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ABSTRACT

Cimetidine (CM), a drug widely prescribed for ulcers, readily
undergoes nitrosation to form nitrosocimetidine (NCM), a geno-

toxic agent. In a test of the chronic effects of NCM in mice,
(C57BL/6 x BALB/c) F! mice were exposed chronically to NCM
(113 or 1130 ppm) in the drinking water from preconception
through prenatal and neonatal development and adult life. Each
group consisted of 40 to 80 mice of each sex, and median
survival time was 27 months. Other groups were given CM alone
or in combination with NaNO2 (184 or 1840 ppm), or NaNO2
alone. None of the chemical treatments had large effects on
reproductive parameters, survival, or incidence of nonneoplastic
lesions. CM treatment was associated with a small but significant
increase in incidence of lymphomas in females, 41 of 59 (69%),
compared with 31 of 66 controls (47%, P = 0.01). No females

receiving either dose of NCM developed mammary carcinomas
(0 of 91 ), compared with an incidence of four of 66 controls (6%,
P = 0.03). Males given the high-dose combination of CM and

NaNO2 showed a higher incidence of lung tumor bearers than
controls (71 of 79 versus 30 of 52, P < 0.01) and also experi
enced a significant, dose-dependent increase in numbers of large

lung tumors (>1 cm in diameter), lung carcinoma, and metastatic
lung tumors. Females given the higher dose of NCM had signifi
cantly greater incidence of mice with large lung tumors than
controls (nine of 41 versus three of 66, P = 0.009). The possibility

of carcinogenicity of Cimetidine, nitrosocimetidine, and Cimetidine
plus nitrite is discussed.

INTRODUCTION

Cimetidine, a widely prescribed histamine H-2 receptor antag

onist, is a cyanoguanidine which readily undergoes nitrosation in
vitro under acidic conditions to form nitrosocimetidine (1). Nitro
socimetidine is structurally similar to the potent carcinogen N-
methyl-A/'-nitro-A/-nitrosoguanidine and has been demonstrated

to have genotoxic effects In vitro, including DNA alkylation (2),
bacterial mutations (3), chromosomal and DNA damage in cul
tured mammalian cells (3-7), and mutation and transformation

of mammalian cells (5). Alkylation of DNA in vivo also occurred
(8), although no alkylation was detected when Cimetidine was
administered to rats intragastrically in combination with sodium
nitrite (9). These effects of nitrosocimetidine and anecdotal as
sociations in humans of gastric carcinoma with Cimetidine usage
(10) have raised the possibility that Cimetidine may be nitrosated
in the human stomach with carcinogenic consequences. How-
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ever, chronic tests of nitrosocimetidine in rats (11-13) and on
mouse skin (12) failed to reveal any tumorigenic effects. We have
now assessed the effects of chronic lifetime p.o. administration
of 2 doses of nitrosocimetidine in mice, including preconception,
transplacental, and transmammary exposure. The precursors of
nitrosocimetidine, Cimetidine, and sodium nitrite were also given
to other groups of mice singly and in combination.

MATERIALS AND METHODS

Cimetidine was a gift from Smith, Kline & French Laboratories, Phila
delphia, PA, and NaNO2 was obtained from Fisher Chemical Co., Pitts
burgh, PA. Nitrosocimetidine was synthesized by a modification of the
method of Foster ef a/. (14). Cimetidine (32.0 g, 0.127 mol) dissolved in
315 ml of 2 N HCI was cooled to 5Â°C.NaNO2 (29.4 g, 0.42 mol) dissolved

in 60 ml of deionized water was added dropwise. The mixture was stirred
for 15 min at 5Â°C and then until it reached room temperature. After

adjustment of the pH to 10 with K2CO3, the precipitated nitrosocimetidine
was collected by filtration and washed 3 times with 50 ml of cold
deionized water for a 90% yield.

