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Attenuation of Endothelium-mediated Vasodilation by Halothane

Sheila M. Muldoon, M.D.,* Jayne L. Hart, Ph.D.,T Kimberly A. Bowen, M.S., William Freas, Ph.D.§

To determine whether halothane alters endothelium-mediated
vasodilation of vascular smooth muscle, isolated ring preparations
of rabbit aorta and canine femoral and carotid arteries were sus-
pended for isometric tension recordings in Krebs-Ringer bicarbon-
ate solution at 37° C. Acetylcholine and bradykinin have been
shown to relax these norepinephrine contracted arterics via an en-
dothelium-dependent process. In this study, these relaxations were
reversibly and significantly attenuated by 2% halothane. However,
halothane did not affect relaxations caused by nitroglycerin, which,
in these vessels, acts by an endothelium independent mechanism.
These results suggest that halothane is not interfering with cyclic
guanylate-monophosphate mediated relaxation of vascular smooth
muscle, but may interfere with the synthesis, release, or transport of
the endothclium-derived relaxing factor. In addition, during con-
tractions evoked by norepinephrine, halothane caused significant
decreases in tension in both the canine carotid and rabbit aortic
preparations, but increased tension in the femoral artery rings.
These effects were not altered by mechanical removal of the endo-
thelinm. These results suggest a direct action of halothane on the
vascular smooth muscle, which can result in either an increase or
decrease in tension, depending on the specific vessel. In addition to
its direct vascular effect, this study suggests a new action of halo-
thane; it interferes with endothelium-derived relaxing factor-me-
diated relaxation of vascular smooth muscle, This action may con-
tribute in part to the vascular alterations seen clinically during
administration of halothane. (Key words: Acetylcholine. Anes-
thetics, volatile: halothane. Artery: aorta; carotid; femoral. Brady-
kinin. Endothelium: endothelium-derived relaxing factor. Norepi-
nephrine.)

THE LINING OF BLOOD VESSELS consists of a layer of
endothelial cells in direct contact with blood. It is now
well established that this endothelial layer modulates
vascular smooth muscle activity.! This modulatory
function is accomplished through several mechanisms,
including the release of constrictor and dilator media-
tors in response to vasoactive stimuli.? Although the
original observation was made with acetylcholine
(ACh),? it is now known that several substances includ-
ing bradykinin,* ionophore A23187,2% and substance
P? also require the presence of endothelium to relax
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vascular smooth muscle. Pharmacological studies indi-
cate that these vasodilators interact with the endothelial
cells, triggering the entry of calcium and setting in mo-
tion the production and release of a substance called the
endothelium-derived relaxing factor (EDRF).2 This
factor in turn activates the production of cyclic guany-
late monophosphate (¢cGMP) in vascular smooth muscle
which inhibits the contractile process and leads to relax-
ation.?

Halothane has been reported to cause vasodilation,
an effect attributed to a direct relaxing action on vascu-
lar smooth muscle,® a reduction of sympathetic output,
or a reduction in the effectiveness of physiologic stimuli
on vascular smooth muscle.”® The possible interactions
of halothane with endothelial mechanisms have not
been previously investigated, although Blaise ¢t al. have
reported an endothelium-dependent action of isoflu-
rane on canine coronary arteries.'® Because of the im-
portance of the endothelium in controlling vascular
tone, the present study was designed to investigate
whether halothane influences endothelium-mediated
vasodilation of vascular smooth muscle.

Materials and Methods

Male New Zealand rabbits (3—4 kg) and mongrel dogs
(15-25 kg) of either sex were anesthetized with sodiumn
pentobarbital (40 and 30 mg/kg iv, respectively). Rab-
bit thoracic aortae and dog carotid and femoral arteries
were obtained and placed in cold Krebs-Ringer bicar-
bonate solution of the following composition (millimo-
lar): 118.2 NaCl, 4.7 KCl, 2.5 CaClg, 1.2 MgSO,, 1.2
KHyPO,, 25.0 NaHCOj, and 5.6 glucose (pH 7.4).
The vessels were cleaned of extraneous tissue and cut
into rings (3—-4 mm). The endothelium was carefully
removed from some rings by rotating the vessels around
a small metal blade.® Rings with and without endothe-
lium were prepared from adjacent segments of the same
vessel.

