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Part A.

1 PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLIN G

1.1 Substance

Table 1: Substance identity

Substance name: Hydrazine, methyl-
EC number: 200-471-4
CAS number: 60-34-4

Annex VI Index number:

Degree of purity:

Impurities: confidential

1.2 Harmonised classification and labelling proposal

Table 2: The current Annex VI entry and the proposé harmonised classification

CLP Regulation

Current entry in Annex VI, CLP Regulation -

Current proposal for consideration by RAC Carc. 1B - H350

Resulting harmonised classification (future Carc. 1B - H350
entry in Annex VI, CLP Regulation)
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1.3

Table 3: Proposed classification according to the I Regulation

Proposed harmonised classification and labelling ls@d on CLP Regulation

CLP Hazard class Proposed Proposed SCLs Current Reason for no
Annex | classification | and/or M-factors | classification® | classification?
ref
2.1. Explosives None None Not evaluated
2.2. Flammable gases None None Not evaluated
2.3. Flammable aerosols None None Not evaluated
2.4, Oxidising gases None None Not evaluated
2.5. Gases under pressure None None Not evaluate
2.6. Flammable liquids None None Not evaluated
2.7. Flammable solids None None Not evaluated
2.8. Self-reactive substances andNone None Not evaluated
mixtures
2.9. Pyrophoric liquids None None Not evaluated
2.10. Pyrophoric solids None None Not evaluated
2.11. Self-heating substances arjJdNone None Not evaluated
mixtures
2.12. Substances and mixtures | None None Not evaluated
which in contact with water|
emit flammable gases
2.13. Oxidising liquids None None Not evaluated
2.14. Oxidising solids None None Not evaluated
2.15. Organic peroxides None None Not evaluated
2.16. Substance and mixtures None None Not evaluated
corrosive to metals
3.1 Acute toxicity - oral None None Not evaluated
Acute toxicity - dermal None None Not evaluated
Acute toxicity - inhalation None None Not evaludite
3.2. Skin corrosion / irritation None None Not evaluhte
3.3. Serious eye damage / eye | None None Not evaluated
irritation
3.4. Respiratory sensitisation None None Not evaluated
3.4. Skin sensitisation None None Not evaluated
3.5. Germ cell mutagenicity None None Not evaluated
3.6. Carcinogenicit Carc. 1B; None None
genicity H350
3.7. Reproductive toxicity None None Not evaluated
3.8. Specific target organ toxicityNone None Not evaluated
—single exposure
3.9. Specific target organ toxicityNone None Not evaluated
— repeated exposure
3.10. Aspiration hazard None None Not evaluated
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4.1. Hazardous to the aquatic | None None Not evaluated
environment
5.1. Hazardous to the ozone layeNone None Not evaluated

Dincluding specific concentration limits (SCLs) andfattors
2 pata lacking, inconclusive, or conclusive but ndfisient for classification

Labelling:

Signal word: Danger
Hazard statements: H350: May cause cancer

Precautionary statements: not harmonised

Proposed notes assigned to an entry:
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2 BACKGROUND TO THE CLH PROPOSAL

2.1  History of the previous classification and labellig

MH has not previously been assessed for harmouwiasdification by RAC or TC C&L.

2.2 Short summary of the scientific justification for the CLH proposal

This proposal is based on the information as abvi@lan the registration dossiers of MH and the
evaluation of the Health Council of the Netherlarf@®12). MH has shown carcinogenicity in
available animal experiments. Oral and inhalati@posure to MH is followed by an increased
incidence of tumors (e.g. lung tumors, tumors wélj tumors of cecum, nasal tumors, adenomas
and adenomatous) and this effect has been observatte and hamsters (Toth B. 1972, Toth B.
and Shimizu H. 1973). Oral administration of 0.01961 over the entire lifespan led to
development of: lung tumors with an incidence d¥2#h female mice and 22% in male mice; liver
tumors with an incidence of 32% in female hamsaeid 54% in male hamsters; tumors of cecum in
female hamsters with an incidence of 18% and 14%hates. Similar results have been seen in the
lungs and livers in another 1-year MH inhalatiomdst with hamster and mice. Incidence for nasal
tumors was also significantly increased in MH-teglimice and hamsters following inhalation
exposure. The association between MH exposure andec is considered as causal. Data from
epidemiological studies on carcinogenicity areaatilable.

2.3 Current harmonised classification and labelling

MH has currently no harmonised classification (Aaké, CLP Regulation).

2.3.1 Current classification and labelling in Annex VI, Table 3.1 in the CLP Regulation
This paragraph is considered irrelevant seen theateof Directive 67/548/EEC with effect from 1
June 2015.

2.4 Current self-classification and labelling

2.4.1 Current self-classification and labelling based othe CLP Regulation criteria

The self-classification as available from the C&lvéntory Database includes self-classification of
a total of 167 notifiers for flammability, acutextoity, skin irritation, skin corrosion, skin
sensitisation, serious eye damage/eye irritati@spiratory sensitisation, specific target organ
toxicity (single exposure), carcinogenicity and atigitoxicity.

Self-classification for carcinogenicity was done b§4 notifiers. These notifications included 9
self-classifications for Carc. 1A, 132 self-clagsifion for Carc. 1B and 23 self-classification for
Carc. 2. A summary is provided in the table below.

Table 4: Summary of CLP self-classifications
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Type of hazard Hazard class Number of notifiers classifying in the hazard
class (percentage of total notification)
Physical hazards Flam. Liqg. 2 (H225) 165 (99%)
Human health hazards Carc. 1A (H350) 9 (5%)
Carc. 1B (H350) 132 (79%)
Carc. 2 (H351) 23 (14%)
Acute Tox. 1 (H330) 166 (99%)
Acute Tox. 2 (H300) 164 (98%)
Acute Tox. 2 (H301) 4 (2%)
Acute Tox. 2 (H310) 142 (85%)
Acute Tox. 2 (H311) 1 (1%)
Acute Tox. 3 (H311) 26 (16%)
STOT SE 1 (H370) 1 (1%)
STOT SE 3 (H335) 9 (5%)
Skin Irrit. 2 (H315) 9 (5%)
Skin Corr. 1B (H314) 155 (93%
Skin Sens. 1 (H317) 138 (83%)
Eye Irrit. 2 (H319) 9 (5%)
Eye Dam. 1 (H318) 95 (57%)
Resp. Sens. 1 (H334) 44 (26%)
Environmental hazards Aquatic Acute 1 (H400) 9356
Aquatic Chronic 1 (H410) 99 (59%)
Aquatic Chronic 2 (H411) 66 (40%)

2.4.2 Current self-classification and labelling based o SD criteria

This paragraph is considered irrelevant seen theateof Directive 67/548/EEC with effect from 1
June 2015.

3 JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LE  VEL

A substance with the classification of Carc. 1B;5B3is normally subject to harmonised
classification (CLP article 36.1.b). MH is currgntiot classified according to Annex VI of CLP.
However, based on the experimental animal datalassification as Carc. 1B; H350 for the
endpoint carcinogenicity is warranted to MH.

Repeated-dose toxicity and genotoxicity data of &kl also presented in this report as supportive
information, as they may provide relevant datatti@rassessment of carcinogenicity of MH.
However, the classification of MH regarding gernl nmutagenicity and repeated-dose toxicity is

8
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not discussed in this report.
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Part B.

SCIENTIFIC EVALUATION OF THE DATA

1 IDENTITY OF THE SUBSTANCE

1.1 Name and other identifiers of the substance

Table 5: Substance identity

EC number: 200-471-4

EC name: Methylhydrazine
CAS number (EC inventory): 60-34-4

CAS number:

CAS name: Hydrazine, methyl-
IUPAC name: Methylhydrazine

CLP Annex VI Index number:

Molecular formula: CHgN»

Molecular weight range: 46.0 g/mol

10
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Structural formula:

\ /NHz

NH

1.2 Composition of the substance

Table 6: Constituents (non-confidential information)

Constituent Typical concentration Concentration range Remarks

methylhydrazine confidential

EC no.: 200-471-4

Current Annex VI entry: no harmonized classificatio

Table 7: Impurities (non-confidential information)

Impurity Typical concentration Concentration range Remarks

confidential (see IUCLID) The impurities do not
warrant classification.

Table 8: Additives (non-confidential information)

Additive Function Typical concentration | Concentration range | Remarks

No data concerning
the additives of
methylhydrazine are
available

1.2.1 Composition of test material

There is no information on the purity of the mebydrazine that was used for the carcinogenicity
studies.

1.3 Physico-chemical properties

11
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Table 9: Summary of physico - chemical properties

with section 1 of REACH
Annex XI, the flammability

Property Value Reference Comment (e.g. measured or

estimated)

State of the substance dt Colorless

20°C and 101,3 kPa liquid

Melting/freezing point | Not According to column Il of
applicable Annex VI, liquid is a

waiver for the endpoint
study record: Melting point.

Boiling point 87.5°C Merck, 2001

Relative density 0.874 Merck, 2001 No unit

Vapour pressure 50 mm Hg Boublik, 1984 Measurezbat

Surface tension Not In accordance with column p
applicable of REACH Annex VII, the

surface tension study does
not need to be conducted ap
due to its chemical structure,
no surface activity is
predicted.

Water solubility >10% Secondary literature For water solubility data were highly
(HSDB) or 1 | experimental data: >10% (roconsistent: >10% (HSDB) or 1 kg/L
kg/L details but peer-reviewed, | (Merck and EPIsuite estimates, from Idg

K2, Handbook of Data on | Kow and from fragments method).

Organic Compounds cited

by HSDB) As a worst-case the highest one (leadi
to maximal exposure of aquatic

Secondary literature organisms) should be retained for risk

experimental data: 1 kg/L | assessment.

