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Effect of Short-Term Administra-
tion of High Dose L-Arginine on
Restenosis After Percutaneous
Transuminal Coronary Angioplasty
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Background. A single and local administration of L-arginine after balloon angioplasty enhances nitric
oxidel NOCgeneration and inhibits lesion formation in animals.

Objectives. The present study assessed the effect of increasing NO to inhibit restenosis after percuta-
neous transluminal coronary angioplasty/l PTCALn humans by local and systemic administration of L-argi-
nine, a precursor of NO in humans.

Methods. L-arginine was administered to 34 consecutive patients with angina pectoris or old myocardial
infarction via a cardiac catheter] 500mg/4 minCbefore PTCA, and via a periphera veifil 30g/4 hr, for 5
dayslafter PTCA. Patients were treated between December 1998 and December 2000. Plasma concentra-
tions of L-arginine, NQI as nitrite[] nitrateCand cyclic guanosine monophosphatel cGM POvere measured
before and after L-arginine administration. The control group consisted of 90 patients who underwent
PTCA successfully without L-arginine administration in the period between July 1996 and November
1998. Baseline clinical and angiographic characteristics were compared between the two groups. All
patients were followed by coronary angiography for 3 months after PTCA. Quantitative coronary angiogra-
phy and restenosis rate were studied.

Results. Baseline clinical and angiographic characteristics were not different between the two study
groups. Despite a significant elevation in plasma L-arginine concentration after L-arginine administration,
NO and cGMP did not increase significantly. After PTCA, the difference in restenosis rates between L-
arginine and control subjects 34% vs 44%[vas not significantly different.

Conclusions. Short-term administration of high dose L-arginine did not significantly change the resteno-

sisrate after PTCA.
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greater than 90%, patency does not continue in the

INTRODUCTION long-term because of restenosis. Indeed, restenosis

Percutaneous transluminal coronary angioplasty affects as many as 300 40% of successfully dilated

O PTCALs commonly used as a nonsurgical treat- lesions'”. Experimental and necrotic tissue studies
ment for occlusive or stenctic atherosclerotic coro- suggest that restenosis is secondary to balloon-
nary artery disease. Despite an initial success rate induced injury to proliferating vascular smooth
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muscle cells*”. To address this problem, various
techniques, including anticoagulants and
angiotensin converting enzyme inhibitors and new
devices have been tried to decrease restenosis, but
most have failed™*". Only stents have decreased
restenosis**". The rate of in-stent restenosis remains
about 20%, judging by neointimal formation con-
sisting of migration and proliferation of smooth
muscle cells with deposition of extracellular
matrix®". Despite this significant reduction in the
restenosis rate in primary studies of intracoronary
brachytherapy™, edge restenosis and late coronary
occlusion remain unsolved®®". Drug coated stents
decrease the restenosis rate even further'®*",
However, the long-term results and side effects
remain unknown.
Recently, it was established that nitric oxide
0 NO[has many biological effects. For example,
NO can interfere with monocyte adhesion and
chemotaxis, platelet adherence and aggregation,
and vascular smooth muscle cell proliferation®” 8-,
Thus, NO may reduce restenosis after PTCA. A
single intramural delivery of L-arginine, the precur-
sor of NO, improved vasomotion and attenuated
neointimal lesion formation after balloon angio-
plasty in previous reports®®". Therefore, the pre-
sent study examined the potential of L-arginine
administration to reduce restenosis after PTCA in
humans.

SUBJECTSAND METHODS

Study population

This study included 35 consecutive patients
admitted to our hospital with angina pectoris or old
myocardial infarction in the period between
December 1998 and December 2000. All patients
had angiographical coronary artery stenosis greater
than 50% and exercise thallium myocardial scintig-
raphy indicated that they had myocardial ischemia.
This study excluded patients with recent myocar-
dia infarctionl [0 3 weeksl] recent unstable angina,
restenosis, left main trunk lesion, chronic total
occlusion, severe left ventricular dysfunctionl g ec-
tion fractiond 40%[] uncontrolled diabetes melli-
tusl hemoglobin A,.00 8.0%[] bronchial asthma,
renal failuré serum creatinine level 0 2.0mg/dI(]
acidosis, amino acid metabolic dysfunction, or
other disease using steroid hormone. The protocol
for administration of L-arginine was approved by
the hospita ethics committee and written informed
consent according to the Helsinki Declaration was

