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Influence of stretch on o, receptor agonist phenylephrine

regulated vasoconstriction in rabbit regional arteries

REN Lei-Ming " , ZHANG Miao, YUAN Zhi-Fang, ZHU Zhong-Ning, SHI Chen-Xia
( Department of Pharmacology , School of Pharmacy , Hebei Medical University , Shijiazhuang 050017, China )

Abstract: AIM To investigate how to determine the op-
timal preloads in the study of a; receptor agonist phenyle-
phrine (Phe) regulated vasoconstriction in the rabbit iso-
lated arteries. METHODS Vasoconstrictive responses to
Phe were recorded in the rabbit renal, femoral, saphe-
nous, mesenteric, splenic and ear arteries. RESULTS
The resting tension in various arterial rings was increased
with increasing preload from 1.0 g to 5.0 g in a linear
manner. The vasoconstrictive responses to KClI ( 120
mmol+L.™") in the regional arteries were increased with
increasing preload, however, the final plateau of the E,
of KCI was not observed in these regional arteries, with
the exception of the ear artery. In the experiment with
Phe (0.01 - 100 pmol - L™ ) as a vasoconstrictive agent,
the ECs, values of Phe (ECsg.py,.) in the rabbit mesenter-
ic, splenic and saphenous arteries were changed largely
by changing preload, however there was an optimal point
where the ECsg.p,. value and its standard deviation were
minimal among the five values corresponding to 1.0 g to
each artery. CONCLUSION
The ECsq values of Phe in the rabbit isolated arteries are

5.0 g preloads in

influenced by preloads obviously. In the determination of
optimal preload in isolated arterial preparations, particu-
larly in the study of receptor regulated function, the mini-
mal ECsy value and its standard deviation of correspond-
ing-receptor agonist should be considered as a crucial
factor.
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Isolated arterial ring preparations are often
used in physiological and pharmacological studies.
However, in many experiments with blood vessels
obtained from even the same region of the same
species, the optimal preloads (stretch levels) and
the methods to determine the optimal preloads

[1-

were different'! ~3'. In addition, the reported pa-

rameters of concentration-dependent  response
curve even for the same a-adrenoceptor agonist
(norepinephrine, NE) in the same tissue (rabbit
isolated ear artery) from individual research lab
were significantly different from each other ' =37
In the present study, we observed the cumulative
concentration-dependent  response  curves  for
phenylephrine (Phe) in six kinds of the isolated
regional arteries of the rabbit, and analyzed the
influence of 1 — 5 g stretch levels (preloads) on
the concentration of 50% maximum effect (ECs;)
values of Phe (ECsy.py.), which represented the
affinity of Phe to functional «oj-adrenoceptor in

these arteries.

1 MATERIALS AND METHODS

1.1 Rabbits

Male New-Zealand white rabbits (2.5 - 3.5
kg) were obtained from the Experimental Animal
Center of Hebei Medical University ( Certificate No
0059) .
1.2 Chemical

Phe, obtained from Sigma Chemical Co.,
was dissolved in distilled water.
1.3 Arterial preparation

Rabbits were stunned by a blow, then exsan-
guinated. The renal, femoral, saphenous, mesen-
teric, splenic and ear arteries were excised and
cleaned of excess connective tissue and fat. Ring
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segments (4 mm in length) with endothelium were
mounted horizontally in a 10 mL organ bath by
carefully inserting a tungsten wire through the
lumen of the vessel ring and anchoring it to a sta-
tionary support. Another wire similarly inserted,
was connected to an isometric tension transducer,
and responses were recorded on a polygraph
(ERT-884, Youlin Electron Co., Kaifeng) .

Preloads of 1.0, 1.5, 2.0, 2.5, 3.0 and
5.0 g were applied to the renal, femoral, saphe-
nous, mesenteric, splenic and ear arterial rings,
respectively. In order to avoid the influence of in-
dividual difference of the rabbits, the four arterial
rings obtained from the same region of the same
rabbit were given four different preloads respec-
tively, and only one preload was used in one
preparation. Preparations under the used-preload
were allowed to equilibrate for 1 h in physiological
solution of the following composition ( mmol *
L=HM': NaCl 133, KCl 4.7, Nal,LPO, 1.35,
NaHCO; 16. 3, MgSO,4 0. 61, glucose 7.8 and
CaCl, 2.52, pH 7.2. The solution was main-
tained at 37°C and aerated with 95% O, and
5% CO,.
1.4 Drug administration

Phe (0.01 - 100 ;Lmol'L_l) was added cu-
mulatively to the organ bath to construct concen-
tration-response curves of the vasoconstriction.
The concentration-response curves for Phe were
repeated three times in each preparation at 35 min
interval, and the first set of data was not used in
analysis. A single concentration (120 mmol-L~")
of KCI was added to the preparation in the end of
each experiment.
1.5 Statistics

Data were expressed as ¥ = s. The ECs val-
ues were calculated with the equation: log [ E/
(Eyax — E) ) = log ¢ = log K(E, response; E, .,
maximal response; ¢, Phe concentration; K,
equilibrium dissociation constant ) >’ . Duncan’ s
multiple range test ( with computer program of
PHARM/PCS-Version 4) was used to evaluate any
differences among more than two groups. Two way
ANOVA was used to evaluate a difference between
two concentration-dependent curves for Phe.

