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Effects of phytoestrogens resveratrol and phloretin on

contractile response of aortic strips in rabbits
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Abstract: AIM To investigate whether the relaxation
characteristics of phytoestrogens resveratrol and phlor-
etin on contractile response of aortic strips are similar
to that of estrogen and the mechanisms underground.
METHODS Aortic strips from rabbits were suspen-
ded in organ baths containing Krebs solution, and then
isometric tension was measured. RESULTS Resvera-
trol and phloretin inhibited the contractile responses to
norepinephrine (NE), KCl and CaCl,, shifted their
concentration-response curves rightward with pD,’ val-
ues of 2. 89, 3.34, 3. 37 for resveratrol and 3.23,
3.52, 3. 77 for phloretin respectively. Also both of
them concentration-dependently relaxed KCl-precon-
tracted aortic strip. The relaxing response of resveratrol
but not of phloretin in aortic strip was significantly re-
duced by removal of endothelium or incubation with
N?-L-nitro-arginine and methylthioninium chloride,
however both their relaxant effects were not affected by
indometacin and propranolol. In Ca’"-free Krebs solu-
tion containing 0. 01 mmol-L ™" EGTA, resveratrol and
phloretin inhibited NE-induced contraction which was
caused by Ca’* release from intracellular store, but did
not affect the contraction which was induced by Ca®"
influx. CONCLUSION

can induce vasorelaxations which may relate to inhibi-

Resveratrol and phloretin

tion of Ca>* influx through potential-dependent calcium
channels and Ca’* release from intracellular stores,
and the relaxing response of resveratrol is endothelium-
dependent in part, but of phloretin is not endothelium-
dependent.
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Many studies have demonstrated that estro-

gen can produce direct vasorelaxing ac-
1121 " and this may partly contribute to the

cardiovascular protective effects"*’.

tions
Resveratrol
and phloretin are naturally found in plants and
are defined as phytoestrogens because their
structure and function are similar to estro-
gen’. Epidemiological data suggest a reduc-
tion in the incidence of coronary heart disease
in humans who have a high intake of phytoestro-
gen®'. Using competitive binding techniques
with[*H]17 B-estradiol and estrogen receptor in
cell-free extracts, it has showed that hydroxyla-
ted flavonoid phloretin can interact directly with

3 . .
[ ]. There is evidence as

the estrogen receptor
well that resveratrol exhibits variable degrees of
estrogen receptor agonism in different test sys-

temm.

Despite the increasing interest in the
effects of phytoestrogens on cardiovascular sys-
tem, it is unknown whether they share the same
There-

fore, it is necessary to discuss the effect of res-

vasodilator characteristics of estrogen.

veratrol and phloretin on vascular contractility,
which could contribute to the cardiovascular
protective effect of phytoestrogens. The possible
role of the endothelium, ¢GMP, NO, prosta-
glandins, B-adrenergic receptor, calcium influx
and calcium release from intracellular stores on
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resveratrol- and phloretin-induced vasorelax-
ation were also examined in this study.

1 MATERIALS AND METHODS

1.1 Drugs

The following drugs were used: resvera-
trol, phloretin, N“-L-nitro-arginine ( L-NNA)
( Sigma, USA) ; acetylcholine ( ACh) and pro-
pranolol ( The Second Pharmaceutical Factory
of Beijing, China); indometacin ( Jiangsu
Taicang Pharmaceutical Co, China) ; norepi-
nephrine ( NE, Datong Huida Pharmaceutical
Factory, China ); methylthioninium chloride
(MC, Merck, Germany ).
phloretin were prepared by dissolving in dime-

Resveratrol and

thylsulfoxide. Indometacin was dissolved in a
Na, CO; solution at pH 7.4.
1.2 Arterial tension studies

Adult male and nonpregnant female rabbits
weighing 2. 5 — 3. 0 kg were purchased from
Animal Center of Lanzhou Medical College and
all animal experiments were approved by the
College Committee on the Use and Care of Ani-
mals. Rabbits were sacrificed by stunning and
exsanguinations. The thoracic aorta was rapidly
removed and carefully cleaned of connective tis-
sue and blood, then cut into spiral strips that
were 10 mm long and 3mm wide. Each strip
was suspended in a 5 mL tissue chamber contai-
ning 37°C Krebs solution composed of ( mmol -
L™") NaCl 120, KCl 5.9, NaH,PO, 1.2,
MgCl, 1.2, NaHCO, 15. 4, CaCl, 2. 5, and
glucose 11. 5, bubbled with 95% O, and 5%
CO,. Isometric tension generated by vascular
smooth muscle was measured using a force
transducer (JH-2) and recorded with ink-writ-
ing recorder ( LMS-2B, Chendu, China) and
BL420E " Experimental System of Biological
Function (TME, China) through IBM comput-
er. Resting tension was set to 2 g. After 90 min
of equilibration, the strips were activated with 1
pwmol + L. ™" NE to check their integrity.

