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Halothane Anesthetic Requirements Are Not Affected
by Aminophylline Treatment in Rats and Dogs

Ethan A. Nicholls, B.A.,” Gina L. Louie, B.S.,* Philippe G. Prokocimer, M.D.,1+ Mervyn Maze, M.B., Ch.B.1

The authors determined the effects of aminophylline on the an-
esthetic requirements for halothane in rats and dogs. MAC for hal-
othane was determined in rats (n = 24) before and after aminoph-
ylline, 100 mg - kg™ ip, or an equal volume of saline. Because changes
in central noradrenergic neurotransmission have been linked to
drug-induced changes in the depth of the anesthetic state, we inves-
tigated the effect of aminophylline on the turnover of norepinephrine
in discrete brain regions of halothane-anesthetized rats. To facilitate
testing at steady-state aminophylline conditions and to permit fre-
quent blood sampling, halothane MAC was determined in dogs (n
= 7) before and after a therapeutic level of aminophylline (15 + 2
pg-ml™") was obtained. Neither in the rats (1.0 vs. 1.0%) nor in the
dogs (1.04 + 0.14 vs. 1.01 * 0.14%) was halothane MAC affected by
aminophylline treatment. Commensurate with the lack of change of
anesthetic depth, aminophylline treatment did not affect noradren-
ergic neurotransmission in the brain of halothane-anesthetized rats.
Furthermore, the anticipated increase in circulating catecholamines
following aminophylline treatment in dogs did not materialize. The
authors conclude that halothane anesthetic requirements are not
altered by aminophylline treatment, possibly because of the atten-
uation of the putative sympathomimetic effects of aminophylline by
halothane. (Key words: Anesthetics, volatile: halothane. Pharma-
cology: aminophylline. Potency, anesthetic: MAC. Sympathetic ner-
vous system: central noradrenergic transmission.)

ASTHMATIC PATIENTS have an increased risk of peri-
operative morbidity and mortality.! One reason for the
adverse outcome in these patients is increased airway re-
sponsiveness to chemical, pharmacologic, and physical
stimuli, including airway instrumentation. It is important,
therefore, that these patients be adequately anesthetized,
especially during the period of tracheal intubation, to
prevent bronchospasm.?

Aminophylline, a methylxanthine derivative, is fre-
quently employed in the perioperative management of
asthmatic patients to promote bronchodilation.> While

* Research Assistant in Anesthesia.

T Postdoctoral Research Fellow in Anesthesia.

T Assistant Professor of Anesthesiology.

Received from the Anesthesiology Service (112A), Veterans Ad-
ministration Hospital, Palo Alto, California, and the Department of
Anesthesia, Stanford University School of Medicine, Stanford, Cali-
fornia. Accepted for publication July 31, 1986. Supported by the Vet-
erans Administration, National Institutes of Health #R23-GM 3032,
American Heart Association, and the Department of Anesthesia, Stan-
ford University. Presented in part at the American Society of Anes-
thesiologists Meeting, San Francisco, October 1985.

Address reprint requests to Dr. Maze: Anesthesiology Service (1124),
Veterans Administration Hospital, 3801 Miranda Avenue, Palo Alto,
California 94304.

637

the precise pharmacologic mechanism for its bronchodi-
latory properties remains uncertain, it appears that in-
hibition of phosphodiesterase activity is not significant at
clinically relevant concentrations.* The adenosine recep-
tor antagonist action of theophylline-containing com-
pounds has been advanced as the likely mechanism for
many of this drug’s pharmacologic properties.® The neu-
rophysiologic actions of adenosine are largely inhibitory
and primarily involve inhibition of excitatory transmitter
release.® Conversely, aminophylline’s antiadenosine effect
facilitates endogenous catecholamine release and increases
biogenic amine turnover in the brain.”® A clinical mani-
festation of this central excitatory property is the appear-
ance of seizures when toxic theophylline levels are
achieved.? Furthermore, aminophylline has been used
both therapeutically'®'? and experimentally'? for reversal
of anesthetic-induced hypnotic states.

