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vasodilator effects 
thiopentone and 
pentobarbitone 

of 
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The aim of this study was to elucidate the vasodilator mechan- 

isms of barbiturates. In helical strips of dog mesenteric artery, 

the effects of pretreatment with thiopentone and pentobarbitone 

on the contractions induced by KCl (2.0 X 10- 2 M) and nor- 

epinephrine (10- 5 M) in normal bathing fuid, and those in- 

duced by norepinephrine and caffeine (2.5 X 10 -2 M) in Ca §247 

free fluid were tested, and their effects on caffeine-induced 

contractions in skinned strips were also examined. Thiopen- 

tone, at concentrations over 104 M, inhibited the KCl-induced 

contractions in normal bathing fluid and those induced by 

caffeine in Ca++-free fluid and, at concentrations over 3 X 10 4 

M, inhibited norepinephrine-induced contractions in normal 

and Ca++-free bathing fluids significantly.Pentobarbitone, at 

concentrations over 3 x 104 M, inhibited KCl- and norepi- 

nephrine-induced contractions in normal bathing fluid signifi- 

cantly, whereas contractions in Ca++-free fluid induced by 

norepinephrine and caffeine were inhibited only by a high 

concentration (10 -3 M) of pentobarbitone. Caffeine-induced 
contractions of chemically skinned fibres were more susceptible 

to inhibition by thiopentone than by pentobarbitone. These 

results suggest that the vasodilator effect of thiopentone is 

mediated via its intracellular inhibitory effect and that, in 
contrast, the vasodilator effect of pentobarbitone can be attrib- 

uted mainly to its Ca+§ blocking action. 

Le but de cette ~tude dtait d'dlucider les mgcanismes vasodi- 
latateurs des barbituriques. Sur des bandelettes spiralges de 

l'artdre m~sentdrique du chien, nous avons vdrifid les effets 

d'un traitement pr~paratoire au moyen de thiopental et de 

pentobarbital sur les contractions induites par du KCI (2,0 X 

10 -2 M) et de la nordpindphrine (10 -5 M) dans un liquide de 

bain normal, ainsi que sur celles induites par de la norgping- 

phrine et de la cafdine (2,5 ;< 10 -2 M) dans un liquide ne 

contenant pas d'ions Ca**. Sur des bandelletes ddnuddes, nous 

avons dgalement examing leurs effets sur les contractions in- 

duites par la cafdine. Le thiopental, it des concentrations supd- 

rieures it 10 -4 M, inhibait les contractions induites par le KCl 

dans un liquide de bain normal et celles induites par la cafdine 

dans le liquide sans Ca ++ et, it des concentrations supgrieures 

it 3 x 10 4 M, inhibait signifcativement les contractions in- 

duites par la nor~pindphrine clans les liquides de bain normal 

et sans Ca ++. Le pentobarbital, it des concentrations sup~- 

rieures it 3 X 104 M, inhibait significativement les contrac- 

tions induites par le KCl et la nordpindphrine dans le liquide 

de bain normal, alors que les contractions induites par la 
norgpindphrine et la cafdine dans le liquide sans Ca *+ dtaient 

inhibdes seulement par une forte concentration (10 -3 M) de 

pentobarbital. Pour les fbres ddnudges chimiquement, les 

contractions induites par la cafdine ~taient plus susceptibles it 

une inhibition par le thiopental que par le pentobarbital. Ces 

r~sultats suggkrent que l'effet d'inhibition intracellulaire du 

thiopental sert de mddiateur it son effet vasodilatateur et que, 

par contraste, l'effet vasodilatateur du pentobarbital peut ~tre 
attribu~ principalement it son action de bloqueur des canaux 
calciques. 
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Barbiturates exert relaxant effects on vascular smooth 
muscle even in clinically relevant concentrations. ~t~ 
Some investigators have ascribed this effect to a Ca §247 
channel blocking action. ~'6 However, we have demon- 
strated that thiamylal inhibits contractions which are 
mediated via the release of  intracellularly stored Ca ++, as 
well as those mediated by influx of  extracellular Ca § 
and that it exerts a relaxant effect even in Ca++-contract - 
ed skinned fibres. 1~ These results suggest that thiamylal 
reduces the sensitivity of  the intracellular contractile 
machinery to Ca+* ions. However, since it has been 
demonstrated that thiobarbiturates, including thiamylal 
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and thiopentone, have a potent vasoconstrictor effect and 
oxybarbiturates such as pentobarbitone do not have the 
effect, 8'j2 the mechanisms of relaxation induced by thio- 
barbiturates and oxybarbiturates may also differ. This 
study was designed to examine whether thiopentone and 
pentobarbitone, which are corresponding oxy- and thio- 
barbiturates, have such intracellular actions as thiamylal. 