2 RESULTS

2.1 Effects of different preloads on the rest-
ing tension of the six regional arteries

The resting tensions of the renal, femoral,
saphenous, splenic, mesenteric, and ear arterial
rings were increased with the increase in preloads
(1.0t05.0 g) from0.5-0.86 g t0 3.66 -3.92
g (P <0.05, Duncan’s multiple range test), and
the increase in resting tensions in these arteries
under the different preloads was in a linear manner

(r=0.9891-0.9990, P<0.01, Fig1).
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Fig 1. Resting tension in rabbit renal (4 ), femoral
(1), saphenous (@), splenic (&), ear (O) and
mesenteric () arteries with different preloads. Points
represent the mean values, n=5. " P <0.01, compared with

preload 1.0 g for each artery.

2.2 Effects of different preloads on the maxi-
mal contractile responses to Phe in the six
regional arteries

Under each preload, the second and the third
concentration-response curves for Phe were not
significantly different from each other (P >0.05,
two way ANOVA, data not shown) in the six re-
gional arteries. With the increase in preloads (1.0
t0 5.0 g), the maximal vasoconstrictive responses
to Phe (E,...phe, calculated from the second con-
centration-response curve) in these arteries were
significantly (P <0.05,

increased Duncan’s
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multiple range test) in different manners. In the
ear artery K ,.pp value increased in a monophase
manner, and it reached plateau at 3 g preload
(Fig 2) . In other five arterial rings, the E,..ppe
values were increased in a biphasic manner, and
the K.\ pre values reached the first plateau at 1.5
g in the splenic artery, at 2 g in the mesenteric
artery, at 2.5 g in the saphenous and femoral ar-
teries, and at 3 g in the renal artery (Fig 2).

1
*
*
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Emax - Phe g

Preload /g

Fig 2. Maximal contractile response to phenyle-
phrine (E,.c.ph) in rabbit renal (42 ), femoral
([1), saphenous (@), splenic (&), ear (O) and
mesenteric (Ill) arteries with different preloads. Phe
(0.01 - 100 pmol*L~") was added cumulatively to the organ bath
to construct concentration-response curves of the vasoconstriction.
Points represent the mean values, n=5. * P<0.05, *" P<
0.01, compared with preload 1.0 g for each artery.

2.3 Effects of different preloads on the
ECsy. pre in the six regional arteries

The ECsg.ppe to produce concentration-depen-
dent contractile responses did not change signifi-
cantly (P >0.05, Duncan’s multiple range test)
in each one of the six regional arteries under dif-
ferent preloads (1 to 5 g), because in each artery
there was at least one or two of the standard devia-
tion values which were much bigger (Tab 1). On
the other hand, in each one of the six regional ar-
teries under different preloads (1 to 5 g), there
was an optimal point where the ECs.pp,, value and

its standard deviation were the least among the six
values with the exception of mesenteric artery
(Tab 1). In the mesenteric artery, the ECsg.ppe
values could be calculated only at 1.5 and 2.0 g
preloads with the equation (Tab 1), because the
vasoconstrictive responses to Phe were not able to
reach the maximal response under the preloads of
1.0gand 2.5-5.0 g.
2.4 Effects of different preloads on the maxi-
mal contractile responses to KCI(E,,.x.xc1) in
the six regional arteries

With the increase in preloads (1.0 to 5.0
g), the E .k to 120 mmol- L™ KCI in the six
regional arteries was increased significantly (P <
0.05, Duncan’s multiple range test). In the ear
artery, K, ..xq value was increased to a plateau
at 2.5 g of preload. However, in other five arteri-
al rings, the E,..xq values were increased in a
biphasic manner. In the splenic artery, E, ..k
value reached to the first plateau at 2.5 g, and it
reached the first plateau at 2.0 g in the mesenter-

ic, saphenous, femoral and renal arteries (Tab

2).

3 DISCUSSION

Vessel ring preparations are commonly used
in the study of physiology and pharmacology.
However, the optimal stretch levels in resting con-
dition (optimal preloads) were quite different even
in the study using the same preparation and

L6.7], Zhang, et alt® reported a same

agent
preload (0.5 g) applied to the rabbit renal,
mesenteric, pulmonary and femoral arteries with-
out considering the heterogeneity of the regional
arteries'® .

Generally, optimal preloads are usually
determined with two kinds of methods. Firstly,
vessel rings under different preloads were exposed
to maximal concentration of KCl, and the maximal
contractile response to the minimal preload was

chosen!

8, Secondly, vessel rings under different
preloads were exposed to single concentration to
be near ECsy of vasoactive agent (NE or Phe),

and the preload producing large and reproductive
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Tab 1. ECs, values of phenylephrine ( ECs.p,.) in the rabbit renal, femoral, saphenous, splenic, ear and
mesenteric arteries with different preloads

ECso- phe/pmol - L™ !

