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STRAIN AND SEX DIFFERENCES IN KIDNEY
CARCINOGENESIS IN RATS TREATED WITH
N-ETHYL-N-HYDROXYETHYLNITROSAMINE
AND URACIL
Yukitaka Yamada, Munehisa Takashi, Takao Sakata, Yojiro Nakano,
Yasuharu Takagi, Hatsuki Hibi and Koji Miyake
From the Department of Urology, Nagoya University School of Medicine
We earlier demonstrated that simultaneous administration of EHEN and uracil for 3 weeks
resulted in enhancement of renal carcinogenesis in F344 female rats. Therefore, to establish a
model of renal carcinogenesis in rats that can induce advanced renal carcinoma at a high
incidence, differences in the susceptibility to N-ethyl-N-hydroxyethylnitrosamine (EHEN) and
uracil of the kidneys ;n male and female rats of two strains were examined. Group I (male
Wi star rats), group 2 (female Wistar rats), group 3 (male F344 rats) and group 4 (female F344
rats) received a 3-week simultaneous administration of 0.05% EHEN in the drinking water and
3% uracil in the diet after one week's acclimation. In all the above four groups, the rats were
thereafter given a basal diet and water without chemical addition for a 29-week period. Group 5
(male Wistar rats), group 6 (female Wistar rats), group 7 (male F344 rats) and group 8 (female
F344 rats) received no chemicals for the entire 33 weeks. At the end of the experiment, renal
adenocarcinomas were found in 85, 68, 14 and 0% of the rats in groups I, 2, 3 and 4, respectively.
The incidence of adenomas and adenocarcinomas in Wistar rats were significantly greater than in
F344 rats (p<O.OOOI). These findings indicate strain and poss!biy sex differences in kidney carcinogenesis in rats treated with EHEN and uracil, and simultaneous administration of the two agents
to male Wistar rats might have an advantage for models to induce advanced renal carcinoma at
a high incidence.
(Acta Urol. Jpn. 41: 781-787, 1995)
Key words: EHEN (N-ethyl-N-hydroxyethylnitrosamine), Uracil, Kidney carcinogenesis

INTRODUCTION
Several chemicals are known to induce
renal epithelial tumors in rats, including
N-ethyl-N-hydroxyethylnitrosamine (EHEN) 1), dimethylnitrosamine 2), N-nitrosomorpholine 3), N-(4-fluoro-4-biphenylyl) acetamide~), and streptozotocin 5 ).
EHEN in
particular induces renal epithelial cancers
selectively in rats 6) and several substances
have been found to enhance EHEN-initiated lesion development.
Lalich first reported that uracil, a component of ribodeoxynucleic acid, induces
urolithiasis in rats when given by p.o. administration7). Shirai et at. demonstrated
that mucosal papillomatosis of the urinary
bladder is associated with this urolithiasis
and that severe epithelial hyperplasia is
caused in F344 rats receiving 3% uracil in

the diet 8)
Furthermore, Shirai et at. reported that 3% uracil given by p.o. administration strongly promotes urinary bladder carcinogenesis after N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) initiation,
suggesting that prolonged stimulation by
uracil-induced urolithiasis results in chronic cell proliferation of the bladder epithelium 9 ). We earlier demonstrated that
simultaneous administration of EHEN and
uracil for 3 weeks resulted in enhancement
of renal carcinogenesis in F344 female
rats 26 ). We conducted the present investigation to compare kidney lesion induction
in male and female Wistar and F344 rats
treated with EHEN and uracil.

MATERIALS AND METHODS
I.