obtained from all patients. The control subjects
consisted of 90 patients successfully treated with
PTCA without L-arginine administration at our hos-
pital in the period between July 1996 and
November 1998. They underwent follow-up coro-
nary angiography on average 3 months after PTCA.
All patients enrolled in this study received isosor-
bide dinitratel 60 mg/day[] an angiotensin convert-
ing enzyme inhibitdr] enarapril 5mg/day or temo-
capril 2mg/day] a calcium antagoni€fl long acting
nifedipine 30mg/day or long acting diltiazem
300mg/day] acetylsalicylic acidl 81 mg/dayand
ticlopidingl 100mg/day] Treatment was started at
least 2 weeks before PTCA and was continued for 3
months.

Percutaneous transluminal coronary angioplasty
procedure

PTCA was performed by the femoral approach
with a bolus dose of 10,000U of heparin. A guiding
catheter] 8F Brite Tip; Cordis] guide wirgl 0.014
High torque floppy ; ACSCand semi-compliant bal-
loon catheterBl Bandit; Boston ScientificOwvere
used in al patients. Balloon inflation for 1 min was
repeated until the residua stenosis became less than
25%. Patients who underwent emergent coronary
artery bypass grafting or stent implantation due to
acute occlusion after PTCA with flow-limiting dis-
section were excluded from this study.

Quantitative analysis of coronary angiography
Angiography was recorded from multiple projec-
tions for all patients before and after PTCA.
Quantitative analysis of the lesions was carefully
performed based on standard criteria for preproce-
dural lesion morphology, and the lesions were aso
categorized according to the modified American
College of Cardiology/American Heart Association
O ACC/AHATlassification system. Quantitative
coronary angiographyl edge detection method;
MAC HEART DATABASE SYSTEM, Baxter[Was
used to evaluate the initial and long-term results of
PTCA. Cinefilm was used as a medium. One expe-
rienced cardiologist not involved in this study mea
sured the diameter of the coronary artery three
times and the mean value was used for analysis.
The minimal lumen diameter of the stenotic lesion,
and the proximal and distal sites of the lesion were
measured five times: immediately before L-argi-
nine administration, after L-arginine administration
via guiding catheter, after isosorbide dinitrate
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administration, immediately after PTCA, and 3
months after PTCA. A guiding catheter filled with
contrast medium was used as the scaling device.

Initial success was defined as percentage diame-
ter stenosigl %DS[bf [0 25% after PTCA without
major complication8l death, emergent coronary
artery bypass grafting, stent implantation, Q-wave
infarction] Restenosis was defined as %DSU 50%
at follow-up angiography.

L-arginine administration

id L-argininél 500mg/4min; Hoechst Marion
Roussel (was initially administered into the coro-
nary artery via guiding catheter before PTCA.

ii0PTCA was performed after intracoronary
infusion of 5 mg of isosorbide dinitrate.

iiid0Systemic administration of L-arginine via
periphera vein was started from the beginning of
PTCA and was repeated once a day for the follow-
ing 4 days at the same ratél 30g/4 hr(

Measurement of plasma L-arginine concentra-
tion

A 5-French NIH catheter was inserted into the
coronary sinus through the internal jugular vein
during PTCA in nine patients. Plasma L-arginine
concentrations in the coronary sinus and peripheral
veins were measured before and after intracoronary
L-arginine administration. Plasma L-arginine con-
centrations in the peripheral vein were measured
before, immediately after, 6 hr after, and 12 hr after
the systemic administration of L-arginine in 10
patients. All samples were measured with an amino
acid analyzer at acommercial laboratory] SRL[]