Preload
/g Renal Femoral Saphenous Mesenteric Splenic Ear
1.0 3.7+1.2 1.9+1.1 1316 - 1310 1.321.2
1.5 3.1+1.4 1.420.6 12+13 30+ 21 17+ 14 1.9+1.2
2.0 3.4+1.9 1.1£0.4 6.8+7.0 52+37 7.5£3.1 0.9+0.4
2.5 4.6+2.4 0.8+0.4 2.8+1.5 - 2+32 2.5+3.2
3.0 2.9+1.0 0.7+0.3 5.3+5.3 - 28 +39 2.3+1.7
5.0 2.6+0.8 0.8+0.3 5.4+5.6 - 3364 1.1£0.4

Phe (0.01 - 100 pmol * L™!) was added cumulatively to the organ bath to construct concentration-response curves of the vasoconstriction.
(=) : The values of ECsy could not be calculated with the equation. % +s, n=35.

Tab 2. E,. to KCI (120 mmol- L~1) in the rabbit renal, femoral, saphenous, splenic, ear and mesenteric
arteries with different preloads
Preload P k18
/g Renal Femoral Saphenous Mesenteric Splenic Ear
1.0 3.1+0.4 2.4+0.7 1.92+0.29 1.4+0.5 1.00+0.26 0.96+0.21
1.5 3.6+x0.4 2.9+0.7 2.2+0.3 2.2+0.5 1.04+0.25 1.34+0.15
2.0 4.0+1.1 4.2+0.5"" 2.6+0.3 2.5+£0.47 1.0+£0.4 1.7+0.37
2.5 3.8x1.2 4.1+0.3"" 2.6x0.6 2.52+0.28" 1.8+0.7 1.80£0.20" "
3.0 4.3+1.0 4.8+0.8"" 3.4+0.3°° 3.3+£0.7°° 1.3+0.6 1.76+0.09"
5.0 4.6+1.2"7 4.7+1.0°" 3.8+1.1°7 3.5£0.9"" 2.7+£1.2°" 1.8+£0.8""

x+s, n=5 "P<0.05, " P<0.01, compared with the preload 1.0 g.

contractile response was chosen®~12).

In the present experiment with K, ...k value
as a parameter, although the E, ...k value in the
ear artery increased to a plateau at 2.5 g of
preload, E,...kc values in other five arterial rings
reached to the first plateau at 2.0 -2.5 g. With
further increase in the preload to 5.0 g in the
mesenteric, splenic, saphenous, femoral and re-
nal arteries, E,..xc values were increased signif-
icantly, and the second plateau was not observed.
Therefore, in the present study, it was difficult to
determine optimal preload using maximal concen-
tration of KCl in the rabbit mesenteric, splenic,
saphenous, femoral and renal arteries, with the
exception of the ear artery.

In the present experiment with Phe as a

vasoconstrictive agent, we found one point where

the ECsg.p. value and its standard deviation was
the minimal one among the five values correspond-
ing to 1 — 5 g preloads in each of the rabbit
mesenteric, splenic, saphenous, femoral and ear
arteries. Theoretically, the ECsg.pp. value reflects
its affinity to oj-adrenoceptor. However, the
ECsg.ppe values in the rabbit mesenteric, splenic
and saphenous arteries were changed within 10 -
25 pmol* L™ ! by changing preload, indicating that
the applied preload might affect the binding of Phe
to aj-adrenoceptor. On the basis of the present re-
sults, we considered that optimal preload for the
binding of Phe to aj-adrenoceptor should be the
preload at which the ECsy.py,. value and its stan-
dard deviation were the minimal.

In the rabbit ear artery, Saville, et al 2]
reported that ECsy of NE (ECsp.nz) was 0. 938



PEGES L EEERE 2002 4F- 8 H ; 16(4)

+ 259 -

pmol* L', and Ziganshin, et alt? reported that
Epax and pDs value of NE were (3.68 +0.35) ¢
and 6.07 £0.13. In order to test our method to
determine optimal preload, the rabbit ear artery
with preload 2.0 g was used to construct the con-
centration-dependent response curve for NE (n =
6), and its E,,, ECs.xz and pD, value were
(3.59+0.48)¢g,(0.93 +0.19) pmol - L~! and
6.04 + 0.09, which were consistent with the
above publications[z’ 31 On the other hand, Xu,

I3 reported a significantly different result in

et a
the rabbit ear artery with 1.5 g preload. Even in
the same lab, Burnstock, et all!4] reported that
in rabbit saphenous artery with resting tension of
0.75 g, E,. and pD, value of NE were
(3.32£0.23) g and 5. 05 + 0. 04, whereas
Ziyal, et al'™’ reported an obviously different re-
sults in which E_,, and pD, value of NE were
(4.40+0.33) g and 6.13 + 0.08 in the same
preparation with 1.0 g preload.

Hence, in determination of optimal preload
in isolated arterial preparations, particularly in
the study of functional receptor, the minimal ECs
value and its standard deviation of ECsy value of
corresponding-receptor agonist should be consid-
ered as a crucial factor.
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