Animals and chemicals
A total of 240 animals, equal numbers
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of male and female F344 and Wistar rats,
4 weeks old, were obtained from Charles
River japan, Inc. (Kanagawa, japan). The
animals were kept in a room at 25±2°C,
with a relative humidity of 55±5% and
a l2-h light 12-b1 dark cycle, and were given
basal diet (Oriental M, Oriental Yeast
Co., Tokyo, japan) and water. EHEN
(Sakai Research Laboratories, Fukui, japan) was dissolved in the drinking water
at a concentration of 0.05% and administered in light-opaque bottles. Uracil (Yamas a Shoyu Co. Ltd., Chiba, japan) was
mixed in a powdered basal diet at a concentration of 3%.
2. Experimental schedule
The animals were kept on the basal diet
for a oneweek acclimation before the
beginning of the experiment. They were
divided into eight groups of 30 rats each.
Group I consisted of male Wistar rats,
Group 2 female Wistar rats, Group 3 male
F344 rats. Group 4 female F344 rats,
Group 5 male Wistar rats, Group 6 female
Wistar rats, Group 7 male F344 rats, and
Group 8 female F344 rats. The rats in
groups 1,2,3 and 4 were simultaneously
given 0.05% EHEN and 3% uracil for 3
weeks. The rats in groups 1~4 were given
the basal diet and water without chemical
addition for a 29 week period after these
treatments. The rats in groups 5~8 received no chemicals in the diet and water
for the entire 33 weeks.
Body weights and consumption of diet
and water were recorded weekly for the first
4 weeks. At the end of week 33, all surviving animals were killed for examination
under ether anesthesia, and all major or-

gans examined for macroscopic change.
Body, kidney, and liver weights and organ
per body. weight ratios were determined
for each group. The kidneys, liver, and
other organs were removed and fixed in 1&
% phosphate-buffered formalin. The urinary bladder was inflated in situ with 10%
phosphate-buffered formalin, then removed
and fixed in the same fixative. These
organs were processed routinely and sections stained with hematoxylin and eosin
for histological examination.
Kidney lesions were classified into microadenomas, adenomas, and adenocarcinomas, as described
previouslylO,II).
Lesions less than 0.5 mm in diameter, approximately three times the diameter of a
glomerulus, were tentatively classified as
microadenomas and those more than 0.5
mm in diameter as adenomas, the latter
showing clear compression of surrounding
tissue. The lesions diagnosed as carcinomas were composed of irregularly arranged
cells with occasional mitotic figures.
3. Statistical analysis
Data were expressed as mean values ±
SD and analyzed using the Student's t-test.
Differences in incidence of lesions were
evaluated using the chi-square test or
Fisher's exact probability test when indicated.

RESULTS
I. General observations
During the experimental period a total
of 21 rats died. The final number of animals in each group are shown as the effective numbers of rats in Table I. Fig. I
illustrates the changes of body weights in

Table 1. Mean final body, kidney and liver weights
Group

Strain and sex

Wistar, female

EHEN + uracil
EHEN + uracil

F344, male

EHEN + uracil

F344, female
Wistar, male

5
6
7
S

Effective
no. of rats

Final body Right and left kidney weight, g
(% of body weight)
weight, g

20

546±63.9"

22
28

313±43.2'

EHEN + uracil
None

30

195±13.7

30

671 ±84.3

Wistar, female

None

30

F344, male
F344, female

None
None

30
29

Wistar, male

4

Treatment

All values are mean±SD.

343±26.7"

Liver weight, g
(% of body weight)

8.02±1O.5" (1.5 ±1.9 )
4.21± 4.48"(1.45±1.6 )

25.3 ±5.65" (4.64±0.92)

2.53± 0.21" (0. 74±0.06)
1.49± 0.17 (0.76±0.06)

19.57±8.85" (5.84±3.46)

15.07±4.47" (4. 79± 1.24)
8.57 ± 1.76" (4.38±0. 73)
(3.16±0.3i)

(0.5S±0.06)

335±29.3

3.83± 0.44
2.27± 0.17

(O.6S±0.04)

9.62± 1.01

(2.SS±0.23)

37S±21.8
194± 10.5

2.46± O.IS
1.42± 0.09

(O.65±0.03)
(0.74±0.03)

11.65±0.98
5.99±0.4B

(3.0S±0.15)

21.3 ±3.S9

Significantly different from the respective control group at p<0.05' or 0.01",

(3.09±0.IS)
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Fig. 1. Changes of body weights in rats of experimental and control groups

Fig. 2.

