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Mode of Action of Halothane on Histamine-induced Airway

Constriction in Dogs with Reactive Airways

Mahesh V. Shah, F.F.A.R.C.S.,* Carol A. Hirshman, M.D.C.M.+

To determine if clinical concentrations of halothane have direct
relaxant effects on airway smooth muscle, the authors compared
dose-response curves to histamine in the control state (thiopental)
and during halothane anesthesia (1.0 and 1.5 MAC), in six basenji-
greyhound (BG) dogs untreated and pretreated with atropine aerosols
(10 mg-ml™). Pulmonary resistance (Ry) and dynamic compliance
(Cyyn) were continuously monitored. Baseline airway tone was not
significantly different during thiopental, halothane (1.0 MAC and
1.5 MAC), and after atropine aerosol administration. During thio-
pental anesthesia, histamine produced dose-related increases in Ry,
and decreases in Cyy,,. Both halothane and atropine significantly at-
tenuated the bronchoconstriction induced by histamine 1 mg- ml™'.
There were no significant differences in the extent of antagonism
of histamine-related bronchoconstriction between halothane (1.0
MAC and 1.5 MAC) and the atropine aerosol. Moreover, in four
dogs halothane anesthesia in the presence of atropine offered no
additional protection compared with atropine alone. Because the
protection afforded by halothane was not greater than that of atro-
pine pretreatment alone, and the addition of halothane to atropine
failed to increase the protection, it is concluded that block of vagal
reflexes was the major action of halothane responsible for the at-
tenuation of histamine-induced bronchoconstriction. (Key words:
Anesthetics, volatile: halothane. Complications, asthma: airway re-
sistance; bronchoconstriction. Lung: asthma; compliance; respiratory
resistance. Parasympathetic nervous system: atropine.)

ALTHOUGH HALOTHANE PREVENTS and reverses airway
constriction in subjects with asthma'~? and blocks a variety
of airway reflexes,** it is not known whether halothane
in clinically used concentrations has direct effects on air-
way smooth muscle.

Histamine triggers airway constriction by both a direct
action on airway smooth muscle via histamine-1 receptors
and a vagal reflex evoked by the stimulation of subepi-
thelial neural receptors within the airway®™® (fig. 1). An-
ticholinergic drugs abolish the reflex component by an-
tagonizing the actions of endogenously released acetyl-
choline at the neuromuscular junction.'®!!

Because atropine aerosols can block the acetylcholine-
mediated reflex component of histamine-induced bron-
choconstriction, they provide a means of determining
whether halothane in clinically used concentrations has
direct effects on the airways. We therefore compared, in
dogs with nonspecific airway reactivity, dose-response
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curves to histamine aerosols in the control state and during
halothane anesthesia, untreated and pretreated with
atropine.

Methods

Six basenji-greyhound (BG) cross-bred dogs, 2-3 yr of
age and weighing 17 to 22 kg, were selected for use in
this study. The studies were conducted in random order
with a 1-week interval between successive studies in any
one dog. Each animal served as its own control. The un-
premedicated dogs were anesthetized in the standing po-
sition, supported by a sling. After induction of anesthesia
with intravenous thiopental (12 mg - kg™"), the dogs were
paralyzed with succinylcholine (0.5 mg-kg™) and intu-
bated with an 8.5 or 9 mm cuffed endotracheal tube.
Each dog was ventilated with 100% oxygen by a piston-
type ventilator (Harvard Apparatus, Millis, MA) set to
deliver a tidal volume of 15 ml-kg™', at a frequency of
15-min~!. The electrocardiogram was monitored con-
tinuously throughout anesthesia. An esophageal balloon
(Dynasciences, Blue Bell, PA) was placed in the esophagus
under direct vision and positioned at the point where the
recorded end-expiratory pressure was the lowest. The
balloon contained 0.8-1.5 ml of air. A separate catheter,
connected to suction, was placed in the esophagus to keep
it empty of air and liquid.

