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pentobarbital (25mg/kﬂ LVORRBE T, FHE 2 U L. ATFEhAR 2 85,010 L 72, a4k
FUEIR ST IEER £ 0 FSmmeC et 27 ) 2/ UIBE (F 3890.5mm) L 70, UIBHER & 9 Ak
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SEFEERLIN SV — > A 7 — 7 )L (12-40-3F, American Edward Laboratories) % {6 A L .
IR A2 H > TR 2 FBEL 720 730 — 2 121390, 15mI0d 22 5% FE il L (
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fifa 2 5E L, MIRIBIE O C PN g (%) & LTERDbL,
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P AR R BUMFOE S A W AR SRR & A L s (T ARG S ONICHE
Glak e PR L 7otk Fm‘ﬁ"}"ninlmﬁil')‘f@"fﬁ’?w DECY . 2= $ 5 LI
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i (FEESmI) Z i L f;orgnn chamber PNIZ500mgD #IIET) % BF L THETE L 72, 4k
U %5k )) 2{ L4 force-displacement transducer (TB-612T) % 4 L T-X > & X oscillograph -
VRCER L 7, BTl o BB 2 © DN MR M FE A2 81T A acetylcholine (ACh)EE %M
VAN (A 7 4 5l% BUIE (endothelium-dependent relaxation : EDR)DFEEE IS, 185 0772
— bR MR 7> © Emax (ROKUAE %) 7 & DNZ-log ECS0% 3K THELL 72, AChEE%E
EDRIZ K X" NY-monomethyl-L-arginine (L-NMMA), asymmetrical NG NS-dimethylarginine
(ADMA) 5 & Usymmeltrical NG, N 'C-dimethylarginine (SDMA)D 32282 D W T H ST L 720

2 .6 .L-Arginine, L-NMMA, ADMA & £ U SDMA DESE
U230 2 & OIS BEZE NI L 3503 A L-arginine, L-NMMA, ADMA7Z: & (FIZSDMA S

(]

o @ndifli (k7 U~ b 777 4 — (HPLC: [1A59%) 2\, Villanueva et al. (10)0
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JrdA L CoER L 72,
R~ A v %

Fabb  BFRIBEE L S U HEIE SEEIIR E AR o Py b
— 7NV TECEBT LI EICL o TR 2D, K& L7

5SM HEPES #£#7ifi (pH 7.4) P TEBE AL ( Sonifire 250, Branson : 2077 v M (2 T15

Table I Composition and conditions of eluting buffers

Buffer Lithium citrate (N) pH Elution time (min)

| 0.1 6.06 8

2 0.6 6.85 8

3 1.1 7.00 25

4 1.4 7.05 70

Chart A Chart B
2
| -
Peak  Compound RT (min) Peauk  RT (|nin_)
s 37.740.12 (6) I 37.7+0.13(6)
2 L-Arginine 7162005 (6) 2 71.6£0.04 (6)
2 3 L-NMMA  B0.120.04 (6) 3 80.1+0.04 (6)
e 1 ADMA 82.3+0.04 (6) 1 82.3£0.05(6)
Pt S SDMA 86.620.03 (6)
g 4
i
N 3
A \
N ST J S g A ,,__A,_,/\_ —
| | | | | |
40 60 80) 40 60 80

Retention time (min)

Retention time (min)

Figure 1 Chromatographic analysis of a standard mixture of L-arginine and its methylated
derivatives (a) and crude extract of regenerated endothelial cells (ECs) (b).

Retention time (RT) is given as mean =s.e.m. of 6 determinations on a mixture containing 200
pmol of each of the authentic compounds (a). Total of 6 determinations for the crude extract of

the control (n=3) and regenerated ECs (n=3) were averaged (b),

n)\l) was used as an intemal standard (1S).
gave a good overall resolution.
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FLIU) L /- Trichloroacetic acid % S A% A %2 % L & 1R L 7212, 1,300g12 T
mﬁﬂﬁ&ﬁ%L,LE%HHEW%>7N;LEQHHCKﬂwtmuﬁ&%UK
AR & Table  1WZ7R L7z, U £ Corthophthalaldehyde D ifts® % € 1L €110.55
5L 0033mlmink L7s. $7:0 # 9 L(AApak Li, 6.0mmIDx100mm, H 455 0)
2-60°C & L 72, L-arginine, L-NMMA, ADMA/x 75 NICSDMAEGO 7~ M T LR
KON IE R & Fig. VIR L7z, YRR AEY) BLIZ (X paraphenylenediamine
dihydrochloride & IV 72, %“%MUNEH]Y«&V%V THEMEOY — 7 AT 5 &R
MOV — VRSO ILHEC 0 response  facton DFHIMA A DL IR Y . $abh b, L
arginine : Y=59.38X-0.515 (r=0.9995), L-NMMA : Y=28.45X-0.427 (r=0.9996), ADMA :
Y=71.26X-0.437 (r=0.9995)3 & 'SDMA : Y=71.65X-0.233 (r=0.9998) Td > 72, &1
S OEITERC W5 4 ¥ — 7 Dresponse factor (X) ¥ 3K, ZALENLE ERUISUAT
B2 BN L o TIEHNE RO ZALEM DR T RO 7,

