The Actmus of General Anesthetic Agents on Tracheal
Smooth Muscle

5. W. Fletcher, M.D.,* W. Flacke, M.D.,f M. H. Alper, M.D.3

The effects of three genernl anesthetic agents,
halothane, diethyl ether, and thiopental, were
studied in the guinea-pig tracheal-chain prepara-
tion. All three agents by themselves caused re-
Inxation of the chain. In addition, they antago-
nized the ability of acetylcholine to eause con-
traction of the chain. The antagonism appears to
be nonspecific. .

GENERAL ANESTHETIC AGENTS may affect the
motor activity of tracheobronchial smooth
muscle through effects on afferent receplms,

and also to study the antagonism bebween
these drugs and two bronchoconstrictors,
acetylcholine and histamine.

Methods

The guinea pig tracheal chain was prepared
as described by Castillo and deBeer.? After
the guinea pig was killed by a blow on the
head, the trachea was removed and sectioned
into rings. A chain of ten rings held together
mmbys'hortlmpsofent!nnthlmdwas

The tion was then sus-

central regulatory mechanisms,
ganglia, events at the neuroeffector junction,
or direct effects on the muscle itself: The
only extensive study of the direct actions of
general anesthetics on isolated tracheobron-
chial smooth muscle has been that reported
by Adriani and Rovenstine in 1943 Their
study, however, was limited to visual obser-
vation through a low-power microscope of the
responses of isolated bronchial rings to a single
concentration of each anesthetic agent.

In 1947, Castillo and deBeer?® described a
technique for the quantitative assessment of
the effect of drugs on tracheal muscle, utiliz-
ing a chain of guinea-pig tracheal rings sus-
pended in an organ bath. This preparation
has been used successfully by many investi-
gators in the study of bronchoconstrictor and
bronchodilator drugs, in many species.* In
the present study, we have used this prepara-
tion to observe the direct effects of halothane
(Fluothane), diethyl ether - and thiopental
(Pentothal) on the guinea-pig tracheal chain,

pendedmn 10-ml. organ bath at 38° C. and
bathed with Krebs-Henseleit solution of the
following composition: NaCl 6.89 Gm./1., KCl
0.352 Gm./L, CaCl. (anhydrous) 0.143 Gm.
/L, NaHCO, 21 CGm./1, glucose 2.0 Gm./L
The bath was oxygenated with a mixture of
95 per cent oxygen and 5 per cent carbon di-
oxide flowing through a fritted glass flter at
the bottom of the bath. The tracheal chain
was attached at its upper end to an isotonic
frontal lever with 1.2 Gm. tension and %20
magnification. The responses of the chain to
the various drugs were recorded on smoked
paper on a kymograph drum moving at a
speed of 2 mm./minute. Fresh preparations
were used for each experiment and the chains
were allowed to equilibrate in the bath for at
least 45 minutes before any drugs were intro-
duced. The preparations remained viable and
yielded reproducible results for as Iung as
eight hours.

Acetyleholine, sodium thiopental, and his-
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tamine were added directly to the bath in
known amounts. The wvolatile anesthetics,
halothane and diethyl ether, were vaj

and their concentrations controlled in the fol-
lowing manner. A vaporizer was constructed
from a glass sealing tube (Pyrex® 39580)
with a fritted glass filter mounted in the cen-
ter. The liguid anesthetic was drawn into a
gas-tight syringe (Hamilton GS 1001 or 1002)
and dripped onto the filter at a fixed rate by
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1 tracheal chain,

contriactile vesponse expressed as per cent ol masi-

NI Fesponse sl poit represents the mean
standard error of 32 preparations.

iul

an infusion pump (Harvard Apparatns Cao, ).

The anesthetic was then vaporized by the

oxveen, carbon dioxide mixture as it trversed

the ghiss lilter.