Methods 
The experimental protocol was approved by the Kyoto 
University Animal Use Committee. Nineteen male mon- 
grel dogs, weighing 10 to 15 kg, were anaesthetized with 
ketamine (10 mg.  kg -t iv) and killed by exsanguination. 
Distal portions of mesenteric arteries (0.6-0.9 mm outer 
diameter) were isolated and cut into helical strips (ap- 
proximately 20 mm long) with intact endothelium. Each 
strip was placed in a 10-ml organ bath containing Krebs- 
bicarbonate solution, which was maintained at 37.0 ___ 
0.5 ~ C and aerated with a mixture of 5% CO 2 and 95% 
02 to maintain the pH between 7.35 and 7.45. The hook 
anchoring the upper end of each strip was connected to 
the lever of a force-displacement transducer (Toyo Bald- 
win T7-240, Japan) and changes in isometric tension 
were displayed on an ink-writing oscillograph (Recti- 
graph 8K, Nihon-denki Sanei Co., Japan). The resting 
tension was adjusted to 1.5 g, which has been de- 
termined to be optimal for the induction of maximal 
contractions) 3 Before starting the experiments, each 
arterial strip was allowed to equilibrate for 90-120 min 
in the control bathing fluid, which was replaced every 15 
min. 

Some arterial strips were chemically skinned by ex- 
posing them to saponin (25 Ixg" ml-') for 20 min, as 
described previously) l These strips were bathed in a 
relaxant solution, which contained 2.0 X 10 -3 M ethyl- 
eneglycol-bis-N,N'-tetraacetic acid (EGTA), during the 
saponin exposure and in a relaxant solution, which con- 
tained 10-4 M EGTA, thereafter. These solutions were 
aerated with 100% oxygen and maintained at 25 ~ C 
throughout. 

Potassium chloride- and norepinephrine-induced 
contraction 
Repeated contractions with KCI (2.0 X 10 -2 M) or nor- 
epinephrine (NE, 10 -s M) were induced in normal bath- 
ing fluid until the tensions induced by two successive 
applications were identical, which were designated 100% 
in each experiment. Between applications, the prepara- 
tion was washed at least three times with fresh bathing 
fluid. In order to study the effects of thiopentone and 
pentobarbitone on the KC1- and NE-induced contractions 
in normal bathing fluid, each arterial strip was exposed 
to thiopentone or pentobarbitone (10-4 to  10 -3 M), or 

equivalent volumes of distilled water (control study) for 
20 min, and the tension changes induced by the required 
vasoconstricting agent were measured. In order to exam- 
ine the effects of the barbiturates on the NE-induced 
contractions in Ca§247 bathing fluid, each strip was 
treated with thiopentone or pentobarbitone (10 -4 to 10 -3 
M) (or equivalent volume of distilled water for control 
study) for 15 min in normal bathing fluid and then 
bathed in Ca~-free Krebs-bicarbonate solution, which 
contained 2.0 x 10 -3 M EGTA and the same concentra- 
tion of barbiturates, for five minutes prior to exposure to 
NE. Norepinephrine-induced contractions in Ca§247 
fluid was examined only once in each strip, and they 
were expressed in relative values taking the prior con- 
tractions induced by NE in Ca§247 solution in 
each strip as 100%. 

Caffeine-induced contractions 
As caffeine-induced contraction is dependent on the 
amount of Ca ++ stored in the cell, t4"16 in this experiment 
arterial strips with intact plasma membranes or which 
had been skinned were treated first with 2.5 • 10 -z M 
caffeine in a Ca*§ solution, which contained 2.0 x 
10 -2 M EGTA (Ca§247 Krebs-bicarbonate solution for 
intact fibres or relaxant solution for skinned fibres) to 
deplete their intracellular stores of Ca m, after which they 
were bathed for 20 min in Ca§247 solutions (2.5 
• 10 -3 M Ca ++ for intact fibres and 10-4 M for skinned 
fibres), followed by exposure to the appropriate Ca§247 
bathing fluid for ten minutes and subsequent exposure to 
caffeine (2.5 x 10 -2 M). Before the third application of 
caffeine, strips were untreated (control) or treated with 
thiopentone or pentobarbitone (10 -5 to 10 -3 M). 

