Anesthesiology
71:80-86, 1989

The Contractile Responses of Isolated Dog Cerebral and

Extracerebral Arte'riesf to Oxybarbiturates and Thiobarbiturates

YOShIO Hatano, M.D.,* Kumi Nakamura, M.D. ,T Susumu Mor/yama M.D. T
Kenjiro Mori, M.D.,1 Noboru Toda, M. D., Ph.D.§

In helical strips of dog cerebral, coronary, mesenteric, renal, and
fefnoral arteries, the addition of thiamylal and thiopental, 107 to
1072 M, caused a dose-related contractlon, the contraction was sig-
nificantly more intensé in cerebral than in éxtracerebral arteries.
Secobarbital caused a slight contaction only in the cerebral artery.
In contrast, pentobarbltal did not produce a coniraction in any artery
studied. The thjamylal-induced contraction was not affected by
treatment with phentolamine, diphenhydramine, or cinanserin but
was attenuated by treatment with Ca entry blockers, such as nifedi-
pine or diltiazem. In the cerebral artery soaked in Ca**-free media
for. 60 min, the addition of Ca** produced triphasic responses; a
transient contraction followed by a relaxation and a slowly devel-
oping, persistent contraction. The persistent contraction was poten-
tiated by 10~* M thiamylal but abolished at 10~ M. In the mesenteric
artery soaked in Ca**-free media, the addition of Ca** produced
only a Slight contraction, which was potentiated by thiamylal (1074
and 107* Mm). It i is concluded that thiobarbiturates are more potent
vasoconstnctors than oxybarbiturates and that the barbiturates pro-
duce greater contraction'in cerebral arteries than in extracerebral
arteries. The thiamylal-induced contraction appears to be associated
mainly with influx of Ca** from extracellular fluids. (Key words:
Anesthetics, intravenous: pentobarbital; secobarbital; thiamylal;
thiopental. Artery: cerebral; coronary; mesenteric; renal. Brain,
blood flow. Muscle, smooth: vascular.)

IT'HAS BEEN DEMONSTRATED that in intact animals and
humans batbiturates produce reduction of cerebral blood
flow (CBF) and cerebral metabolic rate for oxygen
(CMR,).!** The change of CBF by barbiturates is often
ascribed secondarlly to the reduction of metabolic activity,
although a direct effect of barbiturates on cerebrovascular
resistance has not been fully investigated.'~® However,
barbiturates have been shown to alter systemic vascular
resistance when given intravenously to humans®~ and
dogs.® Thiopental and thiamylal contracted the isolated
rabbit or rat aorta, and pentobarbital and secobarbital
did not produce contractions.?!2 Some barbiturates with
convilsant properties have also been shown to have in-
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tense vasoconstrictor effects on rabbit aorta, and the re-
lationship between struictures and vasoconstrictor activities
were suggested.'®!3 Cerebral arteries respond to vaso-
active agents differently from extracerebral arteries.!*15
Thus, the present study evaluated quantitatively the direct
effects of thiobarbiturates and oxybarbiturates on isolated
cerebral and extracerebral arteries and determined the
role of Ca** on the mechanism of their contractile action.

