8 A% &
#5 vehigdeh 28y DMA(sym.)-2 30 uMell 4]
12.3%, 165%2. 27t v 7% F7H-E vedisin
(Table II, Fig. 2, Fig.3).

MMAS} DMA(asym., sym.)2| Hx{X|A] L-Argol|
o8t & 2to| ¥ &} —Organ bath' o] MMA i
DMA °oF&& 7bzb 30%-71 A A 2|3} phenylephrine
(750 nM)-& "3 & L-Arg(10 *M)Z 731 & o
L-Argell 28] 35% Hx9] dto)gt Hgo] viehdel

Table I—Relaxation of rings of thoracic aorta by a va-
rious concentrations of arginine.(% of Pheny-
lephrine control)

Concentration (M) Relaxation (%)

Ach 1.5X10 *M 79.0% 12.7 ***

L-Arg 1.0Xx10 *M 9.8+ 1.4*
1.0X10 "M 17.8% 4.0
1.0X10 *M 23.0+ 4.0
1.0X10 "M 35.0% 2.3***
1.0X10 *M 38.0% 7.0*

Each value represents the Mean+ SE., n=8
Specificantly differet from control
: P<0.05, **: P<0.01, ***: P<0.001

n)s) MMA, DMA¢} Hxxx] MMA 30pM, 100
uMell 4] 232%, 19.0%2 Hho)st zh8-0] AE %S
Holu] DMA(asym.) 30 uM, 100 pMol| A 26.6, 22.0%,
DMA(sym.) 30 pM, 100 uMol 4 30.0%, 28.6% H=
o|$+E-2 Mo Argell ol& ¥golst Al E3tE=

A&e vk & o2t oAl i a= MMA>DMA
(asym.)>DMA(sym.) 2.2 247455 HHcKTa-
ble III, Fig. 4).

Thoracic aortal L-ArgZ} MMAS| #&nl Ach
% Z|Al SEL| #3l—Thoracic aorta W] L-
Arg® MMA<9| 32 normald o Arge 831
pmole/mg wet tissue®|x, MMA+ 34.9 pmole/mg
wet tissueo)th. Ache] Ao} 2]3]l4 Arge 48.3
pmole/mg wet tissue, MMA-2 13.3 pmole/mg wet
tissueolsdth. Ach® el 2ol Arg2 483
pmole/mg wet tissue, MMA-2 13.3 pmole/mg wet
tissue® Arg, MMAZS #9430 A 45t ciTa-

a) Relaxation by Ach.

LLEN

N i

org
5 min

1. Phenylephrine 750 nM 2. Ach 15X10°¢*M

b) Relaxation by L-Arg.

1. Phenylephrine 750 nM 2. L-Arg 1073M

Fig. 1—Representative biological responses of rat aor-
tic rings precontracted with phenylephrine.
Isolated rings of endothelium-intact thoracic
aorta were precontracted with phenylephrine
(750 nM), and challenged with L-arginine(1073
M).

J. Pharm. Soc. Korea
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Table II—Effects of pretreatments with MMA and
DMA on contractility of rings of rat thoracic
aorta by phenylephrine

Concentration (uM) Contraction (%)

Phenylephrine 750 nM 100
MMA 30 115.64 2.3***
100 1255+ 2.7%**
DMA(asym.) 30 115.0% 3.0***
100 127.5+ 6.8***
DMA(sym.) 30 112.3+ 4.5*
100 116.5+ 6.0

Each value represents the Meant SE. n=10
Specificantly different from control
*: P<0.05, **: P<0.01, ***: P<0.001

1. Phenylephrine 750 nM

1 2 0.1g

Smin

1. MMA 30uM 2. Phenylephrine 750 nM

0.1g

1 2

5min

1. MMA 100 uM 2. Phenylephrine 750 nM

Fig. 2—Effects of MMA on the contractility of rat aor-
tic rings by phenylephrine.
Isolated rings of the thoracic aorta were prein-
cubated with MMA(30 uM or 100 uM) for 30
min. at 37C and treated with phenylephrine
(750 nM).

Vol. 37, No. 2, 1993

o1g

1 Smin

1. Phenylephrine 750 nM

o1g

Smin

1. DMA (Asym.) 30 uM 2. Phenylephrine 750 nM

1 2 Smin

1. DMA (Asym.) 100 uM 2. Phenylephrine 750 nM
Fig. 3—Effects of DMA(asym.) on the contractility of
rat aortic rings by phenylephrine.
Isolated rings of the thoracic aorta were prein-
cubated with DMA (asym., 30 uM or 100 uM)
for 30 min at 37C and treated with phenyle-
phrine(750 nM).