2.7 DNADEE
Kissane & Robins (11O F i IZHEM L TDNAX &8 8 L7, F7o. Lowryik (12)
IZE > CHREARIE A EELL,

3. MROBR

1 AEMDBAE & NIEEE

JE4E 0 TS 81 & B BIEORE AL, (BTl % i L 72 v F oo IR T2 5 im
(A S & » TR ASICEDILTE ) . P i )7 a3ty . $ch
PRSI L2, NI AT REE 6 M fe, RIBEII5E 4 12 AN ANIB LS & - T
DAL C W, JEHER Al & X8 2 » TR R 2 2 L, B P‘idé"l LCuw/, Zit
O, INIE S22 { L . von Willebrand Factor % S92 8s(h 4 4 2 L 12 X - TP
Nu-Cdp L L REss L7z, NI AR A 6 BT oD PYIE f2fn 2 o0 i & Aﬂi’_la[’wﬂlﬂl]ai’i
(9.540 1 317 cells/mm? (n=5)) 1314 T-H7HED Z 116,493 1248 cells/mm? (n=5) HIZIHHE L
A E(p<0.005) 128 L T 72,

Table 2 Neointima formation after endothelial removal of rabbit carotid artery

TlLﬂlIl]ull n Mudm (mm”) lmnm/Mcdm (‘7( )_
Sham operation 5 80.8 1:4.6 4.810.6
Endothelial removal 5 89.81+82 38.7 k8. 2***

Results are given as meants.e.m.  **¥p<0.005. The neointima formation was estimated 6
weeks after the endothelial removal of rabbit carotid artery.
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N AR 340 Bl 32 O TN IRIBIE D5 YL % Table 2028 L 72, 1B T-HT/E48 288Nk C o Py
PR (@38 L0606 (n=5)Tdr o 725, PRI AE 6 8 F L3 M 25T
(p<0.005) L ZNUSE L38.70.8.2 % (n=5) & 7o » 72, thIEOFTAEI (LM EEC AT 70,

3. 2 ACh SFRAKEIKIFMEMERIC (EDR)

10°M Noradrenaline (NA) 3G T O#8 SR transverse stript2 10°°M ACh & i8I 4 &
W1 70 e s BOG S ke S A7z, Zoobaeld, PRSP 2ei2 123 Yz L. 10°M
methylene blueZ: © N2 10*M NG—nilro—L—urginincﬁﬁﬂ[’%’.(l Lo THWIEEG L 7245,
10°M indomethacinld ZAUZ L CRE L Ao, SIS DOHEL, AChIZPIHAN
T A DEDRF/NOZ 77 L Tl IS % #ked L4%, PCGIAE ZHUIHS LanwZ & x
AN

[ Ty L R 20 & OV IVE ME OV FIUZ BV T HACHh (10973x105SM)ld ., T (K
(AL SRR L & ke L7225 IE MAF Cosbigid ¥ L CIREG L Tw 7z, # ofE 3
A Table 3123 L 72, R mﬁgmenm (%) 7 © UL Z-log ECSOfH (WAL & (4T &
TOFNM L THEIZ NS o 7

Table 3 Comparison of the ACh-induced endothelium-dependent relaxation response

Group n Emax (%) -logEC50
Sham operated LCA 5 72,4478 7.384.0.07
Previously denuded RCA 5 18.9 4. 2.6%%% 5.78 4:0.09%

Results are given as meant:s.e.m.  ***p<0.005. Emax : % maximum relaxation induced by
acetylcholine (ACh).  -log EC50) : -log concentration ol ACh producing 50% of the Emax.
LCA : Left carotid artery. RCA : Right carotid artery.

w

.3 AEHMAEICH TS DNA, L-arginine, L-NMMA, ADMA & XU SDMA &

filc

HEE AN 51T 2 DNA &E(176.7 4. 7pg/me protein)ld . 15 NIEANEC o #
L3112 T4 8ug/mg protein) ! I LA E L2 (p<0.005) I L TV 7z, 6t~ T, PEZAINNG