Pulmonary resistance (R.) and dynamic compliance
(Cayn) were calculated from simultaneous pressure and
flow curves during fixed volume controlled ventilation.'*}:
Transpulmonary pressure was measured with a differ-
ential pressure transducer (Hewlett-Packard 270, Wal-
tham, MA) connected to the esophageal balloon and to a
needle inserted into the tracheal tube. Air flow was mea-
sured with a pneumotachograph head (Hewlett-Packard
21071B, Waltham, MA) and a differential flow transducer
(Hewlett-Packard 47304A, Waltham, MA). Tidal volume
was obtained by continuous electrical integration of the
flow signal. Pressure, flow, and volume signals were re-
corded with a thermal tip recorder (Hewlett-Packard
7754A, Waltham, MA) and simultaneously fed to a pul-
monary mechanics computer (Buxco 6, Buxco Electronics,
Inc., Sharon, CT). Calculated values of Ry, and Cy,, were
converted to digital signals via a DL-12 data logger (Buxco
Electronics, Inc., Sharon, CT) and then printed as Ry and

1 Rattenborg CC, Kain M: Cardiopulmonary Facts (English trans-
lation) 2:1-13, 1961,
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Cgyn 0N an input-output terminal (Texas Instruments 703,
Temple, TX). Running averages of the integrated values
were printed every 12s.

Histamine aerosols from freshly prepared solutions
were administered as a series of challenges, with increasing
drug dose (0.1, 0.3, and 1.0 mg - ml™"), for 5 breaths with
a 10-min interval between challenges. Breaths were stan-
dardized by occluding the expiratory port of an Ayre’s
T-piece until an inflation pressure of 15 cmH30 was at-
tained, for each of the 5 breaths. Reproducibility of the
airway response to histamine was confirmed in three dogs.

Histamine aerosols were administered to each dog un-
der four separate circumstances at least 1 week apart:
thiopental control (fig. 24), atropine thiopental (fig. 2B),
halothane (fig. 2C), and atropine halothane (fig. 2D). The
six animals received thiopental 12 mg-kg™' initially fol-
lowed by 3 mg - kg™" at 15-min intervals in control studies
(fig. 24) and in studies involving atropine aerosol pre-
treatment (fig. 2B) (10 mg - mI~" administered for 5 min).
In studies involving halothane, the six dogs received thio-
pental 12 mg - kg™! followed by halothane (fig. 2C). End-
tidal halothane concentration was continuously measured
with a mass spectrometer (Perkin Elmer 1100, Pomona,
CA) until a steady-state end-tidal halothane concentration
at the desired MAC (1 MAC or 1.5 MAC) was established
and baseline values of R;, and Cy,, recorded prior to his-
tamine challenge. MAC of halothane was taken to be
0.87%."® In four of the six dogs, the airway response to
histamine was also measured after atropine aerosol pre-
treatment during halothane 1.5 MAC anesthesia (fig. 2D).

Values of Ry, and Cyy, 1 min prior to histamine chal-
lenge and 1 min after each histamine challenge (peak ef-
fect) were used for statistical analysis. Ry, and Cqy, were
expressed as absolute values and as a ratio of the postchal-
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lenge to the prechallenge values. All data were reported
as mean = SEM and were analyzed by the Friedman non-
parametric multiple comparison test."* The level of sta-
tistical significance used was P < 0.05.

Results

Baseline Ry, and Cy,, were not significantly different
in control studies (thiopental anesthesia), during anes-
thesia with halothane 1.0 MAC and 1.5 MAC, and after
atropine pretreatment during thiopental anesthesia
(table 1).