In confirmation of the purity and identity of the compound, the melting
point (109-110Â°C), UV spectrum (maxima at 253 and 394 nm), positive

reaction in the phenol-sulfuric acid test for the nitroso function (15),

elementary analysis, and nuclear magnetic resonance characteristics
indicated A/-nitrosocimetidine at 98% purity with properties as reported

by other workers (13,14, 16).
Female C57BL/6 and male BALB/c mice, obtained from the Jackson

Laboratories, Bar Harbor, ME, were housed in plastic cages with filter
tops and hardwood shavings as bedding and fed Purina mouse chow.
They were maintained at 25 Â±2Â°C,40 to 60% humidity, with a cycle of

14-h fluorescent light/10-h dark. Treatment was begun when the mice

were 7 to 8 weeks of age.
All chemicals were dissolved in the drinking water, and the water

bottles were changed twice weekly. The concentrations of Cimetidine
and nitrosocimetidine were 0.113 g/liter (low dose) or 1.13 g/liter (high
dose). The concentrations of NaNO2, to provide 6 M equivalents (an
amount found to be optimal for in vitro nitrosation), were 0.184 and 1.84
g/liter for the low and high dose. UV spectral analysis (scan, 190 to 420
nm) confirmed that Cimetidine and nitrosocimetidine were stable in the
drinking water under these conditions and that nitrosocimetidine did not
form in the water when Cimetidine and NaNO2 were present together
(detection limit, 3 ^g/ml). Measurement of water consumption showed
that all mice consumed 3 to 5 ml daily with no significant differences
between groups, although those receiving the high dose of nitrosoci
metidine drank slightly less and those given the high dose of Cimetidine
slightly more than the other groups.

After 2 weeks of treatment, the mice were bred, and chemical expo
sure continued through pregnancy and lactation. The (C57BL/6 x BALB/
C)F! (hereafter called B6CF,) progeny were weaned at 4 weeks of age,
and treatment continued until natural death. Treatment of the C57BL/6
mothers was also continued. Table 1 presents the compositions of the
treatment groups and the dosages received. These amounts were equiv
alent to common human exposure (low dose) and 10 times this amount
(high dose). These doses were expected to reveal any risk pertinent to
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Table 1
Number of litters, effective number of mice, and dosages

CM"(dosage/kg)TreatmentCM

+ NaNO2,lowdoseCM

+ NaNOj, highdoseNCM,

lowdoseNCM,

highdoseNaNOj.

lowdoseNaN02,

highdoseCM,

lowdoseCM,

highdoseNoneDaily18.8mg0.19

g18.8

mg0.19gTotal"15.5g155g15.5g155gNaNOÃ®

(dosage/kg)Daily
Total630.7

mg 25.3g0.31

g 253g30.7

mg 25.3g0.31

g 253 gNCM

(dosage/kg)Mo
nfDaily

Total"litters151818.8mg

15.5g140.19g

155g 141415151620SexMaleFemaleMaleFemaleMaleFemaleMaleFemaleMaleFemaleMaleFemaleMaleFemaleMaleFemaleMaleFemaleEffective

no.505179585450494152395465616556595166Av.
survival

(mo)26.6
Â±5.8e28.6

Â±5.126.1
Â±5.128.0

Â±4.725.7
Â±7.628.8
Â±5.523.8
Â±5.426.8
Â±5.1"27.0

Â±6.729.1
Â±4.525.3
Â±8.129.1
Â±5.026.8
Â±7.129.2
Â±4.525.3
Â±5.830.8
Â±4.023.5
Â±7.829.4
Â±4.5

* CM, cimetidine; NCM, nitrosocimetidine.
" Dosage received by a 30-g mouse surviving 27 months (mediansurvival time), based on consumption of 5 ml of water daily.
c Average Â±SD.
d Significantly less than controls of the same sex, P < 0.01.

human exposure, while at the same time avoiding the problems and
reduced survival associated with administration of very high doses of
these chemicals to rodents (17). The higher dose of nitrosocimetidine
was about 60% of the maximum dose tolerated by adult mice in a
subchronic toxicity assessment (data not shown).