In some strips, the endothelium was re-
moved by gentle rubbing with a cotton lot. The

absence of a functionally intact endothelium of
the strip was demonstrated by unresponsiveness
to 1 wmol - ™" ACh in the strip precontracted
with NE (1 wmol-L™").

After equilibration, various experiments
were done: (1) The strips were precontracted
with 40 mmol - L ™" KCI, when the contractile
response had reached a stable plateau, resvera-
trol and phloretin were added into the chamber
to progressively increase the cumulative concen-
tration (1 =500 wmol-L™") every 10 min. @)
In some experiments, aortic strips with or with-
out endothelium were treated with 40 mmol - L ™'
KCl. When the contractile response reached a
plateau (‘approximately 15 —20 min) , resvera-
trol, phloretin (250 wmol - L") or equivalent
solvent was added and relaxation response was
recorded. After washout, strips with endotheli-
um were once again treated with KCI and the
response to resveratrol and phloretin was meas-
ured after preincubation with one of the follow-
ing substances for 15 min: 100 pwmol - L™ L-
NNA, 10 pmol -L™" MC, 10 pmol+L ™" indom-
etacin or 10 pmol -L " propranolol. @) To eval-
uate the possible effect of resveratrol and phlor-
etin on NE-induced calcium release and calci-
um influx through receptor-operated calcium
channels ( ROC), denuded aortic strips were
incubated in calcium-free solution containing
0.01 mmol - L™" EGTA for 30 min, and then
treated with NE (1 wmol - L™"). When the
contractile response had reached a plateau,
CaCl, (10 mmol-L~") was added into the organ
chamber and a further contraction was ob-
tained. Tissues were washed with Ca’* -free so-
lution and left to return to baseline tone. The
strips were then treated by NE and CaCl, again
before being incubated with resveratrol and
phloretin (250 wmol + L™") or solvent for 20
min. (4) Strips were stabilized at 2 g resting
tension for 90 min in Krebs solution and the
concentration-response curve to NE (0.03 - 10
pmol-L.™") was then obtained. After washout,
the experiment was repeated in the presence of

resveratrol and phloretin (100 and 500 pmol -



- 28 -

Chin J Pharmacol Toxicol 2006 Feb; 20(1)

L™"). (B The concentration-response curve to
KCL(10 — 100 mmol-L™") was observed in the
absence and presence of resveratrol and phlor-
etin (50, 100 and 500 wmol-L™"). ® Aortic
strips were incubated in calcium-free solution
containing 0. 01 mmol -L~" EGTA for 60 min.
The calcium concentration-dependent contrac-
tion curve was then measured in K* depolariza-
tion medium (40 mmol-L ™" KCl). After wash-
ing with calcium-free solution, the strips were
incubated with resveratrol (250 wmol - L™")
and phloretin (100 pmol+L™") for 20 min and
the calcium concentration-dependent contrac-
tion curve was then obtained again.
1.3 Data analysis

All results were expressed as x +s. Relax-
ation was expressed as percentage relaxation of
contraction induced by KCl (40 mmol - L"),
In experiments involving concentration-response
curves, the results were expressed as percent-
age of control contractile response induced by
10 pwmol-L ™" NE, 100 mmol - L ™" KCI and 10
mmol-L.~" CaCl, respectively. Statistical analy-
sis was performed using analysis of variance
(ANOVA) and i-test. The pD,’ values were
calculated using the method provided by Xu,

et al®’.