(no details but peer-

reviewed, K2, Merck index | However 1 kg/L is not-realistic and

cited by EPIsuite) probably rounded off: 1kg of liquid
MMH alone already occupies more thgn

QSAR: 1 kg/L (reliable, K2,| one liter (due to the density), and

from log Kow ) addition of 1L of water cannot reduce

) the total volume to one liter. A more

QSAR: 1 kg/L (reliable, K2,] 5pnropriate conclusion is that water

from fragments method) | sojubility of MMH will never be a
limiting factor for hazard or exposure.

Partition coefficient n- | Log Kow = | QSAR: -1.00 (reliable, K2) o .

octanol/water 1.00 (HSDB and EPIsuite Two_octanol-wate_r partition coefficienty

: database; Hansch €t al., obtained by two different methods

1995) (QSAR, experiment) were very
consistent: Log Kow of — 1.00 and -1.05

Secondary literature i.e. a difference of only 5%

experimental data: -1.05 (n@

details but peer-reviewed, | As a worst-case the highest one (leadi

K2) to maximal exposure of fat tissues,
organism, soil) is retained for risk
assessment: Log Kow = -1.00

Flash point -8°C Anonymous study report Measured at 98.2 kPa

2010

Flammability Not study scientifically
applicable unjustified ; In accordance

12
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study does not need to be
conducted as the
flammability is deduced
from flash point and boiling
point.

Explosive properties

Not
applicable

Study scientifically
unjustified; In accordance
with column 2 of REACH
Annex VII, explosive
properties does not need tg
be investigated as the
substance does not contain
any chemical groups
associated with explosion
risk (chemical groups as
described in ECHA
Guidance R.7a, Table R.7.1
28).

of Chemical Technology.
cited by HSDB

Self-ignition temperature Not
available
Oxidising properties Not In accordance with column P
applicable of REACH Annex VII, the
oxidising properties study
does not need to be
conducted as the substancg
is incapable of reacting
exothermically with
combustible materials on thp
basis of the chemical
structure.
Granulometry Not According to column II of
applicable Annex VI, this endpoint
study record is a waiver for
the form of this substance i
liquid.
Stability in organic Not
solvents and identity of | available
relevant degradation
products
Dissociation constant Not
available
Viscosity 0.775 cP Kirk-Othmer Encyclopedia | At 25°C

13
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2 MANUFACTURE AND USES

2.1 Manufacture

Not relevant for this report

2.2 Identified uses

MH is manufactured in Europe and mainly used asl\geat, as an organic intermediate, and as a
rocket propellant, either as a single constituentnixed with other hydrazines (Spacecraft
maximum allowable concentrations for selected aivb@ontaminants (B5) (2002)). It is used as a
solvent and as a chemical intermediate (REACH tedien dossier, Health Council of the
Netherlands 2002). PROCs: 1, 2, 3, 8b, 9, 15 andet6 assigned by the registrants which
indicates that MH is mainly used in closed systehim® amount of MH produced in the EU is
approximately 100 — 1000 tonnes per annum foruhedgistration plus an unknown amount for
the intermediate registrations.

RAC general comment

During the RAC opinion development process the Dossier Submitter (DS) submitted additional
documentation containing information related to the carcinogenicity of structurally similar
hydrazines. This additional documentation was then subject to a second, targeted public
consultation (PC) and subsequent evaluation by RAC.

3 CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Not evaluated in this report

4 HUMAN HEALTH HAZARD ASSESSMENT
4.1  Toxicokinetics (absorption, metabolism, distribution and elimination)

41.1 Non-human information

The toxicokinetics of MH via intravenous route watidied by Pinkerton and co-workers
(Pinkerton M.K.et al, 1967). In this study a total of 20 mice, 20 rdt$,dogs and 16 monkeys
received intra-peritoneal injections YC-methylhydrazine at doses of 22 mg/kg (mice), IPka
(rats), and 10 mg/kg (monkeys and dogs). At 2, 4n8 24 hours after exposure, representative
samples of approximately 20 tissues from each dniveae processed fdf'C assay using liquid
scintillation counting techniques. Both blood anthe samples were simultaneously analysed by a
chemical colorimetric method for unchanged MH, dhe results were correlated with totAC
content. Tissue distribution dfC showed the highest concentrations in liver, kidrgadder,
pancreas, and blood serum. Results of'fiieassays indicated that the mouse, rat and monkey
excreted twice as much as the dog in the firsti@$i0Among the tested species, peak tissue levels
in dog and mouse were found at 4 hours; monkey stois highest values at 2 hours post-
exposure and in rat there was no apparent consizéttern relative to time. This might due to the
fact that the different tested species clear thieer@d in a different way which may be due either t

14
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difference in rate or metabolic pathway. At 24 lmpost-exposure, detectable amounts were still
present, but with a clear decline over time (exaephice where a decline was less clear). MH was
excreted via urine (26% in dogs, 31% in monkey, 4Paat, 9% in mice). There was no
explanation for the low values for mice. Approxielgt50% of the total“C excretion, at all
experimental times, was apparently unchanged Miingdied by the colorimetric results. Faeces
and exhaled air were not monitored. Both clinicallyd pathologically, the dog was apparently
much more susceptible than the other species testbe toxic effects of MH and to severe kidney
damage.

In another study (Dost F.Nt al.,1966), the respiratory and urinary excretion lig cd MH and its
metabolites has been studied by means of radiottaclniques. Rats given 0.12 m-mdfe-
methylhydrazine /kg i.p. respired approximately 46%4he“C during the following 24 hr. Of the
respired radioactivity, 20% to 25% wH€0,; the remainder wa¥'CH,. At sub-convulsive doses,
40% administered radioactivity ifC-methylhydrazine was excreted in urine. The peszn of
urinary excretion of“C from higher doses df‘C-methylhydrazine was less, but the net amount
excreted was slightly higher.

4.1.2 Human information

No relevant information is available.

4.1.3 Summary and discussion on toxicokinetics

The available information on toxicokinetics of MHdicates that MH distributes mainly to liver,
kidney and bladder. In rats, it was found that appnately 45% MH was respired and 40% MH
was excreted in urine within 24 hours.

4.2  Acute toxicity

Not evaluated in this report

4.3  Specific target organ toxicity — single exposure 80T SE)

Not evaluated in this report

4.4 [rritation

Not evaluated in this report

4.5  Corrosivity

Not evaluated in this report

4.6 Sensitisation

Not evaluated in this report

15
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4.7

Repeated dose toxicity

Table 10: Summary table of relevant repeated dosexicity studies

Method

Results

Remarks

Reference

Preliminary establishment of dose
level:

1 male and 1 female animal receivg
daily ip injections of 5 or 10 mg/kg
MH for 5 days.

Experiment
10 Macaca mulatta monkeys (5
males and 5 females)

Ip injections of 5 mg/kg MH were
given to 8 monkeys for 3 days,
followed by 2.5 mg/kg for 20 days
(group 1) or 2.5 mg/kg for 8 days
plus 5 mg/kg for 12 days (group 2).
Injections were given 5 days/week
for 4 weeks.

2 animals were used as saline
controls

Experiment II:

5 male Macaque monkeys were us
2 served as controls and only
received saline injection. 3 receiveq
various intraperitoneal (i.p.) doses
MH (alternating 7 or 10 mg/kg daily
until death).

Blood samples were taken at 2 day
intervals, 3 times per animal. The
clinical laboratory measurements
included complete blood count,
serum glucose, alkaline phosphata
and glutamic oxaloacetic
transaminase. At the end of the
exposures, necropsies were
performed on all animals.

Preliminary study:

>5 mg/kg: emesis on day 2

dat 10 mg/kg: vomiting on day 3,
convulsions on day 3-5, death on
day 5.

Experiment I:

Group 1 and 2: vomiting on day 2
(all) and 3 (4:8), convulsions on
day 3 (2:8).

Group 1: emesis on day 19 and 24
(1:4)

Group 2: vomiting on day 16,
emesis on day 18 (3:4), 24 and 25
(2:4)

Experiment II:
death (on day 2, 3 and 4), precedd
by convulsions. significant
differences were found in the liver
Pehith moderate fatty infiltration.

=

5E,

I-OELmonkey,
injection5 mg/kg

ed

Back KC and
Pinkerton MK,
(1967)

A series of 12 Beagle dogs receive
15 mg/kg MH plus 200 mg
pyridoxine HCL for 6 days via
inhalation or injection (not specified
in the study).

The clinical evidence of renal
damage was examined at 12 hours
24 hours, 48 hours, 72 hours and 6
days post exposure.

1 12 and 24 hours: markedly swollg
and deep purple-red kidneys with
somewhat greenish sheen.
Hemoglobin casts and sometimes
hemoglobin crystals in tubular
lumina. Marked
erythrophagocytosis by the Kupffe
cells in the sinusoids of the liver.

48 hours: the kidneys are less
swollen and hyperemic. Many
proximal epithelial cells are
necrotic and desquamating into th
tubular lumen. The ingested red
cells have mostly been broken

NLOELog
Rlinhalation or
injection=19

mg/kg

=

)

down into hemosiderin and this

Sopher R.L. et al.
(1968)
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process is essentially complete by
days.

72 hours: the kidneys are normal
size and showed slight brownish
pigmentation. Hyaline droplets
were absent and desquamation of
cells nearly absent.

6 days: the kidneys were virtually
normal.

20 monkeys macaca mulatta (10/sg
were exposed to MH intra-
peritoneally.

The left kidney of each monkey wa
transplanted to a subcutaneous
pocket. Eight weeks after surgery,
baseline renal function tests and a
needle biopsy were performed. SiX
weeks after needle biopsy, monkey
were divided into 5 groups.

