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Blockade of nitric oxide-induced relaxation of rabbit aorta

by cysteine and homocysteine
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AIM: To examine the inhibition by L -cysteine
{Cys) and L -homoeysteine (HoCys) of NO-induced
relaxation of sorta. METHODS: The tension of
rabbit sortic rings in oxygenated Krebs' solution was
recorded isometrically. RESULTS: Pretreatment
of endothelium-denuded rings with Cys or HoCys
inhibited the NO-induced increase in cGMP. The
inhibitory effects of Cys or HoCys on relaxation
responses to subsequent additions of NO 75
nmol* L™ ! gradually diminished with time, which
was consistent with the loss of the sulfhydryl
concentration of Cys and HoCys. Superoxide
dismutase (SOD) 35 kU » L' attenvated the
inhibition by Cys and HoCys of NO-induced
relaxation. Neither boiled SOD nor catalase 100
kU-L ™! antagonized the inhibitory effects of Cys.
Preaddition of SOD 35 kU » L' inhibited the
reduction of cytochrome C by Cys. Increasing
concentrations of SOD from 35 to 350 kU« L7}
intensified the cytochrome C reduction. Addition
of xanthine 300 pmol:L ™" plus xanthine oxidase 1
U+ L' to the mixture of cytochrome C 60 pmol
L ! and Cys 100 pmol-L ™! produced an additional
augmentation of SOD-inhibitable redoction of
cytochrome C. The rate of the reduction of
cytochrome C induced by HoCys 100 pmol-L ™! was
much slower than with Cys. Addition of NO
reduced the of both the
supernatant of aortic homogenate and Cys in Krebs’
CONCLUSION: The inhibition by the
SH compounds of NO is mediated partly by the
superoxide generated by the auto-oxidation of these

SH concentrations

solution.
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compounds, and partly by a direct reaction of SH
groups with NO.

Endnthelium-derived relaxing factor { EDRF)
has been identfied as nitric oxide { NO)Y!-3 . This
free radical, releazed fram wvascular endothelium,
sumulates guanvlate cyvclase by the formarion of a
nitrosyl-heme complex at the activatar site of 1he
enzyme. and then produces vasorelaxation. Studies

of wascular funcriun in patients with homo-
cyaleinemia and in animals with a long-term
administration of homocysteine { HoCvs) demons-
trated the essential features of vascular lesion 1hat
mighi be asscciated with the homocysteine-induced
endothelial inj ur}f”'{ with the resultant decrease in
production of EDRFY,

damage induced by HoCys,

In considering the wascular
sulfhydryl ( SH )
compounds have a potential for autoxidation
accompanied by the generation of some free radicals
including O7 ™7' which has been proven ta be a
powerful inactivator of EDRF and NO'® .  Also,
SH compounds which have standard reduction
potentials around — .25 V have a potential 1o
reduce NO with reduction potentials +0.5 V-,
Therefore, that leaves open the possibilicy thar Cys
and HoCys mayv be a potential antagonist of EDRF
or NO under physiological and pathophysiologic
conditions.  Indeed, the interactions of HuCys with
MO and EDRF that influence wascular tone are
poorly understood and are a subject requiring further
clarification, It was our aim n this study 10
characterize the effects of Cws and HoCvs on
vasomoter tone of isolated rabbit aortas in the
presence and absence of endothelium, to determine
whether the effects of the 2 compounds on NO-
induced relaxation paralleled their ability w affect
the accumulaiion of eyclic GMP. Furthermore, we
wished 10 elucidate the mechanism by which Cys

and HoCys interfere with NO-induced relaxation.


http://www.cqvip.com

LR BUS ISIBEED: 88N 02539750 Acte Pharmacabygica Sinica P B HEFH, 1997 Jan; 18 {1}
mL of ferncytochrume C were added to Krebs' solution in the
METHODS PIe~ence and abseuce of 30D (35 KU L~ ! 1at 37T bubbﬁng

Preparations of rabbit aortic rings and tension recording
The preparation uf rabbie aortic rings was similar o that
described previousty’'. Some experiments were perfurmed
using aortic nings in which the endothelium was removed by
rubbing the lumen with a wooden applicatur stick for 30 — 60
v The absence ul endothelium in these rings was cunfirmed
by the lack of relaxation ta ACh alter submaximal cuntraction
tu an Agonist

Tension was measured wometrically . using Grass FTO3M
transducers. and was displaved on mudel 7 Grass polygraphs.
Ring- were allowed to eguilibrate for at least 90 min before
experiments were begun. Ba<al tension was maintained at
appruximiately 2 g Must experiments were carried out on
sets of 4 rings from the same aorta. To allow studies on
relaxatiun, each ring was precoutracted submaximallv
(30 % -70 % of maximum wone! by addition of I-
phenvlephrine [ PE] 30 - 100 nmol * L™} to the bathing
solution.  Results are expressed in % of relaxation of PE-
induced tone.