Because of the well-defined relationship between en-
hanced central noradrenergic activity and increased
MAC,'* we have examined aminophylline’s effect on the
MAC for halothane in rats and dogs. Halothane was se-
lected as the test agent because it is frequently used in
the anesthetic management of asthmatic patients for its
bronchodilatory action.'®

Methods

This study was approved by the institution’s Animal
Use Subcommittee.

RATS

Twenty-four male Sprague-Dawley rats, weighing 250-
300 g, were placed in a 1,000 1 plexiglass chamber for
determination of MAC. All animals had access to food
and water up to the time of study. Halothane was vapor-
ized with compressed air as the carrier gas and oxygen
were added to maintain the chamber oxygen content be-
tween 21-25%. For approximately 5 min the exposure
chamber was ‘“‘charged” with a high halothane concen-
tration by introducing 3-5 ml boluses of liquid halothane
into the chamber via a sealed injection port.'® The gas
flow through the vaporizer was then adjusted and the
anesthetic concentration maintained at a level estimated
to be 70-80% of MAC. Halothane concentrations in the
chamber were determined at 15-min intervals by gas
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TABLE 1. Effects of Aminophylline on Halothane MAC and
Plasma Catecholamines (mean + SD)

Control Aminophylline
Rat MAC (%) 1.0 1.0
Dog MAC (%) 1.04 £ 0.14 1.01 £0.14
Epinephrine (pg - ml™) 331 £ 104 300 £ 103
Norepinephrine (pg-ml™) 218 + 42 182 + 34

chromatography while trends were followed with an in-
frared analyzer. Body temperature in selected animals was
monitored with a Yellow Springs Tele-Thermometer®
and maintained at 38° C with a warming mattress. After
a 2-h equilibration period, MAC was determined by ap-
plying a clamp to the rat’s tail, which had been positioned
outside of the exposure chamber. Because the first tail
clamping was performed at a chamber concentration of
halothane that was below the presumed MAC value for
this strain and age of rat,'® most of the animals moved
and the chamber halothane concentration was adjusted
upward by +5% in the following manner. The inflow hal-
othane concentration was increased by approximately
40% and after 10 to 15 min, when the chamber halothane
concentration had approached the desired level, the in-
flow concentration was decreased to approximate the new
chamber concentration. The concentration in the cham-
ber was now held constant by fine adjustments of the in-
flow halothane concentration for at least 20 min. This
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FIG. 1. Comparative effect of aminophylline, 100 mg-kg™', (n = 9)
or saline (n = 9) ip on steady-state turnover of norepinephrine in dis-
crete regions of rat brain in halothane-anesthetized rats. The ratios of
the concentration of dihydroxyphenylethyleneglycol (DHPG) to the
concentration of norepinephrine (NE) for each brain region are rep-
resented as means + SEM. No significant differences were noted by
unpaired ¢ test.
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“plateau” in halothane concentration, as reflected by
continuous infrared analysis, was confirmed by gas chro-
matography on two samples taken 15 min apart. A period
of not less than 35 min elapsed between successive tail
clampings. MAC represented the inspired anesthetic con-
centration at which 50% of the animals failed to move in
response to tail clamping.'® One-half of each of the re-
sponding and nonresponding cohorts received amino-
phylline 100 mg - kg~ ip while the other half received an
equal volume of saline (ip). The MAC determination was
repeated at 30-min intervals for two further determina-
tions, and blood was sampled for theophylline by the flu-
orescence polarization immunoassay technique (Abbott
Laboratories Diagnostic Division, North Chicago, IL) 60
min after administration.