{A5UY 4 L-arginine, L-NMMA, ADMA 15 £ UFSDMA & & 4 pmol/mg DNATHKBIL 7-,
Table HZTDHMRE R L7, LNMMADL LU ADMAE SR BV TH
USRI T oY - )i Learginine & IS FHIIE A L T 72, SDMAG 813 5E
R RALL N Cd - 7
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Table 4 Comparison ol L-arginine, L-NMMA, ADMA and SDMA contents in the endothelial
cells (ECs)

Tissue content (pmoles/mg DNA)

n L-arginine L-NMMA ADMA SDMA
Control ECs 3 47,870£ 1,890 8.8:£3.0 7.04£1.9 -
Regenerated ECs 3 31,4704 1,050%%% 235 1-4 3% 21.24:2.0%* -

Results are given as meantl: s.e.m.  Significant difference vs. control at *p<0.03, **p<0.01

and #*¥p<().005. - : below the assay limitation by the HPLC method.

3.4 Acetylcholine  (ACh) BZEFEANKEKTFMMFRRS (EDR) (ICRIZT L-NMMA,
ADMA & £ U SDMA Ds&
ACh&5 JEEDRIZ 24 A L-NMMA, ADMA £ & USSDMA D JI#I{EF % Table 51275 L 72,

Table 5 Inhibitory activity of L-NMMA, ADMA and SDMA on the acetylcholine (ACh)-induced

endothelium-dependent relaxation (EDR) in the control carotid artery strips

- a ACh-induced EDR

Treatment Concentration (M) n Emax (%) -log EC50
- 5 769443 7.4440.13
X107 5 51.61-8.8% 7.05+0.04%
L-NMMA 1x107 5 40).7 £ 5, |#wx 7.00£0.01%x*
3x 107 5 34340 g 6.9710.02%%*
- 5 793137 7.45+0.13
3107 5 682151 7.2240.07
ADMA Ix107 5 58.9.1.7 3% 7.12:10.06%
' 3x 107 5 48.0) 17 2w 6.98 0.0+
- 5 77.61:3.7 7.45+0.19
SDMA 3x 1074 5 77.9+3 4 7461021

Results ave given as mean .s.e.om. As aresult of ANOVA followed by Schaffe's test, p<0.0/
Jor conrol vs. 107FM L-NMMA and p<0.005 for control vs. 3x107*M L-NMMA, p<0.05 for
control vs. 107M ADMA and p<0.005 for control vs. 3x10+ M ADMA. Stgnificant difference
v corresponding control at *p<0.05, **p<0.01 and **¥p<0.005, respectively (Student's
test). Inhibtiory potency was expressed as Emax of ACh-induced EDR and -log ECS0 in the
absence or presence of authentic L-NMMA, ADMA or SDMA. - : No treatment with authentic
compound.
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L-NMMA 43 & 1F ADMA £ AChZ5 38EDR % i BE (KRTFAYIZHDH) L 72 SDMA T fr i B
D3XI0IMIZ BT H AU L TEEL 2h>7. 3x10™ M L-NMMA 5 £ 0f 3x107™
M ADMA |2 X 4 AChEE3SEDROHDENZL . 3x103 M L-arginine® 37 F I I3E L2 FHIL

<qUzz, A 3x10°3 M Darginine (& SAUSH L TECEEL LD o 72,

4 ER

AR SHENNR A AN R SE 6 B . PUEMRRRO B AT T L. AR
D4 i ENI BN L T e, F72. SOREPIZIE. AChFHIEEDR D W7 ik
Ak NIEIOTE ASEREE S L. BEICERET((1-4, 6-9) L 7ol E B < —BL Tz, ACh
SEPEEDR O 8 1d . AN IS & AEDRF/NOME L/ HBEREDVIKT T4 B Th 5
Sk F. FANKANIEOSHEEASERIZEML TV AOT, Mig—EH0
OEDRF/NOREL: /i BEREIZ IEE AR Z AU LELCIKT§ 5281220 THEL
[ZRMEL72(1-4,9), L Ledts, TR TH - 72, ANRIZENT, L

