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URETHANE AND CONTRACTION OF VASCULAR SMOOTH MUSCLE

BURTON M. ALTURA & JULIO WEINBERG
Department of Physiology, SUNY Downstate Medical Center,

"Brooklyn, New York 11203, US.A.

1 In vitro studies were undertaken on rat aortic strips and portal vein segments in order to deter-
mine whether or not the anaesthetic, urethane, can exert direct actions on vascular smooth muscle.
2 Urethane was found to inhibit development of spontaneous mechanical activity. This action took
place with a urethane concentration as little as one tenth of that found in anaesthetic plasma
concentrations, i.e., 1073 M.

3 Urethane (1073 to 10~ M) dose-dependently attenuated contractions induced by adrenaline,
angiotensin and KCl. These inhibitory actions were observed with urethane added either before
or after the induced contractions.

4 Ca?*-induced contractions of K *-depolarized aortae and portal veins were also attenuated, dose-
dependently, by urethane.

5 All of these inhibitory effects were completely, and almost immediately, reversed upon washing
out the anaesthetic from the organ baths.

6 A variety of pharmacological antagonists failed to mimic or affect the inhibitory effects induced
by urethane.

7 These data suggest that plasma concentrations of urethane commonly associated with induction

of surgical anaesthesia can induce, directly, relaxation of vascular muscle.

Introduction

Urethane has been used as a hypnotic/narcotic agent
since 1885 (Schmiedeberg, 1885) and is the anaesthetic
of choice in many physiological and pharmacological
experiments. Though widely used, it is known to
lower blood pressure (Hillebrand, Van Der Meer &
Ariéns, 1971; Buiiag & Mullenix, 1972; Brezenoff,
1973), and to decrease cardiovascular responsiveness
to noradrenaline (Bufiag & Mullenix, 1972; Brezenoff,
1973) and angiotensin (Volicer & Loew, 1971; Bufiag
& Mullenix, 1972). Its well-known blood pressure
lowering effect is thought to be a result either of a
loss of blood plasma into the peritoneal cavity (Van
Der Meer, Versluys-Broers, Tuynman & Burr, 1975),
or of direct cardiac effects (Giles, Quiroz & Burch,
1969). A direct effect on peripheral blood vessels was
first suggested in 1886 (Huchard, 1886). But, to our
knowledge, no systematic quantitative studies have
been undertaken on either arterial or venous smooth
muscles to investigate this possibility.

It was, therefore, of interest to determine whether
urethane would have any direct action on blood ves-
sels or influence on: (1) spontaneous mechanical ac-
tivity of isolated blood vessels; and (2) drug-induced
contractions of isolated vascular smooth muscles. The
present studies indicate that concentrations of ureth-
ane used to induce surgical anaesthesia can induce,
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directly, potent depressant effects on arterial and
venous smooth muscle.

Methods

Thoracic aortae and portal veins were obtained from
male Wistar rats, weighing 300 to 400 g, after decapi-
tation. Only male rats were employed in these studies
in order to avoid the influence of sex and sex hor-
mones on the reactivity of blood vessels to catechol-

. amines (Altura, 1972). Helically cut aortic strips (1.4

to 1.6 mm in width by 25 mm in length) were set
up isometrically, in vitro, under a resting tension of
1.5 g, similar to that described by Altura & Altura

"(1974). Segments of portal veins (10 to 12 mm long)

were tied at both ends and arranged isometrically,
in vitro, under a resting tension of 0.5 g (Altura &
Altura, 1975). The preparations were equilibrated for
2 h in muscle chambers containing Krebs-Ringer
bicarbonate (KRB) solution, the composition of
which was (mmol/l): NaCl 118.0, KCl 4.7, CaCl, 2.5,
KH,PO, 1.2, MgSO,.7H,0 1.2, NaHCO; 25.0 and
glucose 10.0. The KRB solution was bubbled con-
tinuously with a 95% O, and 5% CO, mixture and
kept at 37°C (pH 7.4 to 7.5). The loading tensions
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were maintained and periodically adjusted through-
out the experiments. The incubation media were rou-
tinely changed every 10 to 15 min as a precaution
against interfering metabolites (Altura & Altura,
1970). Grass model 7C polygraphs, equipped with
Grass model 7 DAF driver amplifiers, Grass model 7
PID pre-amplifiers and Grass model FT.03C force-
displacement transducers were used as recording
equipment (Altura & Altura, 1970).