Preparation of NO solntions  Sclunions of N0 were
prepared as previously desenbed ™ Briefly, a 125-mL gas
sampling chamber { Kontes K-653100) was flushed for about
10 min with a flow of N gas, and then for about 10 min with
a tlow of purified NO gas, which first passed through a
scrubbing tower containing NaOH pellets 10 ger rid of acid-
generating material. Ten tmL of nitrogenated anaercbic HC1/
KCt solution 50 mmol * L™ (pH 2.0 was injected from a
syringe through a self-sealing rubber stopper and distributed
with shaking aver the mner surface of the chamber for a few
nunutes. [t was then removed by syringe anaerobically
Three more similar washes with 10 mL

The MNO

concentration in the final equslibrated solution was estimated
L

through the stopper.
of the same soluton was made to ehminate NO; .
tw be close t0 1.5 mmel*L ™" on the basis of the inerement in
W0 plus NO;y formed {rom the NO present in the solution
when the solution was exposed to oxygen"lm.
Measurement of superoxide production  Superoxide
amon { On ) production was determined by spectrophoto-
metrically measunng the reduction of ferbeytochrome C 1o
ferrocytochreme ©. The change in absorbance ar 550 nm
{the pesk for ferrocytuchrome C) was used to caleulate the
amount of cytowchrome C reduced, using the difference in
extinction coefficient at 550 nm of 2.1 mr - mol™', for
cunversion af the owidized tu the reduced form'*'. The
difference in the amuunt of cytochrome C reduced in the
absence and presence of superoxide dismutase ( SOD] was
taken as & messure of the amount of U5 producedi’?’. A
continuous assay for cviochrome € reduction by Cys and
HoCys waw carried vut o clarify the onset, rate, and extent of

ferricytochrome © reduction by these cumpounds,  Twenty

with 95 % (L/5 % (O to give a hnal concentration uf 15
Then, Cys or HoCys {10 or 100 pmol - L )

was added w the sbove solutivn 1n a test tube. followed

pmut- L7

immediately by ortexing throughout the solution. and placing
the solution intoe a disposable polystyrene cuvette for a
cantinuous scanting in & specirophotometer ac S50 nm. The
onset, rate, atd extent uf change of absorbance at 550 nm of
ferricytochrome C un reduction by these SH compounds were
contimucusly monitored in the presence and absence of SOD.
Measurement of SH group  Stock standard solutions of
Cys and HoCva were Ireshly prepared on the day of use by
dissolving these compounds in distilled water. producing pH
1.5-4.5.
group was 2, 2 -dithiobio-( 5-witropyridine) (DTNP), which

The color reagent used for determinatious of SH

1s a sensitive reagent for SH determination over a broad pH
range‘m DTNP was dissclved in acercne
>00.5 %). An ethanol-phosphate buffer was prepared by
mixing 250 mL of phosphate buffer {100 mmol - L™, pH
7.01 with 100 mL of distilled water, and then bringing the
buffer volume up to 300 mL with absotute ethanol.  The finat

pH of all the mixrures was about 7.5 for the determination.

{ purity

Absorbance was spectrophotometrically measured at 412 nm.

Stock solutions of Cys or HoCys (100 mmol* L' 1 were
prepared in distilled warer, and diluted to 100 pmot* L™ ! with
Krebs solution. and then incubated in test tubes ac 37 C .
To oheerve changes in SH content with time under normal
condition of (5 supply or under anaercbic condition, these
solutions were bubbled with 95 % (/5 % 0., or 95 %
N./5 % CO,. Aliquots were withdrawn at given intervals,
and mixed with ethanol-phosphate buffer and color reagent
DTNP for spectrophotometric reading. To compare changes
in SH content after addition of NO in the presence and
ahsence of ;. the test tubes containing 10 mL of Cys (100
pmotr 1.7} in Krebs' solution were bubbled with 95 % O/
F%COhor95 % N.v/5 % COn.
NO solurion were directly added to the Krebs' solution with