G1 (controls): injected ip with salin
for 14 days

G 2: a single injection of 7.5 mg/kg
MH

G 3: 2.5 mg/kg MH daily for 14 day:

G 4: 5.0 mg/kg every other day for
14 days

G 5: 5.0 mg/kg daily for 5, 7 or 10
days.

Renal function tests were performe
24 hours after the final injection.

XAl animals exposed to MH lost
their appetite and subsequently lo
weight.

5 Group 4: emesis aftef“dnjection
(2:4)
Group 5: emesis after the third
injection (all), which continued
intermittently. All became weak

Sand lethargic. Convulsions (2:4) o
day 4 and 6. Hematuria and

b hemoglobinuria (1:4)
All exposed groups: changes in th
morphology of both proximal and
distal tubule cells. These changes

- consisted primarily of cellular
vacuolization, mitochondrial
swelling with a loss of density in
the mitochondrial matrix, and
partial disappearance of cristae.
Changes were most pronounced i

d Group 2.

LOELmonkey,
S11:ntr.31peritoneeIF2-5

mg/kg

-

D

=)

George ME,
(1968)

6-month inhalation exposures were
conducted on a 6-hour/day 5-
day/week basis at air concentration|
of 0.2, 1, 2 and 5 ppm MH in four
experiments and were conducted o
a basis of continuous exposure of (
ppm to animals in another
experiment.

Each of the experimental animal
groups, as well as the controls,
consists of 8 beagle dogs, 4 rhesug
monkeys, 50 Wistar rats and 40 ICH
mice. All animals were female
except for rats.

The experimental animals were
weighed biweekly during the studie
and a series of 15 clinical chemistry
and eight hematology tests was
conducted on the same schedule.
Bone marrow studies on dogs were

Mice:
Increased mortality (15% and 279
Sat 2 and 5 ppm)

=)

Rats:
Decreased body weight gainzt

ppm.

Dogs:

All doses: increase in
methemoglobin, decrease of red
Rblood cell counts. Increased serur]
bilirubin and alkaline phosphatase|
levels, presence of Heinz bodies,

decrease in M/E ratio with
increasing erythropoietic activity

U7

Monkeys:

All doses: decrease of red blood
cell counts, presence of Heinz
bodies

rat, mouse; inhalation

0.2 ppm

LOE Ldog, monkey,

MacEwen J.D.
and Haun C.C.
(2971)
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also performed.

Inhalation route

Experiment I

Groups of 4 female monkeys, 8
female dogs, male rats and male
mice were exposed to 5 ppm or 2
ppm MH for 6-month (6h/day,
5d/week). Microsections of lungs,
hearts, livers, spleens, and kidneys
were examined from all large
animals and from 10 rats and 10
mice in each experimental group.
Microsections of brains and
endocrine glands were examined
from monkeys and dogs.

Experiment II;

Groups of 4 male monkeys, 8 male
dogs, 10 male rats and 10 female
mice were exposed to each of the
four species consisted of three
exposure groups: (1) continuous O.
ppm MH for 6 months (2)
intermittent 1 ppm MH for 144 days
(6h/day, 5d/week) (3) intermittent
0.2 ppm MH for 145 days (6h/day,
5d/week).

Experiment I

monkeys and rats: no histo-
pathological lesions observed.

Dogs:>2 ppm: cholestasis, hepatid
and renal tubular hemosiderosis.

Mice: >2 ppm: periportal
cholestasis, bile duct proliferation,
and renal tubular and splenic
hemosiderosis.5 ppm: centrilobulg
cholestasis, bile duct proliferation,
and centrilobular hemosiderosis.

Experiment II:
monkeys and rats:

no histo-pathological lesions
observed

dogs: all exposed groups: periportal

intracanalicular cholestasis,
2 moderate lymphoid hyperplasia.

mice: hepatic, splenic and renal
tubular hemosiderosis which is
most severe for the continuous 0.1
ppm and intermittent 1 ppm
conditions.

NOEL monkey, rat;
inhalatior=2 PPM

LOE I—dog, mice;
inhalatior 0.2

ppm

Kroe, D.J. (1971)

Inhalation route

Groups of 8 female beagle dogs, 4
female rhesus monkeys, and 80 ma
albino rats (Sprague-Dawley strain
CFE) were continuously exposed fq
atmospheric concentrations of 0.1
and 0.04 ppm MH for 90 days

Rats: 0.1 ppm: significantly
decreased body weight gain.
>0.04 ppm: HCT, HGB, RBC
ysignificantly | after 45 days but not
90 days.

=

Dogs: 0.1 ppm: Significant
increases in serum phosphorus ar
alkaline phosphatase levels. HCT
HGB, RBC significantly|. nutmeg

appearance of livers consistent withy

passive congestion.

Monkeys: no significant difference
observed

One monkey in
the 0.04 ppm
exposure group
died on the 19
day of
exposure. At
necropsy a
cEreexisting
ondition of
amyloidosis
was observed.
[*rhere was no
evidence of
any
srelationship of
MH exposure
to death, and
the monkey
was excluded
from the
experimental

group.

NOELyq

Darmer K.I. and
MacEwen J.D.
(1973)
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ratinhalaton— 0.04
ppm
NOEL monkey,

inhalation™

0.1ppm

4.7.1 Non-human information

4.7.1.1Repeated dose toxicity: oral

No relevant information is available.

4.7.1.2Repeated dose toxicity: inhalation

In the study of Sopher and co-workers (Sopher BtlLal., 1968), MH (15 mg/kg) plus 200 mg
pyridoxine HCL (to prevent the CNS effects causgduiH) were administrated for 6 days to 12
beagle dogs via inhalation or injection (not furtlepecified in the study) The animals were
clinically analysed after 12h, 24h, 48h, 72h arahgs exposure. The first clinical evidence of renal
damage is gross haematuria and hemoglobinuria &t 22 post-exposure. This continues for about
14 hours and the tested dogs are somewhat olifpurgeveral days. At 12 hours post-exposure the
kidneys are markedly swollen and are deep purmesmith a somewhat greenish sheen. At 48 hours
the kidneys are less swollen and hyperemic. Affeh@urs the kidneys are essentially normal sized
and show only slight brownish pigmentation. At 6/sléhe kidneys are virtually normal. MH has
primary nephrotoxicity. However, the mechanism bfstnephrotoxicity is not known. The
prominent erythorphagocytosis gives ample evideéndke fact that MH is hematotoxic.

The results in the experiments performed by MacEwmsh co-workers (MacEwen J.D. and Haun
C.C., 1971) in beagle dogs, rhesus monkeys, Wistiar and ICR mice have shown that MH
produces a dose-related haemolytic anaemia withzHsody formation in dogs and monkeys after
6 month exposure. This was demonstrated by the atrarchanges observed in the dogs and
monkeys exposed to 5 ppm and 2 ppm of MH on metlgeyhan formation, red blood cell counts,
haematocrit levels, serum bilirubin and alkalineogphatase levels. The effects were greatest in
dogs but also occurred in monkeys. The anaemiavexrsible with removal from further exposure
at least up to a level of 5 ppm intermittent expesit suggests that LOEL for MH in this study is
0.2 ppm. Rat growth was significantly depressedh@ 2 and 5 ppm MH exposures. Deaths
occurred in mice when exposed to 2 and 5 ppm MH. Mibrtality was 27% at 5 ppm and 15% for
the 2 ppm MH exposure group. Mortality in mice atvéer MH exposure concentrations was
comparable to that of the control groups.

In another study (Kroe, D.J., 1971), the toxic ef$eof intermittent or continuous chronic exposure
of monkeys, dogs, rats, and mice to lower levelsibf were investigated. This study demonstrated
that continuous exposure of monkeys or rats atngerttration of 0.2, 1, 2 and 5 ppm MH did not
induce histopathological lesions at the light msoapic level. The same exposure levels and
exposure periods did induce pathological lesionsvers and kidneys of dogs and livers, kidneys,
and spleens of mice. Mice showed hepatic, spleamc, renal tubular hemosiderosis under all
conditions of exposure to MH, and the degree of dgderosis showed a dose-related pattern.
Lymphoid hyperplasia was observed in some exposags;dhowever, the limited sampling
precludes definitive interpretation of this obséiwa.

After continuously exposure to atmospheric conegiains of 0.1 ppm and 0.04 PPM MH for 90
days, measureable effects have been observed wsexpgyroups of rats, dogs and monkeys
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(Darmer K.I. and MacEwen J.D., 1973). Exposure td 8ignificantly decreased the growth of rats
at the high dose. Rat haematology values (HCT, H&BC) were slightly lower in both exposure
groups in rats, suggesting some haemolytic eff@d¢ts change was statistically significant after 45
days but was not significant at 90 days of expasiPegs showed significant increases in serum
phosphorus and alkaline phosphatase levels andisagm haemolytic effects were noted only at
the 0.1 ppm level. The red blood cells in the degposed at 0.1 ppm MH level demonstrated
increased osmotic fragility. No significant changecurred at 0.04 ppm level for this test. Gross
pathologic changes were observed in dogs at 0.1Ippeh. The livers of the exposed dogs had a
nutmeg appearance consistent with the passive sbogereviously seen at higher dose levels. No
gross pathology differences were observed in mankégntinuous MH exposure at an atmospheric
concentration of 0.04 ppm did not significantlyealthe haematology of the test animals (except in
rats) and had no effect on rat growth.

4.7.1.3Repeated dose toxicity: dermal

No relevant information is available.