After the 2 h incubation period the following exper-
iments were carried out:

(1) Some vessel strips were exposed to KRB solu-
tions containing urethane in concentrations of
1.0x 107°* Mto 1 x 107! M for 10 min periods to
determine whether or not it affected base-line tension
and/or changed spontaneous mechanical activity.
After the 10 min period of preincubation a single dose
of agonist (adrenaline, angiotensin or KCl) was added
to the organ-bath and the contraction elicited was
compared with the control responses obtained before
and after contact with urethane. Only one agonist
was used for each preparation and submaximal equi-
potent doses were chosen for all three agonists. After
ascertaining the complete contractile response, the
preparation was washed rapidly three times with
KRB and an interval of 30 to 45 min (with fresh
KRB solution changed at every 10 to 15 min) elapsed
before another single dose of agonist was added to
the organ bath. During this time no changes assign-
able to urethane wash-out were observed. Further-
more, the control responses as well as the control
cumulative dose-response curves (below) are repro-
ducible to an error of no more than 7%,

(2) Other vascular strips were exposed to progress-
ively increasing doses of adrenaline, angiotensin, or
KCl in order to obtain complete cumulative dose-res-
ponse curves (DRC) in the absence and presence of
urethane. Only one agonist was used for each prep-
aration. Two control agonist DRCs were obtained
before incubating the preparations with urethane.
Preincubations of 10 min with urethane (50 x 1072
M or 1.0 x 107! M) were followed by complete
agonist-camulative DRCs in the presence of urethane.

(3) In additional experiments, aortae and portal
veins were exposed to a calcium-free Krebs-Ringer
* solution for 30 min with successive washings in this
solution every 10 min (Altura & Altura, 1974). After
the 30 min period the vascular strips were exposed
to a calcium-free high potassium depolarizing Krebs-
Ringer solution (Altura & Altura, 1974) for 45 min,
with successive washings in this solution every 15
min. A complete cumulative contractile DRC for
CaCl, was then obtained for each preparation (Altura
& Altura, 1974; 1975). At the end of the DRC, CaCl,
was washed out with normal KRB solution, reincu-
bated in KRB for 60 min, and the calcium-free, high

K *-depolarizing procedure was repeated again, as de-
scribed above. A second cumulative DRC for CaCl,
was then obtained in the presence of urethane
(50 x 1072 M or 1.0 x 10~ M) added to the muscle
chamber 10 min before the first dose of CaCl,.

(4) In some experiments aortae were exposed to
submaximal doses of agonists and after a stable con-
traction was obtained, urethane was added to the
muscle chamber in progressively increasing cumula-
tive doses, in order to observe whether it could relax
the already established contractions.

(5) In still another group of experiments, aortic
strips (n = 4) and portal veins (n = 4) were exposed
separately to various specific pharmacological antag-
onists for 10 min or to a prostaglandin synthetase
inhibitor (indomethacin, 1.0 ug/ml) for 20 min. After
the preincubation periods the aortae were stimulated
with a submaximal single dose of KCl (=EDs,). Both
KCl-contracted aortae and spontaneously contracting
portal veins were then exposed to urethane (5.0 x
1072 M) in order to observe whether: (a) the inhibi-
tory actions of urethane would be affected by o-
adrenoceptor blockade (phentolamine, 0.1 pg/ml),
p-adrenoceptor blockade (propranolol hydrochloride
0.5 pg/ml), S-hydroxytryptamine receptor blockade
(methysergide, 0.5 pg/ml), or histamine receptor
blockade (diphenhydramine hydrochloride, 0.5 pg/
ml); and (b) prostaglandins could have any inter-
mediate role in the inhibitory responses observed with
urethane. All concentrations of these drugs described
above produce specific antagonism to their respective
agonists on rat aorta and portal veins studied in vitro
(Altura & Altura, 1974; 1975; Altura, Edgarian &
Altura, 1976).