Twenty pl of saturated

gentle shaking for 1 mun, then 1 mL of the solution was
withdrawn and mixed with ethsanol-phosphate buffer and
DTNPF lor determination of SH concentrations.
Determination of total SH groops in rabbit aorta A
fresh rabbit aorta was cut into rings of 2.5 mm width, and
trimmed free of connective tissue in a cooted dish.  The rings
were homogenized with Krebs' salution (60 g* L™ ') in a
homogenizer precooled in jce.  The ratios of tissue 1o
homogenizing medium were chosen tu obtain visible color and
an absorbance of 0.1 to (.8 when total SH groups were
estimated. The homogenates were transferred to 2 mL
polypropylene tubes and centrifuged at 27000 ~ g at 4 C
for I5 min . Aliquots of 0.2 mL of the supernatant were

transferred w 2 ml. polypropylene tubes and mixed with T mL


http://www.cqvip.com

BEELIE: I=5™ U253-9736

Atta Phe rnacclogica Sinica F B2 E R

9Y7 Jan; 1B LY =13

of stnraied NO AT S ot L dacluton L and then 0.6 mi
oI ethanol-phosphate buller aod 0.2 ot of DTNP
250 paaleb U owere ubded wothe same tabes, [ollowed by
wortexing A megent blank Cwatlven supernarane ) and o
sampe Dlank {withour DTNPY were prepared. The final
muxrures were pipebted b cuvertes, and the absorbanee was
read av 412 nm.  The mular extweton eoclficent a 42 nm
nf 1310 m? el e

Measgrement of cGMP  level

" wras nemd to cdleolare SH oontent
Endcabelmm-denuded
aurbic nngs were <uspernded under 2 p ol tension at 37 T
M-mL eapacny water-Jackete] chambers. At ane ume,
these vhetnbers vould e mstanly dropped down. leaving the
preparabnn bor mmntediate  (reezing in liqud N.. From
prelinnnary expenments wole fur Treezing usaue and GMP
mennbrement < were selected that corresponded o the period of
the peak responses Fur example. NO 75 amol-L 71 was
added alune or alter SH oompounds for 2 min, Cys or HaCya
I0 pmwl * LY were added for 3 min Frozen tissues were
homugemzed in 1ce-eold 6%  wichloroacetic acid 1o give an
approximately 10 % [ wtsvol b humogenate. The
humugenates were eentrifuged at 2000 = 4 at 4 T for 15
min.  The supernatant fractons were decanted ull amd the
pellets were washed 4 nmes with § volumes of water-saturated
athyl cther, and the ayueous =xtracts were saved fur assay [or
cGMP wsing enzyme-mmunoassay  kits [ Amersham  Inc,
Amersham, UK}, wlile the pellets were saved [or prutein
determnation.  Alter the agqueous extracts were allowed ro
evaporate, the dried residues were dissolved tn 1.2 ml of
assay buller comainiag 30 nimol- L7 acetare buffer pH 5.8,
0.02 % (wi/vol) buovige «erum alburin, and 0,005 % (w”
vol} tlumeresal. and assayed for cGMP. A peroxidase-
labelled cGMP [ 100 pl ) was used by cumpete with the
acetylared samuple eGMP (30 pL) fror a limied number of
hinding sites un the rabbit anti-cGMP wrum CID0 gL a1

4C fur I b

The peroxrlasc lipand that 1» bound w the

rebbit ant-uGME was imowbalized on polsstivrone merotire
wells  After washing uut sy unbound ligand, rhe antunt of
peraxidase labeled o GMD buuwmd o the tabbit anb-oltMP waxs
deterommed a1 450 m afrer adding peroxidise sulsirite
retramethytbenzidioe 2100 pL fur 30 oun and acidifving 1the
reaction mixture with THE pb. of solfune aend 1 mel- L',

Pritein  precipitated by the  inchloroaeene acd  was
measured'
Chemicals Pure NU) gas was obtataed {rom bLigood
Carteme Speetalty Gas Co ([ Chieago tL, UsA). ACh,
L-cysteine hydrochlonde [ Cwnl, L-homuocystenme [ HoCwn},
phenylephning hydrochloride (PE Y, eyiochrome C type 1l
frrn horse heart, xanrhine, xanthine ipdase, and superuxide
dismutase frum bowvme ervtherocvies were purchased {rum
Stgra Chemieal Co (St Lonis MO, USA). 2,2"-Dichwbis
{S-nitropyndine ) was purchased from Aldrnch Chemical Ca
[ Milwaukee WI, USA).
Statistical amalysis Results are expressed a= > £ 1.
Statistical analysis was performed with ¢+ rest for puured

chservations [ two-tailed ).
RESULTS

Inhibitions by Cvs and HoCvs on relaxations of
rabbit acrtic rings induced by NO and ACh. On
FPE-precontracted denuded  of
endothelium, single dose {75 nmol* L ') of NO

aortic  rings

induced reproducible relaxations that were of rapid
onset and transient duration (Fig 1).
addition of Cys and HoCs

attenuated relaxation induced by N0O. The

Cumulative )
2
compaounds mhibited both duration of relaxation and
peak relaxation responses to N, with duration
uwsually being inhihited more potently than peak

Fig 1.

are lypical of 6 experimenis.