4.7.1.4Repeated dose toxicity: other routes

Back KC and Pinkerton MK (1967) investigated thedological effects of MH in Macaca-
mulatta-monkeys. In the preliminary experimentiiihaals, receiving 5 or 10 mg/kg ip for 5 days),
no symptoms were noted on day 1. On day 2, bothalridisplayed emesis at approximately 2
hours post injection. The monkey on 5 mg/kg shom@déurther symptoms on the remaining days.
The monkey receiving 10 mg/kg vomited on day 3,votsed on day 3-5 and died on day 5.
Injections of 5 mg/kg MMH were given to 8 monkegs 8 days. This was followed by
administration of 2.5 mg/kg for 20 days, 2.5 mgitg8 days followed by 5 mg/kg for 12 days.
Injections were given 5 days/week for 4 weeks.ahlimals vomited on the first day. Several
animals showed convulsions at tH8 @nd & day. At the end of the investigation, no significa
differences were seen in serum glucose, serummgictaxaloacetic-transaminase, or serum
alkaline-phosphatase. No pathological alteratiatsioed in the organs of treated monkeys
compared with untreated controls. In three monlgysn 7 to 10 mg/kg MH until death (at day 2,
3 and 4), significant differences were found inlikier, with moderate fatty infiltration.

The nephrotoxic effects of MH were studied in maecawlatta-monkeys via intraperitoneal
administration (George M.E., 1968). The monkeysendivided in 5 groups: Group 1 (controls)
was injected ip with saline for 14 days; Group XSwexposed to a single injection of 7.5 mg/kg
MMH; Group 3 to 2.5 mg/kg daily for 14 days; Grodigo 5.0 mg/kg every other day for 14 days;
and Group 5 to 5.0 mg/kg daily for 5 to 10 daysn&édunction tests were performed 24 hours after
the final injection. All animals exposed to MH ldkeir appetite and subsequently lost weight. All
monkeys in Group 5 had emesis after the third tigac which continued intermittently, and all
became weak and lethargic. Two out of 4 animalsfggoup 5 showed convulsions (on day 4 and
6). There was no significant difference in renaldion between controls and MH exposed animals.
There were changes in the morphology of both prakimmd distal tubule cells after MH exposure,
consisting primarily of cellular vacuolization, m@hondrial swelling with a loss of density in the
mitochondrial matrix, and partial disappearanceco$tae. Changes were most pronounced in
Group 2. In conclusion, there was no statisticaliynificant change in the renal function tests in
any group. However, examination of the renal biopaynples revealed major changes in the
subcellular morphology in all groups of monkeyddaling MH exposure.
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4.7.1.5Human information

No relevant information is available.

4.7.1.60ther relevant information

No relevant information is available.

4.7.1.7Summary and discussion of repeated dose toxicity

Repeated dose toxicity studies are presented psrthg provide relevant data for assessment of
carcinogenicity. Classification however is not dissed for this endpoint.

Repeated dose toxicity of MH has been investigatesgveral species such as dogs, monkeys, rats
and mice via inhalation or intraperitoneal admiaison. It has been found that MH induces red cell
damage, nephrotoxic changes, and hemoglobinudagds despite prophylactic treatment with
pyridoxine after 6 days exposure to 15 mg/kg MHirlzalation (George M.E., 1968). In two 6-
month inhalation studies (MacEwen J.D. and Haun,A.€71, Kroe, D.J., 1971), MH showed
toxicity by inducing pathological lesions in liveasd kidneys of dogs and in livers, kidneys, and
spleens of mice. Anaemia was also found in expdsgd. However, MH did not induce
histopathological lesions at the light microscdpieel in rats and monkeys. In a 90 days inhalation
study (Darmer K.I. and MacEwen J.D., 1973) in dogsnkeys and rats, 0.04 ppm MH increased
serum phosphorus and alkaline phosphatase levdtsgs and significant haemolytic effects were
noted in dogs and rats at 0.1 ppm. Exposure tpgghi MH caused gross pathologic changes in
dogs. No changes have been found for rat growthirBether studies, it was found that rat growth
is largely depressed by administration of MH (Maeltw.D. and Haun C.C., 1971; Darmer K.I.
and MacEwen J.D., 1973). The fact that the MH eyposonditions of these experiments induce
histopathological changes in dogs and mice butdes®t in monkeys and rats is most probably
explained by species susceptibility to MH inducedhblysis and species capability for clearing the
products of hemolysis. The repeated dose toxiditylld has been also tested in monkeys by
intraperitoneal administration in a 4-week studg¢BK.C. and Pinkerton M.K., 1967) and a 14-
days study (George M.E., 1968). No pathologicarations occurred in the organs of treated
monkeys. However, in the monkeys given 7 to 10 m&M until death, significant differences
were found in the liver, with moderate fatty infdtion. In addition, in two studies in monkeys,
convulsions were observed after exposure to MHr& fseean extremely narrow limit between a no
effect and a lethal dose of MH in monkeys.

4.8 Specific target organ toxicity (CLP Regulation) — epeated exposure (STOT RE)

Not evaluated in this report

4.9 Germ cell mutagenicity (Mutagenicity)

The results of available genotoxicity studies anammarized in Table 11 fon vitro prokaryotic test
systems, Table 12 fan vitro eukaryotic test systems and Table 13iforivo genotoxicity tests
with mammals.
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Table 11: Summary table of relevantin vitro prokaryotic test systems

Type of test | Species Method Concentration Remarks Results Reference
Bacterial, Salmonella Ames test (with 0, 0.5, 1, 2 umole /| No metabolic + Poso Aet al
gene mutation| typhimurium liquid incubation plate activation (1995)
TA102 assay) Test solutions were| MH compared with
prepared in distilled hydrazine, 1,2-
water. dimethylhydrazinium,
1, I-dimethylhydrazine
Bacterial, Salmonella Ames test (with Six doses to a +/- S9 of rat livers + (- S9) TA100 and TA102 Matsushita
gene mutation| typhimurium modified preculturing| maximum of 2 microsomes or bovine H Jret al
TA102 and procedure) pmol/plate for serum albumin (BSA) (+ (1993)
- (+ S9) TA100 and TA102
TA100 TA100 and a Benzo[a]pyrene (pure
maximum of 10 grade) and 2-
pmol/plate for nitrofluorene (pure - (BSA) TA100
TA102 grade) used a positive
MH was dissolved | controls for TA100 and
in sterilized water. | 2-Aminoanthracene
and bleomycin for
TA102.
Bacterial, Salmonella Ames test (revertantg 0, 100, 200, 500, | +/- S9 of rat liver + (- S9) TA1535 Rogan Eet
gene mutation| typhimurium survivors was 1000 pg/plate microsomes - (- S9) TA1537 al (1982)
TA1535, corrected for the MNNG positive
TA1537 percentage of control for TA1535
surviving bacteria) without activation, Y :g) ;21:2‘;’
DMN positive control *(+S9)
for TA1535 with
activation
Bacterial, Salmonella Ames test 0, 1,2 and 3 umol | +/- S9 of mouse liver | - (- S9) von Wright
gene mutation| typhimurium in agqueous microsomes A and
TA100 solutions. Aflatoxin Blas a - (+ S9) Tikkanen L
positive control for the (1980b)
activity of S9.
Bacterial, Salmonella Ames test Spot test: 0, 2.0, +/- S9 of mouse liver | Spot test (-S9): von Wright
gene mutation| typhimurium 5.0, 10.0 pmol/plate microsomes -TA 98 and TA 1950 Aetal

+ TA 100
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and TA1950 solutions. positive control
Aflatoxin B as a Plate test (TA 100):
positive control for the | _ (. 5g)
Plate test: 0, 10, 50, 2¢Vity Of SS. - (+ S9)
100, 200 pg/plate in
aqueous solutions.
Bacterial, Salmonella Ames test 0, 0.0001, 0.001, | +/- S9 of mouse liver | - (- S9) Brusick D,
gene mutation| Typhimurium 0.01,0.1,1 microsomes - (+ S9) Matheson
TA 1535, TA HL/plate Dimethylnitrosamine DW (1976)
1537, TA 1538, (- S9) as a positive control fo
TA 98, TA 100, Spot test/late test TA-1535.
G-46 and E. coli| 2Pottestpiate tes
WP2 uvr A and for TA1535 also | 0. 0.01, 0.1, 1 and §
suspension test HL/plate (+ S9)
Test compounds
diluted in
dimethylsulfoxide + TA1535 (+ S9)
(DMSO).
Suspension test (TA
1535 + S9):
1land 5 uL/mL
Bacterial, E. coli WP2 Repair test repair deficient strain more sensitive {dPoso Aet al
gene mutation| trpE56 with MH than corresponding repair- (1995)
CmM871 proficient strain
Bacterial, Escherichia coli| Direct bacterial tests | 0, 0.5, 1 and 2 pmal + Von Wright
gene mutation| WP2 uvrA (spot test and ‘treat | in aqueous A and
and plate’) solutions Tikkanen L
(1980b)
Bacterial, Escherichia coli| Modified spot test 0, 0.5, 1.0 and 2.0 | Hydrazine sulfate as a| + Von Wright
gene mutation| WP2B/r trp with pmol/plate positive control A and
Escherichai coli . - . Tikkanen L
WP2 uvrA, trp repair-proficient strain WP2 produced (1980a)

