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AIM: To study the effect of the angiotensin-
converting enzyme {( ACE) inhibitors perindopril
{Per) and enalaprilat { Ena) on the reactivity of the
endothelium in normal rats. METHODS: Male
rats were treated intragastrically with Per (2
mg kg™ '+d" ') or placebo {n = 18) for 6 wk.
Aorta was isclated for experiment  Another setl of
isolated aortic rings with and without endothelium
were incubated with Ena (0 1 pmol-L~") for 30
min. Responses to acetylcholine, serotonin.,
phenylephrine, sodium nitroprusside {SN), and
nitroglycerin { Nit) were observed. RESULTS:
Endothelium-dependent relaxation to acetylcholine
was augmented in aortic rings from rats treated
with Per in comparison with control. The ICs
value (95 % confidence limits) decreased from
38 (0.56—26.1) pmol-L™' (confrol group) to
098 (0.28 — 3.41) wmol = L™" { Per-treated
group?  The maximal relaxation was augmented
from 62%39 % fo 78X 10 % (P <0.01). How-
responses to the endothelium-
independent vasodilators, SN and Nit. were
Serotonin- and phenylephrine-induced
contractions were decreased, which were
influenced by basal release of endothelium-derived
relaxing factor (EDRF). ECs value was 6.1 (2.6
—14.4) pmol*L" " vs 8 3 (3 6—18 8) nmol-L™'
in comparison with control group and Per-treated
group  The maximal contraction was decreased
from 2.42 0 29 g {confrol group) o 1.96+0.25
g (treated group) (P <0 01). Similar results
were found in incubation with Ena. CONCLU-
5ION: Ena and Per enhanced the basic release of
EDRF from vascular endothelium.
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¢ ACE ),
located mainly at the cell membrane of the

Angiotensin-converting  enzyme
endothelial cells. converts the less-active peptide

angiatesin | into the powerful vasnconstrictor

angiotensin I, which acts both as a direct
activator of vascular smooth muscle and as an
amplifier of the sympathetic nervous system.
Inhibitors of ACE cause peripheral vasndilatation by
reducing the local and circulating level of
inhibition decreased the
2.1l

angiatensin. ACE
breakdown of bradvkinin which dilates vessels
by releasing endothelium-derived relaxing factor
{ EDRF) identified as nitric oxide (NQ) as well as a
putative hvperpolarizing factor from endothelial

4.5 and hy  inhibiting the release of

(6.7

cells
endothelin
Sulfhydryl-containing ACE inhibitor captopril

18,91

improves endothelial function . but the effects of

non-sulfhwdryl  containing ACE  inhibitors  on
endothelium in normal vessels were little known.
The goal aof the present study was to investigate
whether nonsulfhydryl long-lasting ACE mhibitors
enalaptilat { Ena) and perindopril (Per) affect the
reactivity of endothelium and smooth muscle to
vasoconstrictor and vasodilator stimuli im normal

rats.
MATERIALS AND METHODS

Aortic ring  Wistar rats [ 2. 7 = I8, weghing 202
+27 g) were tandomly assigned w 2 groups: 1) given
intragastrically (ig} Per 2 mg-kg '+d ™' in I ml of disdlled
water and 2} given 1 mL of wacer for 6 whk, 24 h afrer the
last medicaton, the tars were killed by cervical dislhcation
under echer anesthesia.

The thoraric actta was remuved and placed 1n cold Krebs-
Henseleit solution.  The apperatus and procedure were similar
to those reported previously™t® . T study the cffects of
vascular ACE activity on vascular relaxancn, =olated rar anrta
preparations were exposed to acetylcholine {10 amol L7t 1o

lwl

100 prmol - 1.71) or nitroglycerin {Nit. 0.1 nmol-1.”
pmol-L7 '}, To study the effects of vascular AUE actvity on

vascular contractile properties, isolated rat aortz rings: were
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exposed to phenylephrine (0.1 nmol-L ™' 1o 10 pmol- L")
and serotonin {10 nmol-L™" to 100 pmol- L™},

In vitro treated with Ena, male Wistar rats (n = §}
weighing 229 = 32 g were killed by cervical dislocation under
ether anesthesma. The following procedure (s the same as
above.

protect the endothelial Lining.

During the dissection the utmost care was taken' to
In some preparations. the
endothelium was removed by gently rubbing the iotimal
To study the effects of vascular ACE
activity on vascular relaxation. isolared rat acrra preparations

surface with a forceps.

with and without endothelium were exposed to acetylcholine
{10 nmol-L™" o 100 pmoi-L ™) or SN (0.1 nmol-L™! to
100 umol+L™")., The aortic rings then were incubated with
the ACE inhibitor Epa {0.1 gmol-L™') for 30 min, and
concentration-respose curves (o acetvlcholine or SN were
repeated. To study the effects of vascular ACE activity on
contractile properties of the blood vessels. experiments were
petformed in rings with and without endothelium exposed to
phenylephrine (0.1 nmol » L™! to 10 pmol «+ L™') and
serotanin {10 nmol-L 7! to 100 prol-L."'). The rings then
were incubated with Ena (0.1 pmol+L ') for 30 min. and
concentrarion response curves o phenylephrine and serotonin
were repeated.  All experiments were done in the presence of
indometacin { 10 pmol « L™ ) to avoid any prostaglandin
praduction.