Drugs and fluids 
The drugs used were thiopentone sodium (Tanabe Phar- 
maceutical Co., Tokyo, Japan), pentobarbitone sodium, 
norepinephrine and caffeine (Nacalai Tesque, Kyoto, 
Japan). Caffeine was dissolved to a concentration of 
10 -2 M in Ca§247 bathing solutions (Ca~-free Krebs' 
solution or the appropriate relaxant solution) and the 
normal bathing fluid was replaced by these solutions for 
the experiments which involved exposure to caffeine. 
Norepinephrine was dissolved in a solution of 0.1% w/v 
sodium pyrosulfate in distilled water. All the other drugs 
were dissolved in distilled water and added directly to 
the bathing fluid; the volumes added were less than 100 
~1. Equivalent volumes of the appropriate diluents were 
added for the control studies. The pH of 10 -t M thiopen- 
tone and pentobarbitone were 10.6 and 9.2 respectively, 
and the addition of 100 Ixl of them to the bath did not 
alter the pH of the bathing solution. Ix 

The Krebs-bicarbonate solution contained (x  10 -3 M): 
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FIGURE 1 Modification by thiopentone and pentobarbitone of 
contractions induced by KCI (2.0 X 10 -2 M). The KCl-induced 
contraction of each strip prior to treatments was designated 100%; 
the mean absolute value was 898 - 484 mg (n = 19). Values in 
parentheses indicate the number of strips studied; *P < 0.05, **P < 

0.01 versus control values. 

NaCI 118.2; KCI 4.6; CaC12 2.5; KH2PO 4 1.2; MgSO 4 
1.2; NaHCO 3 24.8 and dextrose 10. The Ca§ 
Krebs'-bicarbonate solution contained no Ca +§ but did 
contain 2.0 X 10 -3 M EGTA and the other constituents 
were as described for the Krebs-bicarbonate solution. 
The relaxant solution contained (•  10 -3 M): KC1 130; 
Tris-malate 20; MgCI 2 2; adenosine triphosphate (ATP) 
3 and NH 4, which was added to adjust the pH to 
6.75-6.85. 

Statistical analysis 
Each response was expressed as a percentage of the 
response obtained prior to treatment in the same strip 
except for the response to NE in Ca +§ free condition, 
which was expressed relative to that in Ca§ 
solution. The control value represents the response of 
strips treated with distilled water alone, in a volume 
equal to the barbiturate-containing solution, relative to 
the previous response in the same strip. The data were 
expressed as means ___ SEM and analyzed by analysis of 
variance and Newman Keuls' multiple range test. A P 
value <0.05 was considered to be significant. 

Experimental design 
The effects of pretreatment with thiopentone and 
pentobarbitone on the contractions induced by KCI and 
NE in normal bathing fluid and on those induced by NE 
and caffeine in Ca++-free fluid in intact strips, and on 
caffeine-induced contractions in skinned strips were 
examined. 

FIGURE 2 Modification by thiopentone and pentobarbitone of 
contractions induced by NE (10 -5 M) in normal bathing solution. 
The NE-induced contraction of each strip prior to treatments was 
designated 100%; the mean absolute value was 2757 -+ 1374 mg (n 
= 21). Values in parentheses indicate the number of  strips studied; 
*P < 0.05, **P < 0.01 versus control values. #P < 0.05 thiopentone 
versus pentobarbitone in the same concentrations. 

FIGURE 3 Modification by thiopentone and pentobarbitone of 
contractions induced by NE (10 -s M) in Cab-free solution. The NE- 
induced contraction of each strip in normal bathing fluid prior to 
treatment was designated 100%; the mean absolute value was 3677 
-'- 1246 mg (n = 30). Values in parentheses indicate the number of 
strips studied; *P < 0.05, **P < 0.01 versus control values. #P < 
0.05, ##P < 0.01 thiopentone versus pentobarbitone in the same 
concentrations. 

Results 
The contractions induced by KCI were inhibited by 
thiopentone and pentobarbitone, at concentrations greater 
than 10 -4 M and 3 • 10-4 M respectively (P < 0.05), 
but the inhibition produced by thiopentone was not dif- 
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FIGURE 4 Modification by thiopentone and pentobarbitone of 
contractions induced by caffeine (2.5 • 10 -2 M) in intact fibres. The 
caffeine-induced contraction of each strip prior to treatment was 
designated 100%; the mean absolute value was 411 _ 207 mg (n = 
18). Prior to each application of caffeine, the arterial strips were 
loaded with Ca ++ (2.5 • 10 -3 M) for 20 min and then bathed in 
Ca+*-free relaxant solution, with or without thiopental and pentobar- 
bital. Values in parentheses indicate the number of strips studied; 
*P < 0.01 versus control values. ##P < 0.01 thiopentone versus 
pentobarbitone in the same concentrations. 

ferent from that by pentobarbitone at corresponding 
concentrations (Figure 1). 

