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Mutagenicity of Halogenated Ether Anesthetics

Jeffrey M. Baden, M.D.,* Merijean Kelley, Ph.D.,T Robert S. Wharton, M.D.,T Ben A. Hitt, Ph.D.,§
Vincent F. Simmon, Ph.D.,Y Richard |. Mazze, M.D.**

An in vitro microbial assay system employing two histidine-
dependent strains of Salmonella typhimurium, TAL535 and
TAL100, was used to test the mutagenicities of enflurane,
methoxyflurane, isoflurane and fluroxene. Enflurane, iso-
Hurane and fluroxene in concentrations ranging from 0.01 to
30 per cent and methoxyflurane in concentrations ranging from
0.01 to 7 per cent were incubated with bacteria in the presence
or absence of homogenates of liver prepared from rats pre-
treated with the enzyme inducer, Aroclor 1254. Enflurane, meth-
oxyflurane, isoflurane, and urines from patients anesthetized with
these agents were not mutagenic. Fluroxene, however, was
highly mutagenic, and therefore poses a possible hazard for
operating room personnel and patients. (Key words: Anesthetics,
volatile, enflurane; Anesthetics, volatile, methoxyflurane; Anes-
thetics, volatile, isoflurane; Anesthetics, volatile, fluroxene; Bio-
transtormation (drug), liver homogenate; Bacteria, mutagenicity;
Toxicity, mutagenicity.)

WE HAVE REPORTED that halothane was not muta-
genic in the Salmonella assay system developed by
Ames.t2 That study was prompted by epidemio-
logic surveys that suggested an increased incidence
of malignancies in operating room personnel and by
the known correlation between the mutagenicity
and carcinogenicity of chemicals.37% In the present
study, we examined the mutagenic properties of
four halogenated ether anesthetic agents using a
system similar to that previously described.* The
anesthetic agents tested were enflurane (2-chloro-
1,1,2-trifluoroethyl difluoromethyl ether), methoxy-
flurane (2,2-dichloro-1,1-difluoroethyl methyl
ether), isoflurane (l-chloro-2,2,2-trifluoroethyl di-
fluoromethyl ether), and fluroxene (2,2,2-trifluoro-
ethyl vinyl ether).
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Methods and Materials

The methods and materials used for testing anes-
thetic agents in the Salmonella assay system have
recently been described. They are summarized
below. All anesthetics tested were commercially
available preparations.

BACTERIAL PREPARATION

Two histidine-dependent strains of Salmonella
typhimurium, TA1535 and TA100, were employed.?
For each experiment, inocula from stock cultures
were grown overnight at 37 C in a nutrient broth
and used the next morning.

METABOLIC SYSTEM

A mammalian metabolic system was prepared
from a homogenate of livers from male Sprague-
Dawley rats treated with polychlorinated biphenyl,
1,500 mg/kg (PCB; Aroclor 1254)! five days prior
to sacrifice. Aroclor is a potent inducer of the mixed-
function oxidase system. Each drug was tested with
and without the metabolic system.

DESICCATOR INCUBATION EXPERIMENTS

Plates containing freshly grown bacteria, agar, and
metabolic system (when required) were placed in
O-liter, airtight desiccator jars. The volumes of
liquid anesthetic necessary to give the desired vapor
concentrations were added to the desiccators. In
other experiments performed under identical condi-
tions, anesthetic concentrations were verified by
gas chromatographic analysis of desiccator at-
mosphere and were found not to vary from predicted
values by more than 10 per cent, nor to vary sig-
nificantly with time. The vapor concentrations of
anesthetic gases ranged from 0.01 to 30 per cent
for enflurane, isoflurane and fluroxene, and from 0.01
to 7 per cent for methoxyflurane. Vinylidene
chloride, 3 per cent, was used as the positive con-
trol tor both bacterial strains. After adding the test
compound, the sealed desiccator jars were incu-
bated at 37 C for eight hours. The plates were re-
moved from the desiccators and allowed to incubate
at 37 C for a further 40 hours. Colonies on each
plate were then counted. Triplicate plates were pre-
pared at each drug concentration, and each experi-
ment was performed at least twice.
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LIQUID INCUBATION EXPERIMENTS

Enflurane, methoxyflurane, isoflurane, and
fluroxene were tested at the same concentrations
used in the desiccator incubation experiments.
Freshly grown bacteria, rat liver hoinogenate, and
various amounts of liquid anesthetic or vinylidene
chloride were added to sterile, air-tight screw-top
test tubes. The tubes were incubated at 37 C on a
rotator for two hours, after which molten top agar
was added and the conteats poured onto glucose
minimal medium plates. The plates were incubated
at 37 C in air for two days and revertant colonies
counted. Triplicate plates were prepared at each

ANESTHETIC MUTAGENICITY
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anesthetic concentration, and each experiment was
pertormed at least twice.