Inhibitory effects of Cys and HeCys on NO-induced relaxation in PE-precontracted rabbit aertic rings witheut
endothelium. Dashed lines show level of basal lone before contraction. Concentrations are expressed as Ig mol<1,7 %,

I'racings
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relaxation (Fig 1).

The concentrations required to shorten by 54 %
induced by NG 75
U wore less far Cys than for HoCys.  When
the concentrations of Cvs and HoCys were tncreased
', inhibition of NO-

indured relaxation was obscured by the endothelium-

the duration of relaxaiion

amol- L
up to and above UWH pmol- L

independent  component  of relaxation  produced
directly by Cys and HoCys con vascular smooth
muscle.

Pretreatment of the endothelium-denuded rings
with SOD (15 kU - L ') markedly augmenred
relaxation induced by NO (75 pmol+L™"), and then
considerably attenuated the inhibition of the NO-
induced relaxation by Cys (Fig 2) . and HoCys (data

nut shown) .

M) SCI’D NO NO
W
Fig 2. Effects of SOD on NO-indouced relaxation. SO0D i5

KU-L™" potentiated relaxation induced by NO 15 nmeol-L~!
When Cys (10 pmol-L™') was present.
the potentiation was partially curtailed {upper 2 tracings).
Dashed lines show level of basal tone. Tracings are typical of
3 experiments.

(lower tracing).

However, even though 530D was able to reverse
the inhibitory effects of Cys and HoCys on NO-
the duration of NO-induced
relaxation in the presence of both Cys and 30D was

induced relaxation,

not as prolonged as in the presence of SOD alone
(Tig 2).

This inahility of SOD to completely abrogate
the inhibition of Cys on NO-induced relaxation is
also apparent in the inhibiticm of HoCys on NO-
induced relaxation (not shown). Increase in the
amount of 3O (up to 35 kU-L ') did not produce

significant change in its effects in this respect. In

centrast 1o SOD, catalase (100 kU-L ') and boiled
SOD did not proleng the relaxation induced by NO,
nor antaganize the inhibitory effects of Cy= (Fig 3.

Fig 3. Effects of 30D, catalase., and boiled 50D on
relaxation induced by NO 75 nmol- L™ 1 in the presence and
absence of Cys {10 pmel- L™'). Only fresh SOD (15
KkU-L™!) enhanced the relaxation and antagobized the
inhibition by Cys. Catalase (100 kU-L™') and boiled SOD
failed 10 do sp. Dashed lines show level of basal 1one.
Tracings are tvpical of 3 experiments.

To evalvate how long the inhibition by Cys and
HoCys of NO-induced relaxation lasts after a single
addition 1o an organ chamber, the time-course of the
inhibition was observed. With Cys or HoCys, the
degree of inhibition of NQG-induced relaxation was
maintained essentially at the same level for 10 - 15
min after the single addition (Fig 4).

NO  Hocys NO

— 1~

0 t 2 3
Time/h

Fig 4. Inhibition by Cys and HoCys of relaxation indoced by
NQ. Tracings of endotheliom-denuded rings precontracted
above the basal tone (dashed line) with phenylephrine show
inhibition by the 2 compounds {10 pmoi-L ™'} of relaxation
induced by NO (75 omol - L™') was diminished. The
tracings represents 3 experiments.

The inhibiory effects of the 2 compounds were
gradually diminished with time when Cys or HoCys

was incubated with the aortic rings. which were
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relaxed by single addinon of NO (75 nmol=L7")
every hour under the physiologic condition.

Incubations of intact rings of tabbit aorta with
HelCys 100 pmal-L ' for 4 h resulted in a loss of
about hall of the relaxation response to ACh as
compated to comtrol incubations without HoCys {Fig
5).  But these abnormal relaxations to ACh of
intact rings of anrta were not signifivantlv shown in
the presence of Cys 100 umol+L L.

Effects of Cys and HoCys on the NO-induced
cGMP content of aortic rings 1! the effectiveness
of NO in relaxing vascular rings parallel its abilicy
to stimulate the activity of guanvlate cvelase, then
pretreatment with Cys or HoCys {10 pmol+L7'),
which partially inhibic relaxation by NC). might
affect the cGMP content stimulated by NO.
Pretreatment of endathelium-denuded rings with Cys
ot HoCys (both 10 pmal+ L™ ") reduced by almost
500 % the increase in the ¢GMP content stimulared
by a 2-min exposure to NO (Tzb 1).

Continuous assay [or cytochrome C reduction
by Cys and HoCys

ol reduction of eyrochrome C by the two com-

For determining the time-course
pounds. absorbance at 550 om was monitored
continuously alter mixing the agents in solution in
spectrophotometer cuvettes in the presence and
absence of SOD.
reduced by

Since ferricytochrome C can be
0.,

specificity for Qs was achieved by messuring not

numerous  compounds  besides

W

Tab 1.
after pretreatment with Cys and HoCys.
P<0.01 vs NO alone.