Measurement of nitric oxide and cyclic guano-
sine monophosphate
The production of NO in blood was evaluated by
the measurement of nitrite iod NO,” [1J nitrate ion
00 NO;" [by the Gries method using a chemilumines-
cence NO analyzdrl SPD-10A, Shimazu Industries[]
at a commercia laboratoryl] SRLO Cyclic guano-
sine monophosphatél cGMPOwvas measured by
radioimmunoasssay with a gamma counter] ARC-
950, AROKA[ht a commercial laboratory] SRLO
according to the manufacturer’ s protocol. The same
blood sample collected for the measurement of L-
arginine was also used for the measurements of NO
and cGMP.
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Table 100 Baseline patient characteristics

Arginingl 0 0 Brginingl 0 O
00 340 O O n0 9001 D%Vdue

Aggl yrd O 67+ 100 63+ 100 NSO

Malel %0 O 70 24/340 070 64/900 O NSO

Risk factors! %0 O O O O
Hypertensiond 261 9/340 0201 26/900 O NSO
Diabetes mellitus] 181 9/340 0J16) 14/900 O NSO
Hypercholesterolemial] 121 4f340) 1141 13/900 ' NSO

Smokingr 28 /340 22) 20/900 0 NSO
Previous myocardial U 4y 153407 [7.4g) 43/900 0 NSO
0 infarctiond

Total cholesterod mg/did 0199+ 44 0 193+ 39 0 NSO
HDL-cholesterod mg/dI0 O 52+ 100 44+ 140 NSO
Triglyceridel mg/diC O 169+ 13600 159+ 1190 NSO
Uric acidl mg/dI0 O 56+ 1.70 59+ 160 NSO
Blood sugafl mg/di0 O 120+ 31 119+ 32 NS

Continuous values are meant SD.[]
HDLO high-density lipoprotein.

Statistical analysis

Data was expressed as meant standard devia-
tion. The chi-sgquare test was used to assess differ-
ences in categorical variables. The paired Student’s
t-test was used to assess differences in continuous
variables between the two groups. p values of less
than 0.05 were considered significant.

RESULTS

Table 1 shows the clinical characteristics of
patients in both groups. There were no statistically
significant differences between the two groups with
respect to age, sex, total cholesteral, triglyceride,
high-density lipoprotein-cholesterol, uric acid, fast-
ing blood sugar, coronary risk factors and prior
myocardial infarction. Table 2 shows the angio-
graphic characteristics of the two groups. Lesion
vessels and ACC/AHA classification types showed
no difference. PTCA was successfully performed in
34 patients success rate of 99%[1 One patient was
defined as failed PTCA because the residual steno-
siswas 50% after PTCA and he was excluded from
the study.

L-arginine was administered to all 34 patients via
the coronary artery and peripheral vein. One patient
had severe headache and the infusion speed of L-
arginine was decreased! 30g/4 hr - 309/8 hr[1
Plasma L-arginine concentration after intracoronary
and systemic administration of L-arginine signifi-



16 Shiraki, Takamura, Kajiyama et al

cantly increased Tables 3 and 401 The diameter of
the coronary artery did not change significantly
after intracoronary administration of L-arginine.
NO and cGMP did not increase significantly in the
coronary sinus or the peripheral vein after intra-
coronary administration of L-argininé n0 9;
Table 30 After systemic administration of L-argi-
nine, NO did not increase significantlyl n0 10;
Table 41 Follow-up angiography was performed in
32 patientsl 94%l[1 The parameters of quantitative

Table 20 Baseline lesion angiographic characteristics

Arginingl 0 O Brgining 0 0
00 340 0 0 0 900 D%Value

Vessell %0 O O O NSO
LADO 500 17/340 06 60/o00 O O
LCXO 18 5/340 0 69000 O
RCAO 361 12/340 0261 24/900 O O

ACC/AHA lesiontypgl %0 0 O O NSO
AO 24 gk4001816/0000 O
BO 621 21/340 079 71/900 0 O
CO 14 53400 8 39000 O

Maximal inflation O
0 pressurél atm( O

Balloon-artery ratiol] 1.04+ 0.140 1.05+ 0.150 NSO
Total inflation timél secl] 0360+ 180 300+ 144 NS

9.7+ 310 83+ 220 NSO

Continuous values are meant SD.[

LADO left anterior descending artery; LCXO left circumflex
coronary artery ; RCAL right coronary artery ; ACC/AHAO
American College of Cardiology/American Heart Association.