ISOMETRIC TENSION RECORDINGS

The rings were placed in 25-ml water jacketed organ
baths (37° C) and equilibrated for 60 min in Krebs-
Ringer solution continuously aerated with 95% O9-5%
CO;,. The Krebs-Ringer solution was changed at 15-
min intervals during equilibration. During this time, the
rings were stretched to a final optimal tension of ap-
proximately 10 g, determined by preliminary length-
tension studies. The average optimal tensions used for
the rabbit aorta and dog carotid and femoral arteries
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were 10.6 £0.2 g,9.3 +£0.2g,and 9.2 + 0.3 g, respec-
tively. Tension development was measured with a Grass
FT03 isometric force transducer attached to a recorder
(Gould Brush, Model 2400, Quincy, MA).

Isolated blood vessels, in experiments similar to these,
have been shown to exhibit little or no active tension.!!
Therefore, to study smooth muscle relaxation, tension
first needs to be induced with a vasoconstrictor. Relax-
ation responses to ACh, bradykinin, and nitroglycerin
were determined in rings contracted to a stable plateau
tension by the addition of norepinephrine (NE) at con-
centrations that elicited approximately 60% of the
maximum tension that develops in response to NE
(EDgo). Furchgott has reported that this level of sub-
maximal developed tension is optimal for studying
ACh-induced relaxations.® A range of ACh and brady-
kinin concentrations was used to cause relaxations of
25, 50, and 70%, so that possible concentration-related
interactions of halothane with EDRT could be assessed.
ACh concentrations used for the rabbit aorta, dog ca-
rotid, and dog femoral arteries were: 1, 6, and 10
X107 M; 1, 2, and 4 X 1078 M, and 8, 10, and 30
X 107% M, respectively. The three bracykinin concen-
trations used (for dog carotid) were 3, 20, and 200
X 107 M. The nitroglycerin concentrations used (for
dog carotid) were 5 and 10 X 1077 M. Relaxations were
expressed as per cent depression of the NE-induced de-
veloped tension. The vasoactive substances were re-
moved from the organ baths by repeated washings with
fresh Krebs-Ringer solution until a stable baseline was
re-established. At least 256 min elapsed between succes-
sive exposures to NE.

Two experimental protocols were performed. The
first examined the effects of 2% halothane on NE-con-
tracted canine cavotid and femoral arteries with and
without endothelium. (Adequacy of endothelium re-
moval was determined prior to the experiment by an
absence of a relaxation response with ACh). Vessels
with and without endothelium were contracted with the
appropriate concentration of NE and, when the con-
traction had reached a plateau, or when changes in ten-
sion had stabilized (pretreatment tension), 2% halo-
thane was added to the gas mixture for 10 min. Isomet-
ric tension was continuously monitored throughout the
experiment and, following termination of the halothane
treatment, the rings were aerated with a mixture of
95% O4-5% COy for 10 min prior to washing NE from
the bath.

The second experimental protocol examined the ef-
fect of halothane on the ACh or bradykinin-induced
release of EDRF from endothelial cells of dog carotid
and femoral arteries and rabbit aortic rings. This pro-
tocol consisted of a pre-treatment period during which
the effect of the vasodilators was determined on NE-
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contracted rings, followed by an experimental period in
which the effect of halothane on this relaxation was
examined, and a final post-treatment relaxation period
performed in the absence of halothane. These experi-
mental periods were separated by at least 25 min, dur-
ing which time the rings were washed at 5-min intervals.
Simultaneous time controls were run for all experi-
ments in which vascular rings were treated in an identi-
cal manner, but without exposure to halothane. Dog
cavotid artery rings were also used to study the effect of
halothane on endothelium-independent vascular relax-
ations following addition of nitroglycerin using the pre-
viously described experimental design.

