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Chronic Exposure to Low Concentrations

of Halothane—-Nitrous Oxide:

Lack of Carcinogenic Effect in the Rat

W. B. Coate, Ph.D.,* Borge M. Ulland, D.V.M.,t Trent R. Lewis, Ph.D.}

The effects of prolonged exposure to low-concentration com-
binations of halothane and nitrous oxide on tumor incidence,
especially with regard to the reticuloendothelial system, were
studied. Three groups of 50 male and 50 female Fischer 344 rats
each were studied. For seven hours/day, five days/week, for 104
weeks, Group I was exposed to filtered air (control); Group II, to
halothane, 1 ppm, and nitrous oxide (N;0), 50 ppm; Group III,
to halothane, 10 ppm, and N,O, 500 ppm. No evidence of expo-
sure-related effects on body weight, appearance, behavior, sur-
vival, or hematologic findings was found. Histologic evaluation
of the reticuloendothelial system and of other major organs re-
vealed neither enhancement of the spontaneous tumor rate nor
any unusual neoplasm. Thus, this study did not lend support to
the hypothesis that these anesthetic agents in low concentrations
are responsible for the reportedly higher than average incidence
of reticuloendothelial malignancies in operating room personnel,
(Key words: Anesthetics, gases: nitrous oxide. Anesthetics,
volatile: halothane. Cancer. Blood: lymphatic vessels, noditis.)

CORBETT AND CO-WORKERS! supplemented the find-
ings of Bruce et al.? purporting to demonstrate a trend
toward a higher than average incidence of reticulo-
endothelial malignancies among anesthesiologists.
The suspected agent was trace-level anesthetic vapors
and gases. However, a prospective study by Bruce et
al.? failed to reveal any unusually high incidence of
malignancies among anesthesiologists. The purpose
of the present study was to assess the effects of chronic
inhalational exposure to low concentrations of halo-
thane plus nitrous oxide (N;O) on the incidence of
reticuloendothelial malignancies in a rodent model.
The Fischer 344 rat was selected, inasmuch as the
spontaneous incidence of such malignancies was
known to be relatively low in this strain. Halothane and
nitrous oxide were tested because they are the inhala-
tonal anesthetics most widely used.* The concentra-
tions tested represent levels commonly found in
operating rooms without scavenging devices.®
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Materials and Methods

Three hundred Fischer 344 strain rats, 150 males
and 150 females, cesarean section-derived and bar-
rier-sustained, were obtained from Charles River
Breeding Laboratories, Inc. When approximately 30
days old, they were evenly divided into three groups of
50 of each sex by random selection. Group I was
exposed throughout the study to filtered air only.
Group II was exposed to halothane, 1.1 +£0.4
ppm; plus N,O, 49.0 + 5.0 ppm, Group III was ex-
posed to halothane, 9.8 2.6 ppm, plus NO,
501.5 = 49.4 ppm.

The animals in the three treatment groups were ex-
posed in glass and stainless steel chambers 6 cu m in
size operated with 1.2 cu m/min airflow. Exposures
were conducted for seven hours/day, five days/week,
for 104 weeks. Control male and female rats (Group
I) were exposed to filtered room air in a similar cham-
ber with flow characteristics identical to those of the
chambers housing the treatment groups. The animals
were individually numbered with ear tags and housed
in groups of five/sex in stainless steel mesh cages with
stainless steel top-loading feeders and automatic
drinking valves. The cages were arranged at the mid-
line of the chamber on one layer throughout the study.
Water and basal laboratory diets (Purina Rat Chow)
were available ad libitum. The cages were changed and
washed weekly. The exposure and concentration
monitoring procedures have been described.®

Individual body weights were recorded before ex-
posure and weekly for the first 24 weeks, biweekly for
the succeeding 28 weeks, once every four weeks for the
next 36 weeks, and biweekly thereafter. Daily observa-
tions were made for morbidity and mortality. Gross
signs of systemic toxicity and incidences, sizes, and
locations of tissue masses were recorded at the times
body weights were recorded. Complete blood counts
were determined for eight male and eight female ani-
mals from each groupat 13, 26, 52, 78, and 104 weeks.

