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Occupational Exposure to Halothane Results in

- Enzyme Induction in Anesthetists

Philippe Duvaldestin, M.D.,* Richard I. Mazze, M.D.,t Yves Nivoche, M.D.,t Jean-Marie Desmonts, M.D.§

To determine whether exposure to trace concentrations of
halothane resulted in enzyme induction, antipyrine pharmaco-
kinetics were measured in six anesthetists before and after ten
days of exposure to waste halothane. Antipyrine clearance in-
creased by 29 per cent, a clinically small but statistically sig-
nificant (P < 0.025) change, whereas the apparent volume of
antipyrine distribution remained unchanged, indicating that
halothane induces antipyrine metabolism. The implications of
this finding for anesthetists cannot be simply defined. Enzyme
induction may be beneficial or harmful, depending on the rela-
tive toxicities of the unbiotransformed parent compounds and
their metabolites. (Key words: Anesthetics, volatile: halothane;

trace concentrations. Biotransformation (drug): enzyme induction.

Metabolism: enzyme induction. Operating rooms: contamination.)

EXPOSURE OF RATS to approximately 0.5 MAC con-
centrations of the volatile anesthetic agents, chloro-
form, diethyl ether, enflurane, fluroxene, halothane,
isoflurane, and methoxyflurane, leads to a reduction
in hexobarbital sleep time, suggesting that administra-
tion of these drugs can cause enzyme induction.!
Additional evidence of enzyme induction after ex-
posure to volatile anesthetic agents is found in animal
studies that have demonstrated conversion of rough to

smooth hepatic endoplasmic reticulum? and increased

levels of cytochrome P-450 and other enzymes in-
volved in drug metabolism.!*~® From these animal
studies it has come to be accepted that chronic ex-
posure to.subanesthetic concentrations of the volatile
inhalational agents results in induction of hepatic
" drug-metabolizing enzymes.
Studies of the enzyme-inducing effects of anes-
thetic agents in anesthetized human subjects are rare.

* Associate Professor, Hopital Bichat.

+ Professor of Anesthesia, Stanford University School of
Medicine.

¥ Resident in Anesthesia, Hopital Bichat.

§ Professor and Head of Anesthesia, Hopital Bichat.

Received from the Departement d'Anesthesiologie, Hopital
Bichat, Paris, France, and the Departments of Anesthesia, Stanford
University School of Medicine, Stanford, California 94305, and
Veterans Administration Medical Center, Palo Alto, California
94304, Accepted for publication July 13, 1980. Supported in part
by Université Paris 7, Paris, France; VA Medical Center, Palo Alto,
California; and NIH grant 22746. Presented at the annual meeting
of the American Society of Anesthesiologists, St. Louis, Missouri,
October 1980.

Address reprint requests to Dr. Duvaldestin: Departement
d'Anesthesiologie, Hopital Bichat, 170 Bd. Ney, 75877 Paris Cedex
18, France, or to Dr. Mazze: Anesthesiology Service (112A),
Veterans Administration Medical Center, 3801 Miranda Avenue,
Palo Alto, California 94304,

Studies in anesthetists at occupational levels. of anes-
thetic exposure found in unscavenged operating
rooms also are infrequent. Reported results of such
studies are difficult to interpret because of inadequate
controls, exposures to more than one anesthetic agent,
and the lack of a specific noninvasive in vivo test for
enzyme induction.’"8 The latter problem is not unique
to studies of anesthetic drugs: however, an indirect
measurement of enzyme induction, the antipyrine
test, has been devised to examine rates of drug
metabolism.” The test involves comparison of anti-
pyrine pharmacokinetics in the same subjects: initially
in an environmentally stable, controlled state, then
after imposition of a single environmental change.
Under these circumstances increased antipyrine
metabolic clearance rate (Cl) is accepted as reflecting
an increase in hepatic mixed-function oxidase activity.
In the present study, enzyme induction in anes-
thetists was studied by measuring salivary antipyrine
pharmacokinetics before and after chronic inhalation
of measured, trace concentrations of halothane.

Materials and Methods

The subjects were six anesthetists who had not been
exposed to halothane for the preceding two months.
None of the anesthetists used drugs or was a heavy
user of alcohol. Three smoked ten or more cigarettes
a day; the others did not smoke. Exposure to waste
halothane occurred in a pediatric hospital where
anesthetists administered halothane—oxygen anes-
thesia for ear, nose and throat operations. Exposures
took place during two five-day periods, separated by
a two-day interval. Halothane concentrations of as
much as 4 per cent were administered for induction
of anesthesia with oxygen flows of 4-8 l/min; halo-
thane concentrations of 0.5-2.5 per cent were em-
ployed for maintenance. Nitrous oxide was not used.
A nonrebreathing system without waste-gas scaveng-
ing was employed.