coronary angiography and the restenosis rate in the
L-arginine group after PTCA were not significantly
different from those of the control groupl Tables 5
and 601

DISCUSSION

The restenosis rate after PTCA is 300 40% and is
still the biggest limitation of PTCA. The mecha-
nism of restenosis consists of platelet aggregation
within 48 hr after PTCA, followed by intimal
hyperplasia, proliferation and migration of smooth
muscle cellsfor 3 or 6 months, and vascular remod-
eling by proliferating extracellular matrix*”3",
Intimal hyperplasia and vascular remodeling are the
most important processes. Many experimental stud-
ies have shown that NO produced from L-arginine
by constitutive NO synthetase in endothelial cells
regulates intimal hyperplasia'®?:??”, Although
endothelial cells are injured after PTCA and regen-
erate quickly, NO production remains disturbed,
due to the decrease in constitutive NO synthetase in
the regenerated endothelium?*?*~, However, NO
synthetase is induced in the vascular smooth mus-
cle cells of injured arteries in response to the
cytokines produced at the injured site. Then, NO is
produced by the smooth muscle cells®". The
improvement in endothelial function due to the
administration of L-arginine to levels that exceed
the Km is called the arginine paradox, and may be
explained by arelative intracellular deficiency in L-
arginine caused by the competition of asymmetric

Table 30 Ohanges in plasma concentration of L-arginine, nitric oxide and cyclic guanosine
monophosphate during intracoronary administration of L-arginine

L-arginingl nmol/mi0 O

NOp mol/I0 O cGMP pmol/mid O

Before After

Before After Before After

Coronary sinusl]

Peripheral vein 64+ 16 326+ 577"

72+ 190 1,670+ 1,801°0 31+ 110
32.7+ 11.1 30.8+ 10.8

8.2+ 430 8.3x 4.20
7.9+ 4.0 8.2+ 4.3

32+ 120

Values are meant SIDI n( 901 “ pJ 0.05 vs control before L-arginine administration.(]
NOUO nitric oxide; cGM PO cyclic guanosine monophosphate.

Table4 Serial changes of L-arginine, nitric oxide, and cyclic guanosine monophosphate during

systemic administration of L-arginine

Before J%st after 6 hr later 14 hr later
L-arginin&l nmol/mi0 O 108+ 970 2,417+ 1,733°0 340+ 3810 151+ 36 O
NQ! p mol/IC O 33t 4 28+ 1 39+ 7 36+ 7

Values are meant S nOJ 1001 “pO 0.05 vs control before L-arginine administration.O]

Abbreviation asin Table 3.
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Table5 Results of quantitative coronary angiography

analysis
Arginingl O O CArginingl O O
On03200 O nd 900 D% value
Reference diametef] mmO O ad g ad
Before PTCAD 2.80+ 0.540 2.78+ 0.520 NSO
After PTCAO 2.81+ 0.550 2.79+ 0.520 NSO
Follow upO 2.81+ 0.540 2.78+ 0.530 NSO

MLD mmQO O g | d

Before PTCAO 0.77+ Q.340 0.76+ 0.320 NSO
After PTCADO 2.15+ 0470 213+ 0480 NSO
Follow upO 1.64+ 0.580 1.55+ 0.570 NSO

Changesin MLDJ mmQO O O O d

Acute gain] 1.39+ 0500 1.38+ 0.490 NSO
Late loss[ 0.52+ 0.580 0.58+ 0.570 NSO
Net gainl 0.87+ 0.600 0.80+ 0.590 NSO
Loss indexO 0.38+ 0.7600 0.42+ 0.740 NSO
Percentage of stenosi8l %00 0 O O O
Before PTCAD 725+ 10.30 72.7+ 10.60 NSO
After PTCADO 235+ 7.3 0 237+ 760 NSO
Follow up 416+ 186 442+ 192 NS

Values aremean+ SD.O
MLDO minimal  lumen diameter; PTCAO percutaneous
transluminal coronary angioplasty.

dimethyl L-arginine with L-arginine and the dys-
function of the cationic acid transporter of L-argi-
nine? #-, Therefore, the administration of a high
dose of L-arginine may increase production of NO
and reduce restenosis after PTCA.

