1,1-DIMETHYLHYDRAZINE

Data were last reviewed in IARC (1974) and the compound was classified in IARC
Monographs Supplement 7 (1987).

1. Exposure Data

1.1 Chemical and physical data

1.1.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 57-14-7
Chem. Abstr. Name: 1,1-Dimethylhydrazine
IUPAC Systematic Name: 1,1-Dimethylhydrazine
Synonyms: Dimazine; dimazin; UDMH

1.1.2  Structural and molecular formulae and relative molecular mass

CHs
> N—NH,
CHg

C,HsN, Relative molecular mass: 60.10

1.1.3  Chemical and physical properties of the pure substance

(a) Description: Flammable, hygroscopic liquid. Fumes in air and gradually turns
yellow. Characteristic ammonia-like fishy odour of aliphatic hydrazines
(Budavari, 1996)

(b) Boiling-point: 63.9°C (Lide, 1995)

(c) Melting-point: —58°C (Lide, 1995)

(d) Solubility: Miscible with water with evolution of heat. Also miscible with
ethanol, diethyl ether, dimethylformamide and hydrocarbons (Budavari, 1996)

(e) Vapour pressure: 17 kPa at 25°C; relative vapour density (air = 1), 2.07 (Ver-
schueren, 1996)

(f) Flash point: —15°C, closed cup (Lewis, 1993)

(g9) Explosive limits: upper limits, 95%; lower, 2% by volume in air (American
Conference of Governmental Industrial Hygienists, 1991)

(h) Conversion factor: mg/m3 = 2.46 X ppm

—1425-
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1.2 Production and use

1,1-Dimethylhydrazine is used as a component of jet and rocket fuels, for chemical
synthesis, as a stabilizer for organic peroxide fuel additives, as an absorbent for acid
gases, in photography and as a plant growth control agent (Lewis, 1993).

1.3 Occurrence
1.3.1  Occupational exposure
No data were available to the Working Group.

1.3.2  Environmental occurrence
Production and use of 1,1-dimethylhydrazine may result in its release to the envi-
ronment (United States National Library of Medicine, 1997).

1.4 Regulations and guidelines

The American Conference of Governmental Industrial Hygienists (ACGIH) (1997)
has recommended 0.025 mg/m3 as the threshold limit value for occupational exposures
to 1,1-dimethylhydrazine in workplace air. Similar values have been used as standards or
guidelines in many countries (International Labour Office, 1991).

No international guideline for 1,1-dimethylhydrazine in drinking-water has been
established (WHO, 1993).

2. Studies of Cancer in Humans

No data were available to the Working Group.

3. Studies of Cancer in Experimental Animals

1,1-Dimethylhydrazine was tested for carcinogenicity in mice after oral adminis-
tration, producing tumours at various sites including a high incidence of vascular
tumours. The observation of a few liver tumours after high oral doses of 1,1-dimethyl-
hydrazine occurring in rats after a long latent period was inadequate for evaluation of the
carcinogenic effect in this species (IARC, 1974).

3.1 Subcutaneous injection

Hamster: Groups of 15 male and 15 female European hamsters (Cricetus cricetus)
[age unspecified] were given weekly subcutaneous injections of 1/10 of the LDy, (LDs:
373 mg/kg bw for males and 325 mg/kg bw for females) of 1,1-dimethylhydrazine in
saline for life. A group of eight males and eight females served as controls. Hamsters
were observed until spontaneous death. Six males and six females treated with 1,1-
dimethylhydrazine developed peripheral nerve sheath tumours (neurofibrosarcoma,
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melanotic and unpigmented schwannoma). No tumour of this type was observed in the
untreated controls (Ernst et al., 1987).

Groups of 12 male and 12 female Syrian golden hamsters (Mesocricetus auratus) were
given subcutaneous injections of 8, 17 or 35 (1/10 of the LDs;) mg/kg bw 1,1-dimethyl-
hydrazine weekly for life. A group of seven males and seven females given saline served
as controls. Nonsignificant increases in the incidence of malignant lymphomas in females
given the intermediate dose (4/12 versus 1/7) and that of benign phacochromocytoma in
males given the lowest dose (4/12 versus 1/7) were observed (Jeong & Kamino, 1993).

4. Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion
4.1.1 Humans
No data were available to the Working Group.