Methods

The protocol was approved by the Kyoto University
Animal Use Committee. Forty miongrel dogs of either
sex, weighing 8-15 kg, were anesthetized with pentobar-
bital, 30 mg/kg and killed by bleeding from the common
carotid arteries. The brain, heart, and kidney were rapidly
removed. Basilar and middle cerebral arteries (0.6-0.8
mm, OD), ventral interventricular branches of the left
coronary artery (0.6-0.9 mm, OD), and intrarenal inter-
lobular branches of renal artery (0.6-0.9 mm, OD) were
isolated. Distal portions of the mesenteric (0.6-0.9 mm,
OD) and femoral arteries (0.6-1.2 mm, OD) were also
isolated. The arteries were helically cut into strips, the
length and width bemg approx1mately 17 and 1.0 mm,
respectively. The specimen was vertically fixed between
hooks in a muscle bath of 10 ml capacity containing Krebs
bicarbonate solution of the following composition (mm):
NaCl, 118.2; KCl, 4.6; CaCly, 2.5; KHyPOy4, 1.2; MgSO,,
1.2; NaHCO3, 24.8; and dextrose 10 (pH 7.4), which was
maintained at 37.0° + 0.5° C and aerated with a mixture
0f 95% Og and 5% CO;. Hooks anchoring the upper end
of the strips were connected to the lever of a force-dis-
placement transducer (Toyo Baldwin T7-240, Japan). The
resting tension was adjusted to 1.5 g, which was deter-
mined to be optimal for obtaining maximum contrac-
tion.'817 Before the start of experiments, all preparations
were allowed to equilibrate for 90-120 min in the control
media, durihg which time the fluids were replaced every
10-15 min.

Isometric contractions and relaxations were dlsplayed
on an ink-writing oscillograph (Rectigraph 8K, Nihon-
koden Sanei Co., Tokyo, Japan). The contractile response
to 30 mM KCl was first obtained, and preparations were
washed three times with fresh media. Barbiturates were
administered directly to the bathing media in cummulative
concentrations. For the comparison of the contractile re-
sponses of different arteries to barbiturates, percent of
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FIG. 1. Dose-response curves for
thiamylal, thiopental, and secobar-
bital in cerebral and extracerebral
arteries. Contractions induced by
30 mM KCI were taken as 100%.
Mean absolute values in cerebral,
coronary, mesenteric, renal and
femoral arteries for thiamylal were
820 + 130 mg (n = 10), 1,630
+ 340 mg (n = 8), 2,210 * 200 mg
(n = 14), 1,320 = 380 mg (n = 8),
and 3,460 = 400 mg (n = 8), re-
spectively; and those for thiopental
were 1,020 + 220 mg (n = 11),
1,710 + 260 mg (n = 13), 1,850
+ 170 mg (n = 16), 1,730 £ 200
mg (n = 10), and 3,050 + 270 mg
(n = 12), respectively; and that in
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#%P < (.01 versus all other vessel

g‘!‘ OUPS.

contraction relative to that induced by 30 mm KCI was

presented. The dose-response relationship of thiamylal

was obtained before and after 20 min exposures to block-

ing agents, such as phentolamine, diphenhydramine, cin-

anserin, diltiazem, or nifedipine. For the studies of arteries

in a Ca™*-free condition, three strips of cerebral or mes-

enteric artery were obtained from each dog. In the normal

media, contractile responses to thiamylal (107* and 107>

M) were obtained. Arterial strips were then exposed to-
Ca**-free media containing 0.1 mM EGTA for 60 min,

during which time the fluids were replaced every 20 min.

After 60 min of exposure, preparations were treated with
thiamylal in concentrations of 10™* or 107% M, or equi-
volume of distilled water (for control study) and 10 min
later, Ca™*, 2.5 mM, was added. The effect of thiamylal,
10~*and 10~ M on the tension of cerebral or mesenteric
arterial strips soaked in Ca**-free media for 60 min was
also observed. :

Drugs used were thiamylal sodium (Kyorin Seiyaku,
Tokyo, Japan), thiopental sodium carbonate mixture (60
mg Nay,COs;/g thiopental) (Tanabe Seiyaku, Osaka, Ja-
pan), secobarbital sodium (Yoshitomi Seiyaku, Osaka, Ja-
pan), pentobarbital sodium (Nakarai Chem., Kyoto, Ja-
pan), diltiazem hydrochloride (Tanabe Seiyaku, Osaka,
Japan), nifedipine (Bayer), ch’lorpheniramine' maleate
(Nakarai Chem., Kyoto, Japan), cinanserin (Squibb & Sons,
Inc., Princeton, New Jersey), and phentolamine mesylate
(Ciba-Geigy). Barbiturates were dissolved in distilled water
to the concentration of 10™' M and added.directly to the
bathing media. The pH of 10™' M thiamylal, thiopental,
secobarbital, and pentobarbital were 10.8,10.6,10.1,and
9.2, respectively. In a preliminary study, the addition of
100 ! of these barbiturates (107 M) did not alter the pH
of the nutrient solution significantly and 0.05 M bicar-
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bonate (pH 10.7) failed to change the arterial tension.
Nifedipine was dissolved in the solution containing 15%
ethanol and 15% polyethylen glycol #400. The solution
of nifedipine and the muscle bath used in experiments
with nifedipine were covered with black paper to avoid
light-induced breakdown of the drug.

