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Solutions of hydrazine as 0.001 %, methylhydrazine as 0.01 %, methylhydrazine 
sulfate as 0.001%, and ammonium hydroxide as 0.3, 0 2  and 0.1% were administered 
continuously in the drinking water of S- and 6-week-old randomly bred Swiss mice for 
their entire lifetime. Similarly ammonium hydroxide as a 0.1% solution was given to 
7-week-old inbred C3H mice. Hydrazine and methylhydrazine sulfate significantly 
increased the incidence of lung tumors in Swiss mice, while methylhydrazine enhanced 
the development of this neoplasm by shortening its latent period. The ammonium hydrox- 
ide treatments in Swiss and C3H mice were, however, without carcinogenic efect, 
and did nut inhibit the development of breast adenocarcinomas in C3H females, which 
are characteristic of these animals. 

The present study thus proves for the first time the carcinogenicity of methylhy- 
drazine, provides further evidence of the tumor-inducing capability of hydrazine by 
itself and negates the possibility that the metabolite o f hydrazine, ammonium hydroxide, 
could interfere in the development of neoplasia. 

Systematic studies on the possible relationship 
between chemical structure of substituted hydra- 
zines and tumor induction at specific organ sites 
in mice and hamsters have been undcr way in this 
laboratory since 1968. Prior to this undertaking, 
studies of some hydrazine derivatives have been 
conducted in other laboratories using different 
routes of administration and various dose levels 
in mice, hamsters and rats (Roe et al., 1967; 
Druckrey et al., 1967a, 6 ;  Schauer et al., 1969; 
Osswald and Kriiger, 1969; Kelly et al., 1969; 
Wiebecke et al., 1969). The findings of these 
investigations clearly demonstrated the carcino- 
genic potentiality of this class of chemicals. 

In mice, hydrazine by itself (JuhAsz et al., 
1966; Roe et al., 1967) and in sulfate form 
(Biancifiori and Ribacchi, 1962; Biancifiori et 
al., 1964) induced a number of tumors, including 
those observed in this laboratory (Toth, 1969). 

Methylhydrazine (Kelly et al., 1969) and methyl- 
hydrazine sulfate (Roe et al., 1967) were also 
studied for tumor-producing capability, but 
without positive results. 

The reasons for ammonium hydroxide studies 
could be summarized as follows: First, the tu- 
berculostatic and carcinogenic isonicotinic acid 
hydrazide is shown to be metabolized, possibly 
through hydrazine, into ammonia in some mam- 
malian species (Porcellati and Preziosi, 1954; El 
Masri et al., 1958). It seemed, therefore, possible 
that because of this an excessive level of ammonia 
is constantly formed from the chemical. Secondly, 
mammals, including man, possess digestive 
enzymes capable of dismantling their food 
proteins to yield amino acids, which they re- 
assemble to produce the proper species-specific 
proteins. It appears that all animals deaminate 
part of their incoming amino acids with the 
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production of ammonia. The major part of 
ammonia is converted into urea and a small 
portion is excreted as ammonium salts in amounts 
which tend to adjust the acid base balance of the 
body. Unless sufficient ammonia is available ths 
acids might use bases too much and endanger 
blood neutrality. Thus exists a balanced play: 
when acids or food-yielding acids in the body are 
fed, the amount of ammonia excreted is increased. 
On the other hand, when alkali or foods yielding 
bases in the body are ingzsted, the excretion of 
ammonia is decreased. Whether the deamination 
process is always the same we do not know; 
nevertheless, it is clear that certain amounts of 
ammonia are always present in the body and are 
made endogeneously (Baldwin, 1963). 

Thus the current investigations hope to provide 
an answer as to whether hydrazine, methyl- 
hydrazines and ammonium hydroxide play any 
role in tumorigenesis under the described con- 
ditions. 

MATERIAL AND METHODS 

The experiments were conducted with Swiss 
randomly bred and C3H inbred mice, all from 
this Institute. All mice were housed in plastic 
cages with granular cellulose bedding in groups 
of ten, separated according to sex, and given 
Rockland diet in pellets (A. E. Staley Manu- 
facturing Co., Decatur, Ill., USA) and tap water 
ad libitum with the exception described below. 