DRruUGs

The drugs used were acetylcholine chloride (Sigma,
St. Louis, MO), 1-norepinephrine HC1 (Regis, Morton
Grove, IL), bradykinin (Sigma), nitroglycerin (1CI
Americas, Inc., Wilmington, DI), and halothane (Halo-
carbon Laboratories, Hackensack, NJ). Stock solutions
were prepared daily in distilled water and kept on ice
during the experiment. The drugs were added to the
bath in volumes of 100 ul or less. Halothane was deliv-
ered from a calibrated vaporizer to give concentrations
of 2% in the Op-COy mixture aerating the Krebs-Ringer
solution. The concentration in the resulting gas mix-
ture was monitored by an infrared halothane analyzer
(Sensor Mecdics, Model LB-2, Anaheim, CA), which was
calibrated daily using a standard halothane calibration
gas mixture (Scott Medical Products, Plumsteadville,
PA). Concentrations of halothane in Krebs-Ringer so-
lution were measured by a gas chromatographic
method previously described.® For 2% halothane, the
bath concentration was 9.92 + 0.89 mg/100 ml (n
= 10). For some experiments, halothane was redistilled
in glass at 49-50° C to separate it from the antioxidant,
thymol.

STATISTICAL ANALYSIS
Each experimental group consisted of vascular prepa-
rations taken from five to seven different dogs and aor-
tae taken from four different rabbits. The data are
shown as mean + SEM. The data were analyzed by
multivariate analysis of variance. Differences were con-
sidered significant at P < 0.05.

Results

EFFECT OF HALOTHANE ON NOREPINEPHRINE-
CONTRACTED VASCULAR PREPARATIONS

Femoral Artery: The response of the canine femoral
artery to NE was characterized by development of an
initial peak tension followed by a gradual decrease
which we have designated pretreatment tension. The
EDg for NE (3 X 107% M) produced similar contractile
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responses in vessels with endothelium (12.5 + 0.4 g
peak and 10.6 + 0.3 g pretreatment tension), and with-
out endothelium (14.4 + 1.2 g peak and 120 £ 1.5 g
pretreatment tension). Halothane (2%), added to the
aerating mixture when the contractile response of these
vessels had stabilized, caused a significant increase in
tension. These increases averaged 2.1 + 0.6 g and 2.3
+ 0.6 g for vessels with and without endothelium, re-
spectively, and were not significantly different from
each other (fig. 1). The effect of halothane was revers-
ible.

Carotid Ariery: The EDgy for NE (1 X 107® M) pro-
duced similar contractile responses in canine carotid ar-
tery rings with (8.3 £ 0.2 g) and without (7.5 + 0.8 g, n
= 5) endothelium. Halothane (2%), added to the aerat-
ing mixture when the contractile response of these ves-
sels had stabilized, caused a significant decrease in ten-
sion which averaged 1.5 + 0.4 g and 1.4 = 0.2 g for
vessels with and without endothelium, respectively (fig.
2). This effect was also reversible when halothane was
discontinued.

NE CONTRACTIONS AND EDRF-MEDIATED
RELAXATIONS IN THE PRESENCE AND
ABSENCE OF HALOTHANE

This protocol required sequential administration of
EDg, concentrations of NE to paired canine femoral
and carotid vessels with endothelium intact. Three se-
quential administrations of NE did not alter tension de-
velopment with time in either vessel. At the plateau of
NE contraction, increasing concentrations of ACh
caused dose-related relaxations in all vessels. One ring
of each pair received halothane for 10 min prior to and
during the second NE-induced contraction, while the
other ring was not exposed to halothane.