Data are expressed as mean values+ SEM. Student’s ¢
test for unpaired data was used to analyze the effect of
phentolamine, diphgnhydra_mihe, or cinansqrine on thia-
mylal-induced contraction. Other data were analyzed sta-
tistically by analysis of variance and Newman-Keuls mul-
tiple range test. P values of less than 0.05 were considered
significant. -

Results

RESPONSES OF DIFFERENT ARTERIES
TO BARBITURATES

In helically cut strips of dog cerebral, coronary, mes-
enteric, renal, and femoral arteries, the addition of thia-
mylal and thiopental in concentrations ranging from 107°
to 1073 caused dose-related contraction (fig. 1, left and
middle). The contraction induced by thiamylal was signif-
icantly more intense in cerebral than in other arteries.
Secobarbital in concentrations from 107° to 107* caused
slight contraction’ only in ten of 14 cerebral arteri_es, and
an increase in the concentrations to 3 X 107" and 1072
M decreased the arterial tension. Secobarbital failed to
contract extracerebral arteries (six arterial strips for each
vessel group). Pentobarbital did not produce any con-
tractions of arterial strips used, but only a slight relaxation
was observed in higher concentrations. The contractions
or relaxations were reversed by washing. Maximum con-

20z ludy 61 uo 3senb Aq ypd'GL000-000.0686L-2¥S0000/81 L #€9/08/L/1. L/spd-ajoie/ABojoIsayisau./L00" JIBYDIBA|IS ZESE//:d)Y WOl papeojumoq



82 HATANO ET AL

Cerebral Art.

Control (7) T
N 5xI0"8M (7} 100
N 2xI0""M (7) /

N 10°M (7) Y, /l
After wash (6) ]’

X

|ooL

< b @ O e
D @ 0O e

(8,3
O
T

Developed tension (%)

Anesthesiology
V 71, No 1, Jul 1989

Mesenteric Art.
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F1G. 2. Modification by nifedi-
pine of the contractile response to
thiamylal of cerebral (left) and
mesenteric (right) arteries. Con-
traction induced by 107 M thia-
mylal in control media was taken as
100%. Mean absolute values in ce-
rebral and mesenteric arteries were
621 £ 78 mg(n =7)and 772 + 71
mg (n = 9), respectively. N = ni-
fedipine. Values in parentheses in-
dicate the number of preparations
studied. *P < 0.05, **P < 0.01,
**%P < 0.001 versus control values.

05 |0-4 1073 10-5

Conc. of thiamylal

tractlon of cerebral arterles induced by 107 M thiamylal,
107® M thiopental and 10~* secobarbital, relative to those
induced by 30 mM KCl, averaged 45.8% + 6.5% (n = 10),
24.4% + 3.2% (n = 11), and 2.8% = 1.1% (n = 14),
respectively. The contractions of cerebral and mesenteric
arteries produced by 10™* M thiamylal or thiopental slowly
developed and leveled off within 10 min, whereas those
produced by 1072 M were transient and were followed by
a relaxation. The following experiments were performed
using thiamylal in cerebral and mesenteric arteries because
thiamylal was revealed to be the most potent constrictor
among barbiturates tested and the effect was most prom-
inent in the cerebral artery among arteries examined.
Mesenteric arteries were also used because there may be
a difference in the mechanism of contractlon in cerebral
and extracerebral arteries.