The chemicals used were hydrazine (H) 
95 + %, methylhydrazine (MH), methylhydrazinc 
sulfate (MHS) from Eastman Organic Chemicals, 
Rochester, N.Y., USA, and ammonium hydroxide 
(AH), reagent, A.C.S. (28-30%) from La Pine 
Scientific Company, Chicago, Ill., USA. 

Toxicity studies 

These were carried out  prior to the chronic 
experiments. Hydrazine, methylhydrazine and 
methylhydrazine sulfate were given to eight Swiss 
mice (four females, four males) in each group at 
five dose levels, such as 1 ,  0.1, 0.01, 0.001 and 
O.OOOl% solutions, in the drinking water for 
35 days. By taking into account four parameters, 
survival rates, body weights, chemical consump- 
tion figures and histological changes, the fol- 
lowing percentages were found to be suitable for 
lifelong treatment: hydrazine, 0.001 % ; rnethyl- 
hydrazine, 0.01 YO ; and methylhydrazine sulfate, 
0.001 % solutions. 

The solutions were prepared thrice weekly, and 
the total consumption of water containing the 
chemicals was measured at the same intervals 
during the treatment periods. The solutions were 
contained in brown bottles because of the possible 
light sensitivity of the chemicals. Thc experi- 
mental groups with th? treatments were as 
follows: 

Experiment with hydrazine in Swiss mice 
Hydrazine (H) was dissolved in the drinking 

water as a 0.001% solution and was given con- 
tinuously for the life span of 50 female and 
50 male Swiss mice which were 6 weeks old at the 
beginning of the experiment. The average daily 
consumption of H-containing water per animal 
was 5.4 ml for the females and 6.6 ml for the 
males. Therefore the average daily H consumption 
per animal was 0.056 mg for females and 
0.069 mg for males. 

Experiment with methylhydrazine in Swiss mice 
Methylhydrazine (MH) was dissolved in the 

drinking water as a 0.01 YO solution and was given 
continuously for the life span of 50 female and 
50 male Swiss mice which were 6 weeks old at 
the beginning of the experiment. The average 
daily consumption of MH-containing water per 
animal was 8.2 ml for the females and 7.6 ml for 
the males. Therefore, the average daily MH con- 
sumption per animal was 0.71 mg for females 
and 0.66 mg for males. 

Experiment with methylhydrazine suifafe in Swiss 
mice 

Methylhydrazine sulfate (MHS) was dissolved 
in the drinking water as a 0.001% solution and 
was given continuously for the life span of 
50 female and 50 male Swiss mice which were 
6 weeks old at the beginning of the experiment. 
The average daily consumption of MHS-con- 
taining water per animal was 7.8 ml for the 
females and 10.2 ml for the males. Therefore, the 
average daily MHS consumption per animal was 
0.078 mg for females and 0.102 mg for males. 

Experiments with ammonium hydroxide in Swiss 
mice 

1 )  Ammonium hydroxide (AH) was dissolved 
in the drinking water as a 0.3% solution and was 
given continuously for the life span of 50 female 
and 50 male Swiss mice which were 5 weeks old 
at the beginning of the experiment. The average 
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daily consumption of AH-containing water per 
animal was 4.8 ml for the females and 6.5 ml for 
the males. 2) AH was dissolved in the drinking 
water as a 0.2% solution and was given under 
identical conditions as in group 1, to 49 female 
and 50 male Swiss mice. The average daily con- 
sumption of AH-containing water per animal 
was 6.5 ml for the females and 8.2 ml for the 
males. 3) AH was dissolved in the drinking water 
as a 0.1 % solution and was given under identical 
conditions as in group 1, to 50 female and 
50 male Swiss mice. The average daily con- 
sumption of AH-containing water per animal was 
8.3 ml for the females and 9.2 ml for the males. 