To quantitate exposure to halothane, a daily time-
weighted average air sample was obtained from the
anesthetist’s breathing zone by use of a portable
sampling pump and collection bag. Detailed methods
and results of this part of the study have been re-
ported.'®

Antipyrine pharmacokinetics were measured two
days before and within 24 hours after termination of
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TasLe 1. Data for Individual Anesthetists*

Volume of Antipyrine Antipyrine Clearance
Autipyrine Half-life (1,,2) (hr) Distribution (Ukg) (ml-min~'kg~")
1 11 1 11 I 11 Smoke
Anesthetist | 13.40 10.00 0.67 0.67 0.68 0.83 -
Anesthetist 2 11.25 6.05 0.54 0.57 0.55 1.01 -
Anesthetist 3 8.50 6.55 0.57 0.55 0.72 0.77 -
Anesthetist 4 8.15 5.60 0.63 0.56 0.91 1.18 +
Anesthetist 5 14.75 10.50 0.71 0.70 0.52 0.79 +
Anesthetist 6 8.75 8.75 0.51 0.53 0.67 0.70 +
MEAN 10.80 7.91 0.61 0.60 0.68 0.88
+ SE + 114 + 0.86 + 0.03 + 0.03 + 0.06 * 0.07
t=3.86 t = 0.56 t=3.10
P <0.01 P >0.2 P <0.025

* 1 = studies prior to exposure to halothane; 11 = studies after exposure to halothane.

the last exposure to halothane. A 3-5-ml control
sample of saliva was obtained by voluntary expectora-
tion, following which subjects orally ingested a single
15-mg/kg dose of antipyrine. Five or six salivary
samples then were obtained at approximately two-
hour intervals for antipyrine analysis, in addition to at
least one other sample obtained 18-24 hours after
antipyrine ingestion. Salivary antipyrvine levels cor-
relate well with plasma levels,'"'* and the salivary
method of sampling is more acceptable to subjects
than is repeated venipuncture. Samples were centri-
fuged to remove particulate matter and the super-
natant was frozen for subsequent analysis by the
gas—liquid chromatographic method of Prescott et
al.™ as modified by Miguet et al.'* Antipyrine pharma-
cokinetics were calculated assuming a one-compart-
ment open model. Antipyrine half-life (t,) was cal-
culated by least-squares regression analysis of the
exponential decline of antipyrine concentration with
time. The apparent volume of antipyrine distribution
(V) was calculated as V4 = D/C,, where D is the dose
of antipyrine ingested and G, the salivary concentra-
tion extrapolated to time zero. Metabolic clearance of
antipyrine was calculated from the formula, CI
= (0.693 'Vd)/l”g.

The mean and the standard error of the mean (SE)
were calculated for antipyrine ty, Cl, and V. Paired t
tests were used for statistical comparisons; P < 0.05
was considered significant.

Results

Exposure to trace concentrations of halothane
resulted in a statistically significant (P < 0.025) but
clinically small 29 per cent increase in antipyrine Cl
and no change in Vy; this led to a 27 per cent decrease
(P <0.01) in ty; (table 1). Representative data from
one of the subjects are presented in figure 1. Results
were not significantly influenced by whether the anes-

thetists smoked cigarettes (however, the number of
individuals studied was small). Average daily halo-
thane concentration in the operating room was 19.2
*+ 3.2 ppm; average daily duration of exposure was
3.8 + 0.2 hours.'

Discussion

A number of compounds, including antipyrine,
aminopyrine, phenylbutazone, and diazepam, have
been used to measure the effect of a single en-
vironmental perturbation on the drug-metabolizing
capacity of the liver.”»!' Of the test compounds,
antipyrine is probably the best because it is: essentially
nontoxic; rapidly and completely absorbed from the
gastrointestinal tract and distributed in total body
water; minimally bound to plasma and tissue proteins;
metabolized almost exclusively by the hepatic mixed-
function oxidase system; not eliminated by the kid-
neys.'”!® Introduction of a gas-liquid chromato-
graphic method for measurement of antipyrine in
biologic fluids,'® development of an antipyrine radio-
immunoassay technique,' and, most recently, the use
of saliva as a noninvasive source of antipyrine-con-
taining body fluids,'""!* have broadened the applica-
tions of the antipyrine test. Individuals treated with
numerous drugs, exposed to various environmental
conditions and chemicals, and afflicted with many
diseases have been investigated by use of antipyrine
as an indicator of hepatic drug-metabolizing capacity.
A recent review by Vessel,? one of the originators of
the antipyrine test for drug disposition studies, lists
more than 50 publications describing such studies.

