m',t'bylester (Gl NAME) . att iuhibior of
synthase partially inhibited endothelium-
ent relaxation evoked in phenylephrine-
racted rings by isoproterenol and abol-
relaxation mediated by forskolin 0.2
11~ RESULTS: In rings without en-
um, isoproterenol and forskolin were
wetive relaxants and L-NAME had no

: n.the' responses. In methylene blue-
rings isoproterenol- and forskolin-
relaxation were prevented in both en-
dothelium-intact and -denuded rings, but the
_f}Si‘_'tory effects of methylene blue were sig-
L’antl}' more in rings with endothelium than
those without.

On the other hand, relax-
oninduced by sodium nitroprusside was not
ibited by L-NAME, but was inhibited by
r_i?leﬂ& blue in both the endothelium-
! -?ﬂdﬁ “denuded rings. The concentra-
oy 'aﬁXa_-_t:ion curves to sodium nitroprusside
Stylene blue were identical for rings
and withoyt endothelium. CONCLU-
EB“A_d“"flc’celators or any agent which

“elevate NO release from endothe-

5 ‘;‘“s from Heart and Stroke Foundation of
n - OnR Research Grant Council.

e ! of Pharmacology, Zhejiang Medical
Mo, 310031, Cfm'uz

rof David C Y Kwan, E‘&Pm ¢
ity of Medicine, The University of Hon
ad. Hong Kcmg

‘The role of release of nitric oxide (NO),
which is formed from L-arginine in endotheli-
um, and its role in the control of blood vessel
relaxation has become a major focus of scien-
tific study for more than a decade since the
G A recent re-

While

the direct measurement of NO formation is

discovery of such a factor

1 contains over 450 references.

view
technically difficult, the easy availability of
stereoselective inhibitor of NO synthase, such
as L-NAME®’, and methylene blue (MB)
which inhibits the target enzyme of NO,

guanylate cyclase®’, have been proven useful
in the study of events related to the physiolog-
ical effects of NO.
cells, the NO generation from the constitutive
NO synthase is Ca*"-dependent™’,
of cytosolic Ca*" resulting from the inhibition
of endoplasmic reticulum Ca®!

In vascular endothelial
Elevation

~ATPase pump
also elicited biphasic change of contraction in
phenylephrine-precontracted rat aorta with in-
tact endothelium®. ‘We observed an initial
rapid vascular relaxation due to endothelium-
f'ormatwn resultJng from alevation

clial cells and a sub«-

derived N




"’.I‘ha @b]ectwe of this study
hether activation of vascu-

|s by B-adrenoceptor agonists
ase and modulated vascular

Male adult Wistar rats were killed by stunning
The thoracic aortas were excised

~ and decapitation.
and plac:ed in Krebs soluuon at pH 7.4 containing:

NaHaP(l 1, and _glucOse 11 mmol s

Indomet hacin

and connective tissue and cut into 3 — 4 mm wide
rings. The endothelium was either left intact or re-
d by genﬂy rubbmg against the teeth of palr of

‘ten on in 3 mL organ -bath chambers. connected to a

transducer (Grass FTO3) and a pen recorder.
he arga‘n—b'ath é‘hambers contamlng Krebs solution

issues were allawed to ethbrate for at least
1.5 k. Stimulation of rings with KCl 60 mmol [,
every 30 min for 3 times until responses
The integrity of endothelium was as-
R .Whether acetylocholine (ACh, 0.1

hmlaxat n in the rings precontract.
e LL-1y,

Contractions
> level of contraction
re of relaxation to
S was taken as

¥ m most studies, responses

‘were accompanied by test grou' s i
‘agents were applied from ti
periments to control for any effects

Such changes were minimal.
The % relaxation data were expresse
and compared using ¢ test.

RESULTS

Effects of MB on relaxation inducet
sodium nitroprusside (SNP), Iso and Fq
SNP, Iso and For induced endothelium-ind
pendent relaxation. MB 3 pmol L7 sli
increased (P=>0.05) basal tension in bo
dothelium-intact (23 = 20 %) and -dem
(15 + 18 %) aortic rings. However, MB
slightly increased (P<C0.05) the contraction
to PE 3 ,umol L.~ ! when endothelium was "% |

cndothehum was absent (from 92i15 to lﬁ?
+6 %) (Fig 1). _
Pretreatment of endothelium—confilf'" i
rings with MB 3 pmol L™ for 10 min inhibi
(P < 0.05) the relaxation induced by
(0.5 nmol L™'—1 pmol L™*) (Fig 1A)-
inhibitory action of MB was less than
produced by MB against ACh—ind-uc‘Ed T
On the other hand, the respor
SNP in rings without endothelium were
lar to those in rings with endothelium.
Iso induced relaxations Iin bothl.
rings and those lacking endotheliur
were inhibited by MB 3 pmol i
hibitory effect of MB was mu_ch.lﬂ
dot’hel-iﬁm-—containing (Fig 1B) tf
ed rings (Fig 1C). - The maxim

ation'®’

- was attenuated by MB and this

ER
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fig L Effects of methylene blue (MB, 3 pmol )
a (A) sodium nitroprusside (SNP)-, (B) and (C)
sproterenol (Iso)- and (D) forskolin (For)-induced
wlaxations in endothelium-intact (+~E) and -denuded
() rings. (A)— (C), MB-treated rings are indi-
ated as filled symbols and control rings are indicated
s open symbols. The relaxation induced with SNP
ui Iso is expressed as % relaxation of PE (3 pmol
. In (D),
yressed a5 the % contraction to PE 3 umol L' "P<
bil, P<(.05. Each point is the mean for 5 and 6
8P, 4B and —E), 4 and 6 (Iso, +E and —E), 6

for~E and —E) pairs of rings.