Experiment with ammonium hydroxide in C3H 
mice 

AH was dissolved in the drinking water as a 
0.1% solution and was given continuously for 
the life span of 40 female and 40 male C3H mice 
which were 7 weeks old at the beginning of the 
experiment. The average daily consumption of 
AH-containing water per animal was 8.4 ml for 
the females and 7.9 ml for the males. 

The experimental mice were carefully checked 
and weighed at weekly intervals, and the gross 
pathologic changes were recorded. The animals 
were either allowed to die or were killed with 
ether when found in poor condition. Complete 
necropsies were performed on all animals. All 
organs were examined macroscopically and were 
fixed in 10% buffered formalin. Histological 
studies were done on the liver, kidney, spleen and 
at least four lobes of the lungs of each mouse, as 
well as on those organs which showed gross 
pathological changes. Sections from these tissues 
were stained routinely with hematoxylin and 
eosin and with additional special methods when 
necessary. 

RESULTS 

The survival rates at 10-week intervals are 
recorded in Tables I and 11. It appears from these 
data that methylhydrazine shortened the survival 
in Swiss mice. Ammonium hydroxide in C3H 
females, however, prolonged the life span, but 
shortened that of the males when compared with 
the untreated controls (Toth, 1969). Hydrazine, 
methylhydrazine sulfate and ammonium hy- 
droxide had no apparent effect on the survival in 
Swiss mice, as compared with the corresponding 
controls. 

Tumor incidence in hydruzine-treured Swiss mice 

The incidences of various types of tumors with 
their 'latent periods obtained with this treatment 
were the following: 

Lung tumors. In the H-treated animals, 27 fe- 
males developed 47 lung tumors with an incidence 
of 54%. Out of these, 18 mice had 28 lung adeno- 
mas, 2 had 2 adenocarcinomas and 7 had 10 ade- 
nomas and 7 adenocarcinomas. The average 
latent period for these tumors was 91 weeks, the 
first was found at the 26th week and the last at 
the 119th week. In the males of this group, 
24 mice developed 39 lung tumors with an inci- 
dence of 48%. Out of these, 15 mice had 22 lung 
adenomas, 3 had 3 adenocarcinomas, 6 had 8 ade- 
nomas and 6 adenocarcinomas. The average 
latent period for these tumors was 97 weeks; the 
first was found at the 56th week and the last at 
the 119th week. 

Malignant lymphomas. Nine malignant lym- 
phomas, with an incidence of l8%, were observed 
in the females. Out of these, two were of the 
lymphocytic type, six were of the histiocytic type 
and one was unclassifiable. Their average latent 
period was 92 weeks; the first was found at the 
54th week and the last at the 119th week. In the 
males, seven malignant lymphomas with an 
incidence of 14% were found. Out of these, four 
were of the lymphocytic type and three of the 
histiocytic type. Their average latent period was 
77 weeks; the first was observed at the 43rd week 
and the last at the 107th week. 

Breast tumors. Five females developed this 
neoplasm, giving an incidence of 10%; all were 
classified as adenocarcinomas. Their average 
latent period was 80 weeks, the first was seen at 
the 52nd and the last at the 97th week. 

In addition, a number of other types of tumors 
were observed and they are listed in Table 111. 
Since they occurred at low incidences, it is 
difficult to relate their appearances to the treat- 
ment. 

Tumor incidences in methylhydrazine-treated Swiss 
mice 

The tumors observed in the MH-treated 
animals were the following: 

Lung tumors. In the MH-treated animals, 
12 females developed 17 lung tumors with an 
incidence of 24%. All tumors were classified as 
adenomas. The average latent period for these 
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TABLE I 

TREATMENTS AND SURVIVAL RATES IN HYDRAZINE (H), METHYLHYDRAZINE (MH), 
METHYLHYDRAZINE SULFATE (MHWTREATED AND CONTROL SWISS MICE 

Initial No. 

sexofmice 10 20 30 40 50 60 70 80 90 100 110 120 130 

No. of survivors (age in weeks) 
Group Treatment and 

50 50 49 48 47 41 37 29 22 13 4 - 

506 49 46 46 46 44 40 33 25 20 17 9 - 
1 0.001% H in drinking 509 

water daily for life 

41 41 39 33 13 8 - 2 0.01% MH in drinking 50p 
506 41 37 24 15 6 3 1 - water daily for life 