Several basic advances in knowledge of drug bio-
transformation have evolved from these studies. One
is that there may be large (two- to fourfold) inter-
individual differences in the capacity to metabolize a
given drug among normal subjects exposed to ap-
parently homogeneous environmental conditions.
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F1G. 1. Salivary antipyrine levels in a single subject
before and after exposure to trace concentrations of
halothane. Antipyrine clearance increased from 0.55
to 1.01 ml-min~'-kg~!, while the volume of distribu-
tion remained essentially unchanged, suggesting that
induction of antipyrine metabolism had occurred.

Salivary Antipyrine, pg/mi

This emphasizes a limitation of studies of antipyrine
pharmacokinetics, i.e., extrapolation of results from
one subject to another or from one drug to another
may not be justified. On the other hand, biotrans-
formation of a given drug by an individual is highly
reproducible when environmental conditions remain
stable, even when studies are carried out over a period
of several months. Thus, the effect of a single event,
whether a drug treatment, environmental alteration,
or disease, on an individual’s ability to metabolize a
test drug may be assessed by testing the subject before
and after the event has occurred. From these data, it
is then possible to make a statement about the indi-
vidual’s hepatic mixed-function oxidase activity, at
least so far as metabolism of the test drug is con-
cerned, and perhaps for drugs with similar struc-
tures, properties, and rate-limiting steps of metab-
olism.

This information should allow us to appreciate
some of the limitations of the present study and
those of other studies that have examined the effects
of occupational exposure to anesthetics on drug bio-
transformation. In the present study, antipyrine
pharmacokinetic measurements were made in all
anesthetists prior to and after exposure to halothane,
avoiding the problem of interindividual differences
in metabolism. Also, the only apparent change that
occurred in the anesthetists’ environment was ex-
posure to the single anesthetic agent, halothane,
and exposure to this drug was quantitated. There-
fore, a firm conclusion can be drawn from this in-

ENZYME INDUCTION IN ANESTHETISTS 59

=—=8 Pre-exposure ~
&— —a Post-exposure ~

T | L
2 4 6 8 10 12 14 16 18 20 22 24

Time, hours

vestigation: exposure to occupational concentrations
of halothane alters antipyrine disposition in a direc-
tion consistent with slight enzyme induction. Other
test compounds were not studied, so the effects of
exposure to halothane on their biotransformation are
a matter of conjecture.

The present study overcomes some of the methodo-
logic problems which occurred in previous investiga-
tions.®"® Cascorbi® administered !C-halothane to
anesthetists working in unscavenged operating rooms
and to pharmacists to determine whether occupational
exposure to trace concentrations of anesthetic agents
resulted in differences in halothane biotransforma-
tion. No difference was found. However, that study
did not control for interindividual variations in drug
biotransformation, nor were the type and amount of
exposure to waste anesthetic gases measured. Wood
et al.” examined antipyrine pharmacokinetics in a
group of 23 anesthetists and operating room tech-
nicians and compared results with data obtained from
a previously studied control group of 23 non-anes-
thetic-exposed subjects of unspecified occupation.
Antipyrine Cl in the former group was significantly
higher, but t;;, was not different. Again, in their study,
interindividual variation in antipyrine metabolism was
not controlled for, nor was exposure to waste gases
measured. In another study, Harman et al.® could
not demonstrate significant differences in antipyrine
Cl and ty;; between a group of 21 anesthetists and a
control group of 14 non-exposed subjects. Finally, in
a preliminary phase of the present study, we found a
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significant difference between values for antipyrine
Cl obtained from 15 anesthetists who regularly ad-
ministered halothane and 16 anesthetists who did not
use this agent; the difference in t;;;was not significant.
The discrepancies among and within these studies
probably reflect the large differences in interin-
dividual rates of antipyrine metabolism and differ-
ences in exposures to halothane and to other anes-
thetic agents. Also, there may have been unapparent
changes in the subjects’ milieus that could have altered

V4, accounting for the discrepancies between Cl and typ. -

In the only other study in which antipyrine pharma-
cokinetics were measured in the same individuals
before and after exposure to anesthetic agents, Har-
man et al.® found a 17 per cent increase in the rate of
antipyrine Cl and a 22 per cent decrease in ty,. How-
ever, in that study, individual exposures to halothane
were not measured, and nitrous oxide was also present
as a contaminant of operating room air. Although
these results are similar to ours, they cannot be
attributed with certainty to exposure to trace concen-
trations of halothane.

