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EFFECTS OF NITROSOCIMETIDINE IN MICE

Table 1
Number of litters, effective number of mice, and dosages
M NaN NCM
CM" (dosage/kg) aNO, (dosage/kg) ICM (dosage/kg) No. of Effect Av. survival
Treatment Daily TotaP Daily TotaP Daily Total litters Sex no. (mo)
CM + NaNO;, low dose 18.8 mg 1559 30.7mg 253g 15 Male 50 26.6 + 5.8°
Female 51 286+5.1
CM + NaNO,, high dose 0.19g 155¢ 031g 2539 18 Male 79 26.1+5.1
Female 58 28.0+47
NCM, low dose 18.8 mg 155g 14 Male 54 25776
Female 50 288+55
NCM, high dose 0.19¢9 155g 14 Male 49 238+54
Female 41 26.8+5.19
NaNO,, low dose 30.7mg 253g 14 Male 52 270+ 6.7
Female 39 201+45
NaNO;, high dose 031g 253g 15 Male 54 253+ 8.1
Female 65 29150
CM, low dose 18.8mg 155¢ 15 Male 61 268+ 7.1
Female 65 202+ 45
CM, high dose 0.19g 155¢ 16 Male 56 253+58
Female 59 30.8 +4.0
None 20 Male 51 235+7.8
Female 66 29445

& CM, cimetidine; NCM, nitrosocimetidine.

® Dosage received by a 30-g mouse surviving 27 months (median survival time), based on consumption of 5 mi of water daily.

° Average + SD.
9 Significantly less than contros 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 metastases 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 ¢ 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 + 7.6 g (n = 34) compared with 46.6 + 5.9
g (n = 20) for the controls (P < 0.01), and cimetidine-treated
females weighed 49.6 + 7.2 g (n = 56) compared with 44.7 +
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 F,
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 female C57BL [6 mice (mothers of B6CF, mice) receiving nitrosocimetidine or its precursors
No. of mice with neoplasms Forestomach
No. with
papillomas/ Papillomas/ No. of
No. of Av. survival Lymph- Fibrosar- Hepato- total no. ex- mouse (av. + other
Treatment mice (mos) Lung oid coma  cellular Pituitary amined SD) tumors”®

CM® + NaNO,, low dose 16 24 + 4° 1 7 3 0 2 411 20+14 3
CM + NaNO., high dose 24 2+4 3. 7 2 0 0 5/14 2411 2
NCM, low dose 17 20+ 3 2 7 0 1 0 1/3 1.0+0 0
NCM, high dose 17 20+ 4 0 4 0 1 0 2/5 10+0 2
NaNO., low dose 15 2+7 1 4 0 1 2 4/8 10+0 1
NaNO.. high dose 17 22+3 2 8 1 1 2 2/3 100 1
CM, low dose 15 217 2 5 0 1 2 3/8 20+17 0
CM, high dose 16 24 +5 1 6 0 2 2 4/9 12+ 05 0
None 20 22+8 1 8 0 3 3 2/10 25+07 1

@ Tumors including one or 2 at any specific site.
b oM, cimetidine; NCM, nitrosocimetidine.

¢ Average + SD.
Table 3
Incidences of neoplasms in female B6CF, mice receiving nitrosocimetidine or its precursors
No. of mice with neoplasms Forestomach
No. of mice
Mammary with papil- Papillomas/
No. of Fibrosar- Angiosar- carcino- lomaftotalno.  mouse (av. +
Treatment mice Lung Lymphoid coma coma Pituitary mas examined SD) Other
CM?® + NaNO,, low dose 51 20 23 2 4 7 7 - 11/47 25+32 6°
CM + NaNO., high dose 58 28 33 2 3 3 3 12/55 22+22 6
NCM, low dose 50 20 30 0 3 4 0 13/47 18+1.2 1
NCM, high dose 41 22 17 2 1 2 0 8/37 19+15 4°
NaNO., low dose 39 20 15 5 1 6 2 13/38 11+06 1
NaNO., high dose 65 37 26 9 7 4 5 19/64 1.7+14 7
CM, low dose 65 26 30 5 8 8 3 19/62 1509 8’
CM, high dose 59 26 41° 3 6 14 7 12/59 12+09 3
None 66 29 31 4 5 13 4 19/62 1.5+09 7

: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

mmeorrnoretumorsofonetype
¢ Three hemangiomas and one Harderian gland tumor.

"Fourhepatooeﬂularmmors one s.c. carcinoma, one plasmacytoma, one kidney carcinoma, and one leiomyoma.
© Compared with untreated mice, p = 0.012 and 0.0088, 2- and one-tailed exact test, respectively.

Table

4

Lung tumors in female B6CF, mice receiving nitrosocimetidine or its precursors

No. with

No. with No. with metastatic
lung tu- No. of tumors/  lung carci- lung carci-  Lung tumor size
Treatment No. of mice mors mouse with tumor noma noma (cm) No. with lung tumor =1.0 cm
CM® + NaNO;, low dose 51 20 12+06° 5 0 0.6+ 0.5° 5
CM + NaNO,, high dose 58 28 1.3+£06 7 0 05+05 8
(P =0.068,0.11)°
NCM, low dose 50 20 14+05 2 1 03+03 2
NCM, high dose 41 22 1.3+05 5 0 06+0.5 9
(P = 0.0075, 0.0095)
NaNO;, low dose 39 20 12+04 5 1 0.7+0.7 5
NaNO., high dose 65 37 1407 7 1 05+04 8
(P=0.098,0.13)
CM, low dose 66 26 12+04 4 0 05+ 0.5 4
CM, high dose 59 26 12+04 6 2 06+0.5 6
None 66 29 1.3+06 4 0 03+03 3
2 CM, cimetidine; NCM, nitrosocimetidine.
® Average + SD.