48 48 47 46 46 45 40 29 20 12 9 - 

506 49 49 48 48 46 43 41 28 20 8 5 - 
3 0.001 % MHS in drinking 503 

water daily for life 

4 Control 1100 109 109 107 104 96 89 73 57 41 23 11 1 - 

1106 110 95 91 86 67 55 41 22 6 1 1 - 

TABLE I1 

TREATMENT AND SURVIVAL RATES OF AMMONIUM HYDROXIDE (AH)-TREATED SWISS MICE 

Initial No. N o  of survivors (age in weeks) 
Group Treatment and sex 

of mice 10 20 30 40 50 60 70 80 90 100 110 120 130 

44 42 42 42 42 42 37 29 25 19 14 5 - 

506 49 47 46 44 43 40 33 25 22 15 9 6 - 
1 0.3 % AH in the drinking 50 

water daily for life 
~~ ~ 

2 0.2% AH in the drinking 49 48 48 44 44 43 41 38 36 23 18 9 4 - 

506 50 50 49 48 28 27 24 18 14 9 4 2 - 

50 50 50 50 47 47 38 30 22 16 8 - - 

water daily for life 

3 0.1 % AH in the drinking 509 
50 6 50 50 50 49 46 35 25 21 I5 10 7 - - water daily for life 

tumors was 51 weeks, the first was found at the 
36th week and the last at  the 67th week of age. 
In the males of this group, 11 animals developed 
12 lung tumors with an incidence of 22%. All 
tumors were classified as adenomas. The average 
latent period for tumors was 51  weeks, the first 
was observed at the 39th week and the last at 
the 70th week. 

Malignant lymphomas. Only two such tumors 
with an incidence of 4% were seen in the females; 
both were of the lymphocytic type. They were 
observed at the 37th and 43rd weeks of age. 

In addition, a few benign and malignant liver 
cell tumors, cholangiomas and cholangiocarci- 
nomas were seen in both sexes. Since these lesions 

were not observed in the untreated controls, their 
appearance was probably due to the methyl- 
hydrazine treatment. 

Furthermore, a number of other types of neo- 
plasms were found, and they are listed in Table 111. 
Since their incidences are similar to those seen in 
controls, their occurrence cannot be attributed 
to the treatment. 

Tumor incidences in rnethylhydrazine sulfate- 
treated Swiss mice 

The following types of tumors were seen with 
this treatment. 

Lung tumors. In the MHS-treated mice, 
23 developed 46 lung tumors with an incidence of 
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TABLE 111 

TREATMENTS AND TUMOR DISTRIBUTION ’ IN HYDRAZINE (H), METHYLHYDRAZINE (MH), 
METHYLHYDRAZINE SULFATE (MHS)-TREATED AND CONTROL SWISS MICE 

Effective Animals with: 

of mice 
Group Treatment No. and sex 

Other tumors (latent period: age in weeks) 

1 0.001 % H in drinking 509 I subcutaneous sar- 1 adenocarcinoma 1 Adenocarcinoma of 
water daily for life coma (67) of cecum (67) glandular stomach 

(1 19) 
1 papilloma of 1 angioma of liver 

(101) gerhans island (1 19) forestomach (103) 
1 adenocarcinoma 
of ovary (1 I 9) 

1 adenoma of Lan- 

1 adenoma of glan- 
dular stomach (119) 

506 1 angioma of liver (96) 1 adenoma of thy- 1 adenoacanthoma 

1 angiosarcoma of 1 myxosarcoma of 1 hibernoma of fat 
liver (1 10) spleen (119) pad (74) 
1 hepatomas (119) 1 adrenal cortical 1 papillomas of skin 

roid (119) of skin (96) 

adenoma (105) (119) 

2 0.01 % MH in drink- 509 1 cholangiocarcinoma 
(49) 
1 angioma of adrenal 
(61) 
3 hepatomas (48, 51, 
61) 

ing water daily for life 
6 cholangiomas (35, 
47, 48, 51, 53, 62) 
4 angiomas of liver 
(43, 47, 48, 55) 
2 angiosarcomas of 
liver (48, 60) 