At the termination of the study, all surviving rats
were sacrificed and complete gross necropsies were
performed. Necropsies were also done on those ani-
mals dying or killed in extremis during the study, with
the following exceptions among animals that died:
Group I, one male and one female; Group II, one
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male and three females; Group III, two males and two
females. Of these exceptions, two were rats that died
early in the study—one Group I female and one
Group II female and were inadvertently not ne-
cropsied. Advanced autolysis precluded meaningful
necropsy in the remaining instances. Heart, liver,
spleen, kidneys, testes with epididymides, thymus,
hepatic lymph nodes, mesenteric lymph nodes,
thoracic lymph nodes, thymic lymph nodes, cervical
lymph nodes, axillary lymph nodes, inguinal lymph
nodes, bone marrow, unusual lesions, and any tissue
masses from each necropsied animal were excised
and preserved in 10 per cent neutral buffered forma-
lin. Organ weights were recorded for the heart,
liver, spleen, kidneys, and testes with epididymis.
These were used to calculate organ weight/body
weight ratios. Following fixation in formalin, the tis-
sues§ from each necropsied animal (except for one
Group I male that died early in the study and was
necropsied, but for which the tissues were not subse-
quently located) were embedded in Paraplast®, sec-
tioned at 5 um, slide-mounted, and stained with the
hematoxylin and eosin. Bone marrow smears were
stained with the Wright~Giemsa stain. All slides were
examined under a light microscope by a veterinary
pathologist who knew the treatment history of each
animal.

Although necropsies were performed on most rats
that died, autolysis was too far advanced for diagnostic
observations to be made on any lymphatic tissues in
one or two animals in each group, and on one or more
tissues from a few other animals in each group. Be-
cause many regional lymph nodes were undetectable
at necropsy, this tissue survey was incomplete for the
majority of animals. However, the large majority of
animals yielded at least three regional lymph nodes for
microscopic evaluation. Femoral bone marrow plugs
were usually examined, but when this was not feasible,
decalcified sections of femur and/or sternebrae were
examined.

Data for terminal body weight, organ weights, and
organ weight/body weight ratios were analyzed by a
single-classification analysis of variance. For all analy-
ses, the level of probability chosen for rejecting the
null hypothesis was <0.05.

Results

Throughout the study, there was no evidence of any
anesthetic exposure-related effect with regard to the

§ The testes were not prepared for histologic examination since
they were expected to have and did have a high incidence of benign
Leydig-cell tumors typical of this strain of rat.”
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physical appearance or behavior of the animals. In-
cidental occasional findings commonly seen in labora-
tory rats of this strain were observed at comparable
rates in the control and exposed animals of both sexes
and increased in frequency as the animals aged. These
signs included sores on the body (particularly on the
tail), nasal or ocular discharges, staining of the fur, oc-
casional soft feces, and alopecia. Tissue masses and
wartlike lesions consistently observed throughout the
study were located in the ears, nose, axilla, back, and
legs, and were present at comparable incidences in the
control and exposed groups.

Survival rates at 104 weeks among the males were 74
per cent (37/50) for Group I, 76 per cent (38/50) for
Group 11, and 72 per cent (36/50) for Group III. Sur-
vival rates among the females were 86 per cent (43/
50) for Group I, 78 per cent (39/50) for Group II, and
84 per cent (42/50) for Group III. Of the non-surviv-
ing animals, five males and six females in Group I,
three males and five females in Group 1I, and five
males and six females in Group 111 were sacrificed in a
moribund condition. Hematologic evaluations showed
large variations in percentages of monocytes among the
groups in both males and females at weeks 78 and 104.
However, no consistent trend was found. All other
hematologic variables were within normal limits for
this species, and no significant difference among
groups was found.

Heart weight, kidney weight, and the kidney weight/
body weight ratio for the Group I1I males wereslightly
but significantly lower than the corresponding values
obtained for the control males, but the values for fe-
males in the two groups were comparable. Spleen
weights and spleen weight/body weight ratios for
Group Il and Group I1I females were appreciably and
significantly lower than the corresponding values for
control females. The values for males in the three
groups were nearly identical. No other significant dif-
ference was found among the control and exposed
animals.

No exposure-related lesion was observed at nec-
ropsy.

On microscopic examination, a variety of nonneo-
plastic lesions were observed in all groups, without
relationship to the experimental regimen. Most com-
monly observed were chronic renal disease, chronic
lymphadenopathy, cholangiofibrosis, and biliary
hyperplasia. Lymphadenopathy was characterized by
lymphoid atrophy, pigmentation, and plasmacytosis
of medullary cords.