A. WITH ENDOTHELIUM

FiG. 2. Isometric tension recording of ca-
rotid artery rings contracted with NE (1
X 107% M), with the endothelium intact (4),
and with the endothelium removed (B). In
both, the NE contraction was characterized
by the development of a initial peak tension
followed by a gradual decrease overa 20-min
period (tracings on the left). Halothane (2%,
10 min; hatched bar) added at the plateau of
the NE contraction for 10 min caused a signif-
icant decrease in tension in vessels with and
without endothelium (tracings on the right).
NE contraction was terminated by washing
with fresh Krebs-Ringer solution.

B. WITHOUT ENDOTHELIUM

NE

[

]
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A. WITH ENDOTHELIUM

i

B. WITHOUT ENDOTHELIUM

[

FiG. 1. Isometric tension recording of canine femoral artery rings
contracted with NE (3 X 107 M), with the endothelium intact (4), and
with the endothelium removed (B). In both, the NE contraction was
characterized by the development of an initial peak tension followed
by a gradual decrease over a 20-min period (tracings on the left).
Halothane (2%, 10 min; hatched bar) added at the platcau of the NE
contraction for 10 min caused a significant increase in tension in ves-
sels with and without endothelium (tracings on the right). NE contrac-
tion was terminated by washing with fresh Krebs-Ringer solution.
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Representative tracings of the effect of halothane on
this ACh-induced relaxation of the femoral artery and a
simultaneously run time control are shown in figure 3.
In the NE-contracted femoral artery, prior to exposure
to halothane, increasing concentrations of ACh (3, 10,
and 30 X 1078 M) produced relaxations of 2.9 = 0.5,
5.6 +1.0,and 7.4 + 1.5 g. Halothane (2%} significantly
decreased these relaxations (table 1). These effects were
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significant at all ACh concentrations. In contrast, se-
quential ACh relaxations of the simultaneously run
time control preparations were not significantly differ-
ent from one another (table 1).

In canine carotid arteries contracted with an EDg,
concentration of NE, increasing concentrations of ACh
(1, 2, and 4 X 107® M) produced relaxations of 0.7
+0.2, 1.6 £ 0.4, and 2.6 = 0.6 g. Halothane signifi-
cantly attenuated the ACh-induced relaxations (fig.
4A). The results were similar using either redistilled,
thymol free, or the standard commercial preparation of
halothane. Successive ACh-incluced relaxations did not
change significantly with time in the control vessels
(hg. 4B).

In order to determine the elfect of halothane on
ACh-induced relaxations of vessels from another spe-

TABLE 1. Effect of 2% Halothane ou Acetylcholine-induced
Relaxations of the Canine Femoral Artery

Acetylcholine Concentration Prelalothane Halothane Pasthalothane
(X107"M) {% Decrease) (% Decrease) (% Decrease)
Halothane exposed
arteries
3 2625 8+ 4%t 19+8
10 45 + 6 17+ 7#f 38+6
30 599 26+ 7*f 499
Time control arteries
3 18 £ 7 17+ 6 15+6
10 363 33+12 28+ 5
30 47 £ 4 42+ 6 39+5

Tension developed with an EDgg of norepinephine averaged 13.6
* 2.9 g for halothane exposed vesselsand 1 1.3 + 2.1 g for time control
vessels. Relaxations with ACh are expressed as a percent decrease of
the NE contraction. Values are mean + SEM. Femoral arteries were
taken from five dogs and pairs of vessels, halothane-exposed and time
control, were studied simultaneously.

* Significantly different from pre-halothane value.