4.1.2  Experimental systems

Godoy et al. (1984) have studied the metabolic fate of 1,1-dimethylhydrazine in the
context of its role as a reductive metabolite of the carcinogen N-nitrosodimethylamine. In
rat liver slices, [14C]dimethylhydrazine is activated to metabolites which bind to nucleic
acids. In rat liver microsomes and 9000 X g supernatants (microsomes plus cytosol), it is
converted to formaldehyde. In microsomes, this process has the characteristics of a cyto-
chrome P450-mediated reaction, requiring NADPH and oxygen, but in the 9000 x g
supernatant, this cofactor dependence was not seen, suggesting that the reaction was non-
enzymatic. Metabolism in these systems also resulted in covalent binding of radioactivity
that showed comparable enzymatic and non-enzymatic components. These data show that
1,1-dimethylhydrazine might not be a detoxication product of N-nitrosodimethylamine
but contributes to its covalent binding to nucleic acids and proteins.

4.2 Toxic effects
42.1  Humans
No data were available to the Working Group.

422  Experimental systems

In female Sprague-Dawley rats, daily intraperitoneal injections of 10, 30, 50 or
70 mg/kg bw 1,1-dimethylhydrazine resulted in the death of 0, 5, 6 and 9 out of 10 animals
per group (Cornish & Hartung, 1969). Surviving animals showed diuresis, increased serum
transaminase levels and histopathological signs of mild kidney damage.

Daily intraperitoneal injection of BALB/c and C57BL/6 mice with 5, 10, 25, 50 or
75 mg/kg bw 1,1-dimethylhydrazine for seven days resulted in a significant increase in
one-way mixed lymphocyte response (MLR) (Tarr et al., 1988). When only the responder
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mice (C57BL/6) were treated, the response was also increased. The authors suggested that
B cells and/or macrophages may represent a target cell subpopulation for the immuno-
enhancing effect of 1,1-dimethylhydrazine. Since prostaglandin E, production by adherent
splenocytes (enriched for macrophages) in vitro was significantly reduced at 10 pg/mL of
1,1-dimethylhydrazine, the authors suggested that inhibition of prostaglandin E, synthesis,
a suppressor of the MLR, might explain the immunoenhancement by 1,1-dimethyl-
hydrazine.

The 48-h concanavalin A-induced lymphoblastogenic responses in splenocytes iso-
lated from BALB/c mice treated with Corynebacterium parvum and 1,1-dimethyl-
hydrazine mice were significantly increased in comparison with C. parvum treatment
alone (Frazier et al., 1992), indicating that 1,1-dimethylhydrazine can overcome certain
types of immunosuppression.

In murine splenocytes in culture, however, 10-50 pug/mL 1,1-dimethylhydrazine inhi-
bited concanavalin A-stimulated DNA synthesis (Bauer et al., 1990). Similar suppression
was observed in interleukin 2-dependent CTLL-20 cells when DNA synthesis was
stimulated with interleukin 2.

4.3 Reproductive and developmental effects
43.1 Humans
No data were available to the Working Group.

4.3.2  Experimental systems

Keller et al. (1984) investigated the embryotoxicity and teratogenicity of 1,1-dimethyl-
hydrazine in pregnant Fischer 344 rats. In the high-dose group treated intraperitoneally with
60 mg/kg bw 1,1-dimethylhydrazine per day on days 6-15 of gestation, maternal weight
gains and mean fetal weights were significantly reduced. The numbers of implants and of
viable fetuses per litter were also less than in controls, although not reduced significantly,
and the number of malformations (unfused ossification centres of vertebrae, anophthalmia
or severe microphthalmia, hydronephrosis, agenesis of kidney, hydrocephalic fetus, un-
ossified sternebrae) was moderately increased. At a daily dose of 30 mg/kg bw, these effects
were not observed.

4.4 Genetic and related effects
44.1 Humans
No data were available to the Working Group.

442  Experimental systems (see Table 1 for references)

In mammalian cells treated in vitro, 1,1-dimethylhydrazine induced gene mutations
in Chinese hamster lung V79 cells and in mouse lymphoma L5178Y cells, chromosomal
aberrations in Chinese hamster ovary cells and unscheduled DNA synthesis in mouse
hepatocytes but not in rat hepatocytes. In a single study, it induced somatic mutations in
Drosophila melanogaster. There is conflicting evidence as to its mutagenicity to bacteria.



