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Cooling Augments Platelet-Induced Contraction
of Peripheral Arteries of the Dog (41850)
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Abstract. The effect of cooling on platelet-induced contractions was studied. Rings of canine
saphenous arteries were suspended for isometric tension recording in organ baths filled with
aerated physiological salt solution. Norepinephrine, 5-hydroxytryptamine, and autologous ag-
gregating platelets all caused contractions that were augmented by cooling the bath content from
37 to 24°C. These contractions were inhibited, in a concentration-dependent manner, by the
serotonergic antagonist ketanserin. The alpha,-adrenergic antagonist, prazosin, in concentrations
causing progressive inhibition of contractions evoked by norepinephrine did not affect the response
to either 5-hydroxytryptamine or platelets. Aggregating platelets were found to release 5-hy-
droxytryptamine in sufficient amounts to account for the observed contractions. Pretreatment
of platelets with the cyclo-oxygenase inhibitor meclofenamate reduced the amount of thromboxane
liberated by aggregating platelets but did not influence evoked contractions. These observations
suggest that aggregating platelets cause contraction of the canine saphenous artery by releasing
5-hydroxytryptamine. They demonstrate that cooling markedly augments contractions of peripheral
arterial smooth muscle caused by aggregating platelets.

Local cold enhances the constrictions of
cutaneous vessels caused by norepinephrine
released from adrenergic nerves or by circu-
lating catecholamines; the action of other va-
soactive agents, such as 5-hydroxytryptamine
(serotonin) is also enhanced by cooling (1).
Patients with Raynaud’s phenomenon are
characterized by prolonged constriction (spasm)
of the digital arteries when exposed to a cold
stimulation, particularly when they are emo-
tionally upset. Platelets contain vasoconstric-
tor substances such as S-hydroxytryptamine
and thromboxane A;. To judge from data ob-
tained in isolated blood vessels, aggregating
platelets can release these substances in
amounts sufficient to cause sustained con-
traction of vascular smooth muscle (2, 3). Ac-
tivation of platelets with subsequent release
of vasoactive substances may be of pathogenic
importance in patients with Raynaud’s phe-
nomenon (4-6). The present study was un-
dertaken to determine the effect of local cold
on platelet-induced contractions of peripheral
arteries.

Materials and Methods. The experiments
were performed on saphenous arteries taken
from mongrel dogs of either sex (15-28 kg)
anesthetized with sodium pentobarbital (30
mg/kg iv). The blood vessels were cut into
rings (approximately 3 mm in length). The

experiments were performed in organ cham-
bers containing 25 ml of physiological salt so-
lution (millimolar composition: NaCl, 118.3;
KCl, 4.7, MgS0,, 1.2; KH,PO,, 1.2; CaCl,,
2.5; NaHCO;, 25.0; calcium-EDTA, 0.026;
glucose, 11.1) and aerated with a 95% O,-5%
CO, gas mixture. Each ring was suspended by
two stainless-steel stirrups passed through the
lumen. One stirrup was anchored inside the
organ chamber and the other was connected
to a force transducer for recording of isometric
tension (7, 8). All preparations were progres-
sively stretched to the optimal length for con-
traction by measuring the contractile response
to electrical stimulation of the adrenergic
nerves (9 V, 2 msec, 16 Hz, 10 sec) (7, 9, 10).
For cooling experiments, the temperature of
water flowing through a water jacket sur-
rounding the chamber was altered, thereby
lowering bath temperature from 37 to 24°C
in approximately 1.5 min (11). Bath temper-
ature was continuously monitored using a
thermistor probe.

Platelet suspensions were prepared from
autologous blood collected in modified acid-
citrate—dextrose anticoagulant (12). Because
of the combined presence of Ca?* in the phys-
iological salt solution and collagen in the ar-
terial ring, spontaneous platelet aggregation
occurred following addition of 375 ul of the
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suspension to the bath containing the arteries
as evidenced by clearing of the initially turbid
solution and the release of 5-hydroxytrypta-
mine and thromboxane B,. In some experi-
ments, platelet suspensions were incubated
with meclofenamate (1 X 107> M) for 30 min
and washed once before addition to the organ
chamber.