The mice were observed daily, weighed monthly, and killed when
moribund. They were subjected to a complete necropsy, including in
spection of the intestinal mucosa. Tissues were fixed in Bouin's solution,

and all masses and lesions were examined in histological section (he-
matoxylin-eosin staining). All lungs were searched for nodules with a

dissection microscope after fixation. Each nodule was measured in its
widest dimension. The mucosal surfaces of all stomachs were similarly
examined, except for those cases showing collapse of empty stomachs
or early autolysis.

All primary neoplasms of the lung, including adenomas and carcino
mas, were designated tumors. The average size of these tumors in all
treatment groups was 0.3 to 0.6 cm in diameter. A small, variable fraction
of these was distinctly larger, up to 2.5 cm in diameter. Tumors 1.0 cm
or more in diameter were classified as large. Lung tumors were classified
as carcinomas on the basis of size, local invasiveness, pleomorphism,
mitotic rate, and nuclear atypia. Lung tumor mÃ©tastases were grossly
apparent and involved most often the heart, mediastinum, diaphragm, or
chest wall, although metastatic foci were also sometimes seen in the
abdomen. Liver neoplasms included adenomas and carcinomas, and
these have been grouped together in the tables.

The significance of differences between percentages of tumor-bearing

mice was evaluated by means of the Fisher exact test (18). Average
survival times, body weights, and numbers of tumors per mouse were
compared by use of the Student 2-tailed t test (19). Possible dose-related
effects were analyzed with the Cox exact test for trend (one-tailed) (20).
Statistical analyses of significant dose-related trends are summarized in

Table 7.

RESULTS

Reproduction. For each treatment group, the following values
were obtained: number of females becoming pregnant; average
time from introduction of the male until birth; average weight
gain by the mother; number of stillborn liters; average litter size
at birth and at weaning; and numbers of male and female
offspring. None of these values differed significantly between

groups (data not shown).
Survival Times and Body Weights. There were no pro

nounced effects of any chemical treatment on survival times
(Table 1) or body weights. Females, in general, survived some
what longer than males, and females receiving the higher dose
of nitrosocimetidine experienced a significant (P < 0.01 ), though
slight reduction in average survival. Small reductions in average
weights were seen in a few treatment groups at 12 and 24
months. However, the only consistent effect on body weights
was observed in the group receiving the higher dose of cimeti
dine, in which both males and females were slightly but signifi
cantly heavier than controls throughout the course of the exper
iment. For example, at 24 months of age, cimetidine-treated
males weighed 52.6 Â±7.6 g (n = 34) compared with 46.6 Â±5.9
g (n = 20) for the controls (P < 0.01), and cimetidine-treated
females weighed 49.6 Â±7.2 g (n = 56) compared with 44.7 Â±
7.7 g (n = 60) for the controls (P < 0.001).

Nonneoplastic Lesions. Common nonneoplastic lesions in
cluded cystic seminal vesicles and preputial glands in males,
cystic uteri, ovaries, and mammary glands in females, and en
larged salivary glands, fat necrosis, and necrosis and inflamma
tion of the liver and urinary tract in both sexes, particularly in old
animals. The incidences of these lesions were not related to
chemical treatment (data not shown).

Neoplasms in C57BL/6 Mothers Treated before and during
Pregnancy and until Death. The C57BL/6 mothers of the Fi
mice exhibited a low incidence of tumors of the lung, liver,
pituitary, forestomach, and connective tissue; the most common
neoplasm seen was lymphoma (Table 2). None of the chemical
treatments affected the incidences of any of these tumors.

Neoplasms in Female B6CF, Mice Treated from Concep
tion. All of the female B6CF, mice presented a low to moderate
incidence of neoplasms of the lung, lymphoid and connective
tissue, pituitary and mammary glands, and forestomach (Tables
3 and 4). A small but significant (P = 0.012) increase in incidence
of lymphoma occurred in those receiving the high dose of cimet
idine, 69% compared with 47% of controls, whereas the mice
given the low dose of cimetidine had an incidence of lymphoma
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Table 2
Incidences of neoplasms in femaleC57BL/6 mice (mothers of B6CFÂ¡mice) receiving nitrosocimetidine or its precursors