In control studies histamine aerosols produced dose-
related increases in Ry, (fig. 3) and decreases in Cyy, (fig.
4). Histamine 1 mg-ml™! increased Ry, 4.0 + 0.43 (mean
+ SEM)-fold and decreased Cyyn to 54% £ 4% of the
prechallenge value. Halothane 1 MAC, halothane 1.5
MAC, and atropine pretreatment significantly attenuated
(P < 0.05) the increase in Ry, provoked by histamine 1
mg-ml™! (fig. 3). Ry, increased 3.2 + 0.39-fold in the
presence of halothane 1 MAC; 3.0 £ 0.29-fold in the
presence of halothane 1.5 MAC and 2.3 + 0.22-fold in
atropine-pretreated dogs during thiopental anesthesia.
There were no significant differences between the effects
of halothane 1 MAC and 1.5 MAC and atropine aerosol
pretreatment (fig. 3).

Halothane 1 MAC, halothane 1.5 MAC, or atropine,
aerosol pretreatment did not significantly attenuate his-
tamine-induced decreases in Cqyy, (fig. 4). Halothane (1.5
MAC) anesthesia in atropine-pretreated animals had no
additional protective effect on histamine-induced airway
constriction (tables 2 and 3).

Histamine-induced airway constriction is reproducible
in BG dogs over time. In three BG dogs anesthetized with

202 YoIeN 0z uo 3senb Aq ypd°20000-000809861-27S0000/1 L LZLE/0L L/2/S9/sPpd-ajonie/ABojoisauisaue/W0o IBYIIBA|IS ZESE//:dRY WOl papeojumoq



172 M. V. SHAH AND C. A. HIRSHMAN

A. Control (Thiopental)

M ™} I/
Z > > >
2 @ @ El o [E| 2.
P x < o < |3 9E
E o o E|l o ] a;
o E € - I -
z i g ol 2 |o ol
n o o n -
£
§ § g sl § |5 gls
£ £ £ o E [z 2le
L 1 L I, I= =z ]
B. Atropine Pretreatment
2 2 > 2 >
g o o | == [§ 3
F ¥ x EN &£ S <[e
g @ -3 slel @ I8 S5
£ £ 28 € gle
o [ ) " o [
b - - O o - o |
K] o © - ] -
[ -
§ g s | 8055 |5 &5
z 3 g =09 &g [of 2l
H ] ] < = E|T |
C. Halothane
«———————Halothane — —
> ]
o - -
H NI
€ g € &
o~ - L E
- ° c -
s o o ®
o = E E
a E £
g s |3 |
£ @ ] »
7 1 1 ] T T T )
D. Atropine Pretreatment During Halothane
<+————Halothane —
z
< - [ E "
% R T S -
E o |E E o
o~ E |~ ™ E
- o s S -
2 o @ @
€ ¢ s < ©
[ -
8 2 I8 g &
g s [z K @
L ] 1 1 <= T b J
0 10 20 30 40 50 60 70

Time (min)

FIG. 2. Study protocol for thiopental control (A), atropine thiopental
(B), halothane (C), and atropine halothane (D) studies. The bars rep-
resent times of aerosol administration.

thiopental, histamine aerosols induced similar increases
in Ry, and decreases in Cyy, (table 4) in repeated trials in
the same animals.

Discussion

This study demonstrates that BG dogs react to hista-
mine in a dose-related manner, that a significant com-
ponent of this response is vagally mediated, and that hal-
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TABLE 1. Baseline Values for Resistance (R.) and Compliance (Cyyn)

R Cyyn
cm HyO 17"+ 57! {ml-cm HyO™)
Control 2.0 £ 0.14 66 + 7
Halothane 1.0 MAC 1.9 +£0.18 74+ 8
Halothane 1.5 MAC 1.9 +0.10 77+ 11
Atropine 2.0+0.13 72 £ 10

All values represent the mean = SE of six dogs.

othane in clinically used concentrations mainly blocks the
reflex component of this response.

BG dogs, like asthmatic people,'® demonstrate airway
hyperreactivity to a variety of challenge aerosols, including
methacholine'® and histamine.!” This means that the air-
ways of these dogs and asthmatic persons react to con-
centrations of these agonists that are far lower than those
concentrations effective in other dogs and normal people.