By comtrolling the rate ol gas
How and the speed of the infusion pnp, it

was possible to deliver constant, reproducible

concentrations ol the anesthetics o the organ

Free, 2,0 Eiteet of ether on the wine,
tneonshy o eaposed to cach concentration
Note the complete recovery of

witshing.
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Dase-response curve lor Ach o te
Thee ordinate is the

Dathe 1 was Townd that the hath solution

cquilibrated  with o given concentration ol

anesthetic within five minates and the concen-
tration retiined constant thereadter as e gas
mistore was babbled thronel the hath,

In each experiment, the concentration ol
badothane or cther in e bathe solation was
meastred by gas chroncdtography according o
amethod ]11{'\i||1|k||\ dleseribyed, HBriefly, sam-
p|r-< from the bath were estracted with ||-h[~|}v
tane aned aliquots of the extraet analyvzed i
ane Foand N Model 7200 mas cliromatograph
vopripped with s Tide® column and o thermal-
conductivity detector celll A calibration corve
wis constrncted daily, using koo sunounts
ol halothane or ether helore each .1||:I[}'.‘<i'i ol
the nnknowns.

I the experiments on the ellects of e
anesthetics alone, the chain was exposed o a
aiven concentration ol the agent lor ten min-
ntes, al which time the response wias masimal,
The bath was then washed twice with fresh

g tracheal chadn, Two chains were observed sinnl-

ol ether for 10 minutes followed oo double

the chain alter cach eaposire and washing,

[)u\\'n\\:n'd defliction of the lever represents relasation of the chain,

20z Iudy 60 uo 3sanb Aq ypd°22000-00050896 |-Z¥S0000/259982/ L L G/€/62/}Pd-01o1n1e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Volume 29
Number 3

Krebs-Henseleit solution, with prompt recov-
ery of the preparation.

In the experiments with acetylcholine, a
dose-response curve was first determined with
the chain exposed to each concentration of
acetylcholine for five minutes, followed by a
double wash, The effect at five minutes was
near maximum and therefore was selected arbi-
trarily as the response to a given concentra-
tion. To study the interaction of the anes-
thetics and acetylcholine, the anesthetic was
administered for ten minutes to elicit a maxi-
mal response. The test dose of acetylcholine
was then added to the bath and the response
after five minutes was recorded. The bath
was then washed twice and the next set of
observations was made. In any single prepa-
ration about 20 such determinations were
made. At the end of cach experiment the
dose-response curve to acetylcholine was re-
peated to ensure the validity of the observa-
tions. The data thus obtained were analyzed
as deseribed in the section of results.

Results
ACETYLCHOLINE

The addition of acetylcholine to the organ
bath resulted in contraction of the tracheal
chain. A dose-response curve was constructed
from 32 preparations (fig. 1). The prepara-
tion was very sensitive to acetylcholine, with a
threshold response at a concentration of 10-1
M and a maximal contraction at 10 * M. The
ED., of acetylcholine was 5.5 % 102 M,

ANESTHETICS

In eight experiments with each of the three
anesthetics, halothane, ether, and thiopental
by themselves all caused reluxation of the tra-
cheal chain. A typical experiment with ether
is shown in figure 2. The lowest concentra-
tion of ether which caused a discernible re-
laxation of the chain was approximately 200
mg./100 ml, that of halothane 75 mg./100
ml., and that of thiopental 60 mg./100 ml. In
no experiment did any of the anesthetics cause
contraction of the tracheal chain.

ANESTHETICS AND ACETYLCHOLINE-
INDUCED CONTRACTION

Once it had been determined that no quali-
tative difference could be observed among the
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Fic. 3. Response of tracheal chain to Ach at
various concentrations of halothane. Closed cir-
cles: control dose-response curve to Ach. Open
vircles: response to Ach upon termination of ex-
posure to Lulmlmne. Results of a single experi-
ment (see text).

anesthetics as such in their effects on the tra-
cheal chain, we proceeded to investigate their
effects on contraction induced by acetylcho-
line.

HALOTHANE

Figure 3 depicts the results of a typical ex-
periment dealing with the interaction of ace-
tylcholine and halothane.  With increasing
concentrations of halothane in the bath, the
response curve to acetylcholine was  shifted
progressively to the right and the slope de-
pressed.  Note also the virtually complete re-
covery of the response of the tracheal chain to
acetylcholine at the end of the experiment
{open circles).