FICTRT I 2oz b 2Dk, $7ab6, BEMNKMRIZHBIT 5L
NMMA 7 & (N 12 ADMA & 21328 L T 7:2h%, SDMAIRIER & b NI AN
A O VFIIZHBWT LIRILIRRUT Ch - 72 L-NMMAZ & FIZADMAILZ T Dig
12 (A L CAChEEJSEDR & i L. Z O HIEM 14 L-argininedb7F T IZIXTH L L 72
SALSOEEEE T EHAEPUE MBI S W TL-NMMAZ 5 IZADMADSIE NS 5 %
12, AChiEJSEDR D5 248 < 2 & # "ET %, LNMMAZ & UFIZADMAIL, NO%
GHZ AT ANNEORREE & L TREREL TV b 2 & A Vallance et al.(1)I2 &> T
XL TWA, NOESHOEE TH A Larginined & b BAPNEMIBIZ BWTEL
P LTWEDT, 202 HbAChHIEDRIMEIND—HEEZ SN L, LA L%
A5 BRI B TR S AL L-NMMAZ 5 UNIZADMA & &%, NOEEK
RIS A DI RETCH AN GBIV TIEEL LigEta T AH, VELE
254 EE NEAIEANIIL-NMMA 7 5 IZADMADR I ST W AD T, ZIH
OV A IEHIKAE S BT ONOEAKOHIEIZ D > TV D9 ENIZD W
THLHBEIBIT LLEVRDH L,

EDRF/NOAS . /0 RiAs %S4 2 M0 (14, 15) L, OV TR L) B ke JE s [N 1
(PDGRYD R 2 B3 2 2 L 122 W TIRELIZ B s T w5, M iikie & ICE
VLIRS 955 2858 8L - A8 (Pl 5 2k (16,17 F 2o UV ot ARl EoE 12 ap L
“CEDRF/NOW SIS PE S A 2 £ (18). EDRF/NODREE /BN HE S LA &
sV mitogen((19) & L THIS LTV Hendothelin-10 MEAE S HUEDTTET A T (200D
s XALT W AL 25 12EOEIR . EDRF/NORE: /B BERESIK T 5 L MERET D
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endothelin-1FEH: /it L. ZodER, IRERNERLEPERIINLL aRetE &
FLZOT), SN EEAETEZEDLEL L, NOLEARON AN HEDH A
ML. 7. NOEAHELE L TOLarginineE LT3 4 & . NEAILTO
EDRF/NOME: /i BERED LT 2 B & . 2O R, REHLEREPERSILLZ L

DRI S AL A

5. 5% NDERA _

WELE 18] & T TIIEBRIZ O SEAERHE I DV THRRT L 7, T ORER. MNIRAL
JE 12 1d . EDRE/NOA: G ORI EHME L L TOL-NMMAZ 5 FIZADMA S
512 1Zendothelin-1 7 EDSHEMICIEA G > TV AZ ENH LI, INHDHER
REIESED L IEMT DO ESEBRYT L,
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REGULATORY MECHANISM BY SALT OF THE HYPERPLASTIC VASCULAR
DISEASE FOLLOWING ENDOTHELIAL REMOVAL

Hiroshi Azuma, Hidehisa Hamasaki, Masanori Wada, Jun Sato, *Kimiyoshi Hirakawa,
*Yasunari Niimi, **Takeshi Aso and ##Satoshi Obayashi
Institute for Medical and Dental Engineering, Departments of *Neurosurgery, and **QObstelric
and Gynecology, Tokyo Medical and Dental University

2-3-10 Surugadai, Kanda, Chiyoda-ku, Tokyo 101, Japan.

Summary
We examined regeneration of endothelial cells (ECs), neointima formation, decreased
endothelium-dependent relaxation (EDR) and changes in the contents of L-arginine, NO-
monomethyl-L-arginine (L-NMMA), asymmetrical NG NC.dimethylarginine (ADMA) and
symmetrical NG N ‘C-dimethylarginine (SDMA) in the regenerated ECs, 6 weeks after balloon
denudation of the rabbit carotid artery. Regeneration of ECs was completed in 6 weeks and a
significant neointima formation accompanied by the decreased EDR was observed. L-NMMA
and ADMA contents in the regeneraied ECs (23.5%£4.3 and 21.2:22.0 pmol/mg DNA,
respectively) were significantly higher (p<0.05 and p<0.01) than those in the control ECs (8.8
1.3.0 and 7.44:1.9 pmol/mg DNA, respectively), whereas L-arginine was significantly
(p<0.003) decreased in the regenerated ECs (31,470£ 1,050 pmol/mg DNA) as compared (o
that in the control ECs (47,870:E 1,890 pmol/mg DNA). SDMA conient was below the assay
limits. L-NMMA and ADMA, but not SDMA, inhibited the EDR induced by acetylcholine in a
concentration-dependent manner. The inhibition with L-NMMA and ADMA was prevented by
an addition of L-arginine, but not by D-arginine. These results suggest that the accumulation of
endogenous inhibitors for nitric oxide synthesis and decreased arginine content are associated

with decreased NO production/release from regenerated ECs and neointima formation.
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