(A) Gross appearance of a tumor of the left kidney in a rat
treated with 0.05% EHEN and 3% uracil (group 1)
(B) A
microadenoma of the kidney (HE staining, x 75) (C) An
adenoma of the kidney (HE staining, x70) (D) An adenocarcinoma of the kidney (HE staining, x 70)

rats treated with 0.05% EHEN and 3%
uracil for 3 weeks (groups I ~4), At the
start of the experiment no differences in
body weights of rats were found among
groups. Administration of EHEN and
uracil for 3 weeks suppressed the growth of
the rats, After returning to normal water
and basal diet, rats gained body weight
normally. Table I shows the final body
weights for each group. Rats in groups

I ~3 still had significantly lower body
weights than the respective control rats in
groups 5~7 .
Total doses of EHEN ingested Over 3
weeks, calculated from water consumption
data, were 2,25 mg/g (body weight) in
group I, 1.63 mg/g in group 2, 1.75 mg/g in
group 3, and 1.58 mg/g in group 4. Total
amounts of uracil given over 3 weeks,
obtained from food consumption data ,

784

Acta Urol. Jpn. Vol. 41, No. 10, 1995
Table 2. Incidences of neoplastic lesions in the kidneys of treated rats
Neoplastic lesions
Group

Strain and sex

Effective
no. of rats

Total no. of
neoplastic lesions
No. (%)

Microadenoma
No. (%)

Adenoma
No.(%)

Adenocarcinoma
No. (%)

I ( 5)

17 (85)

I

Wistar, male

20

2

Wistar, female

20 (100)
21 ( 95)
20 ( 71)

o ( 0)

2 (10)
6 (27)

7 (25)

9 (32)

4 (14)

4

F344, male
F344, female

22
28
30

18 ( 60)

II (37)

7 (23)

o ( 0)

15 (68)

Each rat is tabulated in the column of the most advanced lesion present in the kidneys as determined by
histopathological examination. No neoplastic lesions were found in control rats in groups 5-8.

were 51.5 mgjg (body weight) in group 1,
55.0 mgjg in group 2, 34.9 mgjg in group 3,
and 37.2 mgjg in group 4.
2. Kidney
Table 1 shows the kidney weights and
kidney to body weight ratios. Kidney to
body weight ratios in groups 1, 2, and 3
were significantly higher than those in the
respective control groups. Renal tumors
were observed in groups 1, 2, 3 and 4.
Most were grayish-white, round, and located in the renal cortex. Fig. 2A shows
the gross and microscopic appearance of a
typical renal tumor.
Histologically, renal tumors were composed of tubular, cord-like or papillary
structures made up of cells with basophilic
or sometimes clear cytoplasm. Table 2
shows the incidence of renal lesions classified into microadenomas, adenomas, and
adenocarcinomas (Fig. 2B~2D). Each
rat is tabulated in the column of the most
advanced lesion present ·in its kidney.
The incidence of adenocarcinomas in Wistar rats (group 1 or 2) were significantly
higher than that in F344 rats (group 3 or
4), (p<O.OOOI). No significant difference
was found in the incidence of neoplastic
lesions between the male and female rats
in the same strain. No kidney mesenchymal tumors were observed.
3. Liver
Liver weights and liver to body weight
ratios are also shown on the right side of
Table I, values in groups 1,2,3 and 4 being
significantly higher than those of control
rats in groups 5, 6, 7 and 8 respectively.
Histologically, the livers of rats treated
with EHEN and uracil had multiple lesions including hepatocellular carcinomas.