The implications of our study for anesthetists
working in unscavenged operating rooms cannot be
simply defined. Changes in the rate of antipyrine
metabolism, 29 per cent, were small compared with
the changes of more than 50 per cent that have been
found after treatment with enzyme-inducing agents
such as phenobarbital.*® The biotransformation of
other compounds was, no doubt, also affected, al-
though this was not measured. However, even if the
changes were of greater magnitude, it cannot be said
whether they would be associated with adverse or
beneficial effects. That would depend on whether the
products of biotransformation were more or less
harmful than was the unbiotransformed parent com-
pound. Both situations may pertain. For example,
if a subject were to receive prolonged methoxyflurane
anesthesia, increased biotransformation of this agent
to inorganic fluoride would be harmful. On the other
hand, if an overdose of a barbiturate were adminis-
tered, increased biotransformation would shorten the
duration of barbiturate effect. At the moment, all
that can be said with certainty is that exposure to
trace concentrations of halothane induces biotrans-
formation of antipyrine, and possibly of other drugs
also.

References

1. Linde HW, Berman ML: Nonspecific stimulation of drug-
metabolizing enzymes by inhalation anesthetic agents.
Anesth Analg (Cleve) 50:656-665, 1971

Anesthesiology
V 54, No 1, Jan 1981

2. Ernster L, Orrenius S: Substrate-induced synthesis of the
hydroxylating enzyme system of liver microsomes. Fed Proc
24:1190-1199, 1965

3. Hiu BA, Mazze RI, Stevens WG, et al: Species, strain, sex and
individual differences in enflurane metabolism. Br ] Anacsth
47:1157-1161, 1975

4. Van Dyke RA: Metabolism of volatile anesthetics. I11. Induction
of microsomal dechlorinating and ether-cleaving enzymes.
J Pharmacol Exp Ther 154:364-369, 1966

5. Brown BR Jr, Sagalyn AM: Hepatic microsomal enzyme in-
duction by inhalation anesthetics. ANEsTHESIOLOGY 40:
152-161, 1974

6. Cascorbi HF: Factors causing differences in halothane bio-
transformation. Int Anesthesiol Clin 12:63-71, 1974

7. Wood M, O'Malley K, Stevenson IH: Drug metabolizing
ability in operating theatre personnel. Br J Anaesth 46:
726728, 1974

8. Harman AW, Russell W], Frewin DB, et al: Altered drug
metabolism in anaesthetists exposed to volatile anaesthetic
agents. Anaesth Intensive Care 6:210-214, 1978

9. Vesell ES: The antipyrine test in clinical pharmacology:
conceptions and misconceptions. Clin Pharmacol Ther
26:275-286, 1979

10. Duvaldestin P, Mazze RI, Hazcbrouck ], et al: Halothane
biotransformation in anesthetists. ANESTHEsioLOGY 5l:
41-46, 1979

11. Welch RM, DeAngelis RL, Wingfield M, et al: Elimination of
antipyrine from saliva as a measure of metabolism in man,
Clin Pharmacol Ther 18:249-258, 1975

12, Vessell ES, Passananti GT, Glenwright PA, et al: Studies on
the disposition of antipyrine, aminopyrine, and phenacetin
using plasma, saliva, and urine. Clin Pharmacol Ther 18:
259-272, 1975

13. Prescott LF, Adjepon-Yamoah KK, Roberts E: Rapid gas—
liquid chromatographic estimation of antipyrine in plasma.
J Pharm Pharmacol 25:205-207, 1973

14, Miguet JP, Mavier P, Soussy CJ, et al: Induction of hepatic
microsomal enzymes after brief administration of rifampicin
in man. Gastroenterology 72:924-926, 1977

15. Hepner GW, Vesell ES, Lipton A, ct al: Disposition of
aminopyrine, diazepam, and indocyanine green in patients
with liver disease or on anticonvulsant drug therapy:
diazepam breath test and correlations in drug elimination.
J Lab Clin Med 90:440-456, 1977

16. Burns JJ, Conney AH, Dayton PG, et al: Observations on the
drug-induced synthesis of p-glucuronic, L-gulonic, and
L-ascorbic acids in rats. J Pharmacol Exp Ther 129:
132-138, 1960

17. Brodie BB, Axelrod ]J: The fate of antipyrine in man. ]
Pharmacol Exp Ther 98:97-104, 1950

18. Soberman R, Brodie BB, Levy BB, et al: The use of antipyrine
in the measurement of total body water in man. ] Biol
Chem 179:31-42, 1949 .

19. Chang RL, Wood AW, Dixon WR, et al: Antipyrine: radio-
immunoassay in plasma and saliva following administration
of a high dose and a low dose. Clin Pharmacol Ther 20:
219-226, 1976

20. Vesell ES, Page JG: Genetic control of the phenobarbital-
induced shortening of plasma antipyrine half-life in man.
J Clin Invest 48:2202-2209, 1969

20z ludy Q1 uo 3senb Aq ypd‘|1L000-000101861-2¥S0000/¥91LG29/LS/LIvS/Pd-alonie/ABojoISaUYISBUE/LIOD JIBYDIBA|IS ZESE//:d)Y WOl papeojumoq