I )-induced contraction. data are ex-

@was not overcome by higher concentra-
n3.of Tso (Fig 1B).
. Similarly, MB 3 pmol L~ nearly abols
| Hlth :’;inﬁ?ﬂ to For 0.2 pmol L™ in rings
o fon .ri: eh“.m and reduced partially that to
(ierer g8 without endothelium when they
precor_ltra‘:ted by PE 3 pmol L' (¥ig
In__tbe control experiments s the maxi-
i -_?1011 induced with For 0. 2 pmol =
8 i endothelium-containing than
i The maximal relax-
%“Sg d'as % of PE-induced contrac

Effects of |
by SNP, Iso and For We has
demonstrated™ that L-N VIE (at 100
L' for 20 min) abolished .en he im-
dependent relaxation induced by A;Ch.._ Thzts 5
inhibition of L-NAME appeared to”'be n're—
versible at least 80 min following extensive
washout. L-arginine, on the other hand, re-
stored ACh-induced relaxation in L-NAME-
treated rings following extensive washout f'ér
30 min, but D-arginine had no such reversing
effect (Tab 1). '

Tab 1. Effects of L- and D-arginine (100 pmol L™*)

on endothelium-dependent relaxation induced by ACh,

Iso and For in L-NAME (100 umol L™')-treated rings

precontracted by phenylephrine 3 pmol L ! following

extensive washout for 30 min (number of rats).
_*p>=(. 05, "P<<0.05, “P<<0-01vs L-NAME.

Relaxation/ %
ACh Iso For
0.1 gmol L™ 0. 1 gemol L°10.1 pmol L7

L-NAME  1%8 (6) 37415 (6) 3513 (6)
L-Arginine 632=12°(6) 846" 1000°(4)
D-Arginine 5£1°(3) 38t11" 68-4+18"(3) :

In aortic rings precontracted with PE 3.
, L-NAME did not inhibit signifi-
duced by SNP in rings with
In contrast,

pmol L~
cantly relaxation in
intact endothelium (Fig 2).
L-NAME obviously decreased relaxing re-
sponses to Iso (Fig 2), and completelyabg‘l.f -.
.shed those to For 0. 2 pmol L‘li (Flg 3) in tis-

sues with endothelium, but dld not a
those to SNP,» Iso, and For tnsruns ed

(Fig 2, 3)-




7 5 5
g mol L'

Z:: ]_;_og_i.pmo]'_'Lul on SNP- or
lnces :el_a;igt_i_im' m -t}im% presence or absence of
: Bata are expressed as 94 relaxation of
1 contraction in 6 pairs of aortic rings.

PE contraction/ %
-

=

rtects of LNAME 100 ymoy .
t ﬁmﬂ[‘ﬂ of rings with in-
A 10 6 pairs of aortic rings,
i ontraction to PE 3 umol
&4 'Pared to the contr.

! um-dep endent s |
-fhat binding sites with the ck
adrenoceptors Were present d
calls“. The present data sugge
agents which act to raise cAMP in endo
cells are able to release NO and relax

smooth muscle.
Elevation of cGMP in rat fetal lung fi-

broblasts may be used as an index of NO re-
lease after exposure to medium in which

bovine aortic endothelial cells were cul-

tured®?, Bradykinin and a Ca*" ionophore

added to endothelial cells produced a sub-

stance which elevated cGMP in fibroblasts and
inhibitors of NO-synthase prevented the pro-
duction of this substance. MB  and ,
haemoglobin prevented its effects on fibro- ;
blasts. When cAMP levels in the endothelial” 4

cells were elevated 3. 7-fold by an inhibitor of
¢cAMP phosphodiesterase, basal and stimulat-
ed release of NO was unchanged. Thusy
cAMP levels did not influence NO formation
in their endothelial cells®", but cAMP may
have been compartmentalized in these ens
dothelial cells so that it failed to affect Ca™"
levels near NO-synthase or the enzyme i't-s.ei_'..f.-.:-
These cells may have lost cAMP control of
NO release in culture. | .

In  cultured bovine aortic endothﬁliﬂg
cells, Iso or For induced biphasic el__evati;on_..; 2
[Ca*" ], when added during the plateat P
9£ [Ca?t I increases induced by th
bradykinin or ATP, Neither Is
'?'-fiected, the initial phase of [Ca®*'
induced by these 3 stimuli.




MB also an-
endoth relax-
y SNP, Iso and For. This

hibit n by MB may involve a common

ecting smooth muscle function,

vels, so inhibition of guanylate
¢GMP formation is not likely to be

oceptor stimulation (by Iso ) of
caused endothelium-dependent

' norepinephrine-induced contrac-

-.Wmal relaxation. For also re-
fings  precontracted by nor-
?Bl.@-t-h Iso 1 pmol L' and For

---"?'f-né'g"-s- are consistent with
these authors reported that
c m abolished relax-
contrast to our ob-
e shif ed relaxation

'CAMP- Removal of the endothelﬁxm’ Wi

Id
remove this potentiation. a,-Adrenoceptors.
as well as B-adrenoceptors™*’ may exist on
endothelial cells and increase NO release.
This may have confused the results obtained
prior to endothelial removal. It is possible
that injury to the vascular smooth muscle dur-
ing the extensive removal of the endothelium
in the earlier study"® affected the ability of
Iso to relax by elevating the cAMP in smooth

muscle.
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