T Significantly different from time control values obtained in simul-
taneously run time control arteries.
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F16. 3. Representative

POSTHALOTHAKE isometric tension recording
1 “:l"“ of the effect of halothane on

1 ACh-induced relaxations in
NE-contracted femoral ar-
tery rings. After a stable re-
sponse to NE-induced con-
traction occurred, the vessel
was relaxed with increasing
R concentrations of ACh (3,
10, and 30 X 1078 M), Prior

THRD to and during the second

ACh contraction/relasation pro-

|
H cess, vessel (A) was exposed
—-_“,,‘\[?—\

to halothane (2%). Tracing
(B) shows the results of ACh
relaxations in  simulta-
neously run time control
vessels not exposed to halo-
thane.
cies, paired rings of rabbit aorta were contracted with
an EDgo concentration of NE, ACh (1, 6,and 10 X 1077
M) caused dose-related relaxations (1.2 = 0.2, 2.6
+ 0.4, and 3.5 £ 0.6 g). Halothane significantly atten-
uated the ACh-induced relaxations as compared to the
simultaneously run time controls (fig. 5).
Bradykinin-induced relaxations of NE-contracted ca-
nine carotid arteries were examined. The protocol used
was similar to that previously utilized for ACh-induced
relaxations. Increasing concentrations of bradykinin (3,
20, and 200 X 107° M) produced relaxations of NE-
contracted rings of 0.9 £ 0.2, 1.9 £ 0.3,and 3.2 £ 0.5
g. Halothane (2%) significantly attenuated these re-
sponses (fig. 6). There was no significant change in the
bradykinin-induced relaxations for the time control
vessels.

ErrFecT OF HALOTHANE ON VASCULAR
RELAXATIONS NOT MEDIATED BY EDRF

Nitroglycerin (5 and 10 X 107" M) causes vascular
relaxations of NE-contracted canine carotid vessels by a
mechanism independent of EDRT generation. Nitro-
glycerin-induced relaxations of NE-contracted vessels
were dose-related (2.3 = 0.4 and 4.7 = 0.6 g), and halo-~
thane (2%) did not significantly alter these relaxations
(table 2).

Discussion

The vascular effects of halothane have been the sub-
ject of a large number of previous studies, and the gen-
eral consensus is that halothane causes vasodilation in
specific vascular beds either by a direct depressant ac-
tion on vascular smooth muscle® or by an indirect atten-
uation of vasoconstrictor activity.”*!" This consensus
was arrived at prior to recent studies establishing the
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importance of endothelium-derived factors in modulat-
ing vascular smooth muscle activity. Therefore, it
seemed appropriate to investigate the action of halo-
thane on vessels in which EDRF is being generated. Our
studies indicate that halothane decreases endothelium-
mediated relaxation in canine and rabbit arteries, possi-
bly by interfering with the production, the transit, or
the action of EDRF on sinooth muscle.

It is now well established that the major mechanism
for relaxation of certain blood vessels by ACh, and a
number of other vasoactive agents, is indirect, and re-
quires the agent to first act on endothelial cells to stimu-
late the production and release of a relaxing factor.'?
When canine femoral or carotid arteries were stimu-
lated by ACh to produce EDRF, endothelium-induced
relaxations were significantly reduced by halothane.
This action of halothane was not limited to canine ves-
sels, but was also observed in rabbit aortic rings, indi-
cating that this effect is not species specific.

The effect of ACh on endothelial cells is mediated via
muscarinic receptors. Halothane has been reported to
interfere with the muscarinic actions of ACh in sympa-
thetic nerve endings'' and in skeletal muscle.' To ex-
amine the specificity of this action of halothane on en-
dothelial relaxations, we used a non-muscarinic sub-
stance, bradykinin, to induce EDRF relaxations.
Halothane interfered with the endothelium-induced re-
laxations of ACh and bradykinin to a similar degree.
Since the effect of bradykinin is endothelinm-depen-
dent, but is not mediated by muscarinic receptors, this
effect of halothane is not specific to muscarinic receptor
activation. It is possible that halothane acts at a site
distal to the ACh and bradykinin receptors, or that it