2 RESULTS

2.1 Relaxant effects of resveratrol and
phloretin on KCl-precontracted aortic strips

Resveratrol and phloretin caused concen-
tration-dependent relaxation of endothelium-in-
tact aortic strips precontracted with 40 mmol -
L' KCl (both r=0.98, P <0.001) as com-
pared to the solvent control (Fig 1).
2.2 Effects of L-NNA, MC, endothelium
removal, indometacin and propranolol on
responses to resveratrol and phloretin in
KCl-treated strips

As shown in Fig 2, incubation with L-
NNA (100 wmol+L™"), MC (10 pmol-L™")
or endothelium removal partially reduced the
relaxation induced by resveratrol (250 pmol-
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Fig 1. Relaxant effects of resveratrol ( Res) and

phloretin ( Phl) on endothelium-intact rabbit aor-
tic strips precontracted with 40 mmol - L' KCI.
x+s,n=8. "P<0.05, ""P<0.01, compared with control.
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Fig 2. Changes in relaxation induced by resvera-

trol (250 pmol-L ") and phloretin (250 pmol -
L") after preincubation with L-NNA , methylthi-
oninium chloride ( MC ), endothelium removal
(DENU ), indometacin ( Indo) or propranolol

(Prop) for 15 min. Data are expressed as relaxing per-
centage of contraction induced by KCl. x £5, n=6 -10. "P<

0.05, compared with corresponding Res or Phl alone.
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L") in rabbit aortic strips (all P <0.05, n =
10) but did not affect the relaxation induced by
250 wmol-L ™" phloretin (P >0.05, n=10).
Incubation with indometacin (10 wmol-L™") or
propranolol (10 pmol - L~") did not affect re-
laxation induced by resveratrol and phloretin
(all P>0.05, n=6).

2.3 Effects of resveratrol and phloretin on
contractile responses induced by NE and
Ca(l,

In calcium-free (0.1 mmol-L™" EGTA)
Krebs solution, 1 pmol-L ™" NE caused a tran-
sient contraction. As soon as such contraction
reached a plateau, 10 mmol + L™' CaCl, was
rapidly added to the bath and another signifi-
cant contractile response occurred. Resveratrol
(250 pmol - L™") and phloretin (250 wmol -
L") reduced the contraction induced by NE in
Ca” " -free solution significantly, but did not af-
fect the second contraction caused by CaCl, ( all

P>0.05, Tab 1).

Tab 1. Inhibitory effects of resveratrol 250 pmol -
L' and phloretin 250 pmol-L " on contractile re-
sponses induced by 1 pmol -L"'NE and 10 mmol -
L' CaCl,

Contraction induced Contraction induced

Group n

by NE/g by CaCl,/g
Control 11 1.2+0.1 1.5+0.1
Res 11 0.8+0.1° 1.8+0.3
Control 6 0.7+1.5 1. 5+4.1
Phl 6 0.4+0.0" 1.5+0.1

x+s. “P<0.05, compared with corresponding control.

2.4 Effects of resveratrol and phloretin on
NE concentration-dependent contractile
responses

Resveratrol (100 and 500 wmol-L ") and
phloretin (100 and 500 wmol-L ") significant-
ly inhibited NE-induced contraction and made
NE contractive curves shifted to the right in a
concentration-dependent manner (Fig 3). The
pD," values of resveratrol and phloretin were 2. 89
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Fig 3. Effects of resveratrol and phloretin on NE

induced contraction of rabbit aorta. Maximal contrac-
tion induced by NE in control was taken as 100% . x +s, n =
7-9. "P<0.05, “*P<0.01, compared with control.

and 3.23 respectively.
2.5 Effects of resveratrol and phloretin on
KCl concentration-dependent contractile
responses

The KCIl concentration-dependent contrac-
tion curves were shifted to the right in a con-
centration-dependent manner after incubation
with resveratrol (50, 100 and 500 p,mol-L_] )
and phloretin (50, 100 and 500 pmol-L™"),
and the maximal contraction induced by KCI
was reduced significantly ( Fig 4). The pD,’
values of resveratrol and phloretin were 3. 34
and 3. 52 respectively.
2.6 Effect of resveratrol and phloretin on
calcium concentration-dependent contraction

Pretreatment with resveratrol (250 wmol -
L") and phloretin (100 wmol+L™") led to a
reduction in the contractile response to CaCl,
and shifted the concentration-response curve of
CaCl, to the right in high K* depolarization me-
dium (Fig5). The pD,’" values of resveratrol
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Fig 4. Effects of resveratrol and phloretin on KCl

induced contraction of rabbit aorta. Maximal contrac-
tion induced by KCl in control was taken as 100% . x +s, n =

7-8. "P<0.05, " P<0.01, compared with control.
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Fig 5. Effects of resveratrol and phloretin on cal-

cium concentration-dependent contraction of rabbit
aorta in the presence of 40 mmol-L ™' KCl. Maximal
contraction induced by calcium in control was taken as 100%.
x+s,n=5 "P<0.05, “"P<0.01, compared with control.

and phloretin were 3.37 and 3. 77 respectively.