Single agonist dose-induced responses were
measured as total developed tension. Cumulative
dose-induced contractile responses were measured as
differences between basal tension in the absence of
agonist and elicited tensions with each cumulative
dose of agonist. In the veins, the average value
between base line tension and maximum contractile-
spike tension was taken as the parameter for each
experimental condition in order to evaluate the differ-
ential tensions. Results are given in mg of developed
isometric contractile tension or in percent of maxi-
mum control responses.

Data are expressed as means + s.e. mean for each
experimental group. Where appropriate, the means
(+ s.e. means) were compared by Student’s ¢ test or
paired ¢ test, and considered significantly different if
P < 005.

The following chemicals and drugs were used:
urethane (ethyl carbamate Sigma Chem. Co.),
epinephrine (adrenaline chloride, Parke Davis and
Co.), angiotensin (Hypertensin, Ciba-Geigy), potas-
sium chloride (Fisher Scientific Co., A.C.S. certified),



URETHANE AND CONTRACTION OF VASCULAR MUSCLE 257

500mg [ MAJduuuonssnu
‘: x 10~2m
500mg [ m“mluumw“

5 x 102

!

1 x 107!
soomg [ || |11, ooy
— l
1 x 10-! 1 min Wash

Figure 1

Influence of various concentrations of urethane on development of spontaneous mechanical activity

in isolated portal vein of the rat. Arrows indicate point at which tissues were exposed to urethane (M concen-
trations are shown) or washed in KRB. Values on left represent tension.

calcium chloride (Fisher Scientific Co., A.C.S. certi-
fied), phentolamine (Regitine, Ciba Pharmaceutical
Co.), methysergide (Sandoz Pharmaceuticals), atro-
pine sulphate (Mann Research Laboratories), pro-
pranolol hydrochloride (Aldrich Chemical Co.,) indo-
methacin (gift from Merck Sharp and Dohme), and
diphenhydramine hydrochloride (Benadryl, Parke
Davis and Co.). The concentrations of drugs and
chemicals are expressed as final molar concentrations
in the organ bath.

Results

Influence of different concentrations of urethane on
spontaneous mechanical activity and basal tension

Figure 1 shows recordings of typical changes in spon-
taneous mechanical activity of portal veins after addi-

tion of urethane. The inhibitory effect on portal vein
spontaneous contractions was observed with concen-
trations as low as 1.0 x 10”3 M and dose-dependently
increased with higher concentrations, as shown in
Table 1. In most of our experiments, in which high
concentrations of urethane (e.g. 1.0 x 10~ M) were
used, we observed an immediate abolition of venous
spontaneous mechanical activity, as shown in Figure 1.
In a few other experiments, this inhibitory effect took
longer to become manifest, e.g., 3 to 4 min and was
completely reversed upon one single wash with KRB.
No significant effect was observed on the frequency
of portal vein spontaneous contractions, except with
high concentrations (1.0 x 10! m) (Table 1).

In a few of our experiments with aortic strips, we
noted spontaneous contractions, similar to those seen
previously (Altura & Altura, 1975; 1978a). In these
experiments, urethane, in concentrations of 5.0 x

Table 1 Effect of urethane on spontaneous contractions of rat hepatic-portal veins

Urethane

(M) n Contractile tension (mg) Frequency (contractions/min)

0 33 4235 +29.3 2.59 + 0.13
10x 107% 3 4250 + 28.7 2.57 + 0.57
10 x 1073 10 280.0 + 40.0* 231 £ 0.17
50x1073% 6 150.0 + 39.7* 2.73 £ 0.17
1.0 x 1072 15 190.0 + 27.5* 2.39 + 0.25
25x1072 S 125.0 + 30.5* 2.82 + 0.34
50 x 1072 28 64.7 + 9.0* 2.76 + 0.22
1.0 x 107! 23 50 + 2.0* 1.43 + 0.53¢

Values are mean + s.e. mean. .