To determine the effect of aminophylline on central
noradrenergic neurotransmission, a separate cohort of
rats was anesthetized with 1.2% halothane. After 1 h,
aminophylline (n = 9), 100 mg + kg'l, or an equal volume
of saline (n = 9) was administered ip and the rats were
killed by decapitation after a further 60 min. The brain
was rapidly removed from the calvarium and dissected
on ice into seven neuroanatomically and neurochemically
specific brain regions, according to Holman et al.,'” and
after weighing, the samples were stored at —70° C until
analysis. The brain regions were frontal cortex (FC), hip-
pocampus (HI), hypothalamus (HY), midbrain (MI), me-
dulla-pons (MP), cerebellum (CE), and spinal cord (SC).
The frozen brain tissue was homogenized in 0.2 M per-
chloric acid together with 2 X 107° M of 3,4-dihydroxy-
benzylamine, which served as an internal standard for the
catecholamines.'® The extraction and subsequent analysis
of the catecholamine neurotransmitter, norepinephrine
(NE), and its principal deaminated metabolite, dihy-
droxyphenylethyleneglycol (DHPG), were performed by
high-performance liquid chromatography with electro-
chemical (LC-EC) detection method'® modified to mea-
sure the hydrolyzed product of conjugated DHPG.'?

Docs

These experiments were extended to dogs to facilitate:
1) frequent blood sampling; 2) testing at steady-state the-
ophylline levels; and 3) determination of end-tidal (alveo-
lar) rather than inspired concentration. This last reason
is particularly pertinent because aminophylline can alter
ventilatory parameters, thereby changing the relationship
between inspired and alveolar halothane concentrations.
Anesthesia was induced with halothane in oxygen via mask
in seven female dogs (14-30 kg). After induction, the
trachea was intubated without the use of muscle relaxants.
Nasal temperature, monitored continuously, was main-
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tained at 37 & 1° C with a heating pad. Ventilation was
controlled to avoid respiratory acidosis and to achieve
normocarbia. Catheters were placed percutaneously in
the femoral artery and foreleg vein for continuous arterial
blood pressure (BP) monitoring, blood sampling, and in-
travenous maintenance fluid and drug administration, re-
spectively. Halothane concentration was determined by
aninfrared analyzer and continuously recorded along with
arterial BP and end-tidal COy. MAC for halothane was
determined as described earlier.?® After MAC was deter-
mined, aminophylline, 15 mg - kg‘l, was administered in-
travenously over 20 min to achieve a plasma theophylline
concentration of 15 ug-ml™!, which was sustained by a
continuous infusion at a rate of 25 ug-kg™'+min™1.%
These levels were confirmed by drug assay (see earlier
discussion). After a 15-min equilibration phase, MAC was
reassessed. Before and after aminophylline infusion,
blood was sampled for catecholamine determination
by LC-EC."8

For the rat experiment, MAC values were compared
for statistical significance by analysis of variance (ANOV A)
for repeated measures. The ratio of the concentration of
the major metabolite to the parent monoamine concen-
tration has been validated as a measure of steady-state
neurotransmitter turnover and hence neurotransmission
in monoaminergic pathways®? because:

(DHPG)/(NE)=kq /k;

where k; is the rate constant for the elimination of DHPG,
ko is the rate constant for the conversion of NE to DHPG,
(NE) and (DHPG) are the concentrations of the parent
neurotransmitter and its principal metabolite, respec-
tively. Statistical differences in this ratio between the am-
inophylline-treated and saline-control animals was com-
pared by the unpaired ¢ test for each brain region. In the
dog experiments, MAC and plasma catecholamine values
before and after aminophylline treatment were analyzed
by paired ¢ test with Bonferroni correction for multiple
comparisons. A P value of <0.05 was considered signifi-
cant.

Results

In the rat experiment, MAC for halothane did not
change after administration of aminophylline (table 1).
The plasma theophylline concentration at the conclusion
of testing was 112 = 7 ug-ml™'. No change in the ratio
of (DHPG)/(NE) was present in any brain region of the
aminophylline-treated rats when compared with the saline
controls (fig. 1). In the dog experiments, the MAC for
halothane before and after a steady-state theophylline
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TABLE 2. Effects of Aminophylline on MAP and
Acid-Base Balance (mean * SD)
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Before After

MAP 102.4+11.6 100.6 + 13.2
pH 7.40 + .04 7.40 = .03*
Pag, 558 + 18.6 551 + 14.9%
Paco, 35.4 + 2.99 36.9 + 2.41*

* Arterial blood gases at postaminophylline MAC.

level (15 + 2 ug - ml™") was achieved, were similar (table
1). The plasma catecholamine values were not significantly
different after theophylline administration (table 1). Sim-
ilarly, cardiorespiratory parameters, including mean ar-
terial pressure, pH, Pag,, and Paco,, which may inde-
pendently affect the MAC for halothane, were unchanged
(table 2).