3 DISCUSSION

The vasorelaxant effects of resveratrol and
phloretin have been documented in several

3.6.7 . .
J , but the mechanisms involved are

studies'
uncertain yet. We found that resveratrol and
phloretin could produce acute relaxation, which
was concentration-dependent and in a similar
way as 17-B-estradiol did**'.
induced greater relaxation in rabbit aorta with
endothelium than that without. L-NNA, an in-

hibitor of NO synthesis, decreased the relaxa-

Resveratrol

tion caused by resveratrol. MC, an inhibitor of
c¢GMP synthesis also reduced the relaxation in-
duced by resveratrol. Our results suggest that
the relaxation of the rabbit aorta caused by res-
veratrol is dependent on NO and on ¢cGMP, but
the effect of phloretin is independent on the en-
dothelium. These conclusions are supported by
other in vitro experiments[s‘ﬁ’g].

In our experiments, indometacin did not
affect relaxation induced by resveratrol and
phloretin in the intact aorta. Propranolol, an
antagonist of (B-adrenergic receptors, also did
not affect vasorelaxation. These results indicate
that the release of vasodilator prostanoids and
adrenergic (3 receptors are not involved in aortic
relaxation induced by resveratrol and phloretin.

Potential-dependent  calcium  channels
(PDC) are activated by depolarization of the
plasma membrane when the extracellular K*
concentration is increased. In our experiment,
incubation with resveratrol and phloretin not only
shifted the KCI concentration-dependent contrac-
tion curves to the right in normal Krebs solution
but also made the calcium concentration-de-
pendent contraction curves move to the right in
hich K* depolarization medium, and inhibited
KCl and calcium concentration-dependent con-
tractile responses in a noncompetitive manner.
These results support the idea that resveratrol
and phloretin have a calcium-antagonistic prop-
erty and can inhibit Ca”*influx through PDC and
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these are similar to estrogen and progester-
one' >’

NE can activate ROC in the cellular mem-
brane of vascular smooth muscle and increase
calcium influx, while it also activates G proteins
and phospholipase C to produce inositol tri-
sphosphate (IP;) which causes calcium release

1120 n our study,

from endoplasmic reticulum'
resveratrol and phloretin shifted the NE concen-
tration-dependent curves to the right in a non-
competitive manner. Additionally, in Ca’*-free
(0.1 mmol + L' EGTA) Krebs solution, stimu-
lation of aortic strips with NE to induce Ca”" re-
lease from intracellular stores caused one transi-
ent contraction, the other contraction appeared
after addition of CaCl, to increase the Ca’** in-
flux through ROC. Resveratrol and phloretin sig-
nificantly attenuated NE-induced contraction but
did not affect CaCl,-induced contraction. There-
fore we may conclude that it is the inhibition of
IP,-induced Ca* release but not Ca>* influx via

ROC that is

caused by resveratrol and phloretin.

involved in the vasorelaxation

In summary, we have shown that resveratrol
and phloretin have a direct relaxant effect on
rabbit isolated aortic artery. The mechanisms in-
volve the inhibitions of Ca’* influx through PDC
and Ca’* release from intracellular stores in-
duced by NE. The relaxing response of resvera-
trol also partly involves NO and ¢GMP, but of
phloretin is not related to endothelium. Resvera-
trol and phloretin may play a role in the regula-
tion of aortic vessel tone, and this may contrib-
ute to the vasoprotection of phytoestrogens.

4 REFERENCES:

[1] Andersen HL, Weis JU, Fjalland B, Korsgaard N.

Effect of acute and long-term treatment with 17-beta-es-

[11]

tradiol on the vasomotor responses in the rat aorta[ J ].
Br J Pharmacol, 1999, 126(1) :159 —168.

Li HF, Li W, Zheng TZ, Qu SY, Zhang CL. A study
of the mechanisms involved in relaxation induced by
17-beta-estradiol in the isolated rabbit aorta[ J]. Arch
Gynecol Obstet, 2002, 266(2) :101 —104.

Figtree GA, Griffiths H, Lu YQ, Webb CM, MacLeod
K, Collins P. Plant-derived estrogens relax coronary ar-
teries in vitro by a calcium antagonistic mechanism|[J].
J Am Coll Cardiol, 2000, 35(7) :1977 —1985.