The contractile response of cerebral arteries to thla-
mylal was not affected by pretreatment for 20 min with
107 M phentolamme, 107 M diphenhydramine, or 10~
M cinanserin. Nifedipine and diltiazem shifted the dose—
response curve of cerebral and mesenteric arteries for
thiamylal to the right and downward (figs. 2 and 3); av-
erage inhibitions by 2 X 1077 nifedipine of the contractile
responsé to 107 M thiamylal in cerebral and mesenteric
arteries were 30.0% % 10.7% (n = 7) and 35.3% + 3.1%
(n = 9), respectively, and those by 107® M diltiazem were
10.6% + 8.4% (n = 9) and 29.6% + 7.6% (n = 10), re-
spectively. The inhibition was reversed by repeated wash-
ing. Inhibitions by nifedipine, 2 X 1077 M, of contractile

104 1073

Conc, of thiamylal

responses of cerebral and mesenteric arteries to 20 mM
KCI were 87.7% + 3.7% (n = 6) and 83.4% + 4.9% (n
= b), respectively, and that by diltiazem, 5 X 1078 M, were
91.2% + 3.7% (n = 6) and 94.2% * 3.1% (n = 4) re-
spectively; Ca entry blockers produced greater inhibitory
effect on contraction induced by potassium than on con-
tractlon by thlamylal

CONTRACTILE RESPONSE TO CA™* IN CEREBRAL AND
MESENTERIC ARTERIES SOAKED
IN CA**-FREE MEDIA

In cerebral and mesenteric arterial strips exposed to
Ca**-free media for 60 min, the addition of thiamylal
(10~*and 1072 M) failed to produce a significant contrac-
tion.

The addition of Ca*™ to cerebral arteries exposed for
60 min to Ca™*-free media elicited a rapidly developing,
transient contraction (A in fig. 4) followed by a relaxation
(B in fig. 4); then the tension gradually increased and
leveled off 10-20 min later (C in fig. 4). Treatment with
10~* M thiamylal for 10 min before the addition of Ca**
significantly potentiated Ca**-induced sustained contrac-
tion (fig. 5), whereas treatment with 1072 M thiamylal
abolished it. In contrast to cerebral arteries, the addition
of Ca*™ to mesenteric arteries exposed to Ca**-free media
elicited only a slight, transient contraction. In the arteries
treated with thiamylal, the addition of Ca™ produced
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induced by 10~*M thiamylalincon- -2 /'T }I
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triphasic responses; the persistent contraction was depen-  dog arteries under resting conditions and revealed that

dent on concentrations of the barbiturate (fig. 6). the potency of vasoconstriction, which is greater in ce-
. . rebral than in extracerebral arteries, is in the order of
Discussion thiamylal > thiopental > secobarbital > pentobarbital.

The present study examined the vasoconstrictor effect These findings suggest that the vasoconstrictor activity is
of thiobarbiturates and oxybarbiturates on the isolated  a function of the structure of barbiturates (fig. 7).

%
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FIG. 4. Response to Ca** (2.5
mM) of cerebral arterial strips
soaked in Ca**-free media in the
absence (upper right) and presence
(middle and lower right) of thia- : _f/——
mylal (107 or 10°* M). TA = thia- i was . . I
mylal. The addition of the Ca**  KCI 30mM TA107*M TAI0™*M  Ca** 2.5mM
elicited triphasic responses: a rapid
transient contraction (A) followed
by a relaxation (B) and a persistent
contraction (C).
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F1G. 5. Modification by thiamylal of the contractile response to Ca™*
of cerebral arterial strips soaked in Ca**-free media. Contraction of
cerebral artery induced by 30 mM KCl in control media was taken as
100%. Mean absolute value was 1,154 + 100 mg (n = 37). A, B, and
C on the abscissa are the same as illustrated in figure 4. TA = thiamylal.
Values in parentheses indicate the number of preparations studied.
**P < 0.01 versus control values.