© 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 gfiiter 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 B6CF; 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 iymphoid 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

Table 5
Incidences of neoplasms in male B6CF, mice receiving nitrosocimetidine or its precursors

No. of mice with neoplasms Forestomach
No. with papil-
Fibrosar- Angiosar- Hepato- lomas/total no. Papillomas/mouse
Treatment No. of mice Lung® Lymphoid coma coma celiular examined (av. £ SD) Other
CM® + NaNO,, low dose 50 36 9 2 5 0 12/46 12+03 4
CM + NaNO, high dose 79 7 7 6 6 2 2212 19+15 7
NCM, low dose 54 39 10 2 8 2 15/45 14+08 2
NCM, high dose 49 37 5 3 0 2 10/40 1.7+ 0.6 2
NaNO,, low dose 52 41 16° 1 6 3 8/45 1614 2
NaNO,, high dose 54 38 6 4 4 2 13/42 14+0.1 3
CM, low dose 61 44 6 6 6 3 8/55 26+22 4
CM, high dose 56 42 10 2 3 3 12/45 16+1.2 4
None 52 30 4 3 4 9/37 14+07 4

:Stansuca!analystsoflmgwmdatansmnhb‘e7

CCM cimetidine; NCM, nitrosocimetidine.

Three hemangiomas, 2 Harderian gland tumors, one testicular interstitial cell tumor, and one squamous papilioma of the glandular stomach.

? Compared to untreated males, P = 0.029 and P = 0.057, one- and 2-tailed exact test, respectively.
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Table 6
Lung tumors in male B6CF, mice receiving nitrosocimetidine or its precursors
No. of tu- No. with
No. of mors/mouse  No. with lung carci- metastatic lung  Lung tumor  No. with lung tumor
Treatment mice No. with lung tumors with tumor noma carcinoma size (cm) =210cm
CM® + NaNO,, low dose 50 36 19+1.0° 6 1 0.6+ 05° 14
(P = 0.096, 0.15)° (P =0.095, 0.15)
CM + NaNOg, high dose 79 71 23+11 19 10 05+04 28
(P = 0.00002, 0.00003) (P =0.058,0.11) (P =0.16, 0.24) (P = 0.0091, 0.016)
NCM, low dose 54 39 19+1.0 15 4 0.6+ 0.6 19
(P =0.086, 0.15) (P =0.031, 0.051) (P =0.016, 0.026)
NCM, high dose 49 37 1.7+08 12 5 0.6 + 0.6 14
(P = 0.046, 0.091) (P =0.075,0.12) (P =0.086, 0.15)
NaNO,, low dose 52 M 18+1.0 13 1 05+ 0.5 15
(P =0.017, 0.034) (P =0.063, 0.13) (P =0.078, 0.16)
NaNO_, high dose 54 38 171207 15 2 06+0.5 21
(P=0.12,0.22) (P =0.031, 0.051) (P = 0.0058, 0.0087)
CM, low dose 61 44 1.7+08 14 4 06+05 23
(P=0.079,0.12) (P=0.09,0.14) (P = 0.0067, 0.011)
CM, high dose 56 42 16+0.7 10 1 05+04 15
(P = 0.044, 0.068) (P =0.26, 0.42) (P=0.11,0.17)
None 52 30 1.6+ 06 6 3 06+04 8
2 CM, cimetidine; NCM, nitrosocimetidine.
b Average + SD.

¢ Numbers in parentheses, probabilities of differences, compared to the control mice, caiculated by the one- and 2-tailed Fisher exact test, with the results of the one-

tailed test given first.

Table 7
Analysis of dose-response effects in mice receiving nitrosocimetidine or its precursors
All data from Tables 4 to 7 for which the Cox exact test for trend revealed a significant dose-response relationship are

summarized here along with the probability values.

Mice with tumor/total
Significance of
No treat- Low High dose-response
Sex Treatment Tumor ment dose dose effect”
Female c™® Lymphoma 31/66 30/65 41/59 P =0.0019
Female CM + NaNO. Lung tumors = 1.0 cm 3/66 5/51 8/58 P =0.057
Female NCM Lung tumors = 1.0 cm 3/66 2/50 9/41 P =0.0014
Male CM + NaNO, Lung tumor 30/52 36/50 71/79 P = 0.000015
Male CM + NaNO, Lung carcinoma 6/52 6/50 19/79 P=0.018
Male CM + NaNO, Lung tumors = 1.0 cm 8/52 14/50 28/79 P=0.014
Male NaNO, Lung tumors = 1.0 cm 8/52 15/52 21/54 P = 0.0094
Male CM + NaNO, Metastatic lung carcinoma 3/52 1/50 10/79 P =0.027

“ Significance of dose dependency of observed tumor incidence, Cox exact test for trend.

b oM, 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 B6CF, 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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