Histamine has both direct and reflex effects on airway

e—@ Thiopental (control)
A--A Halothane 1 MAC
#-—:8 Halothane 1.5 MAC
O:---«0 Atropine pretreatment

0.1 0.3 1.0
Histamine (mg/ml)

F1G. 3. Change in pulmonary resistance after increasing concentra-
tions of histamine in the same six dogs during thiopental anesthesia,
halothane 1 MAC, halothane 1.5 MAC, and after atropine pretreatment
during thiopental anesthesia.
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|
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FiG. 4. Change in dynamic compliance after increasing concentra-
tions of histamine in the same six dogs during thiopental, halothane 1
MAC, and 1.5 MAC anesthesia and after atropine pretreatment during
thiopental anesthesia.

smooth muscle. However, the precise contribution of each
of these components to the bronchoconstriction evoked
by histamine has varied in numerous studies. Some studies
have shown that most of the bronchoconstriction that oc-
curs with histamine is reflexly mediated®® whereas other
studies have shown primarily a direct effect.®’

This study demonstrates that in BG dogs, a large com-
ponent of the response is reflexly mediated. Because the
airways of BG dogs are hyperreactive to histamine, ex-
tremely low concentrations are required to elicit a re-
sponse. This agrees with Shore et al.'® who demonstrated
a major reflex component in the airway constrictor re-
sponse to low but not to high concentrations of inhaled
histamine.

Halothane may exert its beneficial effects on airways
by: 1) blocking airway reflexes; 2) directly relaxing airway
smooth muscle; 3) inhibiting mediator release; and 4)
augmenting beta adrenergic tone.'® A number of studies
have clearly demonstrated that halothane, in clinically
used concentrations, blocks airway reflexes.®-5'® The rel-
ative importance of the other mechanisms is less clear.

HALOTHANE AND HISTAMINE-INDUCED AIRWAY CONSTRICTION

TABLE 2. Increase in R to Histamine Aerosols after Atropine
Alone and Atropine with Halothane 1.5 MAC

Histamine (mg+ mi™")
0.1 0.3 1.0
Atropine 1.1 £ 0.06 1.5 £0.18 2.3 £0.35
Halothane and
atropine 1.1 £0.04 1.3 £0.10 2.0 +0.30
Control 1.2 +0.07 2.2 +0.23 3.8 +0.68

All values represent mean + SEM of four dogs.
* R, values are Ry, postchallenge + Ry, prechallenge.

Using the BG dog model, Hermens et al.*® demonstrated
that halothane attenuated antigen-induced airway con-
striction, but plasma histamine concentrations were not
significantly different from the control group. The con-
tention that halothane augments beta-adrenergic tone?!
has never been substantiated. Controversy exists regard-
ing the direct effects of halothane on airway smooth mus-
cle. Fletcher et al.?? suggested that halothane has a direct
relaxant effect. Their study agrees with the elegant study
of Korenga ef al.'"® demonstrating that the direct effects
of halothane on airways occur in concentrations of hal-
othane far greater than can safely be used in humans.

Using BG dogs, we have demonstrated that 1.5 MAC
halothane slightly attenuated methacholine-induced air-
way constriction and concluded that halothane had some
direct effects on the airway.? This conclusion, however,
is based on the assumption that the only effect of metha-
choline was on airway smooth muscle. Because metha-
choline may also have effects on nerves, this assumption
may not be entirely correct. Furthermore, it should be
emphasized that the effect of halothane on methacholine-
induced airway constriction was exceedingly small. The
major conclusion that can be drawn from both that study
and the present study is that the major action of halothane
on airways is indirect and represents a block of airway
reflexes.

