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Protection of /-arginine against oxygen free radicals-injured

rabbit aortic endothelium'

XIONG Yan, LI Yuan-Jian’. DENG Han-Wu

(Department of Pharmacology, Hu-nan Medical University. Changsha 4106078, China)

ABSTRACT This study was to investigate the
protective effect of /-arginine, a precursor of
endothelinvm-derived relaxing factor (EDRF),
against damages due to endogenous or exoge-
nous oxy¥gen free radicals {OFR) on the aortic
endotheliom. The superfusion cascade bio-
assay of rabbit thoracic aorta was used. En-
dogenous OFR  were generated by di-
ethyldithiocarbamate (DETC) to deplete the
eytosolic Zn-Cu form of superoxide dismutase
(30D). Exogenous OFR were generated by
electrolysis of Krebs' sclution. Acetylcholine
(ACh) was infused through the donor acrtic
segment and relaxation of detector aocrtic ring
was used as an indicator of the release of
EDRF. The content of malondialdehyde
{MDA) in the donor acrta was assaved bio-
Both DETC and electrolysis in-
hibited vasodilator responses to ACh and in-
creased MDA content in the aortic segment.
Inhibition of DETC was abolished by exoge-
nous SOD.  /-Arginine improved impairment
of endothelium-dependent relaxation and re-
duced elevation of MDA content by DETC or
electrolysis.

chemically.

These results suggest that I-
arginine presents a protective effect of en-
dothelium against damage due to endogencus
or exogenons OFR, and that the protective ef-
fect of /-arginine may be correlated with redue-
tion in lipid peroxidation.
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Endcthelium - derived relaxing factor
(EDRF) released by vascular endothelium has
been identified as nitric oxide (NQJ and is de-
rived from the terminal guanidine mnitrogen

2l N activates soluble

atom of [-arginine
guanylate cyclase, with a subsequent elevation
of intracellular concentrations of ¢cGMP, re-
sulting in relaxation of vascular smooth mus-
cle. Many pathologic processes, incloding
atherosclercsis, ischemia-reperfusion. hyper-
tension, and diabetes, are associated with at-
tenuated endothelium-dependent relaxation
and excessive generation of oxygen free radi-
cals (OFR ).

oxyradical species can inactivate NO'Y .

Superoxide anions and other
Ex-
ogenous OFR generated by electrolysis of
Krebs' solution inhibited the endothelium -
dependent rahbit
Diethyldithiocarbamate

vasodilation of isclated

aorta't,

thoracic
(DETC?>, an inhibitor of superoxide dismutase
(S0D). evoked accumulation of endogenocus
OFR and inhibited endothelivm-dependent va-
sodilation of rabbit thoracic aorta. The effect
of DETC was-negated by exogenouns SQOD'".

It has been suggested that /-arginine im-
proves the impaitment by hypercholestercl-
emia of endothelium dependent relaxation®®
and that the toxicity of hypercholesterolemia
may be due to generation of OFRY'. /-Argi-
nine is a precorsor of N() which is a super an-
tioxidant'®® . This suggests that the protec-
tion of {-arginine may be secondary to antioxi-
dation of NO.

In the present study. we in-
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vestigated the protective effects of /[-arginine
against damages due to both endogenous and
exogenous OFR in a superfusion cascade sys-
tem of rabbit thoracic aorta.

MATERIALS AND METHODS

Cascwde saperfusion A cascade bicassay system
was prepared using a modification of the method de-
Brieily, rabbits (2.0t s 0.3
kg) of either sex were anesthetized with pentobarbital
soclium (60 mg+kg™" iv). The thoracic aorta was cut
into an intact endothelial segment as EDRF donor and
a denuded endothelial ring abour 4 mm wide as biocas-
say detector.

scribed previpusiy®?.