500 2 cholangiomas (49, 
52) 
1 cholangiocarcinoma 
(45) 
3 hepatomas (59, 66, 
70) 

1 angioma of liver 
(66) 
1 angiosarcoma of 
liver (70) 
1 liver cell carcinoma 
(67) 

3 0.001 % MHS in drink- 509 I subcutaneous sar- 
ing water daily for life coma (113) 

1 Kupfer cell sarcoma 
(96) 

I adenocarcinoma of 
ovary (101) 

3 angiomas of liver 
(62, 73, 94) 
2 adenocarcinomas of 
glandular stomach 

1 papilloma of fore- 
stomach (101) 

(71,99) 

~~ ~ ~ 

506 1 adenoma of thyroid 
(92) 
I anaioma of liver 
(83) - 
1 abdominal sarcoma 

3 subcutaneous sarcomas 
(77, 78, 95) 
1 adenoma of glandular 
stomach (77) 
1 angioma of liver and 
lymph node (70) 

~ 

4 Control 1109 1 luteoma (99) 1 subcutaneous 3 subcutaneous sar- 
fibroma (87) comas (68, 82, 82) 

1 granulosa cell tumor 1 papilloma of fore- 3 hemangiomas of 
(65) stomach (112) liver (69, 77, 84) 
I hemangioma of 1 malignant plasma- I sex cord mesen- 

cytoma (71) chymal tumor (99) ovary (42) 

I10d 2 hemangiomas of 
liver (72, 80) 

’ The incidences of lung tumors. malignant lymphomas and breast tumors arc presented in the text. 
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46%. Out of these, I1  animals had 17 adenomas, 
4 had 5 adenocarcinomas, and 8 had 15 adenomas 
and 9 adenocarcinomas. The average latent 
period for these tumors was 95 weeks, the first 
was found at the 71st week and the last at the 
119th week of age. In the males of this group, 
23 developed 43 lung tumors with an incidence 
of 46%. Out of these, 18 mice had 24 adenomas, 
2 had 2 adenocarcinomas and 3 had 10 adenomas 
and 7 adenocarcinomas. The average latent period 
for these tumors was 87 weeks, the first was 
observed at the 56th week and the last at the 
117th week of age. 

Malignant lymphomas. In the females, ten 
malignant lymphomas with an incidence of 20% 
were observed. Out of these, two were of the 
lyrnphocytic type, seven were of the histiocytic 
type and one was unclassifiable. Their average 
latent period was 92 weeks, the first was found 
at the 68th week and the last at the 117th week. 
In the males eight malignant lymphomas with an 
incidence of 16% were seen. Out of these, seven 
were of the histiocytic type and one was unclassi- 
fiable. Their average latent period was 87 weeks; 
the first was found at the 66th week and the last 
at the 107th week. 

Breast tumors. Three females with an incidence 
of 6% developed three such neoplasms; all were 
classified as adenocarcinomas. They were ob- 
served at the 62nd, 12nd and 75th weeks of age. 

In addition, a few other types of tumors were 
observed in both sexes and are presented in 
Table 111. Since their types and incidences were 
similar to those found in the controls their 
appearances cannot be related to the treatment. 

Tumor incidences in ammonium hydroxide-treated 
Swiss mice 

The incidence of various types of tumors with 
their latent periods were the following: 

Malignant lymphomas. The following types 
were observed: 0.3% AH-treated females: 1 of 
the lymphocytic type, 5 of the histiocytic type 
and 3 unclassifiable. Their average latent period 
was 105 weeks; the first was found at the 
86th week and the last at the 122nd week. In 
males: 2 of the lymphocytic and 1 of the histio- 
cytic type were seen. Their average latent period 
was 100 weeks; the first was found at the 
94th week and the last at the 128th week. 
0.2% AH-treated females: 2 of the lymphocytic, 
6 of the histiocytic type and 2 unclassifiable. Their 