Table 1. Genetic and related effects of 1,1-dimethylhydrazine

Test system Result® Dose® Reference
(LED or HID)

Without With

exogenous exogenous

metabolic  metabolic

system system
PRB, Prophage induction, SOS repair test, DNA strand breaks, NT - 17000 Ho & Ho (1981)

cross-links or related damage
SA0, Salmonella typhimurium TA100, reverse mutation - - 2000 Brusick & Matheson (1976)
SA0, Salmonella typhimurium TA100, reverse mutation - + 250 Bruce & Heddle (1979)
SA0, Salmonella typhimurium TA100, reverse mutation - - 1500 Von Wright & Tikkanen
(1980)

SA0, Salmonella typhimurium TA100, reverse mutation - - 4800 De Flora (1981)
SA0, Salmonella typhimurium TA100, reverse mutation - 4015 Parodi et al. (1981)
SA0, Salmonella typhimurium TA100, reverse mutation - - NG De Flora et al. (1984)
SA0, Salmonella typhimurium TA100, reverse mutation + - NG Matsushita et al. (1993)
SA2, Salmonella typhimurium TA102, reverse mutation + - NG Matsushita et al. (1993)
SA3, Salmonella typhimurium TA1530, reverse mutation ) NT 5000 Tosk et al. (1979)
SA3, Salmonella typhimurium TA1530, reverse mutation - - 15000 Bartsch et al. (1980)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 2000 Brusick & Matheson (1976)
SAS5, Salmonella typhimurium TA1535, reverse mutation - - 250 Bruce & Heddle (1979)
SAS5, Salmonella typhimurium TA1535, reverse mutation - - 4800 De Flora (1981)
SAS5, Salmonella typhimurium TA1535, reverse mutation - - 4015 Parodi et al. (1981)
SAS5, Salmonella typhimurium TA1535, reverse mutation - - 500 Rogan et al. (1982)
SAS, Salmonella typhimurium TA1535, reverse mutation - - NG De Flora et al. (1984)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 2000 Brusick & Matheson (1976)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 250 Bruce & Heddle (1979)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 4800 De Flora (1981)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 4015 Parodi et al. (1981)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 500 Rogan et al. (1982)
SA7, Salmonella typhimurium TA1537, reverse mutation - - NG De Flora et al. (1984)

ANIZVIAAHTAHLAWIA-TT
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Table 1 (contd)

Test system Result? Dose® Reference
(LED or HID)
Without With
exogenous  exogenous
metabolic  metabolic
system system
SA8, Salmonella typhimurium TA1538, reverse mutation - - 2000 Brusick & Matheson (1976)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 4800 De Flora (1981)
SAS, Salmonella typhimurium TA1538, reverse mutation - - 4015 Parodi et al. (1981)
SAS, Salmonella typhimurium TA1538, reverse mutation - - NG De Flora et al. (1984)
SA9, Salmonella typhimurium TA98, reverse mutation - - 4800 Brusick & Matheson (1976)
SA9, Salmonella typhimurium TA98, reverse mutation +) +) NG De Flora (1981)
SA9, Salmonella typhimurium TA98, reverse mutation ) ) 1262 Parodi et al. (1981)
SA9, Salmonella typhimurium TA98, reverse mutation ) ) NG De Flora et al. (1984)
SA9, Salmonella typhimurium TA98, reverse mutation - + 250 Bruce & Heddle (1979)
SAS, Salmonella typhimurium TAG46, reverse mutation - - 15000 Bartsch et al. (1980)
ECW, Escherichia coli WP2 uvrA, reverse mutation - - 2000 Brusick & Matheson (1976)
ECW, Escherichia coli WP2 uvrA, reverse mutation - NT 120 Von Wright & Tikkanen
(1980)
SCG, Saccharomyces cerevisiae, gene conversion - - 2000 Brusick & Matheson (1976)
ANF, Aspergillus nidulans, forward mutation + NT 100 Bignami et al. (1981)
DMM, Drosophila melanogaster, somatic mutation (white/white+)  + 150 feed Vogel & Nivard (1993)
DMZX, Drosophila melanogaster, sex-linked recessive lethal - 1200 inj Zijlstra & Vogel (1988)
mutations
DIA, DNA strand breaks, rat hepatocytes in vitro + NT 2 Sina et al. (1983)
URP, Unscheduled DNA synthesis, ACI/N rat primary hepatocytes  — NT 60 Mori et al. (1988)
in vitro
UIA, Unscheduled DNA synthesis, C3HeN mouse primary + NT 60 Mori et al. (1988)
hepatocytes in vitro
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus + + 80 Brusick & Matheson (1976)

in vitro
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Table 1 (contd)