The denudation was confirmed by
demonstrating the absence of relaxarion 10 direct apphi-
cation of ACh (1 umol+-L.7?). Both ends of the donor
aorta were cannulared by stainless steel cannulae. and
the donor aorta was mounted vertically in organ bath
and perfused intraluminally with Krebs’ solurion (5 mil
~min~') at 37 O, gassed with 95% O:+ 5% CO.(pH
7.4). The release of NO was derected by the detecror
acrtc ring which was suspended directly beneath the
donor aorta. The rension of detector ring was moni-
tored by an isometric force transducer and recorded by
a polygraph. Both donor aorric segment and the de-
tector ring were equilibrated by superfusion with
Krebs® solution for $0 min before the ring was loaded
with a tension of 6.5 g Then the detector aortic ring
was made o precontract wirth norepinephrine (0.2
pmotsL. ') infused into the perfusion stream by ancth-
er pump. At the peak stable contraction of the ring,
ACh (1 pmolsL™'Y was infused. When infused dizect-
ly over the ring. ACh did not induce relaxation, indi-
cating denudation of endothelium. When infused
through the donor aorra, ACh evoked relaxation. indi-
cating the release of NO Irom the donor aorta. The
ratio of the relaxation was calculated as a percentage of
the contraction to norepinephrine.

Generation of OFR Exogenous OFR were gener-
ared by electrolysis of Krebs’ solution as described pre-
viously””. Two platinum wire electrodes were placed
into the flow tract just above the donor vessel. The
anode was placed 4 cm above the upper end of the
donor vessel and the cathode was 8 cm apart. A direct
current of 5 mA generated by an electronic sumularor
(SEN-320 Nihon Kohden, Japan) was applied to the

Krebs® solution for 2 min.  For generation of endoge-

nous OFR, the donor vessel wax exposed w DETC (5
mmol+L. 7’} for 20 min 1w deplete the cytoselic 30D,
MDA determination At the end of bivassay. the
donor aoria was quickly frozen until assay for MIDA.
The content of thiobarbituric acid reactive subsrance.
reflecting level of lipid peroxidation. in homogenate

" and ew-

was measured by 2 spectrofluorometer
pressed as 1the amount of MDA.

Experimental procedures Experiments were per-
formed in § groups (4 —6 rabbits in each group). 1)
the control group, the same procedures were followed
except without DETC pretreaiment and electrolysis,
2) DETC: 3) 30D (200 u-rl') was perfused for 20
min after DETC treatment; 4) {-arginine (0.5, 1.0,
2.5 mmol+«L.7!) in the presence of DETC was perfused
for 20 min and remained in the perfusate for 20 min
through the donor aortas 5 electrolysis: and 82 L-argi-
nine {1 mmol+L"'> was perfused for 5 min before elec-
trolysis and for 20 min further.

Drugs and chemicals DETC and /-arginine (Sig-
ma }; thiobarbituric acid ¢(Fluka chemika?; norepi-
nephrine and ACh (Shanghai Tian Feng Pharmaceutic
Factory and Shanghai Xin Zhong Chemical Factory.
China?; SOD (Changsha Biclogical Pharmaceutic Fac-
tory, China).
Krebs’ solurion.

Statistical analysls All data were expressed as
4+ 5. The differences berween groups were tested by

All drugs were dissolved and diluted in

analysis of variance.

RESULTS

Effect of }-arginine on relaxation In the
cascade bioassay, ACh perfused through the
donor aorta induced a marked relaxation of the
detector ring, while ACh perfused over the
DETC
almost completely inhibited the endothelium-
dependent relaxation to ACh.
the role of superoxide anion in the inhibition of
vascular relaxarion, SOD (a scavenger of su-
peroxide amion} was used. Inhibition by
DETC of relaxation to ACh was reversed by
50D 200 uml*(Tab 1)}-

Similarly, {-arginine abolished the inhibi-
tion by DETC of relaxation to ACh in a

ring directly did not cause any effect.