average latent period was 76 weeks; the first was 
found at the 20th week and the last at the 
122nd week. In males: 1 of the lymphocytic, 
4 of the histiocytic type and 2 unclassifiable. 
Their average latent period was 84 weeks; the 
first was observed at the 40th week and the last 
at the 122nd week. 0.1% AH-treated females: 
2 of the lymphocytic, 7 of the histiocytic type and 
1 unclassifiable. Their average latent period was 
77 weeks; the first was found at the 49th week 
and the last at the lOlst week. In males: all 4 were 
of the histiocytic type. Their average latent period 
was 84 weeks; the first was found at the 56th week 
and the last at  the 107th week of age. 

Lung tumors. In the 0.3% AH-treated animals, 
3 females developed 3 adenomas and 1 had 
adenoma and an adenocarcinoma. Their average 
latent period was 97 weeks; the first was seen at 
the 81st week and the last at the 114th week. In 
the males of this group, 5 developed 6 adenomas, 
1 had an adenocarcinoma and 1 had an adenoma 
and an adenocarcinoma. Their average latent 
period was 86 weeks; the first was found at the 
54th week and the last at the 128th week. In the 
0.2% AH-treated mice, 5 females developed 
9 adenomas, 1 had an adenoma and an adeno- 
carcinoma and 2 had 2 adenocarcinomas. Their 
average latent period was 94 weeks, the first was 
found at the 76th week and the last at the 
122nd week. In the males of this group 3 had 
3 adenomas and 2 developed 2 adenocarcinomas. 
Their average latent period was 96 weeks; the 
first was found at the 78th week and the last at 
the 112th week. In the 0.1 % AH-treated animals, 
9 females developed 9 adenomas and 3 had 
3 adenocarcinomas. Their average latent period 
was 78 weeks; the first was observed at the 
24th week and the last at the 116th week. In the 
males of this group, 3 mice had 3 adenomas, 1 had 
an adenoma and an adenocarcinoma and 
1 developed an adenocarcinoma. Their average 
latent period was 92 weeks; the first was found 
at the 50th week and the last at the 122nd week 
of age. 

Breast tumors. In the 0.2% AH-treated females, 
3 animals developed 3 tumors and 1 had 2 such 
neoplasms. Their sverage latent period was 
103 weeks; the first was seen at the 90th week 
and the last at the 110th week. In the 0.1% AH- 
treated group, only one female developed a single 
tumor at the 61st week of age. All were classified 
as adenocarcinomas. 
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In addition, a few tumors of other types were 
found in the different groups; they are listed in 
Table IV. 

Macroscopically and histologically the obtained 
tumors of lungs, lymphoreticular tissue, breast, 
etc. were similar to  those seen and described in 
this mouse strain in previous studies (Toth and 
Shubik, 1966). 

Tumor incidences in ammonium hydroxide-treated 
C, H mice 

The incidences of various types of tumors with 
their latent period in this mouse strain were the 
following: 

Breast tumors. In the 0.1 YO AH-treated females, 
24 mice developed adenocarcinomas of mammary 
gland with an incidence of 60%. Their average 
latent period was 60 weeks, the first was found at  
the 41st and the last a t  the lOlst weeks of age. 
The incidence of breast tumors in the corres- 
ponding untreated control mice was 76%. 

Grossly and cytologically the lesions of the 
mammary glands were similar to those described 

earlier in this and other laboratories (Dunn, 1959; 
Toth, 1969). 

Furthermore, in three AH-treated females 
other tumors were observed-1 malignant lym- 
phoma, unclassifiable, a t  the 91st week; 1 heman- 
gioma of lymph node a t  the lOlst week; and a 
hepatoma at  the 64th week of age. In males of 
this group, 5 mice had neoplasms, three had 
benign hepatomasat the 71st, 74thand 79th weeks, 
two had liver cell carcinomas both at  the 
92nd weeks. 

The detailed descriptions and incidences of 
tumors in untreated control Swiss and C,H mice 
are given in earlier publications (Toth et a/., 
1963; Toth e t a / . ,  1964; Toth and Shubik, 1966; 
Toth, 1969); nevertheless, some of them are 
included in thr: Tables for comparative purposes. 

