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ABSTRACT

AIM: Thepresent sudy wasaimed to examinethe role of endothelial nitric oxide in the relaxant responseto green
tea (-)epicatechin and its modulation of endothelium-mediaed relaxation in the isolated rat mesenteric artery rings.
METHODS: Changesin theisometric tend on were messured with Grassforce-di splacament transducers. RESULTS:
The (-)epi catechin-induced relaxati on was largely dependent on the presence of intact endothelium and was re-
versed by Ne-nitro-L-arginine methyl ester 10 pmol/L or methyleneblue 10 umol/L, the inhibitorsof nitric oxide-
mediated relaxation. L-Arginineat 1 mmol/L antagonized the effect of L-NAME or methyleneblue. Pretreatment of
endothelium-intact ringswith (-)epicatechin 10 pmol/L enhanced the relaxation induced by endothelium-dependent
vasodilator, acetylcholine, while this concentration did not influence the endothelium- independent relaxation in-
duced by sodium nitroprusside in the endothelium-denuded artery rings. CONCLUSION: The resultsindicate that
the endothelium-dependent vasodilation by (-)epicatechin is mainly mediated through nitric oxide and low concen-
tration of (-)epicatechin augments endothelium-dependent vasorelaxation in therat mesenteric arteries.

INTRODUCTION tio of low density lipoprotein to high density lipoprotein

Jasminegreen teais oneof themost popular bev-
erages consumed in China. It was reported that
decaffeinated green tea could lower blood pressure and
heart ratein micé? . Another benefit of drinking green
tea has been related to hypochol estrolemic action of the
bioflavonoids. Theantioxidant activity may play arole
in reduction of plasma cholesterol levels by certain
flavonoids. Increased consumption of green tea (>10
cups per day) was related to a decreased serum con-
centration of total cholesteroal, triglyceride, and the ra
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cholegerol in human population” , suggeding that green
tea may act preventively against the cardiovascul ar
disease. However, thereis little investigation in vitro
on the vascular effect of green tea except we reported
vasodilator effects of four epicatechin derivatives®* .
In this sudy, we further examined therole of endothe-
lia nitric oxidein therelaxant response to (-)epicatechin
in the isolated rat mesenteric artery rings and the pos-
sible modulation by (-)epicatechin on the endothelium/
nitric oxide-mediated relaxation. (-)Epicatechin was
previoudy found to be presat in aortic blood after oral
administrationt® .

MATERIALSAND METHODS

Procedure for extraction of (-)epicatechins from
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jasmine green tea was described previoudy by us®®.
The purity of (-)epicatechin was greater than 99 %.
The pure (-)epicatechin was freeze-dried overnight and
sored indark at —20 °C.

Male Sprague-Dawley rats (250-300 g) werekilled
by cervicd didocation and bled. The main branch of
the superi or mesenteric artery was excised and cut into
three 3 mm-widering segments. Each ring was placed
between two gainless wire hooksin a 10-mL organ
bath. The organ bath contaned Krebs s solution of the
following composition (in mmol/L): 119NaCl, 4.7KCl,
25 NaHCQ,, 2.5 CaCl,, 1 MgCl,, 1.2 KH,PO,, 11 D-
glucose and 0.3 ascorbic acid.  The bath solution was
continuoudy gassed with a mixture of 95 % O, and
5% CO, and maintained at 37 °C to give a pH of ap-
proximately 7.4. Changes in isometric tenson were
measured with forcetransducers. All ringswere st to
equilibrate for 90 min. Theregting tenson was read-
justed to 5 mN when necessary. In some arteria rings
theendathelial 1ayer was mechanically removed by gently
rubbing the lumina surface of aring back and forth
severd times with plagtic tubing. Endathelium integrity
or functiona remova was confirmed by the presence
or absence, respectively, of therelaxant response to
acetylcholine 1 pmol/L. Theremova of endothelium
was al 0 evauated by light microscopy of the histo-
logical section of the artery. Each experiment was per-
formed on the ringsprepared from dif ferent rats. This
study wasapproved by the Animal Research EthicsCom-
mittee of the Chinese University of Hong Kong.