Escherichia coli
CM871 uvrA,
recA, lexA, trp

less revertants in spot tests than the
repair-deficient strains WR2/rA or
GM871uvrA, recA, lexA.
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Bacterial, Escherichia Liquid-incubation 0,0.5and 1.0 Hydrazine sulfate as a| + Von Wright
gene mutation| colj WP2B/r trp | test (‘treat and plate)| umol/ml positive control A and
with Escherichai Tikkanen L
coli WP2 uvrA, (1980a)
trp and
Escherichia coli
CM871 uvrA,
recA, lexA, trp
Bacterial, E. coli, WP2 Toxicity test 0, 10, 20, 30, 40 + (strongly bacteriocidic) Von Wright
gene mutation| try, hcr and 50 ug Aetal
(2977)
Bacterial, E. coli W 3110 | Repair test 0,0.50r 1.0 mg in | positive controls, repair deficient strains more sensitivg Von Wright
gene mutation| thy, polA with aqueous solutions | methyl to MH than corresponding repair- Aetal
its polA,* methanesulphonate proficient strains (2977)
revertant and E. (MMS) for polA; and
coli, WP2 try, polA*; strains and
hecr with E. coli
B/r WP2 try
Bacterial, E. coli, WP2 Ames test 0, 5, 10, 20 pg/ml | mitomycin C for hcr + Von Wright
gene mutation| try, hcr Modification of the | in agqueous and hcf strains Aetal
‘treat and plate’ solutions (1977)
Yeast, non- Saccharomyces| Equivalent or similar | 0, 0.0001, 0.001, | +/- S9 of mouse liver | - (- S9) Brusick D,
specific DNA | cerevisiae D4 | to OECD Guideline | 0.01,0.1,1 microsomes Beng DW
damage 481 (Genetic uL/plate (1976)
Toxicology: (- S9)
Saccharomyces
cerevisiae, Mitotic - (+S9)

Recombination
Assay)

0,0.01,0.1, 1 and §
pL/plate (+ S9)
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Table 12: Summary table of relevamtvitro eukaryotic test systems
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Type of test Species Method Concentration Remarks Results Reference
Mammalian Rat hepatocytes | Alkaline elution 0,0.03,0.3and 3 - Sina JF
Cells, DNA assay mM (1983)
damage Fluorimetric Chemicals were
analysis of DNA dissolved in water.
single strand brakes Those compounds
(SSBs) not sufficiently
soluble in water
were dissolved in
ethanol, dimethyl
sulfoxide (DMSO),
or acetone.
Mammalian Mouse lymphoma| Forward mutation | 0, 0.1, 1, 2.5 and 5| 40% survival was the - Rogers A
Cells, forward L5178Y cells to ouabain , mM lowest acceptable and Back K
mutations thymidine, survival rate (1981)
thioguanine and
cytosine
arabinoside
resistance
Mammalian Mouse lymphoma| TK +/- assay 0, 0.0005, 0.001, | +/- S9 of mouse liver - (- S9) Brusick D,
Cells, forward L5178Y cells 0.05 and 0.1 uL/mL microsomes Matheson
gene mutation in DSMO DW (1976)
(- S9)
- (+ S9)
0, 0.001, 0.005,
0.01 and 0.05
pL/mL in DSMO
(+S9)
Mamalian cells, | Human diploid Unscheduled DNA| 0, 0.1, 0.5 and 1.0 | +/- S9 of mouse liver - (- S9) Brusick D,
non-specific embryonic lung Synthesis pag/mL - but top- microsomes Matheson
DNA damage WI-38 cells Equivalent or dose sample was | MNNG as a positive - (+ S9) DW (1976)

similar to OECD
Guideline 482

lost in the +S9 test

control for —S9

2AAF as a positive
control for +S9
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Table 13: Summary table of relevamtvivo genotoxicity tests

Type of test Species Method Concentration Remarks Results Reference
Host-mediated Male NMRI mice | Single dose via 0 and 33 mg/kg in | TA 1950 was + (marginal mutagenic activity) Von Wright
assay stomach intubation| aqueous solutions | used as and

indicator strain Tikkanen L

(1980b)
Host-mediated Male NMRI mice, | Single dose via 0 and 0.7 mmol or | TA 1950 was - Von Wright
assay 3/dose stomach intubation| 30 mg/kg in used as Aetal
physiological saline| indicator strain (1978)

Dominant Lethal | Random bred ICR 5 day i.p. injection | 0, 2.6, 0.86, 0.26 | low number of | - Brusick D,
Assays, sperm | mice mg/kg pregnant Matheson
genotoxicity females in the DW (1976)

low and

intermediate

dosage groups

and in the

negative control

group.

Triethylenemela

mine (TEM) as

a positive

control.

Negative control

IP injection of

corn oil or water

solvents.
Dominant lethal | Sprague Dawley | 5 day i.p. injection | 0, 2.15, 0.72, 0.215 Triethylenemela| - Brusick D,
assays, sperm rats mg/kg mine (TEM) as Matheson
genotoxicity a positive DW (1976)

control.

Negative control
IP injection of
corn oil or water
solvents.
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49.1 Non-human information

4.9.1.1In vitro data

MH was mutagenic in the Salmonella typhimurium istrBA102 when tested without metabolic
activation at concentrations between 0.5 and (fplate, and caused DNA lesions in the
Escherichia coli DNA repair-assay (Pos@ttal 1995).

In an Ames test with deviations in growth periold] was mutagenic in TA 100 and TA 102
without S9. The mutagenicity of MH disappeared w#h mix or BSA (Matsushita H Jt al
1993). Matsushita H Jet al. (1993) observed that the mutagenicity of alkylaygihes was best
seen in the TA 102 after a 5h growth period folldvizy incubation with the presence of MH. The
mutagenicity of MH in TA 102 decreased as the ghopériod increased.

MH was highly mutagenic in TA 1535 with activatidsyt marginally active in TA1537 (Rogan EG
et al 1982). MH was not mutagenic without activatiorog@n Eet al (1982) determined the
percentage of survival at each dose level, andt@ws survivors were corrected for the percentage
of surviving bacteria.

MH gave positive results in spot tests and "tredt plate” tests with Escherichia coli WP2 uvr A
trp (Von Wright A and Tikkanen L, 1980b). MH wasfeindependent mutagen to E. coli, which
suggest that its mutagenicity might result fromroleal modifications of DNA-bases, resulting in
mistakes in pairing.

MH gave negative results in Ames tests in Salmangiphimurium TA100 (Von Wright A and
Tikkanen L, 1980b). The toxicity of MH made it ingmble to use higher concentrations than 3
pmol/plate without causing bacterial growth inhiit

Von Wright A and Tikkanen L (1980a) reported MH waatagenic in Escherichia coli WP2B/r trp
WP2 uvrA, trp and CM871 uvrA, uvrA recA, lexA.

In a spot test the TA 100 reverted to some extétht MH (Von Wright Aet al 1978). Neither TA
98 and TA 1950 reverted. In a plate-incorporatiest the highest possible non-toxic amounts of
MH were applied and these apparently were too simahuse a detectable increase of revertants.

MH was positive in revertant tests (Von WrighteAal 1977). MH is toxic to bacteria, and in the
liquid tests the mutagenicity of MH can be deteatdten strong bacteriocidic concentrations are
applied and the test bacteria are concentratedniéstafter the treatment (Von Wright & al
1977).

There were no clear indications of mutagenic atgtily MH in any of the microbial assays if
conducted as standard plate tests in standard 8Salladyphimurium tester strains reported by
Brusick D and Matheson DW (1976). MH was negatimeH. coli WP2 uvrA- and in the
Saccharomyces cereuisiae strain D4 (Brusick D aath&on DW, 1976). The toxicity of MH for
bacteria and yeast was high and concentration® qfLIplate were consistently too toxic to use.
However, MH was positive in a suspension assay.

MH did not induce unscheduled DNA synthesis in \Blells and proved negative in the BUdR-
selective system of L5178Y mouse-lymphoma cellsmidant lethality induced by MH was not
demonstrated in rats or mice (Brusick D and Mathd3@/, 1976). Treatment of L5178Y cells with
MH (0.1 mM, 1mM, 2.5 and 5 mM) resulted in no sigrant mutation induction in any of the 4
selective systems (Rogers AM and Back KC, 1981). Wi4 toxic for L5178Y cells. A dose of 10
mM resulted in less than 40% of survival.
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Negative results were obtained regarding DNA danmagsolated rat hepatocytes using DNA
alkaline elution techniques (Sina dfal. 1983).

4.9.1.2In vivo data

In vivo, no dominant lethal mutations were indugedats and mice given five daily intraperitoneal
injections of up to 2.15 and 2.6 mg/kg bw, respetyi (Brusick D, Matheson DW, 1976).

In a host-mediated assay MH showed marginal mutagetivity (Von Wright A and Tikkanen L,
1980b). Although, in a previous study with a simitlbse MH was negative in the host mediated
assay (Von Wright Aet al, 1978). In the negative host-mediated assay & ewncluded that the
number of bacteria in the peritoneal fluid was app#y too small, owing to the growth inhibition
caused by MH, to allow the increase of the numlbeewertants to be detected (Von WrigheAal
1978). It was suggested that the marginally pasitffect was most probably a result of the
relatively large amounts of intact MH that can leedted in the peritoneal fluids of mice treated
with this compound (Von Wright A and Tikkanen L,80®).

4.9.2 Human information

No human data available.

4.9.3 Other relevant information

QSAR (Quantitative Structure Activity RelationshHipgas used to develop a model to describe the
genotoxic mechanism of MH, taking advantage of rigults of previous mutagenicity studies.
Energy of the lowest unoccupied molecular orbibglether with octanol-water partition coefficient
explains nearly completely the mutagenic activital&ylated hydrazine compounds included in the
analysis (Poso At al 1995). The chemical nature of these DNA-lesiongass detected in repair
test), at present, unknown, but methylation of Dbifses is an obvious possibility.

4.9.4 Summary and discussion of mutagenicity

Conflicting results were observed with respecthe mutagenicity of MH in different strains of
Salmonella typhimurium. MH was reported to have @sifve response in the Salmonella
typhimurium strain TA 100 and TA 102 without metaboactivation (Poso Aet al 1995;
Matsushita H Jet al. 1993) and in TA 1535 and TA 1537 with and withaativation (Rogan EG
et al 1982). MH was also positive in spot test with TB0land in a suspension assay with TA 1535
(Von Wright Aet al 1978; Brusick D and Matheson DW, 1976).