DISCUSSION 

The present results show that 0.001 % hydra- 
zine and 0.001 Yo methylhydrazine sulfate solu- 
tions administered separately in the drinking 
water to  6-week-old randomly bred Swiss mice 

TABLE IV 

TUMOR DISTRIBUTION ' I N  AMMONIUM HYDROXIDE (AH)-TREATED SWISS MICE 

Animals with 

Other tumors (latent period: age in weeks) 
Effective 

Treatment NO.  of mice Group 

1 0.3% AH in the drink- 479 1 sarcoma, abdominal (122) 

500 1 hemangioma of liver (102) 
1 adenoma of rectum (74) 

ing water daily for life 

2 0.2% AH in the drink- 499 1 adrenal cortical adenoma (107) 1 papilloma of forestomach (122) 
ing water daily for life 1 hemangioma of liver (87) 

1 hepatoma (107) 

1 squamous cell carcinoma of 
skin (107) 

~~ -~ 

506 3 hemancjomas of liver (58, 92, 101) 
1 papilloma of forestomach (122) 

~~~~~~ 

3 0.1 % AH in the drink- 509 1 sarcoma of heart (62) 1 adenocarcinoma of cecum (90) 
2 fibrosarcomas, subcutaneous 
(82, 121) 
1 adenoma of thyroid (96) 

ing water daily for life 1 hemangioma of liver (90) 

1 carcinoma of skin ( I  10) 

496 I chondrosarcoma, subcutaneous 1 adenoma of seminal vesicle 
(87) (35) 
1 hemangiosarcoma of liver (121) 
1 adenoma of glandular stomach (87) 

The incidences of malignant lymphomas, lung and breast tumors are presented in the text. 
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for their entire lifetime resulted in the develop- 
ment of increased incidences of lung tumors. 
Similar administration of 0.01 % methylhydrazine 
solution enhanced the development of lung 
tumors by shortening their latent period. Ammo- 
nium hydroxide, given as 0.3, 0.2 and 0.1% 
solutions in the drinking water to randomly bred 
5-week-old Swiss mice and as a 0.1 % solution to 
inbred 7-week-old C3H mice for the remainder of 
their lifetime had no carcinogenic effect nor did 
it inhibit the development of breast adenocarci- 
nomas in C3H females, which are characteristic 
of these animals. 

The observation concerning the enhanced 
development of lung tumors by methylhydrazine 
sulfate and methylhydrazine in Swiss mice is 
noteworthy here, since this is the first time that 
these compounds were found to possess a tumor- 
producing capacity. Earlier two unsuccessful 
attempts were made. In the first one, methylhy- 
drazine sulfate was administered by gavage on 
5 days each week for 50 weeks to female Swiss 
mice (Roe et af., 1967), while in the second 
attempt methylhydrazine was given either by 
gavage or by intraperitoneal injections once a 
weck for 8 weeks to CDF mice (Kelly et al., 
1969). In connection with methylhydrazine carci- 
nogenesis, an earlier report from this laboratory 
erroneously stated that this chemical also 
induced tumours of the biliary ducts in Swiss 
mice (Toth, 1971a). As can be seen from the 
presently obtained results, few benign and malig- 
nant bile duct lesions were actually observed in 
these animals ; therefore, their occurrences from 
the statistical viewpoint could not be called 
significant. The current finding with regard to the 
production of lung tumors by hydrazine corro- 
borates previous studies of other investigators 
showing that hydrazine by itself given by gavage 
or by injection to white and Swiss mice induced 
tumors of lungs and lymphoreticular tissues 
(Juhiisz et af., 1966; Roc et af., 1967). In addition, 
when hydrazine in sulfate form was administered 
by mouth or by stomach tube to BALBIc and 
DBA mice, it produced lung tumors and, in the 
latter strain, h2pntomas (Biancifiori and Ribacchi, 
1962; Biancifiori et al., 1964). The failure of 
ammonium hydroxide to interfere in the develop- 
ment of neoplasia in the present experiment was 