DISCUSSION
Druckrey et ai.I) first reported that EHEN induces tumors in the kidneys, liver,
and ovaries of rats. Hiasa et ai. G) showed
that renal tubular cell tumors selectively
develop at a high incidence, without other
kinds of renal tumors, in Wistar rats treated with 0.1% EHEN in the diet for 2
weeks. Hirose et ai.1 2) revealed that 0.01%
EHEN in drinking water for 2 weeks induces tumors in kidneys and liver of F344
rats. The present study demonstrated that
simultaneous administration of 0.05% EHEN in drinking water and 3% uracil in
diet for 3 weeks causes renal carcinomas
in rats at a high frequency.
Several substances have been shown to
exert promotive effects on renal carcinogenesis in rats treated with EHEN. Ohshirna et ai.I3) showed that injection of (3cyclodextrin, which is known to induce
injury of renal tubules, for one week resulted
in an increased incidence of renal cell
tumors in rats treated with 0.01% EHEN
for 2 weeks. Kurata et ai.14) also reported
that para-aminophenol stimulated the mitotic activity of preneoplastic tubular lesions
in the kidney. Thus, many nephrotoxic
substances including N-(3,5-dichlorophenyl)
succinimid!5),
citrinin!G),
basic
lead
acetate!7).
trisodium
nitrilotriacetate!~)
have been reported as promoters of renal
carcinogenesis.
Presumably nephrotoxic
effects causing tubular injury and consequent stimulation of reactive tubular
proliferation are involved.
Uracil by p.o. administration causes urolithiasis in rats?). Uracil has no mutagenic
properties 19 ) and no marked influence
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on the urinary pB or Na ion concentration 20 )
Several studies which have
showed that uracil-induced calculi strongly
promote BBN induced urinary bladder
carcinogenesis
add
support
to
the
hypothesis that enhancement of cell proliferation within the urothelium, associated
with irritant effects, is an important event
for promotion
of bladder
chemical
carcinogenesis in rats. Since uracil has
no mutagenic properties, its carcinogenic
activity is thought to rely on chronic
mechanical stimulation.
The schedule
applied in the present study featured
simultaneous administration of EBEN
and uracil but it is unlikely that uracil
would chemically interact with EBEN or
alter its metabolism in rats in vivo. Its
influence is concluded to be primarily
due to an increase in the susceptibility
of the target cells to carcinogen. We
recently have shown that simultaneous
administration of BBN and uracil induces
transitional cell carcinomas and squamous
cell carcinomas in the renal pelvis of rats
at high rates 21 ).
Differences in the susceptibility of certain organs in various animal strains and
species to carcinogens have been widely
examined. In urinary bladder carcinogenesis, Fukushima et al. reported a higher
tumor incidence in male ACI rats than in
male Wistar, F 344 and Sprague- Dawley
rats treated with sodium saccharin 25 ). Biochemical studies on susceptibility factors
have focused on genetic differences In
carcinogen metabolism. Thus differences
in the metabolic pathways for activation
of carcinogens may account for the differences in response among strains.
The present study indicates that there
are differences in the susceptibility to
EB EN and uracil of the kidney in two
strains of rats, with Wistar animals being
extremely sensitive.
Despite a tendency
for lower values in females, no significant
variation in the incidence of renal tumors
in different sexes was evident. We previously demonstrated that the incidence of
renal adenocarcinomas at the end of week
52 was 53% in female F344 rats treated
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with EBEN and uracil for 3 weeks 26 ). In
the present case, the observed incidence
was 0%. One of the causes of these different results might be the short duration
of the experimental period. Previous studies documented incidences of renal adenocarcinomas in rats treated with EBEN
as an initiator to be 0~13% at best 14 ,22-24l.
In the present study, the incidence of renal
adenocarcinoma in male Wistar rats treated
with EBEN and uracil for only 3 weeks
was 85% after only a relatively short-term
observation. Thus, simultaneous administration of the two agents to male Wistar
rats might have an advantage for models
requiring induction of advanced renal
carcinoma at a high incidence.
REFERENCES
I) Druckrey H, Steinhoff D, Preussmann R, et
aI.; Erzeugung von Krebs druch eine einmalige Dosis von Methylnitroso-Harnstoff
und verschiedenen Dialkylnitrosaminen an
Ratten. Z Krebsforsch 66: 1-10, 1964
2) Hard GC and Butler WH: Morphogenesis
of epithelial neoplasms induced in the rat
kidnev by dimethylnitrosamine. Cancer Res
31: 1496-1505, 1971
3) Bannasch P, Schacht U and Storch E: Morphogenese und Mikromorphologie epithelialer Nierentumoren bei Nitrosomoroholinvergifteten Ratten. 1. Induktion und Histologie der Tumoren. Z Krebsforsch 81: 311331, 1974
4) Dees JH, Reuber MD and Trump BF:
Adenocarcinoma of the kidney. 1. Ultrastructure of renal adenocarcinomas induced in
rats by N-(4-fiuoro-4-biphenylyl) acetamide.
J Nat! Cancer Inst 57: 779-794, 1976
5) Mauer SM, Lee CS, Najarian JS, et aI.; Induction of malignant kidney tumors in rats
with streptozotocin. Cancer Res 34: 158-160,
1974
6) Hiasa Y, Ohshima M, Iwata C, et aI.: Histopathological studies on renal tubular cell
tumors in rats treated with N-ethyl-N-hydroxyethylnitrosamine. Gann 70: 817-820, 1979
7) Lalich JJ: Experimentallv induced uracil
urolithiasis in rats. J Urol 95: 83-86, 1966
8) Shirai T, Ikawa E, Ito N, et aL Uracil-induced urolithiasis and the development of
reversible papillomatosis in the urinary bladder of F344 rats. Cancer Res 46: 2062-2067,
1986
9) Shirai T, Tagawa Y and Fukushima S:

786

10)

II)

12)

13)

14)

15)

16)

17)

Acta Urol. Jpn. Vol. 41, No. 10, 1995
Strong promoting activity of reversible uracil-induced urolithiasis on urinary bladder
carcino~enesis in rats initiated with N-butyl
-N-(4-hydroxybutyl) nitrosamine. Cancer
Res 47: 6726-6730, 1987
Kurata Y, Tsuda H, Ito N, et aL Reciprocal modifying effects of isometric forms of
amino phenol on induction of neoplastic lesions in rat liver and kidney initiated by Nethyl-N-hydroxyethylnitrosamine.
Carcinogenesis 8: 1281-1285, 1987
Tsuda H, Moore MA, Ito N, et aL
Comparison of the various forms of glutathione S-transferase with glucose-6-phosphate
dehydrogenase and gamma- glutamyl transpeptidase as markers of preneoplastic and
neoplastic lesions in rat kidney induced by
N-ethyl-N-hydroxyethylnitrosamine. Jpn J
Cancer Res (Gann) 76: 919-929, 1985
Hirose M, Shirai T, Ito N, et at. : Effect of
phenobarbital, polychlorinated biphenyl and
sodium saccharin on hepatic and renal carcinogenesis in unilaterally nephrectomized
rats given N-ethyl-N-hydroxyethylnitrosamine orally. Carcinogenesis 2: 1299-1302,
1981
Ohshima M: Studies on the development of
renal cell tumors in rats by N-ethyl-N-hydroxyethylnitrosamine. J Nara Med Ass 31: 361378, 1980
Kurata Y, Tsuda H, Ito N, et al.: Reciprocal modifying effects of isometric forms
of aminophenol on induction of neoplastic
lesions in rat liver and kidney initiated
by N-ethyl-N-hydroxyethylnitrosmaine. Carcinogenesis 8: 1281-1285, 1987
Ito N, Sugihara S, Makiura S, et al.: Effect
of N -(3,5-dichlorophenyl) succinimide on the
histological pattern and incidence of kidney
tumors in rats induced by dimethylnitrosamine. Gann 65: 131-138, 1974
Shinohara Y, Arai M, Ito N, et al.; Combination effect of citrinin and other chemicals
on rat kidney tumorigenesis. Gann 67: 147
-155, 1976
Hiasa Y, Ohshima M and Kitahori Y: Basic
lead acetate: promoting effect on the development of renal tubular cell tumors in rats
treated with N-ethyl-N-hydroxyethylnitrosa-