The rate and the dose of intracoronary adminis-
tration of L-arginine in our study were similar to
those in experimental studies in animal or
humans®3'“, The rate of systemic administration of
L-arginine was aso designed to be similar to that of
intracoronary administration to maintain the same
L-arginine concentration in the coronary artery. The
daily dose of systemic infusion was aso similar to
that of oral administration in animals*". Ethical
limitations in Japan did not permit us to use L-argi-
nine for oral administration at that time. The plas-
ma concentration of L-arginine at the end of the
period of systemic administration was equal to that
at the end of the period of intracoronary administra-
tion. The use of a high dose of L-arginine was safe
in our patients with intracoronary or systemic
administration. Only one patierill 3%[Eexperienced
headache during systemic administration and decel-
eration of the rate of administration improved the
symptom.
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Table 60 Restenosisrate at follow up

L-arginingl 0 O W-arginingl 0 O %value
OnO320 0 O nO 900 0O

Restenosisraté] %0 034 11/320 0 44 40/900 0 NSO
Follow up ratél %0 00 94 32/340 0 1001 90/900 O NS

We used plasma concentration of nitrate and
nitrite as an indicator of NO production. After 12 hr
of fasting, as much as 90% of the circulating nitrite
is derived directly from the L-arginine: NO path-
way**". However, the circulating nitrate concentra-
tion is usualy influenced by dietary intake, espe-
cially by nitrate-rich foods like lettuce®™". All the
patients enrolled in this study received their usual
diet except for lunch just before PTCA. Therefore,
the fact that the plasma concentration of nitrate and
nitrite did not change after L-arginine administra-
tion in both the coronary sinus and the peripheral
vein may have been due to dietary influences. The
plasma cGMP concentration is also an indicator of
NO production. However, loca cGMP elevationsin
the endothelial cells or in the fibroblasts in small
vessels like the coronary artery may not have
affected plasma cGMP levels.

Follow-up angiography showed that the minimal
lumen diameter after PTCA was dlightly bigger and
the restenosis rate was dlightly lower in patients
with L-arginine administration than in control sub-
jects. However, the difference was not statistically
significant. Recently, it has been reported that vas-
cular remodeling is the main determinant of lumen
size after arteria injury, rather than intimal hyper-
plasia, in atherosclerotic rabbits. However, L-argi-
nine supplementation did not decrease the in-stent
reocclusion rate, which suggests that positive or
negative vascular remodeling can be excluded®".
Furthermore, neither L-arginine nor N®-nitro-L-argi-
nine methyl esterl L-NAMECadministration after
balloon angioplasty in hypercholesterolemic rabbits
significantly changed lumen size, as L-arginine
inhibited whereas L-NAME stimulated intimal
hyperplasia and vascular enlargement®™-. In con-
trast, oral L-arginine administration from 2 days
prior to 4 weeks following catheter-induced injury
to the rabbit thoracic aorta and iliac artery attenuat-
ed the development of intimal hyperplasiain exper-
imental studies??*", Furthermore, a single and
small dose of L-arginine administration through a
Dispatch catheter decreased intimal hyperplasia.
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The catheter was shown to maintain a high concen-
tration of drug in the coronary artery for a long
time after a single administration**?". These results
may depend on the bifunctional regulation of apop-
tosis according to the NO concentration. Physio-
logically relevant levels of NO seem to suppress
apoptosis of endothelial cells. However, higher
levels of NO induction may overwhelm cellular
protective mechanisms and exert proapoptotic and
cytotoxic effects on endothelial and smooth muscle
cells®,

Additionally, the administration of L-arginine
improved endothelial dysfunction in the microcir-
culation but not in the macrocirculation in animal
and human experiments®®*~. The minimal and ref-
erence vessel diameter after a single intracoronary
injection of L-arginine did not change in our study.
Thus, the endothelial dysfunction of the coronary
artery in the epicardium might not be improved
enough to inhibit the growth of smooth muscle
cells that result from the administration of L-argi-
nine in humans.