Thirty minutes after being set up in organ baths,
the arteria rings werefirg contracted with 1 pmol/L
phenylephrineto test their contractility ter which they
were rinsed with preewarmed and oxygenated Krebs
soluti on severa times until muscle tension returned to
the basal level. Inthefirst set of experiments, follow-
ing the control concentration-response curve for
phenylephrine, the ring was rinsed several times and
thereafter exposed to 300 pmol/L (-)epicatechin for 30
min before the second concentration-response curve
for phenylephrine was repeated. T hese experiments
were performed in both endothdium-intact and -de-
nuded rings. In the second group of experiments, the
sustained contraction wasfirg evoked by 30 nmol/L
U46619, 300 pmol/L (-)epicatechin was added to in-
ducerelaxation, followedby addition of 10 umol/L N°-
nitro-L-arginine methyl ester (L-NAME) or 10 pmol/L
methylene blue (MB) andfinaly by addition of 1 mmol/
L L-arginine in the endothelium-intact rings. The &f-
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fects of (-)epicatechin or L-NAME were tested in en-
dothd ium-denuded rings. Bes des, the possble effect
of (-)epicatechin was dso examined on the endothe-
lium-dependent relaxation induced by acetylcholine
(0.3-300 nmol/L) or on endothelium-independent rel ax-
ation induced by sodium nitroprusside (0.1-300
nmol/L).

The following chemicals were used: phenyleph-
rine hydrochloride, acetylcholine hydrochloride, N®-ni-
tro-L-arginine methyl ester, methyleneblue, L-arginine,
sodium nitroprussde, U46619 (Sigma, St Louis, MO,
USA). All agents except for U46619 were prepared in
double-digtilled water and further dilution wasmade in
fresh Krebs solution. U46619 was dissolved in dim-
ethyl sulfoxide.

To study the effect of (-)epicatechin on phenyle-
phrine-induced contraction or on dilator-induced
relaxation, the negative logarithm of the drug contrac-
tionthat caused 50 % of the maximal contraction (pEC,))
or maxima relaxation (pD,) and the maximal responses
(E, ) Wereca culated and compared in the absence and
presence of (-)epicatechin. Data are expressed as
MeanzSD of n experiments. Two-tailed Students’ t-
test was used to evauate dtatigtical difference.

RESULTS

Effect of (-)epicatechin on phenylephrine-in-
duced contraction Phenylephrine produced greater
contractile regponsesin the endothelium-denuded rings
as compared with the endothelium-intact ringswith the
same maxima contraction. The pEC,, vaues were
5.70£0.14 (n=6) and 6.86%0.21 (n=6) in the presence
and absence of endothelium, respectively (P<0.05). Fig
1 showed that pretreatment of the endothelium-intact
rings with 300 pmol/L (-)epicatechin sgnificantly at-
tenuated the concentration-response to phenylephrine
(Epax: 40.3 %+6.0 % as compared with 106.2 %=+
1.8 % of control, P<0.05) even though pEC, vaue
(5.49+0.22) was not different from the control (5.70+
0.14). (-)Epicatechin started to reduce the contraction
when the concentration of phenylephrine was higher
than 0.3 umol/L (Fig 1). In contrast, in endothelium-
denuded rings, pretreatment with 300 umol/L
(-)epicatechin had no effect on the contractile response
to phenylephrine (pEC,,: 6.8610.21, n=6 for the con-
trol and 6.69+0.15, n=5 for epicatechin, P>0.05).

Effect of nitric oxide inhibitorson (-)epica-
techin-induced relaxation Tracesin Fig 2 showed
that in endothelium-intact rings, (-)epicatechin at 300
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Figl. Concentration-response curves for the contractile
responsetophenylephrinein the isolated rat mesenteric
artery rings (with endothdium: O n=6for the control; i,
n=5 for 300 umol/L (-)epicatechin; without endothelium:
O, n=5for thecontrol; M, n=5 for 300 ymol/L (-)epica-
techin). Data are expressed as percentages of the maxi-
mum contraction induced by phenylephrinein the control
concentration-response cur ve. °P<0.05 vs control+Endo.
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Fig 2. Traces showingtherdaxant effect of 300 pmol/L (-)
epicatechin (EC) in U46619-preconstricted endothelium-
intact ringsand reversed by 10pmol/L L-NAME (a) or by 10
pmol/L methylene blue(b), followed by the addition of 1
mmol/L L-arginine. The concentration-dependent effect of
L-arginine on U46619-preconstricted endothelium-intact
rings (c).

pmol/L reduced the U46619-induced contraction and
thisrelaxant effect wasreversed by 10 pmal/L L-NAME
(Fig2a) or by 10 umol/L methylene blue (Fig 2b). Sub-
sequent addition of 1 mmol/L L-arginine relaxed therings
(Fig 2a&b). L-Arginine 1 mmol/L had little effect on
the U46619 response but further increase of the L-argi-
nine concentrati on (up to 3 mmol/L) started to reduce
the evoked tone (Fig 2¢). These reaults are summa-
rizedin Fig 3a&b. Pretreatment with 10 pumol/L L-
NAME sgnificant inhibited the relaxant effect of
(-)epicatechin (Fig 4a) while (-)epicatechin had little ef-
fect in endothelium-denuded rings (Fig 4b).
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Fig3. Theeffect of 10 pmol/L L-NAME (a) or 10 pmol/L
methyleneblue (b) on 300 pmol/L (-)epicatechin-induced
relaxation in 30 nmol/L U46619-preconstricted endothdium-
intact rings. Each later treatment was placed in thepres-
ence of theprevious treatment(s). "P<0.05 as compared with
theimmediate early treatment. n=5-6 experiments.