mine. J Nat! Cancer Inst 70: 761-767, 1983
18) Hiasa Y, Kitahori Y and Konishi N: Trisodium nitrilotriacetate monohydrate: promoting effects on the development of renal
tubular cell tumors in rats treated with Nethyl-N -hydroxyethylnitrosamine.
J Nat!
Cancer Inst 72: 483-489, 1984
19) Anderson D, Richardson CR and Davis PJ:
The genotoxic potential of bases and nucleosides. Mutat Res 91: 265-272, 1981
20) Fukushima S, Tanaka H, Asakawa E, et al.;
Carcinogenicity of uracil, a nongenotoxic
chemical, in rats and mice and its rationale.
Cancer Res 52: 1675-1680, 1992
21) Nakano Y: Induction of renal pelvic tumors
in rats by N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) and uracil. Nagoya J Med
Sci 53: 65, 1991
22) Hagiwara A, Sano M, Ito N, et al.: Enhancing effects of harman and norharman on
induction of preneoplastic and neoplastic
kidney lesions in rats initiated with N-ethylN-hydroxyethylnitrosamine. Jpn J Cancer
Res 83: 949-954, 1992
23) Tsuda H, Sakata T, Ito N, et al.: Sequential observations on the appearance of neoplastic lesions in the liver and kidney after
treatment with N-ethyl-N-hydroxyethylnitrosamine followed by partial hepatectomy and
unilateral nephrectomy. Carcinogenesis 4:
523-528, 1983
24) Tsuda H, Sakata T, Ito N, et al.: Modifying effects of butylated hydroxyanisole, ethoxyquin and acetaminophen on induction of
neoplastic lesions in rat liver and kidney intiated
by N-ethyl-N-hydroxyethylnitrosamine. Carcinogenesis 5: 525-531, 1984
25) Fukushima S, Arai M, Nakanowatari J, et
al.; Differences in susceptibility to sodium
saccharin among various strains of rats and
other animal species. Gann 74: 8-20, 1983
26) Takashi M, Sakata T, Yamada Y, et al.:
Initiation-stage enhancement by uracil of
N -ethyl - N - hydroxyethylnitrosamine - induction of kidney carcinogenesis in rats. Cancer
Lett 87: 151-157, 1994
Received on April 27, 1995)
( Accepted on July 3, 1995
(ill)lH~~)

Yamada

et al.:

EHEN

787

• Carcinogenesis

和文抄録

EHENと

ウ ラ シル の 同 時 投 与 に よ る ラ ッ ト腎腫 瘍 の 性 差 お よ び 系 統 差
名古屋大学医学部泌尿器科学教室(主 任:三 宅弘治教授)
山田

幸 隆,高

士

宗 久,日

比

初 紀,三

宅

弘治

西 尾 病 院
坂

田

孝

雄

公立陶生病 院泌尿器科(部 長=伊 藤 浩一)
中

野

洋

二

郎

岐阜県立多治見病院泌尿器科(部 長:鈴 木靖夫)
高

木

N‑ethy1‑1V‑hydroxyethvlnitrosamine(EHEN)

康

た.全

治*

実 験 期 間 は33週

間 と した.3.結

果=実

験終了

と ウ ラ シ ル の 同 時 投 与 に よ る ラ ッ ト腎 腫 瘍 の 発 生 率 に

時 の 有 効 動 物 匹 数 は,第1群

つ い て 性 差,系

20,22,28,30,30,30,30,29匹

で あ った.腎

の 発 生 率 は,第1,2,3,4群

で そ れ ぞ れ100%,

統 差 を 検 討 した.1.実

群,第5群(Wistarラ

験 動 物1第1

ッ ト,雄i),第2群,第6群

(Wistarラ"ト,雌),第3群,第7群(F344ラ
雄),第4群,第8群(F344ラ
各 群30匹,合
法'第1群
第8群

計240匹
か ら 第4群

ッ ト.
ッ ト,雌)の8群

の ラ ッ トを 用 い た.2.実
ま で が 薬 剤 投 与 群,第5群

ラ シル を 混 入 して,こ

れ を3週

腫瘍

ッ トでF344ラ

ッ トよ りも 有 意 に 高 率 に 腎 腫 瘍 の 発 生 が み られ た 。 性

か ら

傾 向 が あ っ た が,有

間同時 に 投 与 し

ま で そ れ ぞ れ,

あ り,Wistarラ

差 に よ る発 生 率 の 差 に つ い て は,雄

末 飼 料 中 に3

*現:愛 知県厚生連江南昭和病院泌尿器科

95%,71%,60%で

験方

ま で が 薬 剤 非 投 与 の 対 照 群 と した 。 薬 剤 投 与 群

に は 飲 料 水 中 に0.05%EHENを,粉
%ウ

で,

か ら第8群

に 高 率 に発 生 す る

意 差 は な か っ た.対

瘍 は 発 生 し な か っ た.Wistar雄iラ
と ウ ラ シ ル を 同 時 に 投 与 す れ ば,短

照 群 には 腎 腫

ッ トに,EHEN
期 間 に高 頻度 に 腎

腫 瘍 を 誘 発 さ せ う る こ と が 示 さ れ た.
(泌 尿 紀 要41:781‑787,1995)