No. of mice with neoplasms Forestomach

TreatmentCM"
+ NaNOj, low dose

CM + NaNO2,high dose
NCM, low dose
NCM, high dose
NaNOz,low dose
NaNO2.high dose
CM, low dose
CM, high dose
NoneNo.

of
mice16

24
17
17
15
17
15
16
20Av.

survival
(mos)24Â±4C

22 Â±4
20 Â±3
20 Â±4
22 Â±7
22 Â±3
21 Â±7
24 Â±5
22 Â±8Lung1

3
2
0
1
2
2
1
1Lymph-

oid7

7
7
4
4
8
5
6
8Fibrosar

coma3

2
0
0
0
1
0
0
0Hepato-cellular0

0
1
1
1
1
12

3Pituitary2

0
0
0
2
2
2
2
3No.

with
papillomas/
total no. ex

amined4/11

5/14
1/3
2/5
4/8
2/3
3/8
4/9
2/10Papillomas/

mouse (av. Â±
SO)2.0

Â±1.4
2.4 Â±1.1
1.0 Â±0
1.0 Â±0
1.0 Â±0
1.0 Â±0
2.0 Â±1.7
1.2 Â±0.5
2.5 Â±0.7No.

of
other

tumors83

2
0
21

1
0
01

8 Tumors includingone or 2 at any specific site.
6 CM, cimetidine; NCM, nitrosocimetidine.
c Average Â±SD.

Table 3
Incidences of neoplasmsin femaleS6CF, mice receiving nitrosocimetidineor its precursors

No. of mice with neoplasms Forestomach

TreatmentCMa
+ NaNOu,lowdoseCM

-I-NaNO2,highdoseNCM,
lowdoseNCM,
highdoseNaNO2,

lowdoseNaNCV
highdoseCM,

lowdoseCM,
highdoseNoneNo.

ofmice515850413965655966Lung202820222037262629Lymphoid2333301715263041*31Fibrosar
coma220259534Angiosar-coma433117865Pituitary73426481413Mammarycarcinomas730025374No.

of mice
withpapil-loma/total
no.examined11/4712/5513/478/3713/3819/6419/6212/5919/62Papillomas/mouse(av.Â±SD)2.5

Â±3.22.2
Â±2.21.8

Â±1.21.9
Â±1.51.1
Â±0.61.7

+1.11.5
Â±0.91.2
Â±0.91.5

Â±0.9Other6"614C178"37
8 CM, cimetidine; NCM, nitrosocimetidine.
" Three mammary fibroadenomas, one squamous carcinoma (uterus), one leiomyoma, and one hemangioma. Types of other tumors are listed for those groups with

three or more tumors of one type.
c Three hemangiomas and one Harderian gland tumor.
" Four hepatocellular tumors, one s.c. carcinoma, one plasmacytoma, one kidney carcinoma, and one leiomyoma.
8 Compared with untreated mice, p = 0.012 and 0.0088, 2- and one-tailed exact test, respectively.

Table 4
Lung tumors in female66CFi mice receiving nitrosocimetidineor its precursors

TreatmentCM8
+ NaNOa,lowdoseCM

+ NaNOz,highdoseNCM,

lowdoseNCM,
highdoseNaNOj,

lowdoseNaNO;,.
highdoseCM,

lowdoseCM,
highdoseNoneNo.

ofmice515850413965665966No.

with
lung tu
mors202820222037262629No.

oftumors/mouse
withtumor1.2

Â±0.6*1.3

Â±0.61.4

+0.51.3
Â±0.51.2

+0.41.4
Â±0.71.2

+0.41.2
Â±0.41.3

Â±0.6No.

with
lung carci

noma572557464No.

with
metastatic
lung carci

noma001011020Lung
tumorsize(cm)0.6

Â±0.5"0.5

Â±0.50.3

Â±0.30.6
Â±0.50.7

Â±0.70.5
Â±0.40.5

Â±0.50.6
Â±0.50.3
+ 0.3No.

with lung tumor >1 .0cm58(P

= 0.068, 0.11)c29(P

= 0.0075,0.0095)58(P

= 0.098, 0.13)463

8 CM, cimetidine; NCM, nitrosocimetidine.
6 Average Â±SD.
c Numbers in parentheses, probabilities of differences, compared with the control mice, calculated by the one- and 2-tailed Fisher exact test, with the results of the

one-tailed test given first.

identical to the controls. This apparent dose dependency of
effect of cimetidine on lymphoma in females was of statistical
significance (P = 0.0019, Table 7).