Most in vitro studies have demonstrated the depres-
sor effects of barbiturates on vascular smooth mus-
cle.>'%18-21 Our finding that pentobarbital elicits relax-
ation of cerebral arteries is in agreement with those re-
ported by other authors.'®-*! However, the vascular ef-
fects of thiobarbiturates appear to be more complex. The
application of thiobarbiturates to cerebral arteries under
resting conditions elicited a sustained contraction at low
concentrations and a transient contraction followed by a
marked relaxation attaining the basal tension at high con-
centrations. It has been suggested that the vasodilating
effects will be more prominent when the agents are ap-
plied to isolated arteries previously contracted with va-
soconstrictors than to those under resting conditions.??
For example, Sanchez-Ferrer et al.?' demonstrated only
the vasodilating action of thiopental on the isolated human
cerebral arteries previously contracted with norepineph-
rine, serotonin, or KCI. Their failure to observe the va-
soconstrictor effect of thiopental may derive in part from
the fact that the arteries were maximally contracted with
high concentrations of vasoconstrictors before the appli-
cation of thiopental.

The involvement of alpha-adrenergic, serotonergic,
and histaminergic H1 mechanisms would be excluded in
thiamylal-induced contraction because pretreatment with

Anesthesiology
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phentolamine, cinanserin, and chlorpheniramine did not
affect it. The contraction is likely to depend on the Ca**
influx from extracellular fluids because exposure of ce-
rebral or mesenteric arterial strips to Ca**-free media
abolished the contraction. However, the possibility of a
contribution of intracellular Ca** to the contraction is
not excluded from this experiment, as during the expo-
sure to Ca*™*-free media, parts of cellular Ca** could also
be depleted.?

The contraction induced by thiamylal was less sensitive
to the inhibition by nifedipine and diltiazem than the con-
traction induced by KCI. Ca entry blockers are believed
to block the voltage-dependent Ca** influx more intensely
than the influx caused by the stimulation of drug recep-
tors.?* These findings may indicate that the transmem-
brane influx of Ca** induced by thiamylal is not mediated
by the voltage-dependent Ca** channel.

The addition of Ca** to the bath in which cerebral
arteries were exposed to Ca**-free media elicits a transient
contraction followed by a relaxation and a slowly devel-
oping persistent contraction. The former contraction is
thought to be due to an increased Ca** permeability in-
duced by a long exposure to Ca**-free media and the
latter contraction may result from a slow increase in the

Mesenteric artery
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o Conirol (12)
-~ o TAIO™M (12)
g
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/./a:.,.f \.\.\.\ .... .
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Ca**-free Ca** 25 mM

FIG. 6. Modification by thiamylal of the contractile response to Ca**
of mesenteric arterial strips soaked in Ca**-free media. Contraction
of mesenteric artery induced by 30 mM KCl in control media was taken
as 100%. Mean absolute value was 2,173 + 152 mg (n = 33). A, B,
and C on the abscissa are the same as illustrated in figure 4. TA = thia-
mylal. Values in parentheses indicate the number of preparations stud-
ied. **P < 0.01 versus control values.
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FIG. 7. Relationship between structure of barbiturates
and vasoconstricting activities.

Ca** influx.!® The treatment with 10™* M thiamylal sig-
nificantly potentiated the persistent contraction both in
cerebral and mesenteric arteries. In contrast, treatment
with 10~% M thiamylal abolished the Ca**-induced con-
traction of cerebral arteries but potentiated that of mes-
enteric arteries. Thiamylal at a concentration of 107 M
appears to possess both contracting and relaxing activities;
the latter is dominant in cerebral arteries. Previous au-
thors have shown that barbiturates including thiopental
in concentrations of 107* to 10~ M inhibit the Ca**-in-
duced contraction of K*-depolarized isolated rabbit
aortas'® and human cerebral arteries®' exposed to Ca™-
free media. These findings suggest that the relaxing ac-
tivity of 1073 M thiamylal may be caused by the blockade
of the influx of transmembrane Ca**, although other
mechanisms such as inhibition of Ca** availability in con-
tractile proteins cannot be excluded.