However, in other studies, no mutagenic effectdbf were reported in Salmonella typhimurium
TA 98, TA100, TA 1535, TA 1537, TA 1538, TA 1950,tlw or without metabolic activation
system (Von Wright A and Tikkanen L, 1980b; Brusizland Matheson DW, 1976; Von Wright A
et al, 1978).

There is evidence for mutagenic activity of MH isdBerichia coli strains. MH was positive in
Escherichia coli pol A assay and weakly positivepanses in Escherichia coli WP2 hcr- (Von
Wright A and Tikkanen L, 1980b; Von Wright A andkkanen L, 1980a; Von Wright A&t al,
1977). MH caused DNA lesions in the Escherichia BMNA repair-assay (Poso At al, 1995).
However, MH was negative in E. coli WP2 uvrA- amdthe Saccharomyces cereuisiae strain D4
(Brusick D and Matheson DW, 1976).
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The conflicting results of MH in tests designednteasure mutagenic activity could be related to
the strong bacteriocidic effects of MH. The toxiaitf MH makes high concentrations impracticable
in the plate-incorporation tests and so the negatgults obtained with MH may simply reflect too
small amounts of the test agent in the test sygtém Wright A et al, 1980b). Form the results it
can be established that bacteria in liquid incamafssays are more sensitive to MH than in the
standard plate assay (Rogaretzal, 1982). With that respect, MH resembles nitrosesy which
are only weak mutagens in plate-incorporation tbestshighly mutagenic in liquid-incubation test
with microsomes (Bruce NAet al, 1973). Nitrosamines need activation before bewegnan
alkylating agent. Poso et at (1995) suggested lihaed on the chemical nature of these DNA-
lesions is (as detected in repair test), at preserknown, but methylation of DNA-bases is an
obvious possibility. Further, the ability to detdbe mutagenicity of MH can be enhanced by
inclusion of survival factors in calculation of matibn frequency (Von Wright A and Tikkanen L,
1978, Von Wright Aet al, 1977).

Two in vitro L5178Y mouse lymphoma assays (Rogers A and Baclk98]1; Brusick D and
Matheson DW, 1976) and twm vitro DNA damage and repair assays in respectively rat
hepatocytes (Sina JF, 1983) and human diploid eomizylung WI-38 cells (Brusick D and
Matheson DW, 1976) were available. There were miications of mutagenic activity by MH in
any of the mammalian cell tests.

An in vivodominant lethal test performed in male ICR micd 8D rats was available. MH was not

considered genotoxic in this study (Brusick D andtiMson DW, 1976). In mice no significant

effects were observed. In rats, a high ratio oftldéa total implants was observed in week 7, but
this was associated with an absence of death ingplarcontrols (Brusick D and Matheson DW,

1976).

MH has no or a weakly positive response in the-hudiated assay (Von Wright & al, 1978;
Von Wright A and Tikkanen L, 1980b). The marginafigsitive result obtained with MH in the
host-mediated assay is most probably a resulteofdlatively large amounts of intact MH that can
be detected in the peritoneal fluids of mice trdateth MH (Von Wright A and Tikkanen L,
1980Db). It is questionable whether the positivaultess related to mutagenic activity or that the
result is positive because of the growth inhibit@aused by MH in conditions of the host-mediated
assay.

There is some evidence for mutagenicity in ligudubation assays im vitro bacterial systems.
However, as in most cases there is no data availtafldinutagenicity in the germ cells of humans.
Further the results fronm vivo inheritable germ cell mutagenicity tests in ratgl anice were
negative. Also the results from vitro mutagenicity tests in mouse lymphoma cells and dmum
diploid embryonic lung cells were negative. Cortilig results were obtained from host-mediated
assays.

4.9.5 Comparison with criteria

The CLP criteria for classification in germ cell tagenicity category 1 are as follows:

“Category 1: substances known to induce heritahl¢ations or to be regarded as if they induce
heritable mutations in the germ cells of humansst&ances known to induce heritable mutations in
the germ cells of humans.

Category 1A: The classification is based on posigvidence from human epidemiological studies.
Substances to be regarded as if they induce hleritaistations in the germ cells of humans.

Category 1B: The classification in is based on:
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- positive result(s) from in vivo heritable germ aelitagenicity tests in mammals; or

- positive result(s) from in vivo somatic cell mutagsgty tests in mammals, in combination
with some evidence that the substance has poteat@zduse mutations to germ cells. It is
possible to derive this supporting evidence fromtagenicity/genotoxicity tests in germ
cells in vivo, or by demonstrating the ability dietsubstance or its metabolite(s) to interact
with the genetic material of germ cells; or

- positive results from tests showing mutagenic ¢$féc the germ cells of humans, without
demonstration of transmission to progeny; for exampn increase in the frequency of
aneuploidy in sperm cells of exposed people.”

According to these criteria, a classification inrgecell mutagenicity category 1 is not warranted
since there is no data available on MH of mutagsniic the germ cells of humans.

The CLP criteria for classification in germ cell tagenicity category 2 are as follows:

“Substances which cause concern for humans owintheéopossibility that they may induce
heritable mutations in the germ cells of humanse Thassification in Category 2 is based on:
positive evidence obtained from experiments in mamnand/or in some cases from in vitro
experiments, obtained from:

- somatic cell mutagenicity tests in vivo, in mammals

- other in vivo somatic cell genotoxicity tests whate supported by positive results from in
vitro mutagenicity assays.”

According to these criteria, a classification imrgecell mutagenicity category 2 is not appropriated
for MH as MH showed no mutagenicity in in vivo imhable germ cell mutagenicity tests in rats
and mice, and also no mutagenicity from in vitrotagenicity tests in mouse lymphoma cells and
human diploid embryonic lung cells. Although thé&esome evidence for mutagenicity of MH in

liquid incubation assays in in vitro bacterial gyss, conflicting results were obtained from
different host-mediated assays.

Therefore, the classification of MH as a germ oalitagen is not proposed.

4.9.6 Conclusions on classification and labelling

Information regarding mutagenicity is displayed sigpporting evidence for carcinogenicity.
Classification is not discussed for this endpoomtNH.
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4.10 Carcinogenicity

Table 14: Summary table of relevant carcinogenicitystudies

Method Results Remarks Reference
MH was dissolved in water and was No increase in tumor incidence in theNegative Kelly et al.
given once a week for 8 weeks to | MH treated group has been observed (1969).

(BALB/c x DBA/2) F1 (CDF1) mice,
either by gavage (0.2 mg in 0.2 ml)
to females or by intraperitoneal
injection (0.23 mg in 0.1 ml) to
males.

All mice were autopsied. The lungs
were inspected for tumor modules,
and the surface nodules per lung
were counted. The gross observati
of pulmonary tumors and leukemia
was verified by microscopic
examination of paraffin sections of
lung, liver, thymus, spleen, kidney,
lymph nodes, and other organs.

compared to the controls.

Swiss randomly bred and C3H
inbred mice

MH dissolved in drinking water as 3
0.01 % solution and was given
continuously for the life span of 50
female and 50 male Swiss mice (5
and 6 weeks old at the start). The
average daily MH dose per animal
was 0.71 mg for females and 0.66
mg for males.

mice were examined.

MH shortened the survival in Swiss
mice (50 % survival 30 weeks for
male and +45 weeks for female MH
treated animals, compared to 80
weeks for male and 100 weeks for
female controls).

Lung adenomas:

Females: incidence 24% Males,
incidence 22% Control incidences
not included

in both females and males was 51
weeks.

Malignant lymphomas: Females:
incidence of 4% (lymphocytic type),
observed at 37/43 wk.

Control incidences not included

Other tumors:

A few benign and malignant liver ce
tumors, chloangiomas and
cholangiocarcinomas were seen in
both sexes. A number of other type
of neoplasms were also found.
However, incidences were not
significantly different from controls.

Positive

Toth, B. (1972

MH was dissolved in drinking water
as a 0.01% solution and was given
continuously for life to 50 female

and 50 male Golden Syrian hamste
(6 weeks old at the start). The
average daily intake of MH was 1.3

MH treatment reduced the survival
the hamsters compared to controls:
0% for MH treated animal against 7
réemale and 22% males in controls if
week 100

hfPositive

o

Toth B and
Shimizu H
(1973)
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mg for females and 1.1 mg for male
As a control, 100 females and 100
males were kept untreated.

Complete necropsies were perform
on all animals. All organs were
examined macroscopically.
Histological studies were done on t
liver, spleen, kidneys, bladder,
thyroid, heart, pancreas, testis, bra
nasal turbinate, and at least 4 lobes
the lungs. For electron microscopic
examination, tumor tissues of 10
different animals were taken.

sMalignant histiocytoma of liver:
females: incidence 32%.Average
latent period 70 weeks.

eales: incidence 54%.Average late
period 78 wk.

Incidence in male and female
'@ontrols: 0%

>

E{iumors of cecum: Females: 9
hamster (18%) developed 13 lesion
(7 with 9 polypoid adenomas, 1 with
a polypoid adenoma and an
adenocarcinoma and 1 with 2
adenocarcinomas). Average latent

(14%) developed 9 tumors (5 anima
with 6 polypoid adenomas, 1 with 1
polypoid adenoma and an
adenocarcinoma, 1 with an
adenocarcinoma). Average latent
period 77 wk. Incidence in controls:
1%

Other types of tumors also occurred
but in low incidences not
significantly different from controls.

period 64 weeks. Males: 7 hamsters

[2)

b

Is

Three groups of Golden Syrian mal
hamsters (30 hamsters per group)
were given:

G1 (Control) — drinking water
adjusted to pH 3.5 with HCI

G2 — 0.1% MH in drinking water
adjusted to pH 3.5 with HCI

G3 - 0.01% MH in drinking water

Treatment was daily for 2 years.

