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Dose-Response Carcinogenicity in Rats on Low-dose Levels of
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A dose-response study on the carcinogenicity of N-ethyl-N-nitrosourethane (ENUR) was undertaken
to examine its effect at low doses. Six-week-old female F344 rats were divided into 5 groups, each
consisting of 40 animals. ENUR was dissolved in distilled water at dose levels of 0 (control), 0.15, 0.6,
2.5 and 10 ppm, and rats were given these solutions ad libitum for 2 years. Significant increase of the
total tumor incidences and shortening of the mean survival times were observed in groups given 2.5
and 10 ppm ENUR. In groups given 0.6 ppm or more ENUR, digestive tract tumors were induced
dose-dependently. They were restricted to the upper digestive tract from the oral cavity to the
forestomach, and were histologically squamous cell papillomas or carcinomas. Dose-related differ-
ences in the location and incidence of these tumors were found. The virtually safe doses (VSDs)
calculated by using the Weibull, Logit and Probit models were 0.365 x 102, 0.110 x 10" and 0,779 x
107" ppm, respectively. The VSDs estimated in the present study are discussed in comparison with
those of other carcinogens.
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Environmental chemicals have been suspected of being
the most important cause of human cancers. For assess-
ment of the risk of chemical carcinogens, it seems im-
portant to carry out quantitative estimation of the
carcinogenicity of chemicals. As one method for this
purpose, estimation of a relative potency index such as
virtually safe dose (VSD) based on dose-response data in
experimental animals has been proposed.'™ VSD is
defined as a value corresponding to the dose level or
range which can induce tumors at extremely low rates,
such as 107° or 107%, This value can be obtained by
downward extrapolation (low-dose extrapolation) of
animal dose-response data by use of proper mathematical
models.

Previously, we reported a dose-response carcino-
genicity study of AN-ethyl-N-nitrosourea (ENU) to esti-
mate jts VSD.® In the present study, MN-ethyl-N-
nitrosourethane (ENUR) which has a chemical structure
analogous to ENU but a different organ specificity from
ENU, was selected as a model compound, and a dose-
response carcinogenicity study was conducted to esti-
mate its VSD and compare it with that of ENU.

MATERIALS AND METHODS

Animals and diet Five-week-old female F344/DuCrj rats
purchased from Charles River Japan Inc. (Kanagawa)
were maintained on basal diet (CRF-1, Oriental Yeast
Ind. Co., Tokyo) and tap water until they were 6 weeks
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old when the study was started. Previously, we reported
carcinogenicity studies of N-propyl-” and N-butyl-N-
nitrosourethane.® In these studies, no sex-difference was
found in the location and incidence of induced tumors.
Therefore, we used only female rats in the previous
carcinogenicity study of N-ethyl-N-nitrosourethane® '”
and also in the present study. Rats were housed five
animals to a plastic cage and maintained in an air-
conditioned animal room (25+2°C, 55+ 5% relative hu-
midity). The basal diet was analyzed and was found to be
free from contaminants such as pesticides, benzopyrene
and aflatoxin. N-Nitroso compounds in the diet were also
examined and a small amount of A-nitrosodimethyl-
amine (mean amount; 3 ppb)} was detected.
N-Ethyl- N-nitrosourethane  N-Ethyl- N-nitrosourethane
(ENUR) was purchased from Nakarai Chemical Ltd.
(Kyoto) and kept in a refrigerator (4°C) before use.
Experimental design Rats were divided into 5 groups,
each consisting of 40 animals. ENUR was dissolved in
distilled water at levels of O (control), 0.15, 0.6, 2.5 and
10 ppm. ENUR solution was freshly prepared 3 times a
week. Rats were given these solutions ad lbitum from a
light-proof bottle in place of drinking water for 2 vears,
and thercafter tap water was given to all groups and
observation was continued until experimental week 112,
when all survivors were killed.

During the experimental period, all animals were ex-
amined daily for abnormalities and mortality was
recorded. Body weights were recorded once a week



during the first 4 weeks and then every 4 weeks. Mori-
bund or dead animals were autopsied completely to de-
termine the development of tumors in all organs and/or
tissues. Tumor masses, and all organs and/or tissues were
fixed in 10% buffered formalin and sections were stained
routinely with hematoxylin and eosin.

RESULTS

The first rat with tumors was autopsied in week 43.
Therefore, ali rats that survived beyond this week were
included in effective numbers, except for a few in which
autolysis was too far advanced.

