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Characterization of the rat basilar artery in vitro

R.J. Winquist! and D.F. Bohr
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Summary. Segments of the rat basilar artery were examined in vitro for their mechanical responsiveness to a variety of
vasoactive substances. Serotonin was the most potent agonist while norepinephrine elicited a dose-dependent relaxation.
The findings lend support to the concept that there exists a marked heterogeneity amongst species in cerebrovascular

responsiveness.

Much of our knowledge on blood vessel abnormalities in
the pathogenesis of cardiovascular disease comes from
studies on vascular reactivity in the various disease models
produced in the laboratory rat**. However, surprisingly
little is known about cerebral vessel responsiveness in this
animal even though a genetic model of stroke has been
developed®. Studies on isolated cerebral arteries have been
confined to specimens from large laboratory animals®® due
to the constraints of in vitro methodologies.

The advent of small artery instrumentation ° now makes it
possible to examine individual pial vessels under conditions
where factors difficult to regulate in situ can be precisely
controlled. Our reasons in deciding to characterize the rat
basilar artery were 2-fold: 1. large vessels at the base of the
brain are believed to be important regulators of cerebral
blood flow!>!2 and 2. our results would allow a species
comparison since the basilar artery is often utilized when
studying responsiveness of isolated cerebral arteries.
Methods and materials. Adult male Sprague-Dawley rats
(250-300 g) were anesthetized with ether and exsanguinat-
ed. The brain was quickly removed from the skull and
placed in cold physiological salt solution (PSS)’. The basi-
lar artery was dissected free and mounted on fine tungsten
filament wires (32 um) in a 20-cm® horizontal chamber for
recording isometric tension as described previously'®. 1 mm
segments of the basilar artery just distal to the confluence
of the vertebral arteries were examined. The dual chamber
apparatus contained oxygenated PSS (95% O,/5% CO,) at
37°C which was replaced every 20 min while tissues were
equilibrated for 1 h without any resting force. After the
equilibration period, tissue segments were subjected to a
resting force of 250 mg which allowed for maximal active
force generated to depolarizing solution (130 mM K¥).
Contractile responses to agonists were expressed as a
percentage of the maximal response to depolarizing solu-
tion. The concentration of spasmogen that produced a
response equal to 50% of the maximal contraction to
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Figure 1. Contractile dose-response curves to serotonin (5-Ht, X),
prostaglandin F,, (PGF,,, O) CaCl, (readdition of CaCl, in
depolarized preparations, B), BaCl, (A) and KCl (@) in isolated
rat basilar artery rings. All responses are expressed as a percentage
of the maximal response to depolarizing solution (130 mM K+).
The number of experiments for each agonist is shown in paren-
theses. Values are means + SEM.

depolarizing solution (ECs,) was calculated by transform-
ing the drug concentrations to log values and performing a
linear regression analysis using the method of least squares.
A similar methodology was utilized to calculate the concen-
tration of norepinephrine or isoproterenol which caused a
50% relaxation (ICsy) of the contraction to exogenously
added PGF,, (3x 10~°M) or serotonin (3 x 107" M).

Drugs used were: norepinephrine bitartrate (Breon Labo-
ratories, Inc.); serotonin, prostaglandin F,, (Sigma Chemi-
cal Co.) and isoproterenol hydrochloride (Elkins-Sinn Co.).
Results and discussion. Isolated segments of the rat basilar
artery contracted to a variety of spasmogens (fig.1). The
most potent agonist tested was serotonin (5-HT) which also
elicited a near-maximal contraction in these tissues. 5-HT
has been reported as one of the most potent vasoconstric-
tors on basilar and other cerebral arteries from human',
dog'>™ and cat®. The table lists the maximal force and
ECj, values for the contractile agents.

An unexpected finding was the lack of response to exoge-
nously added norepinephrine (NE). However, both NE and
isoproterenol (ISO) dose-dependently relaxed basilar artery
segments which were previously contracted with prosta-

The maximum force generated and ECsy for various spasmogens
on the rat basilar artery

Spasmogen (n) Maximum ECs Relative activity
force! (mg) (moles/1) to serotonin

ECjsp serotonin
ECs spasmogen’