Although both halothane and atropine attenuated the
increase in Ry, provoked by histamine, Cgy, was not sig-
nificantly altered, which is consistent with our present
understanding of innervation of the airway.”> When si-

TABLE 3. Decrease in G}, after Atropine Alone and Atropine
with Halothane 1.5 MAC

Histamine (mg-ml™")
0.1 0.3 1.0
Atropine 0.90 £ 0.03 | 0.75£0.04 | 0.60 + 0.05
Halothane and
atropine 0.91 £ 0.02 0.80 £ 0.03 0.67 £ 0.06
Control 0.89 + 0.03 0.70 £ 0.03 0.48 = 0.02

All values represent mean + SEM of four dogs.
* Cyyn values are Cgyy postchallenge + Cqyy prechallenge.
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TABLE 4. Reproducibility of Airway Response to Histamine Aerosol in Three Dogs

Ry (cm HyO - 1710 57! Cayn (ml+cm Hy0™)
Histamine (mg-ml~') Histamine (mg+ml™")
Dog No. 0 0.1 0.3 1.0 0 01 0.3 1.0
1 1.7 2.3 4.1 5.4 37 30 23 20
1.8 2.3 4.3 9.2 49 42 36 26
1.9 2.1 3.2 7.2 70 60 45 32
2 1.6 2.0 4.1 6.3 98 82 64 46
1.6 2.2 4.4 6.5 85 72 56 45
3 1.8 2.2 5.0 7.2 63 55 40 32
1.8 2.5 4.9 7.8 60 47 38 34
multaneous measurements of Ry and Cdyn are made, 7. Hahn HL, Wilson AG, Graf PD, Fischer SP, Nadel JA: Interaction
changes in R primarily reflect changes in more central between s‘?rotonin and efferent vagus nerves in dog lungs. |
i 1 hanges in Cq,, reflect changes in the Appl Physiol 44:144-149, 1978 . .
arrways, “" 1€reas C_ ang dyn g L 8. Gold WM, Kessler GF, Yu DYG: Role of vagus nerves in experi-
more peripheral airways. Because parasympathetic in- mental asthma in allergic dogs. ] Appl Physiol 33:719-725,
nervation to the airways is mainly central,® the major 1972
neurally mediated effects of halothane and atropine 9. DeKock MA, Nadel JA, Zwi S, Colebatch HJH, Olsen CR: New
should be seen as changes in Ry, not Cdyn- method of perfusing bronchial arteries: Histamine broncho-
. hat histamine constriction and apnea. ] Appl Physiol 21:185-194, 1966
In summary, this Smdy (lemonsuil.te? t z.lt 1stam 10. Hirshman CA: Airway reactivity in humans: Anesthetic implica-
produces dose-related bronchoconstriction in BG dogs. tions, ANESTHESIOLOGY 58:170-177, 1983
Atropine pretreatment attenuates this effect, indicating 1. Holtzman MJ, McNamara MP, Sheppard D, Fabbri LM, Hahn
that a major component of this response 1s mediated by HL, Graf PD, Nadel JA: Intravenous versus inhaled atropine
vagal reflex pathways. Halothane also attenuated, but by for i.nhibiting bronchoconstrictor responses in dogs. ] Appl
. . . . . Physiol 54:134-139, 1983
no means abolished, histamine-induced airway constric- 19. Von Neergaard K. Wirs K: Di .

. . . ; . gaard K, Wirz K: Die messung der stromungswiderstande
tion, with maximal effects at ! MAC. The protection af- in den atemwegen des menschen, insbesondere bei asthma und
forded by halothane was not greater than that of atropine emphysem. Z Klin Med 105:51-82, 1927
pretreatment alone. The addition of halothane to atropine ~ 13. Quasha AL, Eger EI, Tinker JH: Determinations and applications
failed to increase the protection. We therefore conclude of MAC. ANESTHESIOLOGY 53:315-334, 1980

. : . . . 14. Mosteller F, Rourke RE: Sturdy Statistics. Reading, Addison Wes-
that the major action of halothane in attenuating hista- ley, 1973, pp 229230
mine-induced bronchoconstriction is p“marlly due to 15. Spector SL, Farr RS: A comparison of methacholine and histamine
block of vagal reflexes. inhalations in asthmatics. J Allergy Clin Immunol 56:308-316,
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