No mammary tumors were found in any of the females receiv
ing either dose of nitrosocimetidine, in contrast to the consistent

incidence of 5 to 15% in the other groups. When the mammary
tumor incidence values for both nitrosocimetidine groups were
combined (0 of 91 ) for comparison with controls (4 of 66), the
difference was significant (P = 0.03). The question asked by this

statistical treatment is whether consumption of any dose of
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nitrosocimetidine above 0.11 g/liter affected mammary tumor
incidences.

Data pertaining to lung tumors in the female mice are pre
sented in Table 4. The number of mice with a lung tumor, the
average number of tumors per mouse with tumors, the number
with lung carcinoma or with metastatic tumor, and the average
tumor size did not differ between the groups. However, the
number of mice with large lung tumors (equal to or greater than
1 cm) was significantly higher in the females receiving the higher
dose of nitrosocimetidine (P = 0.0095), compared to controls,
and the dose dependency of this effect was highly significant (P
= 0.0014, Table 7). A similar though smaller effect was seen in
the females receiving the high-dose combination of cimetidine

plus nitrite. Average sizes of other solid tumors, including fibro
sarcoma, pituitary adenomas, and mammary carcinomas, did not
vary between groups.

Neoplasms in Male B6CF, Mice Treated from Conception.
The male B6CFi mice commonly presented tumors of the lung,
connective and lymphoid tissue, liver, and forestomach (Table
5). A slight excess of lymphomas was seen in the males receiving
the lower dose of nitrite (31%), compared with controls (13%);
this difference was significant by the one-tailed exact test only
(P = 0.029).

Lung tumors were more common in males than in females,
and all of the males receiving chemical treatment had a higher
incidence of lung tumor bearers than did the control group (Table
6). These differences were small but significant (P < 0.05), by
the one-tailed exact test only, for the low dose of nitrite, the high
dose of nitrosocimetidine, and the high dose of cimetidine. How
ever, the high-dose combination of cimetidine plus nitrite had a
greater effect, 90% of the mice with tumor, compared with 58%
of controls (P = 0.00003). The dose dependency of this effect
was also significant (P = 0.000015, Table 7). The cimetidine plus
nitrite combination, furthermore, had a significant, dose-depend
ent effect on the percentage of mice with lung carcinoma (P =
0.018), with large lung tumors (P = 0.04), and with metastatic
lung carcinoma (P = 0.027, Table 7).

The incidence of lung carcinoma and of large lung tumors was
also significantly greater for the low dose of nitrosocimetidine
and for the high dose of nitrite, compared with controls by the
one-tailed exact test (P < 0.05, Table 6). The mice given the low

dose of cimetidine had a higher percentage of mice with large
lung tumors than controls (P = 0.011).

Sizes of other solid tumors, including fibrosarcomas and an-
giosarcomas, hepatocellular neoplasms, and forestomach papil-

lomas, did not vary between groups.

DISCUSSION

Sodium nitrite has been tested for tumorigenicity in adult rats
(21-24) and mice (25) and in transplacental carcinogenesis ex

periments (e.g., Ref. 26). These studies have not provided con
sistent evidence for carcinogenicity of sodium nitrite, although,
in rats, exposure to the chemical was in some experiments
associated with increased incidence of lymphoma (24), forestom
ach papilloma (23), or hepatocellular neoplasms in females (21).
Our study seems to be the first in which exposure to sodium
nitrite included both early developmental and adult stages. We
noted no striking effects of the chemical under these conditions.
A small increase in lymphoma incidence occurred in the males
given the lower dose; the importance of this is not clear, since
no such effect was seen with the higher dose. There was a
significant, dose-related effect on numbers of large lung tumors

in males when the sodium nitrite was given alone or in combi
nation with cimetidine. This correlation implied a direct or indirect
effect of sodium nitrite on the growth rate of some lung tumors.