For the first 11 months of the
experiment, the nominal average
daily dose of MH was 7.5 mg/kg
bw/day for G2 and 7.3 mg/kg bw/da
for G3.

Animals were given a complete

necropsy at termination of the study.

Histologic examinations were
performed on tissues from the lung
heart, oesophagus, trachea, thyroid
liver, spleen, kidney, urocyst and
testes plus any lesions seen at

eNeither the incidence, degree of
severity, nor age at onset of non-
neoplastic pathologic changes was
markedly different in animals
drinking aqueous MH and control
animals.

Incidence of adrenocortical tumors:
23% in Glversus 4% in G3 and 129
in G2.

necropsy.

Negative

MacEwen JD,
Vernot EH
(1975)
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Inhalation exposure to MH for 1
year (6 hours/day, 5 days/week).

Fischer 344 rats
(CDF[F344]/CrIBR),
100/sex/dose, 150/sex/dose for
control group

Exposure concentrations: 0, 0.02
0.2, 2.0 and 5.0 ppm

Golden Syrian hamsters
(Lak:LVG[SYR]), 200 males/dosg

Exposure concentrations: 0, 0.2,
2.0 and 5.0 ppm

C57BL/6J mice400 females/dose

Exposure concentrations: 0, 0.02
0.2 and 2.0 ppm

beagle dogs, 4/sex/dose

Exposure concentrations: 0, 0.2
and 2.0 ppm

Rats:

The overall tumor incidence
(both benign and malignant) wd
comparable in all groups of rats

Hamsters:

>0.2 ppm: increased incidence
of submucosal cysts (29, 31 an
26% vs 18% in controls) and
rhinitis (12, 14 and 16% vs 6%
in controls) in nasal cavity

>2 ppm: increased incidence
polyps in nasal cavity(5 and 6 ¢
vs 0% in controls)

>2 ppm: significant increased
incidence of focal collapse of
the lung (3 and 4% vs 0% in
controls)

5 ppm: increased incidence
adenomas in nasal cavity (4%
0.5% in controls)

Mice:
> 0.2 ppm MH: marked, dose

dependent increases in lung
adenomas, significant at 2 ppm

2 ppm: Adenomas and
adenomatous polyps were see
in the nasal mucosa of a few
mice at highest MMH exposure
levels.

2 ppm: A small number of
unusual neoplasms (osteomas
were observed in nasal tissue.

Dogs: no MH induced lesions

Positive in hamsters
and mice

LS

‘Negative in rats and
dogs

o

o

Kinkead, E.R. et
al. (1985)

4.10.1 Non-human information

4.10.1.1 Carcinogenicity: oral

An early study (Kelly et al. 1969) did not demoagtrany increase in tumor incidence in the group
of mice received MH over control animals. Kelly ogfed that oral administration aqueous
solutions of MH at a total dose of 3.7 mg/mousd&0ng/ administration, 1x/week, for 8 weeks) to
female CDF1 mice, and i.p. administration of tadalse of 1.8 mg/mouse (0.23 mg/ injection,
1x/week, for 8 weeks) in male mice of the sameirstmmoduced no more lung adenomas or
leukemias than were found in untreated controlera® weeks of treatment. The incidence of
pulmonary tumors and leukemia in the controls dedMH treated mice is summarized in Table 15

below.
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Table 15: Carcinogenic activity (leukemia and laagnomas) of MH in CDF1 mice

Group Total dose Route Schedules Pulmonary tumors Leukemia
(mg/mouse)
no. of mice| % | Mean Median No. of | Median
with nodule | latent mice with | latent
tumors/ count period in | leukemia | period
total no. of weeks & (week)
mice (range)
Saline (0.2 ml) Oral 1/wk x 8 1/10 10 0.1 33 (33) 0
controls
(0.1ml) Intraperitoneal 1/wk x 8 1/9 11 0.1 32(32)| 0O
MH 3.7 Oral 1/wk x 8 0/9 0 - - 0
1.8 Intraperitoneal 1/wk x 8 3/30 1p 0.1 33 (33) 0

A solution 0.01 % MH was given daily in drinking tea to 5- and 6- week old randomly bred
Swiss mice for their entire lifetimes in the stuafyToth (Toth B 1972). In the MH-treated animals,
12 females developed 17 lung tumors (adenomas) antincidence of 24%. The average latent
period for these tumors was 51 weeks, the first fwaad at the 38 week and the last at the's7
week of age. In the males of this group, 11 anirdalgeloped 12 lung tumors (adenomas) with an
incidence of 22%. The average latent period foraumas 51 weeks, the first was observed at the
39" week and the last at the"7@eek. Only two malignant lymphomas (lymphocytipey with an
incidence of 4% were seen in the females. They wiserved at the 87and 43 weeks of age. In
addition, a few benign and malignant liver cell tus) cholangiomas and cholangiocarcinomas and
a number of other types of neoplasms were seeatindexes. The survival and tumor incidences in
MH-treated Swiss mice are presented in the tabkdewb (Table 16 and Table 17). Control
incidences and latencies of lung adenomas and maaliglymphomas are not presented in the
publication, but were reported in Toth B 1969, veh&wiss mice were treated with hydrazine
sulphate (it is unclear whether this control graepresents a concurrent control or a historic
control). Seen the increased incidence and thecestdatency period, the increase in lung
adenomas is considered evidence for the carcinoigeoi MH.

Table 16: survival rates in MH-treated and con8wiiss mice

Treatment Initial no. and No. of survivors (age in weeks)
sex of mice
10 20 30 40 50 60 70 80 90 100 110 10 130
MH 509 41 41 39 33 13 8 - - - - - - -
5043 41 37 24 15 6 3 1 - - - - - -
Control 1109 109 | 109| 107| 104 96 89 73 57 41 28 11 il
1108 110 95 91 86 67 55 41 22 5 1 1
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Table 17: Tumor distribution in MH-treated and cohBSwiss mice

Group | No. and sex Lung adenomas Malignant lymphomas

Incidence | Average latent| Incidence | Latent period Other tumors (Latent period in wk)
period in weeks in weeks

MH- 509 24% 51 (36-67) 4% 37,43 1 cholangiocarcinoma (49)
treated
1 angioma of adrenal (61)
3 hepatomas (48, 51, 61)
6 choloangiomas (35, 47, 48, 51, 53, 62)
4 angiomas of liver (43, 47, 48, 55)

2 angiosarcomas of liver (48, 60)

5048 22% 51 (39-70) - - 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)

Control | 1109 12.7% 90 (64-119) 15% 39-115 1 luteoma (99)
) 1 granulosa cell tumor (65)

1 hemangioma of ovary (42)

1 subcutaneous fibroma (87)

1 papilloma of forestomach (112)

1 malignant plasmacytoma (71)

3 subcutaneous sarcomas (68, 82, 82)

3 hemangiomas of liver (69, 77, 84)

1 sex cord mesenchymal tumor (99)

11048 10.0% 74 (47-110) 2% 73, 82 2 hemangiomas of [[¥&r 80)

* As presented in Toth B 1969.

In another study, Toth and coworkers (1973) shotted malignant histiocytomas (Kupffer cell
sarcomas) were observed in the livers of 32% ofafenrand 54% of the male Golden Syrian
hamsters received 0.01% MH in drinking water aduiin for life, while such tumors were not
observed in the control groups. The incidence ofdxs of cecum was 18% in females and 14% in
males compared to 1% in the controls. The tumdridigion in MH-treated and control hamsters is
presented in Table 18 below. MH also shortenedsthival period of the hamsters (Table 19).
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Table 18: Tumor distribution in MH-treated and tofs hamsters

Animals with
Group Effective Malignant histiocytomas Tumors of cecum Other tumors
no. and sex
No. % Latent periods | No. % Latent periods
(age in wk) (age in wk)
MH-treated | 49 16 32 70 (46-92) 9 18 64 (50-76) 3 polypoid adenomas of colon (54, 70, 82

(7 with 9 polypoid adenomas | 14 2 dermal melanocytomas (68, 76)

1 with a polypoid adenoma arnd2 2 angiosarcomas of liver (72, 92)

an adenocarcinoma and

2 2 leiomyosarcomas of uterus (76, 80)

1 with 2 adenocarcinomas)
1 cholangioma (76)
1 hepatoma (70)
1 angiosarcom of lung and heart (41)
1 adenoma of parathyroid (63)
1 angioma of liver (70)
1 carcinoma of forestomach (46)
1 adenocarcinoma of sebaceous gland (76)
1 malignant schwannoma (64)
1 angioma of fat and muscle (40)

504 27 54 78 (47-103) 7 14 77 (64-94) 6 papillomas of forestomach (51,%,90, 103)

(5 anomals with 6 polypoig
adenomas, 1 with 1 polypoi
adenoma and a
adenocarcinoma, 1 with an
adenocarcinoma).