In order to analyze the results of all of the
experiments, the data for each anesthetic were
handled in the following manner. (A detailed
presentation of the results is included only for
halothane.) As a first step, all of the responses
to each of four concentrations of acetylcholine
{given in table 1} were plotted (as per cent
of control response) against the concentration
of anesthetic on a log-probit scale. Figure 4
depicts such a plot of the responses to a con-
centration of 5.5 x 10-'* M acetylcholine (con-
trol ED;,) with various concentrations of halo-
thane in the organ bath, Antagonism to ace-
tvlcholine first was observed at a halothane
concentration of about 10 mg./100 ml,, a con-
centration well helow the lowest concentration
of halothane (75 mg./100 ml.) that by itself
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cansed relaxation of the chain. Complete abo-
lition of the response was seen at a coneentra-
tion of somewhat less than 100 mg. /100 ml.
The concentration of halothane which resulted
in a 50 per cent inhibition of the response to
this dose of acetyleholine was 25 mg./100 ml.,
as caleulated from the regression line in the
figure.

The results of identical calenlations for all
doses of acetvleholine in 16 experiments are
shown in table 1 and in figure 5. It is appar-
ent that increasing coneentrations ol halothane
were required to reduce by 50 per cent the re-
sponses of the tracheal chain to increasing con-
centrations of acetylcholine,

Tante 1.
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(eadeulated from line of regression, fig.
Figure 5 is a graphic representation of the data in
this table,

cant at the 95 per ce
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In cight experiments ether also antagonized
the response of the chain to acetyleholine, but
not antil it reached a threshold concentration
of about 200 mg. /100 ml. This was also the
lowest concentration of ether that by itself
cansed relaxation of the chain. Complete abo-
lition of the response to acetyleholine was ob-
served at an ether concentration of 700 mg./
100 ml. Figure 6 depicts graphically the con-
centrations of cther required to reduce by 50
per cent the responses to the four test concen-
trations of acctvleholine.  Again, there is a
slight increase in the ED., of ether with in-
creasing concentrations of acetylcholine, with
a range of 350 to 450 mg. /100 ml. ether in
the bath.

Somust THIOPENTAL

Like halothane and ether, thiopental antago-
nized acetyleholine-induced contraction of the
guinea-pig tracheal chain in eight experiments.
IFirst apparent at concentrations of thiopental
as low as 6 my./100 ml, there was complete
abolition of the response at o concentration of
60 mg. 100 ml. Thiopental in a concentration
of 45 me./100 ml vesulted i a 50 per cent
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i, 5.0 EDw of halothane {concentration re-
quired to reduce response to given concentration
of Ach by 50 per cent) plotted against eoncen-
tration of Ach (lower seale) and contral response
to Ach (top scale), e regression was signifi-

nt probability | for all
four points,  These data are smmmarized in table
See text for Turther explanation,
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Fic. 6. Antagonism of Ach by diethyl cther.
See legend Tor figure 5. Hegression was signilicant
at 95 per cent level for 5.5% 107 M and 5.5

X 10" M Ach,

reduction of the contractile response to the
ED., of acetylchaline,  Figure 7 demonstrates
that, as with halothane and ether, the antago-
nism iy concentration-dependent, higher con-
centrations of thiopental being required  to
produce the same degree of antagonism us the
concentration of acetvlcholine inereases.

IlisTanmisg axp Proruaxoron

In three experiments we observed that halo-
thane in the same range of concentrations that
antagonized acetvlcholine also antagonized his-
tamine-induced  contraction of the tracheal
chain. In two additional experiments the abil-
ity of halothane to relax the tracheal smooth
muscle was not alfected by the prior addition
of the svmpathetic beta-blocking  drg, pro-
pranolol, in a concentration of 10 mg./ml, a
concentration which completely abolished the
response of the ¢hain o isoproterenol (10-7 M),

Discussion

In these experiments with the guinea-pig tra-
cheal chain, halothane, ether and thiopental by
themselves, at all concentrations, produced re-
Taxation of the chain. These results thus agree
only in part with observations of Adriani and
Rovenstine # with regard to ether. They fonnc]
bronchodilation at one concentration with ether
(1:10,000), but at a higher concentration
(1:1,000) ether produeed bronchoconstriction
which was enlianced by physostigmine, pre-

GENERAL ANESTHETIC AGENT ACTIONS ON TRACHEAL MUSCLE Lyal

sumably acting by preventing the hydrolysis
of acetvlcholine.  In the case of thiopental,
Adviani and  Rovenstine reported o prompt
bronchoconstriction, prevented by atropine
and enhanced by physostigmine.  In our ex-
periments, we observed only an antagonism
between acetyleholing and  thiopental over a
witle range of concentrations.  These dilfer-
ences may be related to species dillerences,
since Adriani and Rovenstine used prepara-
tions from rat, dog and man, and also to the
major differences in techmiques of experimen-
takion,