Drug Per { Les Laboratories Servier, Gidy-45400
Fleury-Les-Aubrais, France), acerylcholine, phenylephrine,
serotonin,  indometacin | Sigma. LJSA), SN { Wu Han
Pharmaceutical Factory). Nit ( Beijing Yi Ming Pharma-
Acetylcholin and Nit were dissolved in
Phenylephrine and serctonin were dissolved

ceutical Factory).
distilled water.
in water containing I % ascorbic acid. Indometacin was
dissolved in an. equimolar solution of scdium bicarbonate.
Calcnlation The effective concentration causing 30 %
of the maximal relaxation {1Cs) and 1the ECsp were defined as
the concentrations of agonist inducing a response of 50 % of
maximal tension of the agonist, and cheir 95 % conflidence
limits were calculated by Bliss method.
contractle responses were expressed as contractile tension.
1Csy and ECs; wvalues were expressed as pD);.

evaluation was made by paired ¢ test for comparison on the

In quiescent rings,
Staristical

same ring before and after incubation with Ena. by unpeired ¢

test lor comparison between Per and control rats.

RESULTS

1 Aorta of rat treated with Per for 6 wk

The endo-
thelium-dependent relaxation of rat aortic rings was
produced by acetylcholine (10 nmeol- L' to 100
pmol*L™1).  Acetylcholine-induced relaxation was
potentiated. The [Cs; walue (95 % confidence

1.1 Relaxation to acetylcholine

limits) decreased from 3.8 {0.56 — 26.1) pmol
‘L7! (control group) 10 0.98 (0.28 — 3.41) pmol
+L™' { Pertreated group ). The
relaxafion was augmented from 62 £ 9 % to 78
10 % {n=18; P<0.01) {Fig 1).

1.2 Contraction to serotonin and phenyl-
Seratonin (10 nmol * L' to 100 pmol
*L™') induced contractions, which were signifi-

maximal

ephrine

cantly different from those of rings from contmol
group {Fig 1). ECs, value (95 % confidence
limits} was 0.38 (0.18 - 0.79) pmol-L ™' ws 0.52
{0.24-1.1) ;umcul'L_1 in compatison with control
group and Per-treated group, but maximal
confraction were decreased from 2.34 + (.28 g
(control group) to 1.84 * 0.29 g { treated group)
{n=18; P<0.01).

Likewise, the induced with
phenylephrine (0.1 nmol* L' to 10 pmol-17")
were also different in the rings from Per-treated and
control rats {Fig 1. ECs value (95 % confidence
limits) was 6.1 {2.6 — 14.4) nmol-L "' »s 8.3

{3.6—-18.8) nmol'L ™! in comparison with control

contractions

group and Per-treated group. The maximal
contraction was decreased from 2.42 + 0.29 g
(control group) to 1.96 £ 0.25 g (treated group)
(n=18; P<0.01).

1.3 Relaxation to Nit

precontracted with phenylephrine (0.1 pmol L")

In rat aortic rings

the responses to Nit were similar in the rings from
Per-ireated and control groups {(Fig 1),

2  Aorta treated in vitro with Ena The
experiments were performed in ad)acent rings with
and without endothelium of the same aorta.

2.1 Effect on acetylcholine-induced relaxa-
tion Acetvlcholine produced dose-dependent rela-
xations of rings with endothelium from normo-
tensive rats. After incubation with Ena 0.1 pmol
1.7 for 30 min, acetylcholine-induced relaxation
was potentiated in the same rings. The ICs, value
(95 % confidence limits) decreased from 1.1 (0.12
-9.6) pmol-L ' t0 76.4 (5.4—1100) nmol*L"!
(Fig 1).

2.2 Effect on serotonin-induced contraction
In unrubbed rings, incubation with Ena 0.1
mmol*L.”! decreased the maximal response to
serotonin {7 = 8; P < 0.01} (Fig 1). On the
contrary, the response after the second concentration of
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Fig 1. Relaxation and contraction in rat aoria isolated from in vitro enalaprilat (Ena) incnbation. én vivo perindopril (Per)
treatment and conirol. *P>0.05, "P<0.05, “P<{0.01. For relaxation in response to nitroprusside and nitroglycerin, in
vitro Ena-treated and control rings were precontracted with KC1 (20 mmol-L" "), while in vivo Per treatment and control rat

orta were precontracted with phenylephrine (0.1 pmol-L™ 1),

serotonin was similar to the first one in rings that
had not been incubated with Ena.
Ena had no effect on the resting tone.