URINARY METABOLITES

Twenty-four-hour urine collections were obtained
both before and immediately after operation from
patients anesthetized with enflurane, methoxy-
flurane, or isoflurane. Urine was added to test tubes
containing freshly grown bacteria, metabolic system
and beta-glucuronidase, the latter to hydrolyze
glucuronides, thereby freeing possibly mutagenic,
conjugated metabolites. Molten top agar was added
to each tube and the entire contents poured onto
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F1G. 3. Number of revertant colonies of Salmonella typhimurium, TA1535, after liquid incubation with fluroxene. There was a
dose-related increase in the number of revertant colonies at vapor concentrations above 1 per cent only when the metabolic
activation system was present. Similarly, the greatest increase in the number of revertant colonies with vinylidene chloride

occurred in the presence of the metabolic activation system.

glucose minimal medium plates. Plates were incu-
bated at 37 C for two days and revertant colonies
counted.

ANALYSIS OF DATA

The numbers of revertant colonies in treated
plates were compared with the numbers of spon-
taneous revertant colonies in plates exposed to room
air. t tests were used for statistical analysis; P
< 0.05 was considered significant.

Results

None of the anesthetic agents was mutagenic
when assayed by desiccator incubation employing
strain TA100 and the liver homogenate metabolic-
activation system (fig. 1). By contrast, the positive
control, vinylidene chloride, was mutagenic when
activated by the liver homogenate. When the liver
homogenate was omitted, neither vinylidene
chloride nor the anesthetic agents were mutagenic.
Similar results were obtained with strain TA1535.

Enflurane, methoxyflurane, and isoflurane were
not mutagenic with liquid incubation of the anes-
thetic agents with strain TA1535 and the liver ho-
mogenate (fig. 2). Fluroxene, however, was muta-
genic, in a dose-related fashion, at concentrations
above 1 per cent when the liver homogenate was
present. None of the anesthetic agents, including
fluroxene, was mutagenic in the absence of the liver
homogenate. Fluroxene, in the presence of the liver
homogenate, was the only anesthetic agent that

induced mutagenesis of strain TA100 in the liquid
incubation system.

Figure 3 details the results of the fluroxene liquid
incubation experiments using bacterial strain
TA1535, with and without the liver homogenate
metabolic-activation system. In the presence of the
liver homogenate, the number of revertant colonies
increased from 17 to a maximum of 97 at 20 per cent
fluroxene vapor concentration. The maximum in-
crease was not significantly different from that seen
with the positive control, vinylidene chioride. There
was no increase in the number of revertant colonies
in the absence of the metabolic activation system.

The results of studies performed on the urines of
patients anesthetized with enflurane, methoxy-
flurane, or isoflurane showed no increase in the num-
bers of revertant colonies for these agents with
either strain TA1535 or strain TA100 (table 1).

Discussion

Recent epidemiologic and laboratory data sug-
gested that inhalation anesthetics may have carcino-
genic potential.>~® The Salmonella assay provides a
simple test system for the detection of chemical
carcinogens as mutagens. Approximately 85 per
cent of known animal and human carcinogens
examined in this system are mutagenic, and nearly
all of the mutagens are carcinogenic. We previously
used this assay to demonstrate that halothane, tri-
Huoroacetic acid, a major halothane metabolite, and
urine of patients anesthetized with halothane were