Klide, in 1966, observed a deerease in air-
waty resistunce of the dog’s Tang during halo-
thane anesthesia, which he aseribed to stimu-
Lation by Talothane of beta receptors in the
tracheobronehial smooth muscle. Our prelimi-
nary results, in the guinea pig. do not support
this conclusion, since the relaxant effect of
halothane was not antagonized by propranolol
at all. From our data, then, we conclude that
ladothane, ether wd thiopental all have direct
relaxant effeets on tracheobronchial  smooth
muscle.

I addition, all three anestheties antago-
nized the ability of acetyvlcholine to contract
the tracheal chain. The antagonism appears
to be of a nonspecific type.  This conclnsion
is supported by several observations,  Lfirst,
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Fie. 7. Antagonism of Ach by thiopental.  See
legend for figure 5 Regression was signilicant at
95 per cent Jevel for 55% 10% M and 55
A 10" M.
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Second, in a few experiments, contractions in-
duced by histamine, an agonist unrelated to
acetylcholine, were also antagonized by halo-
thane. Finally, the analysis of the data as pre-
sented above does not conform to any of the
models of specific, pharmacologic antagonism.

In every case, the antagonism to acetylcho-
line was of the non-surmountable variety in
that, above a certain concentration of the an-
esthetic, the resp to vicholine was
abolished completely. Further, the concentra-
tion-response curves for the antagonism of the
various anesthetics to acetylcholine were ot
parallel.  With halothane and thiopental, the
initial effects were observed at concentrations
of 10 mg./100 mL and 6 mg./100 ml., respec-
tively (concentrations well below those Te-
quired to cause direct relaxation of the chain).
Maximal antagonism occurred at about ten
times the threshold concentration of the anes-
thetics. By contrast, in the case of ether, an-
tagonism to acetylcholine first was observed at
2 concentration of 200 mg./100 ml, and was
maximal at ‘700 mg./100 ml, 2 ratio of only

35 to L These results suggest that the an-

goni: to acetyl holine by these thetic
agents is not the result of interaction at a spe-
cific tissue receptor.

In attempting to assess the significance of
these results, several points may be pertinent,
aside from the obvious dificulty in transfer-
ring results from the guinea pig to other spe-
ciesand&nmisolatedtissuetoainuyswith
intact innervation and circulation. Ether had
no effect at all in this preparation until con-
centrations well above the lethal range in man
were reached. This suggests that any broncho-
dilating action of ether is probably secondary
to its other actions. In the case of thiopental,
antagonism to acetylcholine was observed at
concentrations in the range of 6 mg./100 ml,
again higher than those usually seen clinically.
*SHIL, it is of interest to note that in 1957, Bern-
<tine et al7 reported that, in dogs, thiopental
p 1 the hronch trictor effect of elec-
trical stimulation of the distal and of the sev-
ered cervical vagus nerve. Blood levels of
hiopental were not d in those experi-
ments, but the data suggest that the blood

levels must have been considerably lower than
in our experiments.

Unlike ether and thiopental, halothane
caused relaxation of the tracheal chain and
antagonized the constrictor effects of acetyl-
choline at concentrations as low as 10 mg./
100 ml., well within the clinical range. It is
possible, therefore, that this direct effect of
halothane may be manifest during clinical an-
esthesia and may contribute in part to the ap-
pamnt' Baial r._.ofrtn_ ‘anes-
thesia in patients with bronchospastic disease.®

The guinea-pig tracheal-chain preparation
proved to be a reliable research tool and
yielded reproducible data. Further investiga-
tions with other agonists (e.g., norepinephrine,
isoproterenol, histamine) and antagonists (e.g.,
propranolol) in preparations from human lung
should be carried out to permit a more defini-
tive appraisal of the importance of the di-
rect effects of anesthetics on tracheobronchial
smooth muscle.

The authors wish to acknowledge the advice
and assistance of Mr. Wemer Mosimann, Dr.
Douglas Waud, and Dr. Leroy D. Vandam,
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