A. HALOTHANE EXPOSED
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A. HALOTHANE EXPOSED B. TIME CONTAOL
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FiG. 4. A. Effect of halothane (2%) on ACh-induced relaxations of
NE-contracted canine carotid artery preparations, and the simulta-
neously run time control vessels (8). Data were expressed as per cent
relaxation of the NE contraction, mean + SEM (n = 7). Tension devel-
opment due to the addition of NE on halothane exposed and time
control vessels averaged 3.4 £ 0.7 g and 2.9 * 0.8 ¢, respectively.
*Indicates that ACh-induced relaxations were significantly less in the
presence of halothane than the pre- and post-halothane values, Relax-
ations with successive ACh concentrations were not significantly dif-
ferent from one another in the time control vessels.

interferes with non-receptor-mediated gencration of
EDRF. However, since non-receptor-mediated agonists
were not tested, conclusions about specific sites of ac-
tion of halothane cannot be made from these studies.
Although our studies do not identify the mechanisms
by which halothane attenuates the EDRF-mediated re-
laxation, the nitroglycerin results indicate that these
concentrations of halothane are not interfering with
cGMP-mediated relaxations of vascular smooth muscle.
Both nitroglycerin and EDRF are reported to produce
vascular relaxation by increasing the production of
c¢GMP which inhibits the smooth muscle contractile

B. TIME CONTROL

or a (

Fi1G. 5. A. Effect of halothane 10l 1wk
(2%) on ACh-induced relaxations 1
in rabbit aortic rings, and the si-
multancous time control vessels 20 I 20
(B). Data were expressed as per
cent relaxation of the NE-induced
contraction, mean £ SEM n = 4). 2 30} 30
Tension development on halo- S
thane-exposed and time control o .
vessels averaged 6.7 + 3.3 gand o 40 N, HALOTHANE A
6.7 * 1.4 g, respectively. *Indi-
cates that ACh relaxations were
significantly less than pretreatment S0t Jﬁgg;xfgg;mg S0 glé{cSJND
values. Relaxations with successive THIRD
ACh concentrations were not sig-
nificantly different from one an- 60 - 8o
other in the time control vessels.

70 L ) 70 Lt 1 !
1 10 1 6 10
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B. TIME CONTROL

F16. 6. A, Effect of halothane
(2%) on bradykinin-induced relax-
ations of canine carotid artery
rings, and the simultaneous time
controls (B). Data were expressed
as per cent relaxations of the NE-
induced contraction, mean == SEM
(n = 6). Tension development on
halothane-exposed and time con-
trol vessels averaged 5.8 £ 0.9 ¢
and 4.6 % 0.6 g, respectively, *In-
dicates that bradykinin-induced re-
laxations in the presence of halo-
thane were significantly less than
the prehalothane values. Relax-
ations with successive bradykinin
applications were not significantly
different from one another in the
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process.'? Since halothane only inhibits the action of
acetylcholine and bradykinin, and not that of nitroglyc-
erin, its action may be at some site(s) between the endo-
thelial site of interaction and the smooth muscle pro-
duction of ¢<GMP,

An increase in intracellular free calcium has been re-
ported to be necessary for the release (production) of
EDRFT by the endothelium. Although the initial source
of this calcium appears to be from intracellular sites,
extracellular calcium plays a major role, especially dur-
ing sustained release (production) of EDRF.!*'* Halo-
thane has been reported to interfere with cellular cal-
cium dynamics in a number of different ways. In cardiac
muscle,'® and other tissues,!” halothane decreases cal-
cium influx across the plasmalemma. Thus, suppression
of calcium entry into the endothelial cells may be a
mechanism by which halothane interferes with EDRF-
mediated relaxation.