MO-induced ¢GMP content of rabbit aortic rings
.

Cwelw (3P

Agents i tpmme g Jerotin)
Cemtnil L 202+ 123
N L] 1 3Y3i+ |54
Cwat+ N 4 72423
HeCys =~ NO 8 740+ 107

total eytochrome U reduction, but rather the SOD-

inhibitable cemponent of that reduction.  Cys 100

- pmol+ L' reduced cvtchrome C (60 gonad -L ') ar

hlg-her rate. and the reduction of cvtochrome C by
Cys reached a steady stare {plateau) in about 2 min.
Addition of SOD 33 kU L ! before Cys inhibited
the initial rate and the steady state level of
cytochrome C reduction by Uys. A mixture of stock
solution of SOD 7000 kU + L ' with Cys 20
mmol-L. ' produced cytochrome C reduction simular
to the results obtained by respectively adding SOD
and Cys to ¢vrochrome C sclution. However, the
rate of reduetion of cytochrome C induced by HoCys
was much slower than with Cys, and the extent of
the inhibition by SOD of cytechrome C reduction in
the presence of HoCys was small (Fig 6). To
evaluate the extent of O, involvement in reduction

of eytochtome C by Cys, additional experiments

were performed.

Increasing the concentration of

Homocysteine

4 h
Fig 5. Effect of prolonged incubations of intact rings with HoCys an ACh-induced relaxation. Twao rings from the same aorta
were incnbated in control (upper tracing) or HeCys 100 pmol- L™ ' { lower tracing} for 4 h.  Addition of SOD 35 kU L' after

incubation partially augmented ACh-indnced relaxation of a dysfunctional aorta.
Cancentrations are expressed as lg mol-L ™!,

Dashed lines show level of basal tone.
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Fig 6. Reduction uf cytochrome C (15 pmul-L™!) by Cys or
HoCys (10 or 100 pmul-L™"). % * 5 of 4 tests.
PP 0,05, P <0.01 vs without SOD.

SOD from 35 to 350 (kU - L") intensified the
inhibition of cytochrome C reduction induced by Cys
100 pmol-L~".  The SOD dose-dependence of the
inhibition of cytochrome € redvetion provided

additional evidence that O, was involved in

cytochrome C reduction by Cys. However, even
the wery high concentration of SOD could not
completely inhibit the cytechrome C reduction,
suggesting some direct reducrion of ferricytochreme
C by Crs.
the results from expertments of incubation of Cys
with cytochrome C bubbling with 95 % N,/5 %
CO,. Under that

cytochrome C at a slower rate to the levels close 1o

This direct reducrion was also proven by

vondition  Cys  reduced

those obtained under the condition of O. supply.

The duration {min) from onser of cytochrome C
reduction to the plateau was 4.8 =0.6 {2 =3},
different from 2.2 = 0.2 (n =6, P <0.05)
ubtained under aercbic condition. This result of
ferricyiochrome C reduction taking place with slower
rate under anaerobic conditions was in agreement
with observarion by Saez’s groupm ;

To make sure thar limiting concentrations of
added cytochrome C {15 or 60 pmol-L™") were not
responsible for the rapidly attained platean of
increase in absorbance direct addition of xanthine
(300 semol-L ") plus xanthine oxidase {1 U-L7').,
which

generating (% , to the mixture of cytochrome C and

are a well-dorumented combination for

Cvs was made after atrainment of the plateau. Such
an addition succeeded in augmenting reduction
further only in the absence of SOD {Fig 7).
1 oW —_ — ===
0.9 el -
X+ X0 - -
e //
08 1, .
E g - s
godicmesonl L.
g 0.6]! 7
g .~
rd
2 os{) x+xo,
= |' L,
0.41, - - =
Il L
L ey . .I
¢ L 2 3 4 S5 & 1 8 9
Time/ min

Fig 7. Cytochrome C (60 pmol-L ™) reduction by Cys (100
pmol-L~1) or xanthine (X, 300 pmol-L™!% plas xanthine
oxidase (X0, 10 U-L™'} and SOD (35 kU-L™1).