Discussion

Acute aminophylline treatment did not change the
MAC for halothane in rats or dogs (table 1). While car-
diopulmonary performance parameters such as BP,
Pag,, and Pacq,, which are known to affect MAC, were
not assessed in the rat experiments, these were controlled
for in the dog experiments (table 2). However, it is still
possible in the rat experiment that any aminophylline-
induced stimulatory effect could have been offset by con-
comittant hypotension, hypoxia, and hypercarbia.

Despite the fact that theophylline levels were high
enough in the aminophylline-treated rats to expect an
increase in noradrenergic neurotransmission,” central
norepinephrine turnover was unaltered by aminophylline
during halothane anesthesia (fig. 1). We were also unable
to corroborate any increase in circulating catecholamine
concentration?®?* following aminophylline treatment in
the halothane-anesthetized dogs (table 1). Because a strong
correlation exists between norepinephrine levels in the
blood and the cerebrospinal fluid (CSF),?® we theorize
that this lack of peripheral catecholamine release in the
dog is, too, a reflection of an absence of change in central
noradrenergic neurotransmission.

Miller et al.?® have proposed that drug treatments or
stimuli that increase norepinephrine at neuroeffector
junctions in central noradrenergic pathways will decrease
the sensitivity of the brain to anesthetic compounds re-
flected as increased MAC values. Thus, acute cocaine®’
or amphetamine'* administration increases MAC for hal-
othane; conversely, reserpine,'*?® which decreases the
neurotransmitter concentration, decreased the MAC,'%-14
Activation of prejunctional adenosine receptors in central
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noradrenergic pathways decreases norepinephrine re-
lease®® and will enhance a barbiturate-induced hypnotic
state.?® Competitive antagonism of the adenosine recep-
tors occurs at clinically relevant theophylline concentra-
tions and will facilitate norepinephrine release and con-
sequently will reverse barbiturate anesthesia.'® These
changes, however, may not be reflected in all drug-in-
duced anesthetic states, possibly because of underlying
sympatholytic features of drugs such as halothane.*® It is
possible that the resistance of halothane anesthesia to re-
versal by the antiadenosine compound may be due to an
adenosine-enhancing effect of halothane®' that overcomes
the competitive antagonism. Alternatively, during halo-
thane anesthesia all presynaptic mechanisms that facilitate
norepinephrine release may be inhibited. Evidence in fa-
vor of this more global effect of halothane is the inability
of a centrally active alphas-adrenergic antagonist to affect
MAC for halothane in dogs.*?

If we are to extrapolate these observations into the
clinical setting, then reversal of the anesthetic state by
aminophylline may not obtain to the same extent in the
setting of anesthesia with the sympatholytic potent volatile
agents. A change in the depth of the anesthetic state may
be especially important in asthmatic patients because of
the risk of provoking bronchospasm in a light anesthetic
plane. Thus, the concurrent use of aminophylline with
thiopental as an induction agent in an asthmatic patient
may be problematic. However, the potential arrhyth-
mogenic interaction of halothane and acutely adminis-
tered aminophylline should also be considered when se-
lecting the appropriate anesthetic agent for the asthmatic
patient.?

This study was designed to examine exclusively the ef-
fects of acutely administered aminophylline on the depth
of the anesthetic state produced by halothane, while in
the clinical setting aminophylline is more likely to be ad-
ministered chronicaily. In a previously reported study that
addressed the arrhythmogenic potential of acute versus
chronic aminophylline administration in a canine halo-
thane—epinephrine arrhythmia model, we observed a
sensitization by acute but not by chronic treatment.**
Whether a similar dependency on duration of amino-
phylline treatment exists for effects on anesthetic depth
remains to be established.
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