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SUMMARY

This was a study to determine the effect of the systemic
carcinogen, yV-2-acetylaminofluorene, in the big brown bat,
Eptesicus fuscus; i.p. injections of jV-2-acetylaminofluorene
suspended in gum acacia were administered weekly for 13
weeks. Two weeks after the last injection, animals were
euthanized. Hyperplastic changes in urinary tract epithelium,
specifically, nodular hyperplasia in the urinary bladder and
papillary and nodular hyperplasia in the renal pelvis, were
demonstrated. In the absence of changes elsewhere, this was
consistent with the hypothesis that in the bat as in the rat,
/V-2-acetylaminofluorene was metabolized to an active carcino
gen prior to excretion which acted topically upon the urinary
tract epithelium during excretion.

INTRODUCTION

This study was conducted to gather information about
tumorigenesis in the bat which subsequently could be used to
evaluate the effects of hypo- and hyperthermia upon cancer
biology. Hypothermia in hibernating hamsters was found to
suppress growth of homologous methylcholanthrene-induced
sarcomas until the animals were returned to homeothermic
conditions (5). Thermal elevation of a tumor (2) or a
tumor-bearing limb, but not total body (3), has been reported
to selectively inhibit metabolism and growth of tumor cells.
Inability to produce central body temperatures greater than
40Â° (41-42Â° therapeutically effective level) in the experi

mental animal (rabbit) may have been the critical restrictive
condition. The substitution of bats as experimental animals
would circumvent this problem, since the bat is reportedly
able to survive prolonged hyper- as well as hypothermia (body
temperature extremes, 46â€”4Â°)without apparent adverse effect

(4, 7).
The effect of N-2-AAF,2 a systemic carcinogen, has been
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reported in the rat, mouse, hamster, cat, and dog (6). The site
of tumor development is dependent upon several factors,
including species, strain, sex, and route of administration. Rats
given N-2-AAF either in the diet, injected i.p. or topically
upon the skin, developed tumors of the liver, mammary gland,
lungs, ductus acousticus, glandular stomach, intestine, uterus,
and skin (1). Additionally, benign adenomas of the lung and
cystic liver tumors were reported. N-2-AAF is not carcinogenic
at the site of application, which fact has led some authors (10)
to the conclusion that N-2-AAF is not an active carcinogen but
that its metabolite(s) are.

MATERIALS AND METHODS

Fifty big brown bats from an abandoned copper mine were
divided into 2 groups with approximately equal sex ratios.
They were multiply caged and maintained at 32Â°(Â±4Â°)and

were supplied with light for 14 hr and darkness for 10 hr. Each
bat was fed 10 to 15 mealworms daily and provided water ad
libitum.

The carcinogen was prepared by magnetically stirring 1.20 g
N-2-AAF (ground with mortar and pestle), 0.85 g NaCl, and 7
g gum acacia in 100 ml distilled water for 15 min at room
temperature. The carcinogenic and control suspensions (the
latter prepared similarly, but without N-2-AAF) were placed in
small vials and rapidly frozen. Prior to injection, they were
thawed and again magnetically stirred.

Acute toxicity was tested by injecting 0.5 ml of the
carcinogenic suspension 3 times during 1 week into each of 3
bats. Neither adverse reactions nor weight loss was observed.

Injections (0.5 ml) of carcinogen suspension were admin
istered to each animal in the experimental group at weekly
intervals for 13 weeks. Control animals received the same
amount of the identical preparation lacking N-2-AAF. Being
wild animals, many in both groups died of injuries related to
captivity during the study period. The remaining 27 animals
were euthanized at Week 15. The experimental group
consisted of 12 animals, 9 males and 3 females; the control
group consisted of 15 animals, 10 males and 5 females.
Selected tissues (heart, kidney, trachea, esophagus, gallbladder,
pancreas, liver, spleen, stomach, intestine, lung, gonads,
urinary bladder, adrenal glands, salivary glands, brown fat,
diaphragm, skin and skin appendages, and tongue) were
removed, formalin fixed, sectioned at 8 jum, stained with

OCTOBER 1974 2807

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2391627/cr0340102807.pdf by guest on 19 M

ay 2023



L. V. Heldt

hematoxylin and eosin, and examined by light microscopy.
Tissues from 1 animal in the experimental group were lost.

RESULTS AND DISCUSSION

Nodular hyperplasia of the basal and parabasal cell layers
was present in the bladder epithelium in 4 of the 11 animals
that had received N-2-AAF, versus 0 of 15 animals in the
control group. This difference is statistically significant, as
determined by Dr. Charles J. Kowalski, Director, Biometrics
Division, Dental Research Institute, The University of Michi
gan (x2,7.108; d.f., 2; significance level, 0.0286).

The degree of epithelial alteration ranged from impercepti-

Table 1
Status of urinary bladder epithelium

No. of animals

Degree of alteration Experimental Control

NoneapparentEquivocalHyperplasiaSlightModerateSevere5(46)"2(18)4(36)12113 (87)2(13)0(0)000

' Numbers in parentheses, percentages.

ble to severe, but incontrovertible hyperplasia occurred only in
those animals that had received N-2-AAF (Table 1). One
animal exhibited hyperplastic epithelium that penetrated into
the connective tissue, nearly to the muscularis (Fig. 1). Some
might consider that this degree of change constitutes
"invasion" and perhaps that it exceeds the definition of

hyperplasia. One animal of the experimental group also had
papillary and nodular hyperplasia of the renal pelvic epithe
lium.

Both the submaxillary and parotid salivary glands exhibited
metaplasia and hyperplasia of the epithelium of the straited
and excretory ducts. Frequency of salivary ductal tissue
alteration was equal in the 2 groups, apparently unrelated to
the carcinogen. The other tissues appeared within normal
limits.

Similar changes in urinary tract epithelium have been
reported in other species. Single weekly s.c. injections of
dibutyl nitrosamine produced urinary bladder tumors in rats
after 40 to 50 weeks (9). Comparable results were reported in
rats fed ./V-[4-{5-nitro-2-furyi)-2 thiazolyl] formamide (8). The
hyperplastic changes observed in the urinary bladder and renal
pelvic epithelia of bats in this study most probably represent
changes preliminary to malignant neoplastic transformation.
These observations suggest the value of a longer latent period
to test this hypothesis. However, they do establish the utility
of the bat as a promising experimental model to study the
effects of hyper- and hypothermia upon cancer biology.

Fig. 1. Focal nodular proliferation of the epithelial urinary bladder lining penetrating into the subepithelial connective tissue. The epithelial
thickness in the hyperplastic area can be contrasted with the relatively normal epithelium at the upper right. A suggestion of squamous metaplasia
is evidenced by the enlarged elliptical cell with sparse clumped chromatin and prominent nucleolus (arrow).
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