S-Hydroxytryptamine determinations. Sam-
ples of physiological salt solution containing
aggregated platelets were withdrawn from the
organ chamber following stabilization of the
vessel response to aggregating platelets. To de-
termine the amount of 5-hydroxytryptamine
released, 2-ml aliquots of bath fluid were cen-
trifuged (3000g, 10 min, 4°C) and the super-
natant was frozen at —20°C until analysis.
Aliquots of supernatant were adjusted to pH
6.1 and applied to columns of cation exchange
resin (Amberlite CG 50, 200-400 mesh). The
amine was eluted and then separated by re-
versed-phase high-pressure liquid chromatog-
raphy (x Bondapak C,3 column) with electro-
chemical detection (13).

Thromboxane B, determinations. Two-
milliliter aliquots of thawed supernatant, ob-
tained as above, were brought to pH 3.5 with
1 M citric acid. Thromboxane B, was extracted
twice with chloroform:methanol (2:1, 6 ml),
and the organic solvents were evaporated to
dryness in a 37°C water bath under a stream
of nitrogen. One-hundred-microliter aliquots
of standards and diluted samples were assayed
by displacement of [’ H]thromboxane B, from
thromboxane B,-antiserum in a total incu-
bation volume of 300 ul at 4°C. The reaction
was stopped after 2 hr by addition of a 1 ml
solution of dextran-coated charcoal. After
centrifugation (3000g, 5 min, 4°C), the su-
pernatant containing the antibody-bound
[*H]thromboxane B, fraction was counted in
a scintillation counter, and the concentration
of thromboxane B, was estimated by com-
parison with a standard curve (14).

Drugs. The following pharmacological
agents were used: 5-hydroxytryptamine cre-
atinine sulfate, norepinephrine bitartrate
(Sigma), ketanserin bitartrate (Janssen), pra-
zosin hydrochloride (Pfizer), sodium meclo-
fenamate (Parke-Davis), [*H]thromboxane B,
(New England Nuclear), and thromboxane B,-
antiserum (Seragen).

Prazosin was dissolved in 100 ul of dimethyl
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sulfoxide before addition to distilled water to
make the stock solution. All other drugs were
dissolved in distilled water. Concentration of
drugs are expressed as final molar (M) bath
concentration. Antagonists were added to the
bath at least 20 min before determining their
effect.

Calculations and statistical analysis. In each
experimental group the number of rings equals
the number of dogs. In all experiments in-
volving repeated exposures to an agonist, con-
trol preparations obtained from the same ves-
sel were studied in parallel to correct for
changes in sensitivity with time.

When exposed to the agonists many of the
rings showed a biphasic response—an initial
peak followed by a smaller stable response.
For calculations only the stable responses were
used. The data are expressed as means + SEM.
Statistical analysis was performed using Stu-
dent’s ¢ test for paired observations (two-
tailed). Differences were considered to be sig-
nificant if P values were less than 0.05.

Results. Platelets were added to the bath
solutions (1.1 X 107 to 3.3 X 10’/ml). Con-
tractions of similar magnitude were obtained
with aggregating platelets, exogenous 5-hy-
droxytryptamine (1 X 1077 to 1 X 107 M)
and norepinephrine (1 X 10~ to 1 X 107> M)
in control solution. The experiments were then
repeated in the presence of increasing con-
centrations of prazosin and ketanserin (1 X
1078 to 1 X 107® M). The contractions to
norepinephrine were depressed in a concen-
tration dependent fashion by both ketanserin
and prazosin. Ketanserin but not prazosin
caused a concentration-dependent depression
of contractions to both platelets and 5-hy-
droxytryptamine (Fig. 1).