Norepinephrine-induced contractions in normal bathing 
fluid (Ca ++ 2.5 • 10 -3 M) were attenuated by thiopen- 
tone and pentobarbitone, at concentrations greater than 
3 • 10 -4 M (P < 0.05), and the attenuation induced by 
10 -3 M thiopentone was greater than that induced by 
10 -3 M pentobarbitone (P < 0.05) (Figure 2). 

Norepinephrine-induced contractions in Ca++-free 
bathing fluid, the mean of which was 32.2 _ 7.5% of 
that in normal bathing fluid (control group), were inhibit- 
ed by thiopentone and pentobarbitone at concentrations 
greater than 3 • 10-4 M and 10 -3 M respectively (P < 
0.05) (Figure 3). The attenuations induced by thiopen- 
tone (=> 3 • 10-4 M) were greater than those of pento- 
barbitone at corresponding concentrations (P < 0.05). 

Caffeine-induced contractions in intact fibres were 
inhibited by thiopentone at over 10 -4 M and pentobarbi- 
tone at only 10 -3 M (P < 0.01) (Figure 4). The inhibitory 
effects of thiopentone (=  10-4 M) were greater than 
those of pentobarbital at corresponding concentrations (P 
< 0.01). Caffeine-induced contractions of skinned fibres 
were inhibited by thiopentone at concentrations greater 
than 10 -5 M and pentobarbitone 3 • 10-4 M (P < 0.01) 
(Figure 5). The inhibitory effects of thiopentone (-> 10 -5 
M) were greater than those of pentobarbitone at corres- 
ponding concentrations (P < 0.01). 

FIGURE 5 Modification by thiopentone and pentobarbitone of 
contractions induced by caffeine (2.5 • 10 -2 M) in chemically 
skinned fibres. The caffeine-induced contraction of each strip prior 
to treatments was designated 100%; the mean absolute value was 
329 - 148 mg (n = 35). Prior to each application of caffeine, the 
arterial strips were loaded with Ca § (10 "4 M) for 20 min and then 
bathed in Ca§ relaxant solution, with or without barbiturates. 
Values in parentheses indicate the number of strips studied; **P < 
0.01 versus control values. ##P < 0.01 thiopentone versus pentobar- 
bitone in the same concentrations. 

Discussion 
We have previously demonstrated that endothelium-inde- 
pendent vasodilation is induced by pentobarbitone at 
concentrations over 10-4 M, and by thiopentone and 
thiamylal at over 3 • 10-4 M, in dog mesenteric arteries 
precontracted with KCI or prostaglandin F2,. s The plasma 
level of thiopentone necessary for anaesthesia has been 
reported to be 1.5 • 10-4 M in humans, t7 and the peak 
level of barbiturates following rapid induction, or that of 
oxybarbiturates when large doses were administered for 
cerebral protection may be higher than this. Therefore, 
concentrations of barbiturates which induced vasodilata- 
tion in the dog mesenteric artery may be close to clini- 
cally relevant concentrations in humans. 

In this study, we compared the influence of thiopen- 
tone and pentobarbitone on contractions elicited by KCI, 
NE and caffeine, which induce contractions via different 
mechanisms. Potassium chloride elicits contractions by 
increasing Ca+*-influx through voltage-dependent Ca §247 
channels and caffeine induces contraction by facilitating 
Ca §247 induced Ca §247 release from the sarcoplasmic reticu- 
lum ( S R ) .  15'16 Norepinephrine increases Ca§247 
through receptor-operated Ca++-channels and increases 
the release of intracellularly stored Ca §247 which is medi- 
ated by inositol 1,4,5-triphosphate (IP3). 's'~9 Therefore, 
NE-induced contractions in normal bathing fluid can be 
considered to be due to the summation of those mediated 
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TABLE The minimum concentrations of barbiturates required to 

inhibit contractions significantly 

Thiopentone Pentobarbitone 

KCl-induced contraction 10"4 M 3 X 10 -~ M 

NE-induced contraction in 
normal Ca +* solution 3 X 10" M 3 x 10-4 M 

NE-induced contraction in 
Ca**-free solution 3 X 10 -4 M 10 -3 M 

Caffeine-induced contrac- 
tion of intact strips 10 -~ M 10 -3 M 
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Thiopentone 

by Ca++-influx and Ca++-release and contraction in Ca §247 
free fluid, containing 2.0 x 10 -3 M EGTA, can be con- 
sidered to approximate that mediated by Ca§247 
alone, s,~9 

