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The change in body temperature is one of the most important factors in physiological
functions. Early studies have suggested that the cutaneous arteries of the rabbit are influenced
by temperature changes. Low temperature stimulates the release of nitric oxide from the
endothelium and prevents a cold-induced vasospasm by relaxation of the vessels. However, the
influence of temperature changes on deep vessels is not clear. The preparation of isolated rat
aortic strips was used in this study. The temperatures in the organ bath were changed, using a
thermometer as a guide. From our results, the isolated rabbit aorta relaxed when the organ bath

temperature was lowered from 37°C to 20°C. The tension of the vascular smooth muscle

increased when the temperature was increased from 20°C to 37°C. Norepinephrine-induced

contraction in the isolated rabbit aorta was influenced by different temperatures. The optimal

temperature for the isolated rabbit aorta was 35°C to 37°C in the in vitro experiment. ( Mid

Taiwan J Med 1999 : 4 :57-61)
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INTRODUCTION

In in vitro studies, the temperature is
always carefully controlled at 37°C, which is
the normal human body temperature.
However, some scholars have suggested that
the temperature should be set at 34°C [1,2] or
35°C [3] because the in vitro studies did not
consider the impact of the effects of
temperature upon the blood vessels. Early in
the 1980s, Janssens et al. [4] and Shepherd et al.
[5] observed that the cutaneous arteries reacted
with a change in temperature. In 1991, Monge
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et al. [6] started discussing the differences
between femoral arteries and cutaneous ear
arteries at a lower temperature, ie, 24°C, and
found that this was related to the endothe-
lium. Later on, they discovered that vaso-
dilation of the cutaneous arteries was due to
the production of nitric oxide (NO) at low
temperatures. However, no one has discussed
why vasocontraction and vasodilation
occurred under continuous temperature
changes and what the impact of temperatures
on norepinephrine (NE) was. Therefore, the
main goal of this study was to explore the
effects of norepinephrine on isolated rabbit
aortas under different temperatures.

MATERIALS AND METHODS
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Fig.1 Effect of norepinephrine (NE, 10-’M) in different
temperatures on the isolated rabbit aorta. A: A typical
pattern of NE-induced vasocontraction in different
temperatures. B: The averaged response of NE-induced
vasocontraction in different temperatures (n=8). O :
Temperature from 20°C to 40°C; @ : Temperature from 40°C
to 20°C.

The preparation of aortic strips was similar
to that originally described by Furchgott and
Zawadzki [7]. Male New Zealand white rabbits
(n=8) weighing 2-3 kg were killed by a blow
on the head and exsanguinated. The thoracic
aorta, which was isolated from the animal,
was carefully cleaned of surrounding fat and
connective tissue and cut into rectangular
strips (15 mm in length, 2 mm in width).
Preparations were mounted vertically in 20-ml
organ baths containing 10 ml oxygenated (95:5
0,/CO2) Krebs Ringer solution (mM): NaCl 118,
NaHCO:; 25, KClI 4.8, KHPO: - 7TH0 1.2, CaCl: -
2H:O 25 and glucose 11, pH 73-7.4 at 37°C. The
tissue was allowed to equilibrate for 90 min
under a resting tension of 2 g prior to
experimentation. The isometric tension was

Norepinephrine and Temperatures on Isolated Aorta

recorded with a force-displacement transducer
(Gould Instrument Systems, US.A.) connected
to a Gould 2600s polygraph (Gould
Instrument Systems, US.A.).

The reagents, NaCl, NaHCO;, KCI, KH:PO: -
7H:O, CaCl:- 2H:O and glucose, were
purchased from Merck KgaA Darmstadt,
Germany. NE was purchased from Sigma
Chemical Co,, USA.

Results of the experiment were expressed
as mean+S.E. The data were analyzed by
Student’s t#test. A p < 0.05 was defined as
statistically significant.

RESULTS

When the temperature in the organ bath
was increased gradually from 20°C to 25°C, the
contraction effect of the vascular smooth
muscle increased, and this effect became
optimal when the temperature reached 40°C.
When the temperature was decreased from
40°C to 20°C, the effect on vasocontraction was
decreased, and became minimal at 20°C. The
effect of vasocontraction of the vascular
smooth muscles was temperature dependent.
A better effect was seen when the
temperature was kept at 37+05°C because the
vascular smooth muscles may possibly be
damaged at 40°C despite the stronger effect of
vasocontraction at this temperature (Fig. 1). At
different temperatures, such as 20, 25, 30, 35,
and 40°C, the effect of NE on vasocontraction
was the strongest when the temperature
reached 37°C. When NE was added in the
second and the third trials, the effect was even
more profound than in the previous trial (Fig.

2).

DISCUSSION

The initial phasic contraction induced by
NE in smooth muscle results from intracellular
Ca* release following an increase in the
turnover of phosphatidylinositol and the
production of inositol 1,4,5-triphosphate [8].
This contractile process is related to the
depletion of Ca* stores sensitive to NE and is
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Fig.2 Effect of norepinephrine (NE, 10’M) and
temperatures on tension of isolated rabbit
aorta (n=8). mz: the first time of NE
administration, : the second time of NE
administration, —: the third time of NE

2.8 .
~—~
ay 2.4 -
<q S
~ /,
c h
S 20f ==l
7)) voe ."
o K v,
o o KA x
- 0 K
— 16} & ]
© RS 1
£ X! 1
= LAY Q
» 1K %
S j2f o5 Wz
] RA %
RN 1)
[ RN 1)
<) K3 1]
1]
v 08} ::0 1]
0 K o
= 0:‘ y::
© %) 3 (X
5] Q
L &5 X
O 04r %) 1]
% 0g8 s
% 08
’.‘ / e
(X} .’.
0.0 ] 1)
20 25 30 35 37

linked to Ca* entry through voltage-operated
Ca* channels and a-adrenoceptors [9] As for
the aorta, the effect of vasocontraction was
weaker when the temperature was lower than
37°C. Different agents produced different
effects. For example, caffeine could induce a
stronger vasocon-traction effect when the
temperature was changed from 37°C to 22°C
[10]. However, in 1993, Booth et al. [11] observed
the effect of glyceryltrinitrate (GTN) on rabbit
aortas, and found that GTN produced less NO
when the temperature was decreased from
37°C to 27°C. The choice of temperature was,
therefore, a major factor in this experiment.
The temperature dependence of the transient
increase in free intracellular Ca* to bradykinin
and Ca*/Mg* entry through a Ca* store-
operated Ca* entry pathway was suggested by
Paltauf-Doburzynska and Graier [12] Moritoki
et al. [1,2] used 34°C because 37°C is not
applicable in some parts of the experiment to
produce NO. Therefore, in this experiment, by

administration. **p< 0.01 and *** p< 0.001 as

40 (°C) compared with NE, respectively.

changing the temperature, whether increasing
the temperature from 20°C to 37°C, or
decreasing the temperature, the temperature
in the 35°C to 37°C range showed a better
result in the rabbit aorta experiment.
Analyzing the effect of vasocontraction, 35°C
to 37°C was the most suitable temperature in
the rabbit aorta experiment. When the
temperature gradually changed, the vasocon-
traction also gradually changed. NE (107 M)
showed the best effect for contraction in
rabbit aorta at 35°C to 37°C.
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