Test system Result® Dose® Reference
(LED or HID)
Without With
exogenous  exogenous
metabolic  metabolic
system system
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus + NT 6 Rogers & Back (1981)
in vitro
G51, Gene mutation, mouse lymphoma L5178Y cells, ouabain - NT 300 Rogers & Back (1981)
resistance and cytosine arabinoside resistance in vitro
G9H Gene mutation, Chinese hamster lung V79 cells, hprt locus - + 300 Beije et al. (1984)
(metabolic activation with rat liver perfusate) in vitro
CIC, Chromosomal aberrations, Chinese hamster ovary CHO cells  + +) 20 JETOC (1997)
in vitro
HMM, Host-mediated assay, Salmonella typhimurium TA1950 in - 140 po x 1 Von Wright & Tikkanen
NMRI mouse host (1980)
DVA, DNA fragmentation, Swiss albino mouse lung in vivo + 42ipx5 Parodi et al. (1981)
DVA, DNA fragmentation, Swiss albino mouse liver in vivo + 42ipx5 Parodi et al. (1981)
UVR, Unscheduled DNA synthesis, Fischer 344 rat kidney cells - 50ipx1 Tyson & Mirsalis (1985)
in vivo
MVM, Micronucleus test, CD1 mouse splenocytes in vivo + 13.8ipx1 Benning et al. (1994)
MVM, Micronucleus test, CD1/CR mouse bone-marrow cells - 83ipx1 Cliet et al. (1993)
in vivo
MVM, Micronucleus test, CD1/CR mouse spermatids in vivo + 83ipx1 Cliet et al. (1993)
MVM, Micronucleus test, CD1/CR mouse hepatocytes in vivo + 14ip x2 Cliet et al. (1989)
MVM, Micronucleus test, (C57BL/6 x C3H/He) F; mouse - 500ip x5 Bruce & Heddle (1979)
bone-marrow in vivo
MVM, Micronucleus test, mouse bone marrow (BALB/c AnNCrj)  — 20ip x 1 Suzuki et al. (1994)
in vivo
DLM, Dominant lethal test, ICR/Ha Swiss mice in vivo - 63ipx1 Epstein et al. (1972)
DLM, Dominant lethal test, mice in vivo - 125ip x5 Brusick & Matheson (1976)

ANIZVIAAHTAHLAWIA-TT

Ievl



Table 1 (contd)

Test system Result? Dose® Reference
(LED or HID)

Without With
exogenous — exogenous
metabolic  metabolic

system system
BVD, Binding (covalent) to DNA, formation of N7-methylguanine  + 19 pox1 Sagelsdorff et al. (1988)
in Sprague-Dawley rat liver DNA in vivo
SPM, Sperm abnormality test, (C57BL/6 x C3H/He) F; mouse - 500ip x 5 Bruce & Heddle (1979)
in vivo
SPM, Sperm morphology, (C57BL/6 x C3H/He) F; mice in vivo - 100ip x 5 Wyrobek & Bruce (1975)
Colonic nuclear aberration assay in C57BL/6J mice, in vivo - 100 po x 1 Wargovich et al. (1983)

 +, positive; (+), weak positive; —, negative; NT, not tested
" LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, pg/mL; in-vivo tests, mg/kg bw/day; NG, not given; inj, injection; ip,
intraperitoneal; po, oral

[434!
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In a single study, 1,1-dimethylhydrazine formed N7-methylguanine with DNA in the
liver of rats treated in vivo. Given to mice in vivo, it did not induce sperm abnormalities,
nuclear aberrations in the colon or micronucleus formation in the bone marrow, but, in
single studies, it did induce micronucleus formation in spermatids, splenocytes and
hepatocytes. In one study, 1,1-dimethylhydrazine induced DNA fragmentation in lung
and in liver of mice in vivo. It failed to induce unscheduled DNA synthesis in kidney
cells of rats in a single study conducted in vivo. It produced negative results in a host-
mediated assay using mice.

5. Evaluation

No epidemiological data on the carcinogenicity of 1,1-dimethylhydrazine were
available.

There is sufficient evidence in experimental animals for the carcinogenicity of 1,1-
dimethylhydrazine.

Overall evaluation
1,1-Dimethylhydrazine is possibly carcinogenic to humans (Group 2B).
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