Following addition of platelet suspension
(1.9 + 0.6 X 10’/ml, N = 6) to the organ
chambers, completion of the platelet aggre-
gation and stabilization of the vessel response
the concentration of 5-hydroxytryptamine in
the solution was 1.9 + 0.4 X 1077 M. Pre-
treatment of platelets with meclofenamate (1
X 107> M) for 30 min did not significantly
influence contractions to aggregating platelets
(5.3 £ 1.3 and 5.6 £ 1.5 g, with untreated
and treated platelets, respectively; N = 6). The
concentration of thromboxane B, was less in
bath fluid withdrawn from organ chambers
with meclofenamate incubated platelets than
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FIG. 1. Effect of increasing concentrations (1 X 1078 to
1 X 107 M) of ketanserin and prazosin, respectively, on
contractions evoked by (a) norepinephrine (1 X 10~ to
1 X 107 M); (b) 5-hydroxytryptamine (1 X 1077 to 1
X 107% M); and (c) aggregating platelets (1.1 X 10’/ml to
3.3 X 107/ml). Asterisks denote a significant difference
from control (N = 5).

in solution obtained from chambers where
untreated platelets had been used (4.5 £ 1.3
X 107° M and 1.2 +0.3 X 10~ M, respectively;
N = 4).

Cooling from 37 to 24°C had no significant
effect on resting tension of the vessels (N = 6).
Rings were contracted to comparable ten-
sion levels using exogenous norepinephrine
(1 X 107® M), 5-hydroxytryptamine (1 X 1077
to 3 X 1077 M) and autologous aggregating
platelets (2.1 = 0.7 X 107/ml). After stabili-
zation of the vessel response cooling from 37
to 24°C caused a similar augmentation of the
contractions caused by norepinephrine, 5-hy-
droxytryptamine and aggregating platelets
(Fig. 2). In rings (N = 6) contracted with 20
or 40 mM KClI, cooling caused significant de-
creases in tension (from 4.6 + 0.8to 1.7 + 0.3
and 11.6 + 1.8 to 5.3 + 0.9 g, respectively).

Discussion. The present study confirms that
when autologous platelets are added to phys-
iological salt solution in organ chambers, the
resulting aggregation causes the release of both
5-hydroxytryptamine and thromboxane (e.g.,
(2, 3)). The contraction of the canine saphe-
nous artery to aggregating platelets is mediated
mainly by 5-hydroxytryptamine. This conclu-
sion is based on the observation that (a) in-
hibition of cyclo-oxygenase, causing a de-
creased release of thromboxane, did not affect
the contractile response evoked by platelets;
and (b) the serotonergic antagonist ketanserin,
antagonized the platelet-induced contractions.
Although the present study confirms that ke-
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tanserin also inhibits alpha,-adrenoceptor ac-
tivation (e.g., (15-18)), this is not likely to
play a role in the antagonism of the platelet-
evoked response, as the selective alpha,-ad-
renergic antagonist prazosin was without ef-
fect.

As in other cutaneous vessels such as sa-
phenous veins (see (1)) cooling greatly aug-
mented the contractile response to exogenous
norepinephrine and 5-hydroxytryptamine but
reduces that to depolarizing solution (19, 20).
Previous work in the saphenous vein of the
dog has demonstrated that moderate cooling
causes an instantaneous increase in the affinity
of the postjunctional alpha-adrenoceptors for
norepinephrine (11). The comparison between
the effect of cooling on responses to norepi-
nephrine and 5-hydroxytryptamine suggests
that cooling affects the response to both
monoamines in a comparable fashion in the
saphenous artery. The present study dem-
onstrates that, despite the possible inhibitory
effect that cooling may have on the aggrega-
tion-release reaction (21), the increased re-
sponsiveness of the smooth muscle cells allows
for a markedly augmented response to platelets
at the lower temperature tested.

Activation of platelets has been reported in
patients with peripheral vascular disease char-
acterized by cold-induced vasospasm. These
conditions include Raynaud’s disease (4-6) as
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FI1G. 2. Contractile tension at 37 and 24°C evoked by
(a) norepinephrine (1 X 107 Af); (b) 5-hydroxytryptamine
(1 X 1077 to 3 X 1077 M); and (c) aggregating platelets
(2.1 £0.7 X 107/ml). Asterisks denote significant difference
between values and 37 and 24°C (N = 5).
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well as Raynaud’s phenomenon induced by
use of vibrating tools (4). The present obser-
vations on canine cutaneous arteries suggest
that the cold-induced augmentation of the
contractile response to aggregating platelets,
mediated by released S5-hydroxytryptamine
may be of importance in vivo. This would
help explain the favorable therapeutic effect
of ketanserin in patients with Raynaud’s phe-
nomenon (22).
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