TaBLE 2. Effect of 2% Halothane on Nitroglycerin Relaxations in
Canine Carotid Artery With and Without Endothelium

Posthalothane
(% Decrease)

Halothane
(% Decrease)

Prehalothane
(% Decrease)

Nitroglycerin Concentration
(X1077M)

Arteries with endothelium

5 356+8 [32+7ns.] 388

10 679 [64x8ns.| 73x7
Arteries without endothelium

5 52+9 |53 +8ns.| 5817

10 81+8 |80x6ns.| 8738

Tension developed with an EDgg of norepinephine averaged 7.2
0.7 g for the arteries with endothelium and 6.9 £ 0.7 g for the
arteries without endothelium. Relaxations with nitroglycerin are ex-
pressed as a percent decrease of the contraction. Values are mean
* SEM. Carotid arteries were taken from seven dogs and pairs of
vessels with and without endothelium were studied simultancously.
n.sl. = not significantly different from pre-halothanc or post-halothane
values.

]
20 200 time control vessels.

Active generation of EDRF appeared to be necessary
for the effects of halothane to be expressed, as endothe-
lium removal did not influence the actions of halothane
on canine femoral and carotid arteries that were not
being stimulated by ACh to actively produce EDRF.
There have been reports that in vitro preparations of
vessels continuously produce small (*“basal’’) amounts of
EDRF and greater amounts when activated with ACh
or other endothelium-dependent vasodilators.?*!® In
vivo, most vessels are continuously exposed to pressure
and flow, and the amount of EDRF released has been
shown to be directly related to flow and pressure.®'® §
Therefore, under physiological conditions in the intact
circulation, it seems reasonable to predict that the de-
pressant effects of halothane on EDRF-mediated vaso-
dilation may be an important component of the net ef-
fects of halothane on the cardiovascular system.

The magnitude of the 2% halothane inhibition of the
EDRF-induced relaxation varied between 20 and 68%
in different vessels for various concentrations of ACh or
bradykinin. Higher concentrations of halothane (3%)
did not increase this inhibition (unreported data).
Other conditions (anoxia) or substances (i.e., quina-
crine, methylene blue, and hydroquinone') have been
reported to cause complete inhibition of EDRF-me-
diated relaxation. Thus, halothane is not as effective an
inhibitor as these agents.

Vanhoutte has stated that EDRF may be chemically
inactivated by antioxidant substances or by superoxide

1 Fridovich I, Hagen PO, Murray JJ: Endothelium-derived relaxing
factor: In search of the endogenous nitroglycerin. News Physiol Sci
2:61-64, 1987
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anions® during its transit from the endothelial cell to the
smooth muscle. The antioxidant, thymol, is in commer-
cial halothane solutions; however, it should not vaporize
under the conditions of these experiments. Also, redis-
tilled thymol-free halothane still caused inhibition of
ACh relaxation in the carotid artery. Therefore, this
preservative does not appear to be responsible for the
observed halothane effects.

In addition to the interactions between halothanc and
EDRT, halothane increased tension of NE-contracted
canine femoral vessels and decreased tension in NE-
contracted canine carotid arteries and rabbit aortic
rings. These effects were not dependent on, or in-
fluenced by, the endothelium, since they were unal-
tered by the removal of these cells. (The mechanisms of
these changes in tension are unknown.) Vatner and
Smith'® also observed variable vascular responses to
halothane. They reported that, in awake, chronically
instrumented dogs and primates, halothane caused di-
lation in most vascular beds, but constriction in some.
The type of response was dependent on concentration
of the anesthetic, vascular bed, and duration of expo-
sure to halothane. Our in vitro studies support these in
vivo findings of regional heterogeneity of vascular re-
sponses to halothane, and indicate that the net eflect
depends on the sum of halothane activities at different
sites. In summary, this study suggests a new action for
halothane; it interferes with EDRF-mediated relax-
ations of vascular smooth muscle. This action may con-
tribute in part to the vascular alterations seen clinically
during administration of halothane.