Gehm BD, McAndrews JM, Chien PY, Jameson JL.
Resveratrol, a polyphenolic compound found in grapes
and wine, is an agonist for the estrogen receptor[ ] ].
Proc Nail Acad Sci USA, 1997, 94(25) :14138 - 14143.
Xu DZ, Zhao DY. Procedures for estimating pharma-
co-receptor parameters, pD,, pA,, and pD,’-inclu-
ding a common computer program[ J]. Acta Acad Med
Primae Shanghai( 55— BE 22 B4R ) , 1985, 12
(5): 342 -349.

Orallo F, Alvarez K, Camina M, Leiro JM, Gomez E,
Fernandez P. The possible implication of trans-Res-
veratrol in the cardioprotective effects of long-term
moderate wine consumption [ J ]. Mol Pharmacol,
2002, 61(2) :294 —302.

Jager U, Nguyen-Duong H. Relaxant effect of trans —
resveratrol on isolated porcine coronary arteries [ J].
Arzneimittelforschung , 1999, 49(3) .207 - 211.

Li HF, Wang LD, Qu SY. Phytoestrogen genistein de-
creases contractile response of aortic artery in vitro and
arterial blood pressure in vivo[ J]. Acta Pharmacol Sin
(R EZFFSAR) , 2004, 25(3) 1313 —318.
El-Mowafy AM. Resveratrol activates membrane-bound
guanylyl cyclase in coronary arterial smooth muscle: a
novel signaling mechanism in support of coronary pro-
tection[ J ]. Biochem Biophys Res Commun, 2002, 291
(5):1218 - 1224.

Naderali EK, Smith SL, Doyle PJ, Williams G. The
mechanism of resveratrol-induced vasorelaxation differs
in the mesenteric resistance arteries of lean and obese
rats[ J]. Clin Sci (Lond), 2001, 100(1) ;55 - 60.
Benham CD, Tsien RW. Noradrenaline modulation of
calcium channels in single smooth muscle cells from
rabbit ear artery [ J]. J Physiol, 1988, 404,767 -
784.

Bolton TB. Mechanisms of action of transmitters and
other substances on smooth muscle[ J]. Physiol Rev,

1979, 59(3) :606 — 718.



- 32 .

Chin J Pharmacol Toxicol 2006 Feb; 20(1)

YN R B EFENR RN K% B W £ 30 Ak 48 I Rz 59 52 00

Zee1 35, WA, HRIE, 22 ', BRE
(M RZFSRER R 2= Pe 1. AR R, 3. REPLRESC I =, Hulr M 730000
2. HoR P BErBe bt B e, Hly 220 730020)

E: BRSO ER H 2 B FAR J %)
B S 2 ik i A WA BT AR R AR A R R
IR RIERLE . FiE R sk L kv
IR E TR T e sk KR 28 fe., 45
SIS E IRV T R N NP PR
B bR (NE) KC1 1 CaCl, f4 v B84 M Uk 45 |2
N AR A 2 B A B8, pD, (B 430 2. 89,
3.34,3.37f13.23, 3.52, 3.77 ;% KCI Fiiysc 4 1 45
SR EA W BRI O B SR AN, o R IMAE N HZ V-
L-fHERG 2R ( L-NNA ) 500 F i 0] [ 22 7 BT oKl
EAE A W S 0 41 iV T, AEDGE AR e 2835 & 14 .
EET IR I W5 . 5]k 38 S A ZRR RIRE S
XT 25 W ET LA VR Y JC I R 52 . FE TGS Krebs
W (% 0.01 mmol + L™'EGTA) H1, (4321 B FIAR iz

Z Al NE 75 & 04 B WLZ0 I 3 E5 R ik 5 | 1 T AH
W AHAFZ M CaCl, 75 & 1 £l LA A0 85 P9 3 5 |
R AR . G518 A8 BRI R 2 Bk &2
Bk LA P T A AT R -5 A 5 - N T S A
NS B OG5 53 A0 I B e B ) & SR AE &R 4 55
PN R 20 A O AELRR B 2R 1 46 0 7V FH 55 PN B 4 i
JTox,

SRR AR ME R S R I AR B R L, 1
ML 5 Bk, B 5 A ET 5K s Nz, A8

EEWE: b EM LGRS R H
(1 2003034442)

(ARG #HLR)