* Significantly different from paired controls (P < 0.01).
+ Significantly different from paired controls (P < 0.03).
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Figure 2 Differential sensitivity of equi-potent adrena-
line, angiotensin, and KCl-induced contractions on rat
aortic strips to inhibition by urethane (x 1072 M).
Numbers in parentheses indicate different number of
preparations used. Bars represent one s.e. Asterisks in-
dicate experimental mean values which are significantly
different from paired controls (without urethane)
(P < 0.05, paired ¢ test). Last value for KCl =0+ 0
with 10 x 10™2 M urethane.

1072 M and 1.0 x 10~! M, markedly depressed or
completely abolished the spontaneous mechanical ac-
tivity; this effect being reversed upon washing out
with normal KRB.

Influence of different concentrations of urethane on
single agonist dose-induced contractions of rat aortae
and portal veins

Figures 2 and 3 indicate that a 10 min preincubation
period of rat aortae and portal veins with different
concentrations of urethane, before the addition of
single submaximal doses of adrenaline, angiotensin or
potassium chloride, caused inhibition of the drug-
induced contractile responses in a dose-related man-
ner. The three agonists exhibited the following rela-
tive order of sensitivity to urethane inhibition, for
both aortae and portal veins: KCl > angiotensin >
adrenaline. These inhibitory effects on drug-induced
responses were completely and rapidly reversed upon
washing in KRB solution.

Figure 4 shows that cumulative doses of urethane,
added to the muscle chamber after angiotensin-, or
potassium-induced contractions were established in
rat aortae, cause a dose-dependent relaxation.

Influence of urethane on adrenaline, angiotensin, and
potassium concentration-effect curves of rat aortae and
portal veins

Figures 5, 6 and 7 show complete concentration-effect
curves for adrenaline, angiotensin and potassium
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Figure 3 Differential sensitivity of equi-potent adrena-
line, angiotensin, and KCl-induced contractions on rat
portal veins to inhibition by urethane (x 10~ 2 m). Bars
show one se. Asterisks indicate experimental mean
values which are significantly different from paired con-
trols (without urethane) (P < 0.05, paired ¢ test).

chloride in rat aortae and portal veins in control con-
ditions (no urethane), and in the presence of urethane.
Table 2 complements the graphic data, and with
Figures 5 to 7, indicates that the following parameters
were changed, dose-dependently by urethane, for all
three agonists: (a) the concentration-effect curves were
significantly shifted to the right in a non-parallel man-
ner for the aortae and in a parallel manner for the
veins; (b) threshold doses were increased significantly;
(c) the EDgos were increased significantly (except for
5 x 1072 M urethane with KCl responses on veins);
and (d) the maximum developed tensions were de-
creased significantly (except for 5 x 10™2 M urethane
with adrenaline and KCl responses on veins).

Effects of urethane on calcium chloride-induced con-
tractions of potassium-depolarized rat aortic strips and
portal veins

Urethane caused dose-dependent shifts to the right
of the calcium chloride concentration-effect curves
(Figure 8). For example, the threshold concentrations
and the EDyqs for calcium chloride-induced contrac-
tions were significantly increased and the maximum
developed tensions were decreased dose-dependently
by urethane (Table 2).

Failure of pharmacological antagonists and of a prosta-
glandin synthetase inhibitor to mimic or to affect ureth-
ane inhibition

Use of phentolamine, propranolol, methysergide,
atropine, and diphenhydramine in concentrations
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Figure 4 Urethane-induced relaxation of angiotensin (Ang) and KCl-induced contractions in rat aortic strips.
Arrows indicate the points at which urethane was added in cumulative concentrations.
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Figure 5 Influence of urethane on adrenaline concentration-effect curves in rat aortic strips (a) and portal
vein (b). Mean values are shown; vertical lines indicate s.e. mean; n = 4 for aortae and 6 for veins. All experimental
dose-response curves are significantly different from paired controls (P < 0.05). In (a), (®) = controls, (O) = ureth-

ane 107 2M: in (b), (A) = controls, (A) = urethane 1072

which specifically antagonize EDs, responses of their
respective agonists, did not change the spontaneous
mechanical activity of the portal veins nor prevent
(or modify) the inhibitory effects of urethane on either
portal veins or KCl-contracted aortae. Although in-
domethacin attenuated the portal vein spontaneous
contractions 30 to 50%, it did not alter the inhibitory
effects of urethane either in the veins or in the aortae
(n = 4 animals).