References

1. Furchgott RF: The role of endothelivm in the responses of vascu-
lar smooth muscle to drugs. Ann Rev Pharmacel Toxicol
24:175-197, 1984

2. Vanhoutte PM, Rubanyi GM, Miller VM, Houston DS: Modula-
tion of vascular smooth muscle contraction by the endothe-
lium. Ann Rev Physiol 48:307-320, 1986

3. Furchgott RF, Zawadzki JV: The obligatory role of endothelial
cells in the relaxation of arterial smooth muscle by acetylcho-
line. Nature 288:373-376, 1980

4. Cherry PD, Furchgott RF, Zawadzki |V, Jothianandan D: Role of

6.

14.

19.

VASCULAR EFFECTS OF HALOTHANE 37

endothelial cells in relaxation of isolated arteries by brady-
kinin. Proc Natl Acad Sci USA 79:2106-2110, 1982

. Furchgott RF: Role of endothelium in responses of vascular

smooth muscle. Circ Res 53:557-573, 1983

Sprague DH, Yang JC, Ngai SH: Effects of isoflurane and halo-
thane on contractility and cydic 3, 5-adenosine monophos-
phate system in the rataorta. ANESTHESIOLOGY 40:162--167,
1974

. Altura BM, Altura BT, Carella A, Turlapaty PDMV, Weinberg J:

Vascular smooth muscle and general anesthetics. Fed Proc
39:1584-15691, 1980

. Muldoon SM, Vanhoutte PM, Lorenz RR, Van Dyke RA: Veno-

motor changes caused by halothane acting on the sympathetic
nerves. ANESTHESIOLOGY 43:41—-48, 1975

. Seagard JL,, Bosnjak Z], Hopp Jr FA, Kotrly K], Ebert T, Kam-

pine JP: Cardiovascular effects of general anesthesia, Effects of
Anesthesia, Edited by Covino BG, Fozzard BA, Rehder K,
Strichartz G. Bethesda, American Physiological Society, 1985,
pp 149-177

. Blaise GA, Sill JC, Nugent M, Van Dyke RA, Vanhoutte PM:

Isoflurane causes endothelium-dependent inhibition of con-
tractile responses of canine coronary arteries. ANESTHESIOL-
oGy (7:513-517, 1987

. Lumn JJ, Rorie DK: Halothane-induced changes in the release and

disposition of norepinephrine at adrenergic nerve endings in
dog saphenous vein, ANESTHESIOLOGY 61:377-384, 1984

. Lechleiter ], Gruener R: Halothane shortens acetylcholine recep-

tor channel kinetics without affecting conductance. Proc Natl
Acad Sci USA 81:2929-2933, 1984

. Rapoport RM, Murad F: Agonistinduced endothelium-depen-

dent relaxation in rat thoracicaorta may be mediated through
¢GMP. Circ Res 52:352-357, 1983

Peach M], Singer HA, Izzo NJ, Loch AL: Role of calcium in
endothelivm-dependent relaxation of arterial smooth muscle.
Am J Cardiol 59:35A-43A, 1987

. Long CJ, Stone TW: The release of endothelium-derived relax-

ant factor is calcium dependent. Blood Vessels 22:205-208,
1985

. Lynch NI C, Vogel S, Sperelakis Ni Halothane depression of

myocardial slow action potentials. ANESTHESIOLOGY
55:360-368, 1981

. Yashima N, Wada A, Izumi F: Halothane inhibits the cholinergic-

receptor-mediated influx of calcium in primary culture of bo-
vine adrenal medulla cells. ANESTHESIOLOGY (4:466-472,
1986

. Kaiser L, Sparks HV Jr: Mediation of flow-dependent arterial

dilation by endothelial cells, Circ Shock 18:109-114, 1986

Vatner SF, Smith NT: Effects of halothane on left ventricular

function and distribution of regional blood flow in dogs and
primates. Circ Res 34:156-167, 1974

¥202 Yo1e 0z uo 3senb Aq ypd'90000-000 108861 -Z7S0000/€8ES LE/LE/1/89/PA-801E/ABO|OISAUISBUE/WOD JIEUDIBA|IS ZESE//:dRY WOI) papeojumo]