To examine
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Tab 1. EfTect of I-arginine {1 mmol ' L'} or SOD
(200u - ml™' ) on impairment by DETC ( 5 mmal
<L™") of endothelium-dependent relaxation to ACh in
rabbit thoracic morta. Con: control; I-Arg: [-argi-
nine. x+s5 “P<{0.0l w5 contrel. *P<C0. 05, 'P<C
0. 01 «s DETC.

n Relaxarion index
Con 6 1. 00 0. 09
DETC 5 g0 12+ 0. 05°
DETCH+S0D 4 1. 02+ 0. 167
DETC+{-Arg 5 0. 824 0. 07

concentration dependent manner (Tab 2).

Tab 2. Effect of I-arginine on impairment by DETC
of endothelium-dependent relaxation to ACh in rabbit

thorncic aorta. ¥4v¥.
{-Arg/mmol-L™! n Relaxarion index
0.5 4 0. 68+ 0. 04
1.0 5 0. 824+ 0. 07
2.5 4 1. 0840, 20

Exposure of the donor aortic egment to
electrolyzed Krebs’ sclution for 2 min induced
impairment of endothelium-dependent relax-
ation to ACh.
impairment by electrolysis of wvasodilator re-
sponses to ACh (Tab 3).

{-Arginine also attenuated the

Tab 3. Effect of I-arginine (1 mmol-L™!) on impair-
ment by electrolysls of endotheliom — dependent relax-
ation ta ACh in rabbit thoracle aorta. Els: electroly-
sis. ¥+ts. “"P<C0.01 vs controd. "P<0). 01 vs elec-
trolysls.

n Relaxarion index
Con 6 1-00+0. 09
Els [ 0. 27+0. 08
{-Arg+Els 5 0.8530. 04

Effect of }-arginine on content of MDA

DETC or electrolysis increased the level of
MDA in the aortic tissue. /-Arginine attenuat-
ed the elevation of MDA induced by DETC or
electrolysis. The elevation of MDA content by
DETC was alsc reversed by SOD «Tab 4).

Tab 4. ElTect of {-arginine (1 mmol -L.7'> or S0D
{200u +ml ' ) on elevation of MDA by DETC ¢ 5 mmol

-L.7') ar electrelysis in rabbit thoracic aorta. ~+s.

“p<0. 05 ws contral, ‘*P<0.05 ws electrolysis. “P<C
0. 05 w5 DETC.

n MDA . nmol/g wet wt

Con 6 17.0246. 729

Els 6 43.83+12. 76"
Els+i-Arg 5 22.334+49.01°
DETC 5" 44.13+12.98°
DETC+S0D 1 21. 51+ 6. 6"
DETCH{-Arg 5 23. 46+ 4. 95"
DISCUSSION

This study shows that !-arginine improves
the impairment of endothelium-dependent re-
laxation and inhibits the elevation of MDA
content by both DETC and electrolysis in iso-
lated rabbit aorta. These results suggest that
l-arginine possesses a protective effect on the
endothelium against damages due to both en-
dogenous and exogenons OFR.

In the present study. Both DETC and
electrolysis inhibited vasodilator responses to
ACh, and the effect of DETC was reversed by
This
suggests that impairment by DETC of en-
dothelium-dependent relaxation to ACh is due
to the generation of superoxide anion.

SOD, a scavenger of superoxide anion.

MO induces relaxation of smooth muscle
via activation of guanylate cyclase and stimula-
tion of cGMP production, and the superoxide
anion, besides inactivating NQ. inhibits the
¢GMP production through inhibition of cata-

lase which activates guanylate cyclase*. In


http://www.cqvip.com

s

128 - BIBLID: 155N 0253-4754

Acia Pharmacnlogica Sinwca

+ B] & IR 1594 Mar: 1542}

addition. superoxide anion and other oxyradi-
cals. such as hydrogen peroxide and hydroxyl
radical. induce the peroxidation of membrane
lipid. The present study showed that the con-
tent of MDA was enhanced by electrolysis or
DETC.  Qur results suggest that the impair-
ment by DETC or clectrolysis of vasodilator
responses to ACh may be due to inactivation of

N0 and reduction of synthesis and/or release

" of N() through elevation of lipid percxide.