Tumor incidence and mean survival time Table I shows
the incidences of all tumors and mean survival times of
rats in each group. As shown in the table, the incidence
of tumors was about 100% in the 2.5 and 10 ppm groups
and significantly higher than that (77-83%) in the other
3 groups including the control group. An inverse dose-

Table I. Tumeor Incidence and Mean Survival Time of Female
F344 Rats Given Low Doses of ENUR in the Drinking Water
for 2 Years

Dose No. of rats Mean survival

(ppm) initial effective with tumors (%)  time and range
0 40 40 33 (82.5) 109 (56-112)
0.15 40 39 30 (76.9) 105 (73-112)
0.6 40 38 31 (81.6) 109 (78-112)
2.5 40 39 39 (100.0)™ 97" (66-112)

10.0 40 33 37 (974 57** (43-17)

Significantly different from the control group: * P<0.05,
¥% P<0.01 (chi-square test); % P<0.001 (Student’s
t-test). :

Table I1.
Water for 2 Years

Dose-Response Carcinogenicity of ENUR

effect relation with the mean survival time was observed
in treated groups given 0.6 ppm or more ENUR: that is,
all animals died before the end of the study in the 10 ppm
group, and the mean survival time in the 2.5 ppm group
was also shorter than that in the other 3 groups. There
was significant difference in the mean survival times
between these two groups and the other 3 groups.
Organ distribution and histological type of tumors The
organ distribution and histological types of the main
tumors observed in each group are summarized in Table
II. Tumors were observed mainly in the uterus, hemato-
poietic organs, mammary gland and endocrine organs in
the control and treated groups except for the 10 ppm
group, although their incidences differed in each group.
In the 10 ppm group, the incidences of these tumors were
very low. On the contrary, upper digestive tract tumors
were observed with high incidence in treated groups
given 0.6 ppm or more ENUR.

Histologically, the types of tumors observed in all
organs, except for the upper digestive tract, were quite
similar to those of spontanecous ones observed commonly
in female F344 rats.'" Upper digestive tract tumors were
found in the region from the oral cavity to the fore-
stomach, and all of them were histologically squamous
cell papillomas or carcinomas.

Table IIT summarizes the location and type of upper
digestive tract tumors in each group. In the 0.6 ppm
group, almost all tumors were found in the forestomach.
In the 2.5 and 10 ppm groups, however, esophageal
tumors were the most frequent and the -incidence of
forestomach tumors decreased slightly. On the other
hand, tumors of the oral cavity increased dose-
dependently. In the oral cavity and esophagus, many of
the tumors were carcinomas, In the forestomach, how-
ever, papillomas were more frequent than carcinomas.

Main Tumors Observed in Female F344 Rais Given Low Doses of ENUR in the Drinking

Location and type of tumors

Incidence of tumors (%)

0 0.15 0.6 2.5 10.0 ppm
Pituitary gl: adenoma/carcinoma 30 13 g* [ 3
Hematopoietic organs: leukemia 15 13 18 8 0*
Uterus: endometrial stromal polyp 18 21 24 23 o**
Mammary gl: fibroadenoma 15 15 11 3 0*
Thyroid gl: C-cell adenoma/carcinoma 5 3 8 5 0
Adrenal gl: pheochromocytoma 3 3 0 3 0
Pancreas: islet cell adenoma 5 3 3 3 0
Clitoral gl: adenoma 8 5 3 3 3
Lung: adenoma/carcinoma 3 5 0 0 0
Upper digestive tract: papilloma/carcinoma 3 0 42w g7 *** g7

Significantly different from the control group (Fisher’s exact probability test): % P<0.05, %% P<0.01,

*kk P<O.001
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Table III, Localization and Histological Types of Tumors in the Upper Digestive Tract

D No. of No. of rats with tumors
03¢ o. of rats ;

(ppm) examined Oral cavity Esophagus Forestomach

H P C H P C H P C

0 40 0 0 0 0 1 0 0 0 0
0.15 39 0 0 0 4] 0 0 0 0 0
0.6 38 1 0 0 1 1 1 12 13 2
2.5 39 1 1 6 1 9 26 7 14 18

10.0 38 6 6 17 5 6 23 9 19 9

H: hyperplasia, P: papilloma, C: carcinoma.

Table IV. Estimated Virtually Safe Doses (VSDs) for Upper
Digest%ve Tract Carcinomas in F344 Rats at a Risk Level
of 10~

Weibull Logit Probit
model model modet
ENUR
Chi-square value 0.166 0.070 0.005
P-value 0.920 0.966 0.998
vsD? 0.365x1072 0.110x107"! 0.779x 107!
ENU
V8D= 9 0.343< 107! 0.376> 107!
VSD* 9 0.214X107* 0.332x107?

a) Dose (ppm) in the drinking water.
b) VSD for digestive tract tumors in female F344 rats.®
¢) VSD for digestive tract tumors in male F344 rats.®

In addition to these tumors, squamous cell hyperplasia
was also commonly observed in these organs.
Estimation of virtually safe dose (VSD) To calculate the
dose level of ENUR expected to induce squamous cell
carcinomas of the upper digestive tract at a risk level of
107%, we adopted the Weibull model, Logit model and
Probit model. Estimated VSDs of ENUR are shown in
Table 1V. The VSDs calculated by using these models
were 0.365X107% 0.110X107" and 0.779<10"" ppm,
respectively.