Also, in the absence of Cys, the same amount
of xanthine plus xanthine oxidase induced reduction
of cytochrome C only in the absence of SOD. In
addition, when cytechrome C {60 pmol - L™")
reduction by Cys (10 pmol * L™') reached the
plateau, direct addition of 20 pl. of Cys ( final
concentration 100 pmol * L™'} o the cuvettes
contaming 1.5 mlL of the reaction solution elicited
an additional increase in absorbance at 550 nm ( not
shown). All these results suggest that, compared
to xanthine plus xanthine oxitdase, Cys has a limirted
ability to reduce cyiochrome €, and rthat the
reduction is only partly the result of O, producrion,
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Effects of NO on content of Cys  Using the shown in Fig &.
provedure vuthned for preparation of standard curves
for SH determination, a hoear response berween the = —=— HoCys n H,0
sbsorbance reading and  the  corrcsponding % —e— Cys in HO
concentrations of Cwvs  was uobtained op 1w & g 25 - - - - HoGys in Krebs'
concentraton of 50 jemol* LY. When 20 pl of = 20 - -@--Cys in Krebs
satarated NO ( [inal coneventration 3 pmol* L 7') was '% %
addeld to 10 mL of Krebs' solution containmg Cys ‘E 15
(final cencentration 20 pmat+ L *) for | mio undec § s Tl .
the condition of 93 % (=75 % O, . abiquots of 1 o 10 LI Tl
ml of the solution were withdrawn o determine the 'ci - i .. - ~l
changes in SH concentration.  The SH concentra- £ 57 Tt )
tinn of the aliquets was decreasid 1 cumparison with d‘?: o BN 3
control ahgoots withdrawn from control Cys solutiom E % ‘ 1 I 2 3 '

added with 210 uL of a water medium of NO (Tab
2, regardless of supply with either s or N..
These results indicate = direct reaction of Cys with

NO. which leads w Jdecrease in Cws content.

Tab 2. Cys concentrations after addition of NO. x * 5.

P<0.01 vv Group 1. “P<0.05 vs Group 3.

SH concentration

Crmoup Cy~leine i (oL ')
| U+ Uk 17 0.3=n 4
2 N st O 17 1R.2=p 4
3 N, . 12 203207
1 Nih N- 2Ol 12 17 DL0.7

Effects of NO on tolal tissue SH groups
Using the procedure recommended {or total tissue
SH  groups dererminatons.  yellow  color  was
produced immediately after nuxrure of DTNP with
the supernatant obtained from centrifugarion of
rabbit aornic homogenate.  Neither the reagemt
blank nor sample blank produced visible color. A
light milky turbidity developed sometimes. but did
measurements of

not appear to inetlere  with

eolor !, Cantrol SH content of aortic tissue was
2424017 pool-g ' (nr = 12} after addition of
NO (2 e} 10 the supernatant of acrtic homogenate
{200 pL}, the SH content decreased tw 2.20
£0.16 pnol-g '(n=12; P<0.05), and 2.21
=018 pmal g "t = 125 P <0.05} in the
abscnee and presence of SOD, respectively.
Concentrations of Cys and HoCys in agueons
solution  The changes m the concentration of

vanous Cys and HoCvs that oecurred with ume are

Time/ h

Fig 8. SH concenirations with Cys and HoCvs ( both 20
pmol - L™ ) were incubated with 95 % 0,75 % CO, in
distilled water (pH 4 — 5, solid kine).
(pH 7.4, dashed line}. x % 5 of 4 fests.

or Krebs' selution

The least change in SH content occurred when
these compounds were incubated at 37 C in distilled
water, pH 4 — 3. Under these conditions, the
concentration of these compounds decreased only

6% — 12 % during 4 h.

two compounds were incubated in Krebs™ solution

However, when these

{pH 7.4). their concentrations decreased more
rapidly.  After the entire 8-h observartion period. a
mixture of DTNP with aliquots of Krebs' sclution
containing 20 wmol L™ of Cys or HoCys did not
The slow loss of the SH

concentration of the 2 compounds in exvgenated

produce visible color,

Krebs' solution is consisted with the slow loss of
their inhibitory action against NO-induced relaxation
of aortic nngs over long penods after »ingle additions

of the SH compounds in organ chamber experiments

(Fig 4},
DISCUSSION

In the present work., we demonstrated that Cys
and HoCys partially inhibited the

relaxation of endothelium-denuded rings of rabbit

transient

aorras produced by single additions of NO (75
These findings

NO-induced
relaxation by Cys and HoeCys from 0.1 — 100
with the

nmol L") to the Krebs™ salution.

of  duse-dependent inhibitien of

smiobL "', are consistent inhibitory
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properties of other low molecular weight thiols,
namely pglutathione and dithiothreitol''"?.  The
remarkable similarity in the inhibitory potency
among these SH compounds further bespeaks their
saimilar  physiochemical properties and a  basic
mechanism of action due to their commaon SH group.
The degree of inhibition at cancentrations of > 100
pmol L' could not be accurately evaluated because
of the direct relaxing effect of the SH compounds at
high

muscle

concentrations on the vascular smooth

(10)