Plasma concentrations of thiamylal or thiopental in hu-
mans when given intravenously for anesthesia are roughly
estimated at 1-3 X 10™* M.2* Although there may exist
a difference in responsiveness depending on the arteries
of different regions and species,”® these concentrations
are expected to be large enough to produce significant
contractions of large pial arteries but not sufficient to
contract extracerebral arteries. It is known that cerebral
blood flow (CBF) is decreased by the reduction of the
cerebral metabolic activity induced by anesthetics in
vivo. '8 Thus, we speculate that following rapid induction
of anesthesia by thiobarbiturates their direct vasocon-
strictor effects contribute to the reduction of CBF in ad-
dition to that produced by their effect on cerebral me-
tabolism. However, when the plasma concentrations ex-
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ceed 3 X 10™* M, sustained direct vasodilatation may
counteract the metabolic effect to reduce CGBF.

Stullken et al.* demonstrated that in the dog with an
infusion of thiopental 23 mg-kg™' +h™!, CBF declined
rapidly during the first 25 min, and it remained depressed
thereafter. The rapid CBF reduction can be ascribed to
the secondary effect of the simultaneous depression of
cerebral metabolism.* On the basis of our in vitro data,
however, the rapid decline of CBF up to the dose of 11
mg/kg may be related to the direct vasoconstrictor effect
of low concentrations of thiopental, and later the direct
vasodilating effect of high concentrations may attenuate
the decline of CBF.

In summary, the present study compared the contrac-
tile responses of cerebral and extracerebral arteries to
barbiturates; thiamylal was the most potent constrictor
among the barbiturates used, and the contractions were
more intense in cerebral than in extracerebral arteries.
Further investigations are required to elucidate the clinical
importance of the direct effects of barbiturates on cere-
brovascular smooth muscles.

References

1. Michenfelder JD: The cerebral circulation, The Circulation in
Anesthesia. Applied Physiology and Pharmacology. Edited by
Prys-Roberts C. London, Blackwell, 1980, pp 209-225

9. Pierce EC, Lambertsen CJ, Deutch S, Chase PE, Linde HW, Dripps
RD, Price HL: Cerebral circulation and metabolism during
thiopental anesthesia and hyperventilation in man. ] Clin Invest
41:1664-1671, 1962

3. Shapiro HM: Anesthesia effects upon cerebral blood flow, cerebral
metabolism, electroencephalogram, and evoked potentials,
Anesthesia. 2nd edition. Edited by Miller RD. New York,
Churchill Livingstone, 1986, pp 12491288

4. Stullken EH, Milde JH, Michenfelder JD, Tinker JH: The non-
linear responses of cerebral metabolism to low concentrations
of halothane, enflurane, isofulurane, and thiopental. ANES-
THESIOLOGY 46:28-34, 1977

5. Etsten B, Li TH: Hemodynamic changes during thiopental anes-
thesia in humans: Cardiac output, stroke volume, total peripheral
resistance, and intrathoracic blood volume. J Clin Invest 34:
500-510, 1955

6. Elder JD, Nagano SM, Eastwood DW, Harnagel D: Circulatory
changes associated with thiopental anesthesia in man. ANES-
THESIOLOGY 16:394-400, 1955

7. Flickinger H, Fraimow W, Cathcart RT, Nealon TF: Effects of
thiopental induction on cardiac output in man. Anesth Analg
40:693-700, 1961

8. MacCannel! KL: The effect of barbiturates on regional blood flow.
Can Anaesth Soc J 16:1-6, 1969

9. Price ML, Price HL: Effects of general anesthetics on contractile

responses of rabbit aortic strips. ANESTHESIOLOGY 23:16-20,
1962

10. Altura BT, Altura BM: Barbiturates and aortic and venous smooth
muscle function. ANESTHESIOLOGY 43:432-444, 1975

11. Clark SC, MacCannell KL: Vascular responses to anaesthetic
agents. Can Anaesth Soc J 22:20-33, 1975

20z ludy 61 uo 3senb Aq ypd'GL000-000.0686L-2¥S0000/81 L #€9/08/L/1. L/spd-ajoie/ABojoIsayisau./L00" JIBYDIBA|IS ZESE//:d)Y WOl papeojumoq



86

12,

13.