a surprise even though earlier investigations also 
obtained negative findings with this compound 
and with its salts. Ammonium hydroxide given 
either in th3 eye or cutaneously to rabbits was 

negative with regard to tumor induction (Rock- 
hold et al., 1957). Ammonia inhalation in guinea 
pigs was also without any apparent carcinogenic 
action (Weatherby, 1952). The various ammonium 
salts such acetate, carbonate, chloride, hydro- 
phosphate and sulfate administered orally to 
rabbits gave similar results (Fazekas, 1953) as 
well as paratungstate and sulfamate given 
perorally to rats (Kinard and Aull, 1945). The 
only exception so far found was ammonium 
potassium selenide which, when given orally to 
rats, produced a number of tumors (Nelson et 
al., 1943; Fitzhugh et al., 1944). In view of the 
fact that subsequent studies proved that selenium 
by itself is a cancer-producing agent (Tscherkes 
et al., 1963), ammonia obviously could not be 
incriminated by this investigation. 

The experiments reported here are part of the 
systematic investigations aimed at determining 
the variations in the carcinogenic response of 
different tissues to the derivatives of hydrazines. 
In Swiss mice hydrazine in sulfate form erfhanced 
the development of lung tumors as did symmetri- 
cal dimethylhydrazine and benzoylhydrazine. In 
addition, symmetrical dimethylhydrazine evoked 
blood-vessel tumors (Toth, 1970; Toth and Wil- 
son, 1971c), while benzoylhydrazine increased the 
incidence of malignant lymphomas (Toth, 1971b). 
Even though the action of the presently used 
methylhydrazine was identical to that of hydra- 
zine, it appears that a possible relationship 
exists between the chemical structure of hydra- 
zines and tumor development at specific organ 
sites. 

Finally, it appeared worth while to check 
whether or not ammonia interferes in the tumori- 
genic process, especially since this chemical is 
constantly produced endogeneously in the normal 
metabolic pathway and because of the likelihood 
that hydrazides and hydrazines, both environ- 
mental hazards, are broken down in vivo into 
ammonia. 
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CARCfNOGENESIS BY HYDRAZINES 

CARCINOGENeSE PAR L’HYDRAZINE, LA METHYLHYDRAZINE ET LE 
SULFATE DE METHYLHYDRAZINE CHEZ LES SOURIS SWISS. 

INAPTITUDE DE L’HYDROXYDE D’AMMONIUM A INTERFERER DANS 
LE DEVELOPPEMENT JiES TUMEURS 

Des solutions d’hydrazine a 0.001 %, dr mkthylhydrazine a 0.01 %, de sulfate de 
mkthylhydrazine a 0.001 % et d’hydroxyde d’ammonium a 0.3, 0.2 et 0.1 % ont t t t  
administrkes de fuqon continue et jusqu’a leur mort dans I’eau de boisson de souris 
Swiss Ligpes de 5 et 6 semaines provenant d’un klevage surveillk. Be msme, une 
solution d’hydroxyde d’ammonium a 0.1 % a ett administrke a des souris C,H de pure 
souche bgkes de 7 semaines. L’hydrazine et le sulfate de mkthylhydrazine ont 
considkrablement accru I’incidence des tumeurs pulmonaires chez les souris Swiss, alors 
que la mkthylhydrazine a facilith le dkveloppement de ce nkoplasme en raccourcissant 
sa pkriode de latence. Le traitement des souris Swiss et C,H a I’hydroxide 
d’ammonium n’a cependant pas eu d’effet carcinogtne et n’a pas inhibk le 
dkveloppement, chez Ies femelles C,H, d’adknocarcinomes mammaires, tumeurs qui 
sont caractkristiques de czs animaux. 

La prksente dude ktablit done pour la premikre fois la carcinogknicitk de la 
mkthylhydrazine, fournit une nouvelle preuve de I’aptitude de l’hydrazine ci induire des 
tumeurs et dkmontre que le mktabolate de I’hydrazine, l’hydroxyde d’ammonium, ne 
peut pas interfkrer dans le dkveloppement des nkoplasmes. 
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