Study limitations

The present study included a small number of
patients. A larger population study may be required
to clarify whether NO can reduce restenosis after
PTCA or not. Although the baseline clinical and
angiographic characteristics of both groups were
similar and without significant differences, our
study was not a randomized study. As stated above,
we could not use purified L-arginine for oral sup-
plementation because of ethical limitations in
Japan. Furthermore, we could not use an infusion
catheter because of the small stock available in
Japan at that time. The long-lasting elevation of
plasmaL-arginine levels after low dose but not high
dose administration of L-arginine using these prod-
ucts may affect the restenosis rate after PTCA.

CONCLUSIONS

This study showed that the short-term adminis-
tration of high dose L-arginine did not significantly
change the restenosis rate after PTCA.

gooog

gobobobooobobobooo-oooobbboooboboboo
gobobooobooobboooboboobobo b bboooboboo

goooo0:0oboobgbob0ob0oobooboobOoobOobobooo@mNo@™oboono
gooboboboooobobboooooboboooobobbooobobbboooobbbOoUuoONo
gogbooooboobboooboboobbooobooboooboobbooboobbooboo
ggooooogn

Uo0g:00019980 120020000 1200000000000 00O0ODOOOOODOODOO
goboo3x4boopoboobooooboop400boscomg L-OOOooDbooboooboo
goboboobobooo3ogt-bogobbooobbbiltlg40bogoboouobboso
goooboooboooooboobobobw-obobooNob0bDoobgbooomooboo
gooceMPOOL-0000000D0OO0O00DOOO0ODOODO 1960 70019980 1100 -00O
gobogoobooobooobobooboobooobeobbooboobbowr-cbboobooobo
goboboooooooboobooboboboboosooboobooobooboboboboooooboo
gbobobobooooooobooboon

gobo:goobbooobbooobbbooobbooobbbw-obbbooobbboo
gboobobobooooooooooNoOobobobobeMPODOODObobobobooO
goooooboboooo3gooooobobpooboooboboboobooobobooooo
U00MmooDoD: 000 34%0 0000 44%0

goo:NoOUOObOoOoDboOo . -bobooboobooboboboobooboobobobooo
goboooobgoon

J Cardiol 2004 Jul; 44711 130 20

J Cardiol 2004 Jul; 44] 11 13—-20



References

10 Pompa JJ, Califf RM, Topol EJ: Clinical trias of resteno-
sis after coronary angioplasty. Circulation 1991 ; 84:
14260 1436

20 Liu MW, Roubin GS, King SBI 0 : Restenosis after coro-
nary angioplasty: Potential biologic determinants and role
of intimal hyperplasia. Circulation 1989; 79: 13740 1387

30 Lafont A, Faxon D: Why do animal models of post-angio-
plasty restenosis sometimes poorly predict the outcome of
clinical trials? Cardiovasc Res 1998; 39: 500 59

40 Serruys PW, de Jaegere P, Kiemenneij F, Macaya C,
Rutsch W, Heyndrickx G, Emanuelsson H, Marco J,
Legrand V, Materne P, Belardi J, Sigwart U, Colombo A,
Goy JJ, Heuvel P, Delcan J, Morel M, for the Benestent
Study Group: A comparison of balloon-expandable-stent
implantation with balloon angioplasty in patients with coro-
nary artery disease. N Engl JMed 1994; 331: 4890 495

50 Fishman DL, Leon MB, Baim DS, Schatz RA, Savage MP,
Penn |, Detre K, Veltri L, Ricci D, Nobuyoshi M, Cleman
M, Heuser R, Almond D, Teirstein PS, Fish D, Colombo A,
Brinker J, Moses J, Shaknovich A, Hirshfeld J, Bailey S,
Ellis S, Rake R, Godberg S, for the Stent Restenosis Study
Investigators: A randomized comparison of coronary-stent
placement and balloon angioplasty in the treatment of coro-
nary artery disease. N Engl JMed 1994; 331: 4960 501

60 Hoffmann R, Mintz GS, Dussaillant GR, Pompa JJ, Pichard
AD, Satler LF, Kent KM, Griffin J, Leon MB: Patterns and
mechanism of in-stent restenosis: A serial intravascular
ultrasound study. Circulation 1996; 94: 12470 1254