. not mutagenic.!
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TABLE 1. Urinary Mutagenesis
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Metabolic Preanesthetic * Postunesthetic
Strain Activation B-Glucuronidase Mcan = SE Mean = SE*
Enflurane ~ TA1535 - - 284 = 2.1 306 = 5.8
- + 71.8 £ 104 25.6 = 3.9
+ - 306« 79 278+ 5.6
+ + 64.4 = 15.7 47.0 = 12.3
TALOO - - 221.0 = 19.7 207.0 = 38.2
- + 257.0 = 174 258.0 = 20.8
+ - 206.8 = 17.9 208.2 = 34.9
+ + 232.8 = 20.0 265.1 =21.2
Methoxyflurane TA1535 - - 108.3 = 12.3 109.3 = 20.5
- + 128.3 = 18.2 117.0+11.3
+ - 104.3 = 14.9 102.0 = 13.9
+ + 112.0 = 14.0 105.7 = 14.0
TAL100 - - 219.6 = 14.9 2246 + 14.9
- + ©192.6 = 12.5 212.1 = 13.8
+ - 212.6 = 124 226.1 = 15.7
+ + 1793+ 7.0 193.3 = 9.6
Isoflurane TA1535 ) - - 345+ 2.3 442 + 3.9
- + 31.7+ 3.0 31.0 £ 39
+ - 345+ 2.8 430+ 52
+ + 320 1.9 298+ 3.5
TAL00 - - 223.0 = 22.1 200.0 = 124
- + 229.0 = 17.9 185.0 = 12.6
+ - 235.5 = 18.9 193.3 = 15.0
+ + 202.3 = 12.8 204.8 = 11.7

* No significant increase, preanesthetic vs. postanesthetic, all groups.

In the present study, four halogenated ethers,
enflurane, methoxyflurane, isoflurane, and flurox-
ene, were tested for mutagenic activity; only

fluroxene was positive. It was mutagenic only in the

liquid incubation experiments with strains TA1535
and TA100 and only in the presence.of the liver
homogenate. These strains are sensitive to reversion
by base-pair mutagens. Base-pair mutation occurs
when one DNA base is substituted for another. A
second type of mutation, frame-shift mutation,
occurs with an insertion or deletion in the DNA
molecule that shifts the normal reading frame for
translation.® In general, it was not considered neces-
sary to test the inhalation anesthetics for frame-
shift mutation, since their simple molecular struc-
ture makes this type of mutation improbable. How-
ever, commercially available fluroxene contains
0.01 per cent (w/w) of the nonvolatile stabilizer,
N-phenyl-1-naphthylamine, a cyclic aromatic amine,
and therefore, a possible frame-shift mutagen. Gas
chromatography confirmed the presence of this
compound and the absence of other contaminants
in commercial fluroxene. Thus, further liquid incu-
bation studies were performed with Salmonella
strains TA1537 and TA98, which are sensitive to

frame-shift mutation?; fluroxene did not cause muta-
tion in these strains.tt .

Fluroxene was mutagenic only in the presence of
the liver homogenate metabolic-activation system.
This suggests that a metabolite of fluroxene or N-
phenyl-lI-naphthylamine and not molecular flurox-
ene is the mutagenic compound. Further, fluroxene
was mutagenic when tested in the liquid incuba-
tion system but not in desiccators. Some carcino-
gens (e.g., dimethylnitrosamine) are not mutagenic
unless the assay is conducted in a liquid incubation
system.?® Thus, our findings suggest either that a
nonvolatile component of fluroxene (i.e., its stabi-
lizer) is metabolized to a mutagen, or that fluroxene
or its stabilizer is metabolized to a mutagenic
product only in a liquid incubation system. Studies
aimed at better defining the mutagenicity of the
fluroxene mixture are in progress.

In any case, the finding that commercially avail-
able fluroxene is mutagenic is cause for concern.
This anesthetic was initially marketed in 1954;
its production was discontinued in 1975, probably

$+ Enflurane and isoflurane do not contain stabilizers;
methoxyflurane contains 0.01 per cent (w/w) butylated hydroxy-
toluene.
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because of its Hammability. It is now used clini-
cally only by those individuals who have remaining
supplies. Because of its lack of commercial potential,
it is highly unlikely that the expensive and time-
consuming animal studies necessary to determine
the carcinogenicity of luroxene ever will be under-
taken. Therefore, its carcinogenic potential and its

possible hazard to man will remain a matter of

speculation. Since its introduction into clinical
practice, several million patients have been anes-
thetized with Huroxene. Thus, it is possible that
Huroxene may have contributed to the increased
rate of malignancy found in operating room per-
sonnel.

ADDENDUM

Purified N-phenyl-I-naphthylamine has now
tested for mutagenicity in the liquid incubation system
at concentrations identical to those in the fluroxene
mixture that were mutagenic. The stabilizer was not
mutagenic at any concentration, either in the presence
or in the absence of the liver homogenate metabolic
activation system.

been
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