Discussion

Our results show that urethane inhibits, dose-depen-
dently, the spontaneous mechanical contractions of
rat aortae and portal veins, decreases the sensitivity

of rat aortae and portal veins to different vasoactive
agonists and attenuates the contractile responses of
aortic and venous smooth muscle to vasoactive stimu-
li. Since these effects are observed with urethane con-
centrations in the range of those found in plasma dur-
ing anaesthesia e.g. 1.5 to 2.5 x 1072 M (Boyland &
Rhoden, 1949; Beickert, 1951; Bailey & Christian,
1952), it seems reasonable to suggest that the fall in
blood pressure, the peripheral vasodilatation associ-
ated with urethane anaesthesia (Hillebrand et al.,
1971; Buiiag & Mullenik, 1972; Brezenoff, 1973), and
the decreased responsiveness to pharmacological
agents described here and elsewhere (Owen, 1971;
Volicer & Loew, 1971; Buiiag & Mullenix, 1972; Bre-
zenoff, 1973; Miller & Wiegman, 1977), are due, at
least in part, to a direct action of urethane on vascu-
lar smooth muscle.



260 B.M. ALTURA & J. WEINBERG

100
gof
8o}
70}
60}
50|
a0}
30}
20t

% control contractile tension

ot

L A '} 1 A A

(5)
(10)
(5)

(10
/L

A 1 A i )

7/ A —
107" 1071010721077 107 10" 107107 107% 107 10

—6

Angiotensin (M)

Figure 6 Influence of urethane on angiotensin II amide concentration-effect curves in rat aortic strips (a) and
portal veins (b). Mean values are shown; vertical lines indicate s.e. mean, n = 4 for aortae and 6 for veins. All
experimental dose-response curves are significantly different from paired controls (P < 0.05). In (a), (@) = control.
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Figure 7 Influence of urethane on KCl concentration-effect curves in rat aortic strips (a) and portal veins (b).

Mean values are shown; vertical lines indicate s.e. mean; n = 6 each for aortae and veins. All experimental
dose-response curves (except for 5 x 10”2 M on vein) are significantly different from paired controls (P < 0.05). In

(a), (@) = controls, (O) = urethane x 10~ 2 M; in (b), (A) = controls, (A) = urethane x 10~ 2 m.

Urethane inhibition of mechanical activity cannot
be assigned to an osmolar effect because it differs
from the inhibitory effects caused by sucrose, manni-
tol or urea hypertonicity on rat aortic and portal
venous smooth muscle (Johansson & Johnson, 1968;
Altura, Edgarian & Altura, 1976; Altura & Altura,
1978a). High doses of urethane (e.g. 1.0 x 10~ M)
completely abolish spontaneous contractions of por-
tal veins. Nevertheless, this preparation still responds
dose-dependently to adrenaline, angiotensin and

potassium depolarization. This observation could be
used to suggest that urethane, even in this high con-
centration, cannot block completely the transmem-
brane calcium-ion movements, as do calcium antag-
onists such as verapamil, lanthanum, SKF 525A, or
cinnarizine (Godfraind & Kaba, 1972; Bohr, 1973;
Godfraind, 1976). However, urethane may exert a par-
tial inhibition on the membrane permeability to
extracellular calcium ions, since it attenuates, mark-
edly, Ca?*-induced contractions (Figure 8). This
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Figure 8 Influence of urethane on CaCl,-induced contractions of potassium-depolarized rat aortae (a) and portal
veins (b) (see Methods). Mean values are shown, vertical lines indicate s.e. mean; n = 5-10 each. All experimental
DRC are significantly different from paired controls (P < 0.01). In (a), (®) = controls, (O) = urethane x 1072 M;

in (b), (A) = controls, (A) = urethane x 1072 M.

would explain the abolition of the spontaneous con-
tractions, since these are dependent on [Ca?*], (see
recent review by Altura & Altura, 1978a). In the case
of portal veins, this could also be used to explain
the increase in threshold concentration observed for
all agonists, and the parallel displacement of all
DRCs to the right. However, it is also possible, that
urethane could accelerate the rate of Ca?* sequest-
ration or calcium efflux. Further experiments to test
these tenets are in progress.