DISCUSSION

In female F344 rats, endometrial stromal polyp of the
uterus, mononuclear cell leukemia, fibroadenoma of the
mammary gland and adenoma/carcinoma of the endo-
crine organs are the most common sponianeous tumors,
while tumor of the upper digestive tract is very rare. The
organ distribution and incidence of tumors observed in
the control group were similar to those in our historical
data.'” In the control and 0.15 ppm groups, no marked
differences in the organ distribution and incidences of
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tumors were found. On the contrary, in groups given 0.6
ppm or more ENUR, the incidence of upper digestive
tract tumors increased dose-dependently. These results
indicate that ENUR induced selectively upper digestive
tract tumors, and administration of 10 ppm ENUR
might mask the development of spontaneous tumors in
many organs by eliminating animals early in the study
because of selective induction of upper digestive tract
tumors.

Previously, we reported carcinogenicity of ENUR in
rats.>'® ENUR induced not only upper digestive tract
tumors but also duodenal tumors in female Donryu rats,
when high doses (25-100 ppm) of ENUR were given in
the drinking water.'”® In the present study, however,
ENUR caused only development of upper digestive tract
tumors and no duodenal tumor was found. The reason
for the difference between the previous and present
studies is considered to depend on the dose levels used,
although the difference in the strain of rats used may also
be a factor. In the previous study, the incidence of
duodenal tumors was found to be dose-related. Dose
levels used in the present study might be low for induc-
tion of duodenal tumors, because ENUR is a direct-
acting carcinogen, and most of the ENUR presumably
reacted with biomolecules of the upper digestive tract,
leaving insufficient ENUR for induction of tumors in the
duodenum. ENUR is oily and remains in the fore-
stomach for the longest period when given in the drink-
ing water. This is presumably the reason why tumors of
the forestomach were most common in the 0.6 ppm
group. On the other hand, tumors of the oral cavity were
most frequently found in the 10 ppm group. In the 2.5
and 10 ppm groups, the incidences of esophageal tumors
increased and those of forestomach tumors decreased
slightly. These findings may support the view that higher
doses of ENUR solution remain longer in the oral cavity
and esophagus than low-dose solutions because of their
viscosity. These dose-related differences in the location
and incidence of the tumors were also observed in the
previous study.'”



In the low-doses carcinogenicity study of ENU, the
organ distribution and incidences of tumors observed
were different from those in the high-doses study.® In the
present low-doses carcinogenicity study of ENUR, the
main target organ was restricted in the upper digestive
tract, similar to that in the previous high-doses study.'”
It is well known that the chemical reactivity of ENUR in
vitro with amines or amino acids is greater than that of
ENU. This may be one of the reasons why the main
target organ was restricted to the upper digestive tract in
both studies, when ENUR. was given orally in the drink-
ing water,

In all models used for estimation of VSDs, the P-values
were large (near 1.0), which indicated a good fit, al-
though the calculated VSDs were slightly different in the
three models. Estimated VSDs were compared with those
of ENU reported previously.? As shown in Table IV,
VSD of ENUR was almost the same as that of ENU for
digestive tract tumors in females when the Logit model
was used, although VSD of ENUR calculated by using
the Weibull model was about 10 times lower than that of
ENU. As mentioned above, no sex-difference was found
in the incidence of upper digestive tract tumors, when
N-alkyl- N-nitrosourethanes were given to both sexes of
rats in the drinking water.”® Therefore, we may specu-
late that VSD for upper digestive tract tumors in males is
similar to that in females, although only female rats were
used in the present study. VSD of ENUR was also close
to that for N-nitrosodimethylamine (Weibull modei, 1.9
% 107% ppm), but very higher than that for aflatoxin B,
{Weibull model, 40X 107 ppb), as reviewed by Oser.'?
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These results indicate that these three alkylating N-
nitroso compounds have almost the same carcinogenic
potency in vivo, though their organ specificities are quite
different.

It is well known that many mathematical models have
been proposed for low-dose extrapolation, and VSDs
differ greatly depending on the mathematical models
used. At present, however, no single model is recognized
as the most appropriate and no definite criteria have been
established for selection of mathematical models.'” Thus,
further investigations on this problem are needed.

On the other hand, due to the increasing demand for
safety evaluation of environmental chemicals, a number
of chemicals have been tested for carcinogenicity during
the last two decades. However, only a few selected car-
cinogens have been tested for estimation of VSD for
many reasons, such as the limitations in manpower,
budget, animal facilities, time, etc. Further hazard or
dose-response assessment including estimation of VSD
not only for genotoxic carcinogens but also for epigenetic
carcinogens is needed, although fortunately ENUR used
in the present study is not present in our environment.
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