70 Teirstein PS, Massulllo V, Jani S, Pompa JJ, Mintz GS,
Russo RJ, Schatz RA, Guarneri EM, Steuterman S, Morris
NB, Leon MB, Tripuraneni P: Catheter-based radiotherapy
to inhibit restenosis after coronary stenting. N Engl J Med
1997; 336: 16970 1703

801 Albiero R, Nishida T, Adamian M, Amato A, Vaghetti M,
Corvaja N, Di Mario C, Colombo A : Edge restenosis after
implantation of high activity **P radioactive B -emiting
stents. Circulation 2000; 101: 24540 2457

90 Costa MA, Sabat M, van der Giessen WJ, Kay IP, Cervinka
P, Ligthart IMR, Serrano P, Coen VL, Levendag PC,
Serruys PW: Late coronary occlusion after intracoronary
brachytherapy. Circulation 1999; 100: 7890 792

100 Sousa JE, Costa MA, Abizaid A, Abizaid AS, Feres F,
Pinto IM, Seixas AC, Staico R, Mattos LA, Sousa A,
Falotico R, Jaeger J, Pompa JJ, Serruys PW : Lack of
neointimal proliferation after implantation of sirolimus-
coated stents in human coronary arteries: A quantitative
coronary angiography and three-dimensional intravscular
ultrasound study. Circulation 2001; 103: 192(J 195

110 Liistro F, Stankovic MD, Di Mario C, Takagi T, Chieffo A,
Moshiri S, Montorfano M, Carlino M, Briguori C, Pagnotta
P, Albiero R, Corvaja N, Colombo A : First clinical experi-
ence with a paclitaxel redivate-eluting polymer stent sys-
tem implantation for in-stent restenosis: Immediate and
long-term clinical and angiographic outcome. Circulation
2002; 105: 18830 1886

1200 Wang BY, Candipan RC, Arjomandi M, Hsiun PT, Tsao
PS, Cooke JP: Arginine restores nitric oxide activity and
inhibits monocyte accumulation after vascular injury in
hyperchol esterolemic rabbits. JAm Coll Cardiol 1996; 28:

J Cardiol 2004 Jul; 441 100 13-20

L-Arginine Administration After PTCA 19

15730 1579

130 Goves PH, Lewis MJ, Cheadle HA, Penny WJ: SIN-1
reduces platelet adhesion and platelet thrombus formation
in a porcine model of balloon angioplasty. Circulation
1993; 87: 5900 597

140 Furlong B, Henderson AM, Lewis MJ, Smith JA :
Endothelium-derived-relaxing factor inhibits in vitro
platelet aggregation. Br J Pharmacol 1987; 90: 6870 692

150 Kubes P, Suzuki M, Granger DN : Nitric oxide: An
endogenous modulator of leukocyte adhesion. Proc Natl
Acad Sci U SA 1991; 88: 46510 4655

160 Garg UC, Hassid A : Nitric-oxide-generating vasodilators
and 8-bromo-cyclic guanosine monophosphate inhibit
mitogenesis and proliferation of cultured rat vascular
smooth muscle cells. JClin Invest 1989; 83: 17740 1777

170 Clancy RM, Leszczynska-Piziak J, Abramson SB: Nitric
oxide, an endothelial cell relaxation factor, inhibits neu-
trophil superoxide anion production via a direct action on
the NADPH oxidase. J Clin Invest 1992; 90: 11160 1121

180 Gibbons GH, Dzau VJ: The emerging concept of vascular
remodeling. N Engl JMed 1994; 330: 14310 1438

190 Schwarzacher SP, Lim TT, Wang B, Kernoff RS, Niebauer
J, Cooke JP, Yeung AC: Local intramural delivery of L-
arginine enhances nitric oxide generation and inhibits
lesion formation after balloon angioplasty. Circulation
1997; 95: 18630 1869

2001 Niebauer J, Schwarzacher SP, Hayase M, Wang B, Kernoff
RS, Cooke JP, Yeung AC: Local L-arginine delivery after
balloon angioplasty reduces monocyte binding and induces
apoptosis. Circulation 1999; 100: 18300 1835