It is of interest to note that inhibition by these
2 SH-containing amino acids (10 pmol*L7") of the
NO-induced relaxation of rabbit acrtic rings occurs
with a concomitant decrease in NO-stimulated
cGMP content by about 50 % (Tab 1). These
results support the possibility that interaction of the
2 compounds with N causes a decrease in the
concentration of NO, which leads to less stimulation
of guanylate cyclase and then less increase in ¢GMP
content in the vascular smooth muscle.
NO,
endothelivm and these SH compounds was further
explored in detail. The fact that the inhibition of
NO-induced relaxation by Cys and HoCys could be
considerablly attenuated by SOD suggests that Oy
may be involved in this inhibition (Fig 2). In
contrast, neither boiled SOD nor catalase ( 100
KU'-L™!') could be SOD in
antagonizing the inhibitory effects of Cys 10 wmol
:L ! on NO-induced relaxation (Fig 3).
therelore be explained so far that O, generated in

The interaction between vascular

substituted for
It might
the Krebs' solution somehow by the autoxidation of

H,O.
dismutation of (J; , is partially responsible for their

the compounds, and not formed by
inhibitary action against NO in the absence of SOD.

Nevertheless, the rate of reduction by an
equivalent amount of HoCys was not significantly
affected by SOD and hence did not significantly
It should be

emphasized that in all experiments with these 2

proceed via production of Q5 (Fig 6).

a large part of the reduction of
inhibitable by SOD,
indicating that they were capable of directly reducing

compounds,
cytochrome C was not
cytachrome C. This passibility was confirmed in
experiments of cytochrome C reduction by Cys with

increasing amounts of SOD. The reduction of

cytochrome C was not completely inhibitable even
when the amount of SOD was increased to 350
kU-L" ! {not shown). In contrast, SOD 35 kU
-L" ! completely inhibited cytochrome C reduction
by the combination of xanthine plus xanthine
oxidase (Fig 7), which is a well-documented Oy
generator. Further supporting SH
compounds being able to directly reduce cytochrome

evidence

C was obtained from experiments involving Cys-
induced cytochrome C reduction under anaerobic
condition (95 % N;/5 % CO;). Under this
condition., Cys was found to cause considerable
reduction of cytochrome C, although at somewhat
slower rate than under aerobic conditicn ( not
shown). This finding is in good accard with the
report by Saez et al'm.

These results suggest a direct reduction of
cytochrome C by SH compounds or by the ionized
thiol, which would not be inhibited by S0D. In
addition, these SH campounds have limiting ability
to reduce cytochrome C when compared to xanthine
The difference

between xanthine plus xanthine oxidase and SH

plus xanthine oxidase (Fig 7).

compounds in reducing cytochrome C may depend on
the difference in the standard reduction potentials of
O, 07 (- 0.45 V} as compared with the SH
compounds {around —0.25 V).

In addition to O; -dependent inhibition of NO-
induced relaxation, SH compounds may possess an
(; -independent component that plays a role, in
Such an O -
independent component would account for the partial

part. in inhibiting such relaxations.

reduction by Cys ol SOD-potentiated relaxation by
NO (Fig 2,3). It would also help explain why the
SOD-potentiated relaxation by NO 75 nmol-L ! was
This O, -
independent component of inhibition of NO-induced

partially curtailed by Cys (Fig 2}.

relaxation is likely due to direct reaction between SH
groups and NO. This possibility was supported by
the results from reactions of NO with Cys (Tab 27},
which indicated a decrease in the concentration of
SH content after addition of NO under both Oy and
N supply. Pryor et /' showed that SH are
readily oxidized to disullides by NO or NO, at about
pH 7 and that the oxidations were inhibited only

when pH was reduced to < 4. Their abservation
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appears t rule oul direct H atom abstraction from
the thiol by NO, which is energetically unfavorsble
in any vase. Furthermure, reaction berween NO

and Cys 1 form S-nitrosocvsieine under our
expeniment condition is unlikely 1o account far the
mhibition of the relaxant effect of NO, since S
nitrrosacysieine leads to enhanced relaxation of the
aortic ring, and this phenomenon o prolonged
relaxation due to formation of S-nitrosoeysteine was
nut seen in the present study at all, indicating that
S-nitrosceysteine was unlikely w0 form in effective
amounts o produce relaxatinon when Cys was added
up to 100 pmol+L"'. The additivnal mechanism by
which SH cxhibited  their 0Oy -
independent mhibit the relaxant

effects of NO may be due either 1o direct wrapping of

compounds

component o

NO or 1o conversion of the free radical form NO o
stale NO~ and N,O, with
accompanying loss of biological activity:

2RSH+2N0 — 2H" - 2NO ™ + RSSR

2H" +2NO " — H,0+ N,0

The chemicat stability of SH compounds was

These
results are in agreement with those of Sedlak and
Lindsaw*, Misral®’, and Pryor et af-'®', who
found that thiols at pH 7.4 were much more labile
than at pH 4.7.
gradually decreased  with rtime when they were
incubated at pH 7.4 (Fig 8).

account for the gradual diminution of inhibition by

another reduction

affected as 1the media pH was raised (Fig 8.