Incubation with

In rubbed preparations, incubaton with Ena
had no change on the response for serotonin.
2.3 Effect on phenylephrine-induced con-

traction In the rings with endothelium, Ena (0.1
pmol* L™ ) incubation decreased the response to
phenylephrine (» =8; P<<0.03) (Fig 1)." On the
contrary . the response to the second concentration of
phenylephrine was similar to the first one in rings

that had not been incubated with Ena. In the rings
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without endothelium. ncubation with Ena (0.1
umol* LL7') gave no change on the dose-response
curves for phenylephrine.

2.4 Effect on SM-induced relaxation In Kl
20 mumno! - L'} precontracted rings with ot without
endothelium, incubation with Ena (0.1 gmol+ Lty
[or 30 min did net modify the response for SMN: the
ICsq value (95 % conlidence limits) was 50.0 (8.0
~310) nmol* L% vy 47.3 (7.4~ 300) nmol-L '
in comparison with control and Epa (.1 pmol
-L." ")-incubated rings with endothelium and 33.1
(10.1—280) nmol*L™" = 35.1 (6.4 — 190) nmol
-L™' in rubbed
incubated rings.

control compared with FEna-

DISCUSSION

In this experiment . our results showed that Per
in pivo treatrment and in isolated rat aorta with
intact endothelium treated with Ena augmented
relaxation to acetylcholine, decreased the contracrion
to serotonin and phenylephrine, but did not change
the relaxation induced with Nit and SN. However,
in rubbed endothelial aortic rings, Ena did nor
influence the response 1o aceiyicholine, serctonin
and phenvlephrine. It was well known that the
relaxation induced by acetylcholine is dependent on

b and

the presence of vascular endathelium'®
contractile tesponses to serotonin and phenylephrine
in rat acrta were depressed by spontaneousty released
EDRF., which was considered as an endogenous
[unctivnal antagonist opposing the activation of
contractors Y, but Nit and SN were endothelium-
independent vasodilatars.  Our studv suggested that
ACE inhibitors Per and Ena in wivo and :n witro
treatment induced the change in the praduction or
release of endothelial retaxing [actors rather than an
alteration of sensitivity of vascular smoath muscle.
The mechanism of endothelium-dependent
effects of ACE inhibitors
Rerently it is demostrated that ACE inhibitors affect
least both endothelium-

dependent and bradykinin-mediated mechanismt'?) .

is not well known.
vascular response by at

ACE inhibitors protect agsinst the breakdown of
bradykinin. Bradykinin stimulates the release of
endothelium-derived vasodilator mediators, including

0. endothelivm-derived hyperpolarizing faclor and

ACE
relaxation in
threshold

cannot  be

prostacyelin, However, inhibirors  wevike

endorhelium-dependent arteries
with concentralion ol
which

inhibitors of bradykinin degradation

stimulated

antributed 1w an
ez,

bradvkinin.

In conclusion. this study suggests that the
nonsulfhydryl containing ACE inhibitors, DPer and
Ena 7 vion and fu vizro treattment may increasc the
production and release of EDRF from enduthelial
cells.
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Inhibitory effects of Acanthopanax gracilistylus saponins on human platelet
aggregation and platelet factor 4 liberation in vitro'
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AIM: To study the effects of Acanthopanax
gracilistylus var pubescens Li saponins { AGVPS)
on human platelet aggregation and platelet factor 4
{PF4} liberation in vitro. METHODS: Human
platelet aggregations induced by ADP . adrenaline.
and collagen were measured turbidimetrically.
The aggregation curve was recorded on a platelet
aggregometer and the maximal aggregation rate
(AR, ). effective deaggregation rate in 5 min
{DRs5 mn) and lag time {LT) were autocalculated
by the built-in microcomputer; PF4 liberation from

' Read before the 3rd Chima-Japan Jiint Meetng on Pharmacology.
1993 Muy 11 — 14, Beyng, China
Recerved 1995-02-16 Accepted 1996-01-12

human platelets stimulated by ADP and collagen
was determined by recording the heparin thrombin
clotting time {(HTCT). Thrombosis was tested by
weighing the wet and dry thrombi formed in a
siliconized revolving ring. RESULTS: AGVPS
inhibited in vifro the AR, with IG5y of 1.33 (95 %
confidence limits: 1.09 — 1.63, ADP-induced},
1.66 {(1.54—1.79, adrenaline-induced), and 4.2
g-L™'t0.6—29, collagen-induced). The DRj y,
{on ADP-induced aggregation) and LT (collagen-
induced } were also increased as well.
Meanwhile, AGVPS 0.63—2.50 g-L~ ' prolonged
HTCT on ADP- and collagen-stimulated PF4
liberation At 0.34 — 1.39 g - L™ ", AGVPS
reduced the wet and dry weight of thrombi formed
in vitro. CONCLUSION: AGVPS inhibits human
platelet aggregation, liberation, and thrombosis in
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