LU

/-Arginine can restore cholinergic relax-
ation of aorta and other arteries in the hyper-
cholesterolemic rabbjes ¢4,
Supplementation with dietary {-arginine also
IMProves

humans and

endothelium dependent relaxation
and lesszens the histomorphological changes of
atherosclerosis in hypercholesterolemic rah-
bit='"*".  Io the present study. {-arginine im-
proved impairment by both DETC treatment
and electrolysis of endothelium-dependent re-
the isolated aorea of rabbirs.
These results support the proposal that § -

laxation in

arginine possesses protection of endothelium
against OFR-induced functrional injury.
{-Arginine i3 a precursor for NO synthe-
NQO) is an antioxidant. and has broad an-
tioxidant activiey' ¥ .

sis.
In the present study. {-
arginine martkedly inhihited the elevation of
MDA content by DETC or electrolysis. sug-
gesting that protection of {-arginine against
endothelium  mighe be

correlated with its

antioxidarion.

In conclusion, the present study suggests
that J-arginine can protect the aortic endotheli-
um against damages induced by both endoge-
nous and exogenous OFR.  The protection of

{-arginine might be secondary to antioxidant

effece of NQ,
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Sympatholytic effect of captopril in regression of cardiovascular
remodeling in spontaneously hypertensive rats'

XIE Liang-Di. CHEN Da-Guang?, ZHANG Sheng, WANG Hua-Jun, CHEN Hong-Ji¥ { Hyvper-
tension Division, First Affiliated Hospital, Fujian Medical College, Fuzhou 350005, China)

ABSTRACT Fifty-eight spontaneously hyper-
tensive rats (SHR) at 12 wk of age were divid-
ed A ) captopril ( Cap ) 2 0mg
kg™ +d™ i Biclonidine ( Clo ) 30 pg - kg™
cd™ s CIClo30pg kg '*d™" +Cap20mg
kg™ '-d"! orally for 24 wk. Concomitant ad-
ministration of Cap and Clo did not result in
more lowering of the systolic blood pressure
(SBP) than that by Cap alone. Regression of
lefe ventricular hypertrophy (LVH) were re-
markable in Groups A and C, but not to the
extent in that of WKY. No significanc differ-
ence between these two groups was found.

into 3 groups

Cap alone resulted in a greater decrease of

myocardial norepinephrine { NE) than that of
Groups B and C. The wall/lumen ratio and
the number of smooth muscle cell { SMC) lay-

ers of renal artery decreased in Groups A and
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C. but litde difference was found between
them. It seemed that combined blockade of
renin-angiotensin-aldosterone (RAA) system
and sympathetic nervous system (SNS) did
not produce more significant BP reduction and
reversal of cardiovascular remodeling than Cap
alone did. The sympathetic inhibitory effect
of angiotensin converting enzyme inhibitor
t ACEL) was not enhanced by sympatholytic

treatment.

KEY WORDS inbred SHR rats:inbred WKY
rats ; captopril ; clonidine ; blood pressure ;

myocardium : norepinephrine : calcium ;

hydroxyproline; renal artery

Cardiovascular remodeling always accom-
panies hypertension“'~?'. Both sympathetic
nervous system (SNS) and renin-angiotensin-
aldosterone { RAA ) system were involved 1n
the process of cardiovascular remodeling. be-
sides the hemodynamic effect of hypertension.
Hypertensive cardiovascular remodeling  re-
gressed after angiotensin converting enzyme
inhibitor ( ACEL) treatment. which blocked
RAA directly or inhibited the SNS at different
levels indirecdy'®-.  Sympatholytic drugs pre-

vented or regressed the LVH'* . hut it is un-
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