Cimetidine has been assessed for tumorigenicity in rats and
dogs (17,27) with negative results. This report presents the first
chronic test of cimetidine in mice and the first to include early life
exposure. The only apparent effect of the drug in our study was
a 30% increase in incidence of lymphoma in females; the disease
did not appear earlier in the cimetidine-treated mice than in the

other groups. Cimetidine is known to interact with lymphoid cells
(reviewed in Ref. 28). However, the increased incidence of lym
phoma may have been a nonspecific effect on latency of spon
taneous lymphoma, related to the consistently higher body
weights of the cimetidine-treated mice compared to controls and

other treatment groups.
Chronic treatment of mice with nitrosocimetidine, including for

the first time exposure of early developmental stages, resulted
only in a small increase in incidence of lung tumors in males.
This minimal degree of carcinogenicity confirms the absence of
tumors caused by nitrosocimetidine reported by other investi
gators for rats (11-13) and mouse skin (12). Elegant work by

Jensen (29) suggests that rapid degradative denitrosation of
nitrosocimetidine in the blood, in combination with a requirement

Tables
Incidences of neoplasmsin male B6CF, mice receiving nitrosocimetidine or its precursors

No. of mice withneoplasmsTreatmentCM"

+ NaNO2,low dose

CM + NaN02, high dose
NCM, low dose
NCM, high dose
NaNO2,low dose
NaNOi. high dose
CM, low dose
CM, high dose
NoneNo.

ofmice50

79
54
4952

54
61
56
52Lung*36

7139

37
41
38
44
42
30Lymphoid97

1016"6

6107Fibrosar

coma2

6
23

14

6
2
4Angiosar-

coma5

6
8
0
6
4
6
3
3Hepato

cellular0

2
2
2
3
2
3
3
4ForestomachNo.

with papil-

lomas/total no.
examined12/46

22/72
15/45
10/40
8/45

13/42
8/55

12/45
9/37Papillomas/mouse

(av. Â±SO)1.2

Â±0.3
1.9 Â±1.5
1.4 Â±0.8
1.7 Â±0.6
1.6 Â±1.4
1.4 Â±0.1
2.6 Â±2.2
1.6Â±1.2
1.4 Â±0.7Other4

7e

22

2
3
4
4
4

" Statistical analysisof lung tumor incidencedata is given in Table 7.
* CM, cimetidine; NCM, nitrosocimetidine.
c Three hemangiomas,2 Harderiangland tumors, one testicular interstitial cell tumor, and one squamous papillomaof the glandular stomach.
" Compared to untreated males, P = 0.029 and P = 0.057, one- and 2-tailed exact test, respectively.

CANCER RESEARCH VOL. 45 AUGUST 1985

3564

Research. 
on November 30, 2021. © 1985 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


EFFECTS OF NITROSOCIMETIDINE IN MICE

Tables
Lung tumors in male B6CF, mice receiving nitrosoc/metidineor its precursors

TreatmentCM"
+ NaNOz,lowdoseCM

+ NaN02, highdoseNCM,

lowdoseNCM,

highdoseNaNO2,

lowdoseNaNCV

highdoseCM,

lowdoseCM,

highdoseNoneNo.

of
mice507954495254615652No.with lungtumors36(P

= 0.096, 0.15)c71(P

= 0.00002,0.00003)39(P=

0.086,0.15)37(P

= 0.046,0.091)41(P

= 0.01 7,0.034)38(P

= 0.1 2,0.22)44(P

= 0.079,0.12)42(P

= 0.044,0.068)30No.

of tu
mors/mouse
withtumor1.9
Â±1.0"2.3

Â±1.11

.9 Â±1.01.7

Â±0.81.8Â±1.01.7

+0.71.7

Â±0.81.6

+0.71.6

+ 0.6No.

with lung carci
noma619(P

= 0.058,0.11)15(P

= 0.031,0.051)12(P

= 0.075,0.12)13(P

= 0.063,0.13)15(P

= 0.031,0.051)14(P

= 0.09,0.14)10(P

= 0.26,0.42)6No.