Serotonin (19) 839+ 33 3.5% 1078 1.0

PGF,, (10) 832+49 24x1077 0.2

CaCl, (5) 86l1+66 23x 1074 1.5x 1074

BaCl, (6) 757+84 3.6x 107 9.7% 1073

KCL (4) 888471 34x 1072 1.0x 10-¢

! Values are means + SEM.
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Figure 2. Relaxant dose-response curves to exogenously added
norepinephrine (NE, X) and isoproterenol (Iso, O) in isolated rat
basilar artery rings previously contracted by either serotonin
(3% 10~7"M) or PGF;, (3x 10~®M). All responses are expressed as
a percent decrease of the spasmogen contraction. The number of
experiments is shown in parenthesis. Values are means + SEM.
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glandin F,, or 5-HT (fig.2). The ICsy’s for NE and ISO
were 4.4x 107'M and 2.7x 107" M, respectlvely Cerebral
vessels from most species except the pig”!® constrict in
response to NE; f-adrenoceptor-mediated relaxation is
observed only after prior pharmacological blockade of
a-adrenoceptors®. The similar potency of NE and ISO in
relaxing the rat basilar artery imply the presence of £,
subclass of adrenoceptors. This is cons1stent with that
reported previously for cerebral vessels®®

1 Present address: Merck Institute for Therapeutic Research,

West Point, (Pennsylvania 19486, USA). This work was sup-
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Cyclic AMP concentration in the rat’s preoptic region!
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The findings on the rat basilar artery support the conten-
tion of 5S-HT being the most potent cerebrovascular con-
strictor. However, the predominant f-adrenoceptor-
mediated relaxation further demonstrates .the marked
heterogeneity in the responsiveness of isolated cerebral
arteries amongst species. Direct f-adrenergic relaxation
may be responsible for the increased cerebrovascular flow
in rats following i.v. 1nfus1on of NE after osmotic opening
of the blood brain barrier"”.
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Summary. In rats adapted to a 12:12 h light-dark (LD) schedule, cyclic AMP concentration in the preoptic region showed a
L minimum and D maximum. No significant fluctuations were observed in the parietal cortex.

Daily fluctuations in cyclic AMP concentration have been
observed in the cerebrospinal fluid of rhesus monkeys**
and in several structures of rat encephalon including the
hypothalamus® and the pineal gland®,

This study was performed to clarify whether daily fluctua-
tions of cyclic AMP concentration occur in the preoptic
region of the rat. It is well known that preoptic-hypotha-
lamic mechanisms underhe the control of daily rhythms of
several functional systems’ %, As a control, cyclic AMP
concentration was concomltantly determined in the parietal
cortex.

188 male Sprague-Dawley rats (160-180 g), housed in
individual cages (Ta 22+0.5 °C; food and water ad libitum)
and adapted for a week to a 12:12 h light-dark (LD)
schedule (07.00-19.00 h L), were used. Cyclic AMP concen-
tration in the preoptic region and parietal cortex was
studied in animals killed at fixed intervals by immersion in
liquid mtrogen The removal of samples of the preoptic
region!! and the parietal cortex (in the same frontal plane
of the preoptic region and close to the interhemispheric
fissure) from brain slices previously stored at —80°C, was
performed by means of 0.8 mm i.d. needles in a dry-ice

Hourly and half-day (Lc, Dc) cyclic AMP concentrations (pmoles/mg protein, mean+ SEM) during light and dark periods in the
preoptic region and the parietal cortex, and cosine function (Y=Cp+C cos(wt-2)°) fitting the data. Between brackets is the number
of observations; Hy, null hypothesis; C, cosine function amplitude; F, Fisher’s F; df, degrees of freedom; NS, not significant

Light Dark
Preoptic region
09:00 10:00 12:00 15:00 19:00 Le 21:00 03:00 06:30 Dc
29.81 28.77 28.06 28.77 28.41 28.83 30.51 3297 31.61 31.67
+1.96 +2.13 +0.61 +0.97 +1.30 +0.86 +1.20 173 +1.51 +0.66
(20) @® &) @n (24) (88) (3% (33 (32) (100)
y=30.28+2.40 cos (15t-41.14)°
Hp: C=0 F=406 df=2,185 p<0.05
Parietal cortex
22.07 17.22 18.89 20.45 22.14 20.82 17.98 20.20 20.75 19.46
+0.74 +1.35 +1.81 +0.88 +£0.92 +0.48 +0.88 +1.24 +0.97 +0.59
@n (10) ® @3 @n (89) (33 @3) 25) @81

y=20.16+0.49 cos (15t-12.07)°
Hyp: C=0 F=0.36 df=2,167 NS.