In the aortae, all DRCs were shifted to the right
in a non-parallel manner in the presence of urethane,
and the adrenaline- and angiotensin-induced maxi-
“mum tensions were more affected than those induced

by potassium. It is reasonable to suggest that ureth-
ane also exerts an intracellular effect in addition to
its extracellular action discussed above, since the two
former agonists are known, at high concentrations,
to utilize intracellular Ca%* for their contractile re-
sponses (Bohr, 1973; Bilek, Laven, Peiper & Regnat,
1974). Urethane is thought to penetrate rapidly into
vascular smooth muscle cells (Johansson, 1969) and
also to be capable of sequestering calcium from blood
plasma (Peng, Cooper & Munson, 1972) in a non-
defined manner of interaction. An interaction of
urethane with intracellularly-bound calcium could
prevent this divalent cation from being released from
its intracellular storage sites, thus inhibiting one of

Table 2 Effects of urethane on adrenaline-, angiotensin-, potassium-, and calcium-induced maximal contractile

tensions in rat aortae and portal veins

Portal venous maximum average

Aortic maximum developed tension (mg)

Agonist Control Urethane
(50 x 1072 M) (1.0 x 107! m)
Adrenaline 17000 + 1874 1363.0 + 1345t 575 + 110.9%
@r @ @)
Angiotensin 7940 + 258 206.0 + 6.3t 88.0 + 12.5¢
@ @ @
KCl 1119.0 + 773 756.0 + 47.2t  500.0 + 35.4¢%
6) 6) )
CaCl, 13430 + 588 12350 + 101.1+ 930.0 + 40.6t
(10) (5) 3

* Number of different values; values are mean + s.e. mean.
+ Significantly different from paired controls (P < 0.05).

developed tension (mg)

Urethane
(50 x 1072 M) (1.0 x 1072 M)
1670.8 + 213.2 1025.0 + 166.7+

Control

1720.8 + 180.6

© ©) ©)
1070.8 + 267.3 858.3 + 1759 4833 + 85.1%
® 6 (6)
1512.5 £ 87.3 13583 + 141.8 8500 + 129.9¢
©) (6) ©)
1967.0 + 550 14940 + 766  975.0 + 80.6t
© 5) 4
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the components responsible for vascular muscle con-
tractions elicited by adrenaline or angiotensin (Van
Breemen, Farinas, Gerba & McNaughton, 1972). This
would result in a more pronounced inhibition of
maximum contractions for adrenaline and angioten-
sin, exactly as observed on the DRCs for the aortae
in the present study (Figures 5, 6 and Table 2).

However, the same relative inhibition was not
observed for the portal veins. Here, in the presence
of high concentrations of urethane (1.0 x 10™! M), the
maximum responses for all agonists (including CaCl,)
showed the same degree of inhibition (Figures S, 6, 7,
and Table 2). This would suggest that urethane causes
in portal veins the same degree, and probably the
same kind, of inhibition towards all agonists used.
Considering that drug-induced contractions in portal
veins are more dependent on extracellular calcium
(Golenhofen, Hermstein & Lammel, 1973; Bilek,
Laven, Peiper & Regnat, 1974; Turlapaty, Altura &
Altura, 1978), the aforesaid results could be an ad-
ditional indication that urethane causes its inhibition
mainly at the membrane level in portal veins.

It is unlikely that the effects of urethane on contrac-
tions induced by the different vasoactive agents could
be solely a reflection of inhibition of cellular metabo-
lism. If urethane were acting via such a mechanism,
then the equi-potent, sub-maximal contractions in-
duced by the three agonists on both types of vessels
(Figures 2 and 3) should have been inhibited to the
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