Concentrations of Cys and HoCys
Thai decrease may

the 2 compounds of NO-induced relaxation aver an
extended period after a single addition of the
compounds in organ chamber experiments (Fig 4).
A rational explanation for influence of pH on
chemical stability of thiol could be related to the
jonizatinn of the SH groups under the condition of
pH 7.4, and a single electron transfer from the thiol
anion (RS™ ) to Oy may result in formation of O

and thiol free radicals. both of which have been
171

Iound during the oxidation of 3H compounds ', and
hinally the production of oxidized thicls. Hence,

higher pH media could favor the thiol autoxidation .,
and speed up the decline in concentrarion of reduced
thicls.

Alse, 11 was found that the exposure of
endothelium-intact rings of aorta w HaCys for about

4 h inhibited about one-half the relaxation response

tu ACh as did rings incubated with time controls.
Since addition of SOD (Fig 5) or catalase (100
kU-L ', not shown) could only partially artenuare
such incompleted relaxation to ACh, and Cys was
not as potent as HoCys in this respect. pur resulls
suggest 1he specific damage to vascular endothelium
and its product EDRF caused by HoCvs. This
HoCys-induced  dysfunctional endothelium  may
release inadeguate amounts of vasodilators such as

EDRF and epoprostenol, thereby enhancing
vasoconstraction of the vascular  wall. It is
interesting to speculate that, based on the

blochemical interzetons of NC and SH group found
in this study, treatment of homocysteinemia patients
with NO donors may be a reasanable therapeutic
approachm which may trans-nitrosylate HoCys,

rendering it nontoxic to the cardiovascular system.
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KR EzHk AREBHERBET; FHRE
B WEMER; WA, XEN; @il

fLBE; HEN; MR AREK

B BFoE A B (Cys) R 2 B & R (HoCys)
o — 4L A (NO) % S 19 3 Bk & 7K 89 30 3 45 F A9 L
#. A% F Cys 3 HoCys 3 & P4 B 41 M i 35
WabmE, MAEFHEL., ER:. Cys R HoCys
B NO#ESH GMP #u. inA Cys 3 HoCys,
EA1A NO 75 nmol-L™1, %) s ¥ &F 7k 892 5L R
B ZEHE L, S 4 WE Krebs' PR E
MEE—. EXLesLE(SOD) 35kU-L71
MBBEAE2LEE Cys M HoCys 3 NO S8
FokmMEER. MR, mEXER SOD A
WAL Z B (100 kU-L™ 1) BA P Cys MM
M. 7 Krebs’ M PWEMA SOD IS LU-L'R
EWMH Cys AFMHAREXCRER. SODEE
HEISOKU-L7Y, R RME, EAE20H
MMERCHMER. HEHHEY 300 pmol-L7"
RSN L UL mA#EEX C60 pmol
L' A1 Cys 100 pmel-L ™' 498 R #9457 | SOD ¥
MMk CERMMBIEMN, Bx Cys BFELE
EXCHIER, AN HTFrE 8N/ FE.
HoCys 100 pmol-L "SRR E XK C AE R
M Cys . ZEEHKIER Y Cys ¥ Krebs'
FMA NOHEBREEEH PR MERE. &ik: &
Ko NOMNEEARI R &GRS
TEFEENBREYHE NS, B2HAEE NO
MERER.

(—RUANEDERMOITRE

(—EhRRAEMERI IEENAPRENAER. PENYE. FZEERNS TR NE NO £ FlE K5
MEFEFHF, HPEARBETHEARLIES. 2H% 208, H0AF, PERMEXS5EY¥. GREXAX

BHA=Z TS

FAHAREREEFANBANETEEEMN LR, BB NAENRETREH X NO M.

TEEEH. BhEM,

M. BER. BNt BEM. FRE.F K. £ES. B ¥ EEAF-T . AFEARET %4-9
EHRFOAAR, EFSHFRAFL ALY, RR/RIEAFMMEENETETEE EUBIERETREHER.
FHOHEXNI6F. EM 49T (HREM. 7T FLANY, LEEMKFHERLE. 2EEPLMTHERA LS

ERXEETHITW EBEESahat RARS ).
B E®BIE. 021-6404-1900 < 2549,

RERHAFF. TBEERNEHEE ZiTH XE2 W (85 200032).
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