No exposure-related pattern of malignancy was
evident for any organ system or any of the three
groups (table 1). A slight disparity in incidences of
mammary fibroadenoma in the control vs. exposed
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Group 1

Group 11

Group 11

M
(n = 48)

F
(n = 49)

(n = 50)

F
(n = 49)

(n = 48)

F

(n =48)

Hematopoietic
Monocytic leukemia 6

Lymphoreticular
Histiocytic lymphoma
Lymphocytic lymphoma

Liver
Neoplastic nodule 1
Biliary carcinoma

Gastrointestinal
Squamous-cell carcinoma, stomach

Respiratory
Pulmonary adenoma

Reproductive
Fibroadenoma, mammary 1
Adenoma, mammary
Arrhenoblastoma, ovary
Papillary adenocarcinoma, uterus
Endometrial stromal sarcoma, uterus
Carcinoma, preputial gland

Endocrine
Pheochromocytoma, adrenal
Islet cell adenoma, pancreas 1
Islet cell carcinoma, pancreas

Skeletal
Osteoma, calvarium
Osteogenic sarcoma, calvarium

Integumentary
Fibroma, subcutaneous 3
Fibrosarcoma, subcutaneous
Papilloma, skin
Malignant hemangiopericytoma, skin
Trichofollicular adenoma, skin
Squamous-cell carcinoma, skin

—— e — —

Miscellaneous
Mesothelioma, coelomic 2
Osteogeneic sarcoma, coelomic

—

groups was found, but was considered to reflect a
lower than expected incidence in control animals.

Discussion

Under the conditions of this experiment, long-term
administration of trace concentrations of nitrous
oxide and halothane was not associated with an in-
crease in the incidence of neoplasia in general, and
specifically did not increase the incidence of reticulo-
endothelial tumors. The wide variety of tumors ob-
served in the control and exposed animals has been ob-
served previously in this strain of rat. The overall in-
cidence of monocytic leukemia in this study (14 per

cent of males and 10 per cent of females) was con-
siderably lower than the 25 per cent incidence found
by Jacobs and Huseby? in older Fischer 344 rats. A
slightly higher than average incidence of mammary
fibroadenoma was found in the exposed groups, butin
our opinion was an equivocal finding. Fibroadenoma
is not typical of the responses to known mammary
carcinogens such as 9,10-dimethyl 1,2-benzanthra-
cene.® Furthermore, in our experience with the
Fischer 344 rat, the incidences of mammary fibro-
adenoma in some historical female control groups
have, in fact, been higher than that observed in any of
the present groups.
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The design of this experiment admittedly did not
permit detection of a small exposure-related increase
in the incidence of neoplastic disease, since the back-
ground (control group) incidence was high (32 per
cent of the animals had tumors). A 46 per cent in-
cidence in a test group of 100 rats would have been
necessary for significance at the 0.05 level of proba-
bility. However, the observed incidences of 32 and 31
per cent (not including Leydig-cell tumors), in the
low- and high-anesthetic-concentration test groups,
respectively, did not even suggest the possibility of a
tumorigenic effect.

The body weight growth rates of the males and fe-
males in Groups II and I1I were similar to the growth
rates of control males and females. No evidence of
an exposure-related effect with regard to physical ap-
pearance or behavior was found among the animals
exposed to the mixtures of N,O and halothane.
Routine hematologic evaluation (complete blood
counts) after 13, 26, 52, 78, and 104 weeks of exposure
did not indicate any exposure-related effect. Survival
rates were high and were similar for all groups. Thus,
there was no indication of any adverse effect of the ex-
_posure regimens.

The significantly lower spleen weight (and spleen/
body weight ratio) seen in the females exposed to
N,O and halothane at both levels was due entirely to a
number of leukemic control rats that had greatly in-
creased spleen weights.

In conclusion, this study lends support to results of
the prospective study of Bruce et al.,* which showed no
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difference between the incidences of cancer in a
sample of anesthesiologists and a control sample. In-
asmuch as the total duration of exposure and the seg-
ment of the lifespace involved in our study were suf-
ficient to allow for expression of a carcinogenic effect,
even with a long latency period, this negative finding
should provide some reassurance to those whose oc-
cupations have exposed them to traces of these anes-
thetics for appreciable periods.
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