210 McNamara DB, Bedi B, Aurora H, Tena L, Ignarro LJ,
Kadowitz PJ, Akers DL : L-arginine inhibits balloon
catheter-induced intimal hyperplasia. Biochem Biophys
Res Commun 1993; 193: 2910 296

2200 Greenless C, Wadsworth RM, Martorana PA, Wainwright
CL : The effects of L-arginine on neointimal formation and
vascular function following balloon injury in heritable
hyperlipidaemic rabbits. Cardiovasc Res 1997; 35: 3510
359

230 Myer RP, Webel R, Thondapu V, Xu VT, Amann J, Tanner
MA, Jenkins JS, Pollock JS, Jaughlin MH : Restenosis
associated with decreased coronary artery nitric syntase. Int
JCardiol 1995; 55: 1830 191

2400 Bosmans JM, Bult H, Vrints CJ, Kockx MM, Herman AG:
Balloon angioplasty and induction of non-endothelial nitric
oxide synthase in rabbit carotid arteries. Eur J Pharmacol
1996; 310: 1630 174

250 Joly GA, Schini VB, Vanhoutte PM : Balloon injury and
interleukin-18 induce nitric oxide synthase activity in rat
carotid arteries. Circ Res 1992; 71: 3310 338

260 Lerman A, Burnett JC Jr, Higano ST, McKinley LJ,
Holmes DR Jr: Long-term L-arginine supplementation
improves small-vessel coronary endothelial function in
humans. Circulation 1998; 97: 21230 2128

270 Boger RH, Bode-Boger SM, Szuba A, Tsao PS, Chan JR,
Tangphao O, Blaschke TF, Cooke JP: Asymmetric
dimethylargininél ADMAQO: A novel risk factor for
endothelial dysfunction: Its role in hypercholesterolemia.
Circulation 1998; 98: 18420 1847

2800 1to A, Tsao PS, Adimoolam S, Kimoto M, Ogawa T, Cooke
JP: Novel mechanism for endothelial dysfunction:



20 Shiraki, Takamura, Kajiyama et al

Dysregulation of dimethylarginine dimethylaminohydro-
lase. Circulation 1999; 99: 30920 3095

2900 Kaye DM, Ahlers BA, Autelitano DJ, Chin-Dusting PF: In
vivo and in vitro evidence for impaired arginine transport
in human heart failure. Circulation 2000; 102: 27070 2712

300 Egashira K, Hirooka Y, Kuga T, Mohri M, Takeshita A:
Effect of L-arginine supplementation on endothelium-
dependent coronary vasodilation in patients with angina
pectoris and normal coronary arteriograms. Circulation
1996; 94: 1300 134

310 Drexler H, Zeiher AM, Meinzer K, Just H: Correction of
endothelial dysfunction in coronary microcirculation of
hypercholesterolaemic patients by L-arginine. Lancet 1991;
338: 15460 1550

320 Rhodes PM, Leone AM, Francis PL, Struthers AD,
Moncada S, Rhodes P: The L-arginine: Nitric oxide path-
way is the major source of plasma nitrite in fasted humans.
Biochem Biophys Res Commun 1995; 209: 5900 596

330 Lundberg JON, Weitzberg E, Lundberg JM, Alving K:
Intragastric nitric oxide production in humans :
Measurementsin expelled air. Gut 1994; 35: 15430 1546

340 Dudek D, Heba G, Bartus S, Partyka U, Dembinska-Kiec
A, Huk J, Legutko J, Dibiel JS: Effects of L-arginine sup-
plementation on endothelial function after stent implanta-
tion. Kardiol Pol 2002; 57: 3890 398

350 Le Tourneau T, Van Belle E, Corseaux D, Vallet B,
Lebuffeg G, Dupuis B, Lablanche JM, McFadden E,
Bauters C, Bertrand M : Role of nitric oxide in restenosis
after experimental balloon angioplasty in the hypercholes-
terolemic rabbit: Effects on neointimal hyperplasia and
vascular remodeling. J Am Coll Cardiol 1999; 33: 8760
882

360 Kim YM, Bombeck CA, Billar TR: Nitric oxide as a
bifunctional regulator of apoptosis. Circ Res 1999; 84:
2530 256

J Cardiol 2004 Jul; 441 100 13-20