14,

15,

16.

17.

18.

19.

HATANO ET AL.

Edney SM, Downes H: Contractor effect of barbiturates on smooth
muscle. Arch Int Pharmacodyn Ther 217:180-196, 1975

Edney SM, Downes H: Calcium-dependent, iproveratril-resistant
contractions of aortic strips induced by convulsant barbiturates.
Arch Int Pharmacodyn Ther 217:180-196, 1975

Toda N, Fujita Y: Responsiveness of isolated cerebral and pe-
ripheral arteries to serotonin, norepinephrine, and transmural
electrical stimulation. Circ Res 33:98-104, 1973

Toda N: Heterogeneity in the relaxation of vascular smooth mus-
cle, Mechanisms of Vasodilation. Edited by Vanhoutte PM,
Leeusen I. Basel, Karger, 1978, pp 129-136

Toda N, Hayashi S, Hatano Y: Length-tension relationship in
isolated canine cerebral arteries. Jpn ] Pharmacol 26:129-131,
1976

Toda N, Hatano Y, Hayashi S: Modifications by stretches of the
mechanical response of isolated cerebral and extracerebral ar-
teries to vasoactive agents. Pflugers Arch Eur ] Physiol 374:
73-77, 1978

Edvinsson L, McCulloch J: Effects of pentobarbital on contractile
responses of feline cerebral arteries. ] Cereb Blood Flow Metab
1:437-440, 1981

Marin ], Lobato RD, Rico ML, Salaices M, Benitez J: Effect of
pentobarbital on the reactivity of isolated human cerebral ar-
teries. ] Neurosurg 54:521-524, 1981

20.

21.

22,

23.

24,

25,

26,

Anesthesiology
V71, No 1, Jul 1989

Wendling WW, Harakal C: Comparative actions of pentobarbital
and verapamil on canine cerebral and peripheral arteries in
vitro. Res Commun Chem Path Pharmacol 49:189-202, 1985

Sanchez-Ferrer CF, Marin J, Salaices M, Salaices M, Rico ML,
Munoz-Blanco JL: Interference of pentobarbital and thiobarbital
with the vascular contraction and noradrenaline release in hu-
man cerebral arteries. Gen Pharmacol 16:469-473, 1985

Van Nueten JM: Vasodilatation or inhibition of peripheral vaso-
constriction?, Mechanisms of Vasodilation. Edited by Vanhoutte
PM, Leeusen 1. Basel, Karger, 1978, pp 137-143

Toda N: Potentiation by ouabain of the response to vasoconstrictor
agents of isolated dog cerebral and mesenteric arteries soaked
in Ca**-free media. J Cardiovasc Pharmacol 4:469-474, 1982

Andersson K-E, Edvinsson L, MacKenzie ET, Starby T, Young
AR: Influence of extracellular calcium and calcium antagonists
on contractions induced by potassium and prostaglandin Fp o
in isolated cerebral and mesenteric arteries of the cat. Br J
Pharmacol 79:135-140, 1983

Saidman LJ: Uptake, distribution and elimination of barbiturates,
Anesthetic Uptake and Action. Edited by Eger EI. Baltimore,
Williams & Wilkins, 1974, pp 264-284

Toda N: Reactivity in human cerebral artery: Species variation.
Fed Proc 44:326-330, 1985

20z ludy 61 uo 3senb Aq ypd'GL000-000.0686L-2¥S0000/81 L #€9/08/L/1. L/spd-ajoie/ABojoIsayisau./L00" JIBYDIBA|IS ZESE//:d)Y WOl papeojumoq