Table III—Effect of arginine on the contractility of rat

aortic rings pretreated with MMA or
DMA
Concentration Relaxation
(uM) % of Phenylephrine % of Arg
MMA 0 35.0+ 23 100.0
30 232+ 6.0* 66.3
100 19.0+ 4.0** 54.3
DMA 0 35.0+23 100.0
(asym.) 30 26.6+ 4.5* 76.0
100 22.0+ 5.0* 62.9
DMA 0 350+ 23 100.0
(sym.) 30 30.0+ 6.0 85.7
100 28.6* 6.5 817
Each value represents the Meanx SE., n=12

Specificantly different from control
*: P<0.05, **: P<0.01
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a) Relaxation by L-Arg after pretreatment with MMA.

P

oig

Smin

1. MMA 100 uM 2. Phenylephrine 750 nM 3. L-Arg 1073M

b) Relaxation by L-Arg after pretreatment with DMA.

2 ]o_vg

Smin

1. DMA 100 uM 2. Phenylephrine 750 nM 3. L-Arg 1073M

Fig. 4—Effect of arginine on the contractility of rat

aortic rings pretreated with MMA or DMA
(asym.)
The aortic rings were preincubated with MMA
(100 uM) or DMA (asym., 100 uM) for 30 min
at 37C. Then the preincubated aortic rings
were contracted with phenylephrine and the
degree of relaxation by L-Arg(10-*M) was ob-
served.

Table IV—Contents of endogenous Arg and MMA in
rat aortic tissues

content (pmoles/mg wet tissue)

Arg MMA
Normal 83.1+ 72 349+ 5.1
Ach treatment 483+ 3.3** 13.3+ 2.1**

Each value represents the Mean= SE., n=5
Specificantly different from control
**: P<0.01

ble IV). Fig. 5% rat thoracic aortaE &byl
7]43&F up o} 7o v o 2 HPLC sample prepara-
tiond ## & Arg 500 pmole/10 W/, MMA 500
pmole/10 W& 747+ 7}3ke] Arg, MMA peakg <l
stedth Arg peak?] retention time- 2F 5.7 mine]|w,
MMA peak®?] retention time 2} 8.0 min®|ith

Absorbance at 269 nm
Arg peak (5.7 min)
MMA peak (8.0 min)

(__
6——

\ g

g

Retention Time(min)

0.00 C

=)
<
[t

10.00

Fig. 5—Identification of Arg and MMA in normal rat
aortic tissue.

o F#

83 ] &x)5= EDRF+ Nitric oxide® 23] %
om® L.Argo 2 RE|™ NO synthased] Zvl24&
o8 AAEe o 2hee cGMP2) Ao.2 d3tost
210 g4 $4] oA 2o FAPHPE By
sdck o] 9 N-2& arginine-%£§ 3gE2 L-
BAEE (N*benzoyl-L-arginine ethyl ester),?® L-ho-
moarginine, L-amino guanidino butric acid®= endo-
thelium-dependent ¥ go]k?E viehluy MMAJ]
olgk ¥ % FEE ARk g
B A de Args TEEER HAEE o o

HelE 23g A3 100uM FEFHA FHd
& oF 8~10% Aol o]shgo] vehdrhe
Ree %-¢] w1 vlsf 1074 1075 1072Md dof 23,
35, 38%= ®lwA aFEsbela] Fhe|t zhg-o]

i
AUy

o]

o

J. Pharm. Soc. Korea



3 FRUEY $3o)

PlAE B 9 ealelz)d e o3 169

Felo] vetbs o g Mol &R vlsle] F
Arge) dgtolgt Ay} JS-& & & gk =7
AA zAW] Arge] efol] Hls] dgdo|gd oFE<)
Achel =% AW Arge] o] oA A 2
Agre2 Achdl 93 NO9| ub&A] 7142 Argol
o] 8% Zog F&Hr}

T L-Argf4d9l MMAS 3 endothelial
cellel 4] NO9 A& JAsh,"® rmi38a =79
guinea pigdl FUsHE F7HAFIALY & Ao 49