This study demonstrated that the sensitivities of the 
contractions induced by KCI, NE and caffeine to the 
inhibitory effects of pentobarbitone or thiopentone differ 
(Table). Pentobarbitone inhibited KCl-induced contrac- 
tions to a greater extent than those mediated via Ca §247 
release, including those induced by caffeine and by NE 
in Ca*§ fluid. Furthermore, contractions induced by 
NE in normal Ca§247 fluid were more suscepti- 
ble to pentobarbitone than those in Ca§247 fluid. These 
results agree with those of other authors ~'38 and support 
the hypothesis that pentobarbitone inhibits Ca§247 
through both voltage-dependent and receptor-operated 
channels of plasma membranes. 2'6 However, in contrast 
to pentobarbitone, thiopentone inhibited contractions 
induced by caffeine to the same extent as those induced 
by KC1, which suggests that the mechanism underlying 
the relaxant effects of thiopentone and pentobarbitone 
differ. 21 

Treatment with saponin renders plasma membranes 
porous and such muscle fibres are described as chemical- 
ly skinned. Therefore, using skinned fibres, the effects of 
any agent in the absence of the influence of Ca§ - 
ment across the plasma membrane can be studied. Our 
previous study ~ demonstrated that thiamylal inhibited 
Ca**-induced contractions in dog mesenteric arterial 
skinned fibres strongly, which indicates that thiamylal 
reduced the sensitivity of the intracellular contractile 
machinery to Ca § . In this study, we tested the effects of 
barbiturates on caffeine-induced contraction of skinned 
and intact fibres, and found that thiopentone exerted 
inhibitory effects on caffeine-induced contractions of 
skinned fibres at very low concentrations, which indi- 
cates that the action of thiopentone is not limited to the 
plasma membranes. Furthermore, these findings with 
thiopentone can be explained by the hypothesis that 
thiopentone, but not pentobarbitone, reduced the sensitiv- 
ity of the vascular smooth muscle intracellular contractile 

H 0 
\N C///CH2CH3 
/ \ 

O--C C 

\ / \CHCH2CH2CH3 /N C\  I 
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Pentobarbitone 
FIGURE 6 The chemical structures of thiopentone and pento- 

barbitone. 

machinery to Ca ~ in the same, or a similar manner, as 
thiamylal.H Moreover, as thiopentone and pentobarbitone 
are corresponding thio- and oxybarbiturates (Figure 6), 
these results suggest that different mechanisms may 
underlie the relaxations induced by thio- and oxybarbitu- 
rates. 

In addition, although it has been generally accepted 
that plasma membranes are quite permeable to barbitu- 
rates, the finding that caffeine-induced contractions of 
muscle fibres with intact plasma membranes were less 
susceptible to thiobarbiturates than those which had been 
skinned, indicates that a barbiturate concentration gradi- 
ent across the intact plasma membrane may exist. 

In this study, contractions induced by NE were less 
susceptible to thiopentone than those induced by KC1 
and caffeine, which agrees with the results obtained with 
thiamylal in our previous study. N It has been demonstrat- 
ed that thiobarbiturates, such as thiopentone and thia- 
mylal, in concentrations of 10 -S to 10 -4 M, potentiate 
NE-induced contractions of the rabbit isolated pulmonary 
artery or rat isolated aorta. 7'2~ This effect may counter- 
act the relaxant effect of thiopentone and could, there- 
fore, account for the lower susceptibility of NE-induced 
contractions to thiopentone compared with those of KC1- 
or caffeine-induced contractions. 

In summary, thiopentone inhibited contractions elicited 
by Ca+§ and Ca**-release to the same extent, 
whereas pentobarbitone inhibited contractions elicited by 
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Ca ++ influx selectively. We hypothesize that the vasodila- 

tor effect of pentobarbitone is due mainly to a non-spe- 

cific Ca++-channel blocking action, whereas thiopentone, 
as does thiamylal,  reduces the sensitivity of  the vascular 
smooth muscle intracellular contractile machinery to 
Ca +§ 
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