Effect of (-)epicatechin on endothelium-depen-
dent and -independent relaxation  Fig 5a showed
that cumulative addition of acetylcholine induced con-
centration-dependent relaxaionsin the endothelium-in-
tact rings with an pD, of 7.661£0.06 (n=5). Pretreat-
ment with 10 pmol/L (-)epicatechin dightly but sgnifi-
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Fig 4. Theeffect of pretreatment with 10 umol/L L-NAME
on (-)epicatechin-induced relaxation in end otheium-intact
rings (a) and theeffect of 300 pmol/L (-)epicatechin in en-
dothedium-denuded rings (b). n=4-5 experiments.

cantly enhanced the acetyl choline-induced rel axation
(pDs,y: 7.9240.05, n=5, P<0.05 compared with the
control), while (-)epicatechin a 1 umol/L had no effect
(pDs,: 7.79 £0.09, Nn=6). However, pretreatment with
10 umol/L (-)epicatechin did not modify the relaxant
effect of sodium nitroprussde in the endothelium-de-
nuded rings (Fig 5b).

DISCUSSION

We isolated and purified four epicatechin deriva
tives from jasmine green tea and f ound that these four
polyphenol sreduced the concentration-response to phe-
nylephrine in the isolated rat arteries?. The present
results clearly demonstrated that the primary role of the
functiona endothelium in (-)epicatechin-induced relax-
ation in the U46619-preconstricted rat mesenteric ar-
tery rings since removal of the endothelium markedly
reduced the relaxant effect of (-)epicatechin. Further
experiments indicated the important role of endothelia
nitric oxide in (-)epicatechin-induced relaxation. The
(-) epicatechin-induced rel axati on was completely re-
versad by L-NAME, aninhibitor of nitric oxidesynthase,
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Fig 5. The effect of (-)epicatechin on relaxation induced by
(a) acetylcholine in endothdium-intact rings (O n=5 for
thecontrol; # n=6for 1 ymol/L EC and B n=5for 10 umol/
L EC) or by (b) sodium nitroprusside in endothdium-de-
nuded rings (O n=7 for thecontroland @ n=5 for 10 umol/
L EC). Theringswereexposed to (-)epicatechin for 30 min
beforetheaddition of phenylephrine.

or by methylene blue, an inhibitor of soluble guanylate
cyclase. While L-arginine (1 mmol/L), the precursor
of nitric oxide formation, relaxed the arteria ringsin
the presence of L-NAME or methyleneblue. This con-
centration of L-arginine did not significantly affect the
arterial tone. Furthermore, pretrestment with L-NAME
markedly inhibited the relaxant effect of (-)epicatechin
or (-)epicatechin had littleeffect in endothelium-denuded
rings. These findings srongly suggest that (-)epica
techin could act on endothel ium to release nitric oxide
which then diffused into the underlying smooth muscle
to activate guanylate cyclase leading to muscle
relaxation.

Since epicatechin derivatives (2.5-40 pmol/L)
were found to be strong antioxidants® and oxidation of
nitric oxide is one of the major pathways for its
inactivation. Therefore, it ispossble that epicatechin
may enhance thenitric oxide-mediated vasorelaxation.
Pretreatment for 30 min with 10 umol/L (-)epicatechin
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dightly but significantly potentiated the relaxation in-
duced by acetylcholine, a well-defined endothelium-de-
pendent dilator. Incontragt, (-)epicatechin at 10 pmol/
L had noeffect on the endothelium-unrelatedrelaxation
induced by nitroprusside, an exogenous nitric oxide
donor. These new resultsindicate that (-)epicatechin
could delay degradation of nitric oxide whilethis agent
does not affect the activity of guanylate cyclase.

The present study has provided some new evi-
dence for the involvement of endothelia nitric oxidein
(-)epicatechin-induced relaxation in isolated rat mesen-
teric arteriesand for the enhancement by (-)epicatechin
of acetylcholine-induced relaxation. These effects may
be linked to the health benefit of drinking green teaon
the vascular sysem.
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