& AFaA7E 5 el Ras gl w3 NO
synthase A4 24 NC-nitro-L-arginine®. rabbit
aorta®] o]gh& ARty Y Hom® 7 atgw
E719 "3}g AA17]19,1 neutrophilell 4] NO &
& gt &l £3] mouse anococcygeus
o4 non-adrenergic, non-cholinergic transmission
(NANC)oll = L-MMAXc} 743 oAl 2 =83
the 2% uhk® o]2] Nebutyloxycarbonyl- NC-
nitro-L-arginine,” N-iminoethyl-L-ornithine® % &
FHolgt Aol thall o ) 2H8-& 7} Canavanine=.
| Bl 28 rat aortaolA] Hito|2hg o
gk B E )b Rees?t Palmer 52 NS, NO-di-
methyl-L-arginine, L-homoarginine, L-o-amino--
guanidino-propionic acid, L-a-amino-y-guanidinobu-
tric acid, L-canavanine, L-argininamide, agmatin, 5-
guanidinovaleric acid, L-citrullin, urea, L-arginine-
ols "ot
ety Baskgdow ™ x| L-

methylester, L-arginineaspartate<l]
Zhg-o] vieftz

arginine methylester7te] MMA®] &35 HEAo
2 wbdsks adgte] vepvtal ®ouseic)

E A¥e M= MMAS] DMA(asym.), DMA(sym.)
2] NO-generating systemoll+] o] g zhg-&
A E A3, MMA®] ¥3bel] oigh zh8-2 g o8
Ar+AHEe B3l #AFSEA phenylephrinee] "3t
TFEEE U Argell &3t Yol 42 o
Age A5 vehll 22 NO synthase o #4)¢
ol 4 2lgich ¥bH Rees®} Palmere] F#al=
=] & A A= DMA(asym.) s MMA=} 34}
Argell o&t ¥ 3elgt 2H8-& <JA5ted NO synthase
inhibitor#] 2h-g-e] gl&°] &= g} 12+t DMA
(sym.)¥= MMAS} DMA(asym.)ol| H]a}ed ofgl &3
o] ehzah8-& vlefiqich ole} falgl Anpe A, HE
Moncada 52 DMA(asym.)”} human plasmatH ¢l] A

il

&)

m[o
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NO synthase2] W&l =&} Zﬂi EAPGge AL S
alalda, wHA AlRA-S zh= $hAjel| 4] DMAS &
wf A oFo] Zhassle] plasmavioll S go g waEgt
o] fgle] & 4= 9lE-& R}

dg@vell= Arg ¥ub ozl c}ekgl guanidino
s3hEe] Tt Hase] glom® E3) endo-
thelial cellol & guanidino ##Ee] E =]
ol deA 9k 2822 oJuw§ guanidino 3h
ggo] A, o]eldt guanidino 3}gEo] Y}
T3 o] 2he] 2 Ao Aujgt AES s3] 5 dopr ]
$13le) methylated arginine 3}§Eo]n] &Ho|g}
2+4-2] 39 A 285w 9l MMAL A AW
&l o355 7N’ A} MMAe] < 35 pmole/mg
wet tissue AHX ZEAst Achzz)A] f-oJAdgle &
‘%*7:}3113] Haks vtebfo] o)k AN EA

2 Agsta S-S 2 HeE g9 4 ik
% t}egt guanidino #H§HE5 methylated ¥l MMA<]
P &5 o 5 2ddeor dH ¢4 g o9k
ZAsz SAE ALagdo) s xuk Nl Eafsl=
MMAS®] 472 3 A3 2187 del] iyl 1 3o)
o] Foj el & Zo|rk

2 B

¥ A#ell A= nitric oxide A7) M gk 7=
A724 Arg¥ methylated amino aciddl MMA,
DMA(sym, asym)®] 3ol ofjgt 2t4-8 7] Malgl e
o, F3hf Arg¥} MMA2] nitric oxide Aol st
3 3Al-& ool 12} HPLC system & o] 8-3}o] &3t
ZAW ko] Wakg zAbsldch

1. Achz} Zt=sZY L-Arge| Xx|A| gate| #3}
—Ach(1.5X10 M)l o3t dto]shg2 80% A=
o]nf L-Arg-S 10 ¢ 10°° 10 4 10°% 10 2Me] =
EE AAEESE W 10%14 40% HE=E e
ol st Aat Flske AEde viehigdr)

2. MMAZ} DMA(asym., sym.)2| x{x|A| pheny-
lephrine2| 2ol CHEt H&—Htel MMA ==
DMA°FE-& A AEl& W dde] 5559 Z7}
= MMA Ax4] 30 uM, 100 pM3] o} 156%, 25.5
%2 Z7hslelem, DMA(asym.)e] A2 30
uM, 100 uM o 150, 27.5%2 +5&2 Z7HA1A
MMA3} fAtgt Axe] axs vehdigdel ey
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DMAGsym.)© 30 uM, 100 uMel w 12.3, 165%%
okt W & Z/MES et

3. MMAS} DMA(asym., sym.)@| ZFx{x|A| L-
Argtl| 2|3t &zl ¥igl— o) MMA =+ DMA
oFE-8- 7zt 30%-7F A | 283l phenylephrined %]
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