with
metastatic lung
carcinoma110(P

= 0.16,0.24)4512413Lung

tumor
size(cm)0.6

Â±0.560.5

+0.40.6

Â±0.60.6

Â±0.60.5

Â±0.50.6

Â±0.50.6

Â±0.50.5

Â±0.40.6

Â±0.4No.

with lung tumor
>1.0cm14(P

= 0.095,0.15)28(P

= 0.0091, 0.016)19(P

= 0.016,0.026)14(P

= 0.086,0.15)15(P

= 0.078,0.16)21(P

= 0.0058,0.0087)23(P

= 0.0067,0.011)15(P

= 0.11,0.17)8

* CM, cimetidine;NCM, nitrosocimetidine.
0 Average Â±SD.
c Numbers in parentheses,probabilitiesof differences, compared to the control mice, calculated by the one- and 2-tailed Fisherexact test, with the results of the one-

tailed test given first.

Table 7
Analysis ol dose-responseeffects in mice receiving nitrosocimetidineor its precursors

All data from Tables 4 to 7 for which the Cox exact test for trend revealeda significantdose-responserelationshipare
summarized here along with the probability values.

Mice withtumor/totalSexFemale

Female
Female
Male
Male
Male
Male
MaleTreatmentCM0

CM + NaN02
NCM
CM + NaNOj
CM + NaN02
CM + NaNOz
NaN02
CM + NaNOjTumorLymphoma

Lung tumors a 1.0 cm
Lung tumors > 1.0 cm
Lung tumor
Lung carcinoma
Lung tumors > 1.0 cm
Lung tumors > 1.0 cm
Metastatic lung carcinomaNo

treat
ment31/66

3/66
3/66

30/52
6/52
8/52
8/52
3/52Low

dose30/65

5/51
2/50

36/50
6/50

14/50
15/52

1/50High

dose41/59

8/58
9/41

71/79
19/79
28/79
21/54
10/79Significance

of
dose-response
effect8P

= 0.0019
P = 0.057
P = 0.0014
P = 0.000015
P = 0.018
P = 0.014
P = 0.0094
P = 0.027

" Significanceof dose dependencyof observed tumor incidence,Cox exact test for trend.

CM, cimetidine; NCM, nitrosocimetidine.

for the presence of strong nucleophiles intracellularly for activa
tion of the chemical, renders it ineffectual in vivo, in spite of its
clear potential for genotoxicity.

However, there were indications that nitrosocimetidine may
influence the development of certain spontaneous tumors once
formed. Among the female B6CFi mice, there was a significant,
dose-dependent effect of the chemical on the number of lung

tumors reaching a large size, suggestive of tumor enhancement.
By contrast, no mammary tumors occurred in any of these 91
female receiving either dose of nitrosocimetidine, compared with
a consistent 6 to 15% incidence in all of the other groups. While
these results must be considered suggestive rather than defini
tive, an anti-mammary tumor effect would be of possible interest
for chemotherapy, in light of the low toxicity and lack of carcin-

ogenicity of the chemical.
The combination of cimetidine and nitrite given to males had

a significant, dose-dependent effect on number, size, and malig

nancy of lung tumors. A summation of the actions of cimetidine
and of nitrite was suggested by the similar though smaller effects
which were seen with cimetidine alone and nitrite alone. Metas
tasis by the lung tumors, on the other hand, seemed specifically

associated with the cimetidine plus nitrite treatment. The mice
receiving the high dose of cimetidine plus nitrite exhibited 13%
with lung tumor metastasis, compared with 2% of those given
the high dose of cimetidine only and 4% of those receiving the
high dose of nitrite only. The latter values are in good agreement
with the metastasis incidences of 1 to 4% reported for large
groups of spontaneous lung tumor-bearing mice (30,31 ). Further

study is required to confirm this possible effect on metastasis of
the cimetidine plus nitrite combination and its relationship to
actions of nitrosocimetidine on tumor development mentioned
above.
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