= O

2 adenocarcinomas of glandular stomach (51,
2 leiomyosarcomas of glandular stomach (76,
2 adrenal cortical carcinomas (81, 83)

1 angioma of spleen (65)

1 polypoid adenoma of colon (90)

1 carcinoma of salivary gland (100)

76)
30)
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1 adrenal cortical adenoma (78)
1 anitschkow cell sarcoma of heart (63)

1 squamous cell carcinoma of nasal cavity (47

Control 999 53 7 malignant lymphomas (74, 79, 81,%8,99,
110)
3 adrenal cortical carcinomas (79, 94, 110)
3 leiomyosarcomas of uterus (35, 92, 100)
3 dermal melanocytomas (57, 66, 73)
2 papillomas of forestomach (80, 92)
1 adenocarcinoma of uterus (115)
1 adrenal cortical adenoma (100)
1 adenocarcinoma of ovary (80)
1 adenoma of Langerhans islands (99)
1 adenocarcinoma of kidney (64)
1 adenoma of thyroid (84)
1 sarcoma, s.c. (74)

9743 84 7 adrenal cortical carcinomas (80, 101, 114,

121, 126)

6 papillomas of forestomach (66, 81, 89, 121,
124)

4 malignant lymphomas (73, 89, 90, 98)

3 adrenal cortical adenomas (74, 101, 123)
1 dermal melanocytoma (116)

1 carcinoma of forestomach (82)

1 papilloma of gallbladder (123)

1 leiomyosarcoma, abdominal (81)
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1 hepatoma (82)

Table 19 Survival rate in MH-treated and contrddgo hamsters

Treatment Initial no. and No. of survivors at week

sex

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

0.01 % MH in drinking water| 50 @ 49 48 48 47 39 27 16 4 1
daily for life

5048 50 49 48 48 43 39 30 18 8 2
Untreated control 10Q@ 100 100 100 92 74 61 46 31 20 7 4

10048 96 93 90 87 80 74 57 42 32 22 15 10
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In 1975 MacEwen and Vernot designed a study to ttestreproducibility of the carcinogenic
activity of MH administered in drinking water of leaGolden Syrian hamsters (MacEwen J.D. and
Vernot E. H., 1975). This 2-year drinking water dstthamsters received untreated or acidified
drinking water (pH 3.5) containing 0.01% MH, andd#ed water only in unexposed controls.
Neither the incidence, degree of severity, noratgmset of non-neoplastic pathologic changes was
markedly different in animals drinking aqueous MiHdomparison to control animals. The mean
weight of hamsters receiving the unbuffered MH 8otu paralleled the control group mean body
weight until the 15 month when weight losses occurred. The group ofisters receiving the
buffered MH solution had significantly lower meandy weights than the control group throughout
the study after "8 month of treatment. After IImonth of the study, all groups exhibited a gradual
but steady loss of weight. Predominately adrena@irtumors were found: incidences were 23% in
control animals versus 4% in the hamsters treatihd MH in tap water and 12% in the groups
treated with MH in pH 3.5 water. This can be du¢h®small numbers of control animals that were
suitable for histologic examination. In addition,few neoplasms were observed only in the
experimental groups, with an incidence of 1-2 atémdable 20 lists the number and types of
neoplasms found in this study. The overall tumardance for the group administrated with MH in
tap water was 16%, with MH in pH 3.5 water was 248d control was 31%. These findings are in
contrast to the findings of Toth and Shimizu (1973)

Table 20: Neoplasms found in hamsters receivin%.8H in drinking water

Group Effective no. of Neoplasms
animals
Total number of tumors Type of tumors
pH 3.5 water (Control) 17 4 a) Adenoma, adrenal cortex

b) Adenoma, adrenal cortex (left adrenal)
Carcinoma, adrenal cortex (right adrenal)

c) Carcinoma, adrenal cortex

MH in tap water 30 4 a) Carcinoma, adrenal cortex, metastatic to lung
b) Hemangioendothelioma of liver
¢) Hepatocellular carcinoma

d) Hepatocellular carcinoma

MH in pH 3.5 water 30 6 a) Carcinoma, adrenal cortex

b) Carcinoma, adrenal cortex, metastatic to lung
c) Carcinoma, adrenal cortex, bilateral

d) Histiocytoma, skin of thorax

e) Melanoma, skin of ear

4.10.1.2 Carcinogenicity: inhalation

A 1-year inhalation study was undertaken to deteentincogenic effects of MH in rats, hamsters,
mice and dogs (Kinkead E.R. 1985). MH exposure eduasdose related depression of growth rate
in male rats (particularly at 5 ppm exposure cotregion). Mean body weights of female rats
fluctuated more than those of males, but the weiglitthe two highest exposure concentration
groups remained significantly below the control igro The mean weight of the 5 ppm MH
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exposure groups of hamsters showed a definite sigipre compared to the controls which were

able to gain weight and finally overtake the cohgimoup during the postexposure phase of the
study. The red blood cell count, hemoglobin and dtecrit values were depressed in exposed dog
groups. There were no adverse MH exposure-rel&sidris in either male or female rats (Table

21). But as frequently happens with stressed ragdehere were dose related decreases in the
incidence of leukemia and in pituitary adenomathathighest dose. The presence of nasal tumors
(adenomas and polyps) in the hamsters exposee tudher levels is significant (Table 22).

Table 21: Neoplastic lesions found in rats (innickeratio and percentages)

Sex Type of tumor | Controls 0.02 ppm MH 0.2 ppm MH 2 ppm MH 5 ppm MH
Incidence | % Incidence | % | Incidence | % Incidence | % Incidence | %
ratio ratio ratio ratio ratio

Male Lung carcinoma| 7/150 4.y 6/100 6 0/100 0 3/99 | 3 1/99 1

Mononuclear | 18/150 12 | 9/100 9 | 3/100° 3 3/99° 3 | 499" 4

cell leukemia

Pituitary 44/150 29 | 34/100 34| 32/100 32 23/99 28 18/99 18
adenoma

Testicular 125/149 84 86/1008 86 89/100a 89 73/95 77 80/96 83
interstitial  cell

tumor

Tyroid “C” cell | 22/150 15 | 17/100 17| 18/100 18 15/99 163/99% 3
adenoma

Female Lung adenoma 1/149 1 1/99 1 2/100 2 1/99 1/99 1 1

Lung carcinoma| 3/149 2 5/99 5 1/100 1 3/99 3 0/99 0
Mononuclear | 19/149 13 | 6/99 6 | 5/100° 5 1/99° 1 | g/99? 0
cell leukemia

Pituitary 43/149 29 | 45/99° 45 | 43/100° 43 48/99° 48 26/99 26
adenoma

Mammary 10/149 7 9/99 9 10/100 10 18/99 18 9/99 9
hyperplasia

Mammary 15/149 10 | 10/99 10| 10/100 10 9/99 7 9/99 9
adenoma

Mammary 5/149 3 1/99 1 0/100 0 0/99 0 2/99 2
adenocarcinomg

@ Different from controls, p<0.05

® Different from controls, p<0.01

Table 22: Lesions observed in hamsters (male)viiiilg the inhalation of MH vapor (incidence
ratio and percentages)

Organ Type of | Controls 0.2 ppm MH 2 ppm MH 5 ppm MH
tumor
Incidence ratio | % Incidence ratio | % | Incidence ratio | % | Incidence ratio | %
Nares adenoma 1/190 05 0/177 D 0/180 07/177° 4
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polyp 0/190 0 0/177 0] 9/180° 5 | 11277 6
Lung Bronchogenic| 0/189 0 0/177 0 0/174 0 1/174 0.5
adenoma
Alveolar 0/189 0 0/177 0 0/174 0 1/174 0.6
adenoma
Adrenals Cortical 16/191 8 16/173 9 10/172 6| 23/176° 13
adenoma
(benign)
Cortical 11/191 6 14/173 8 11/172 6 10/176 i
adenoma
(malignant)

2 Different from controls, p<0.05

® Different from controls, p<0.01

In mice, there were significant increases in ititta of nasal cavity such as nasal inflammation,
plasmacytosis, and hemorrhage in the mandibulapliynodes. A number of changes were seen in
the liver with marked increases in incidence oftgydile duct hyperplasia, hepatocellular
pleomorphism and gallbladder crystals in the highosure group. Statistically significant increases
in angiectasis were also seen in the highest Mb&x@ group of mice. Neoplastic lesions found in
mice are presented in Table 23. Adenomas and addnampolyps were found in the nasal mucosa
of a few mice at the highest MH exposure levelhéiigh the numbers are not large, they are
considered significant since none were found indbetrols. Statistically significant increases in
liver adenomas and carcinomas were also seen ie exposed to 2 ppm MH and parallel
pleomorphic changes were seen in hepatocytes vaipndicant increase at the highest dose level.
Neoplastic vascular lesions (hemangiomas) were eddykncreased in the high exposure level.

Table 23: Neoplastic lesions found in mice (femafelowing inhalation of MH vapor (incidence
ratio and percentages)

Organ Type of tumor Controls 0.02 ppm MH 0.2 ppm MH 2 ppm MH
Incidence % Incidence % Incidence % Incidence %
ratio ratio ratio ratio
Nasal Adenoma 0/367 0 1/354 0.3 0/349 0 1/355 0.3
mucosa
Adenomatous polyg 0/367 0 0/354 0 0/349 0 4/355 1.1
Osteoma 0/367 0 0/354 0 0/349 0 3/355 0.8
Epithelial 0/367 0 2/354 0.6 1/349 0.3 4/355 11
neoplasms  (nasal
and respiratory
mucosa)
Lung Adenoma 13/364 4 16/354 5 23/347 7| 56/360° 16
Carcinoma 0/364 0 1/354 0.3 2/347 0.6 3/360 Q.8
Liver Adenoma 6/373 2 2/357 0.6 5/357 1| 20363 5.5
Carcinoma 2/373 0.5 4/357 1 4/357 1| 14/363 4
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Duodenum adenoma 1/310 03 5/303 2| 7/1309° 2 5/308 2
Hemangioma 5/387 1 9/371 2 5/368 1| 22/371° 6
Hemangiosarcoma 1/387 0.3 4/371 1 4/368 1 5/371 il

& Different from controls, p<0.05

® Different from controls, p<0.01

No MH induced lesions were found in any of the Mipased dogs.

4.10.1.3 Carcinogenicity: dermal

No relevant information is available.

4.10.2 Human information

No relevant information is available.

4.10.3 Other relevant information

NIOSH considers MH to be a potential occupationafcimogen as defined by the OSHA
carcinogen policy [29 CFR 1990] and therefore eyp®sshould be minimized to the lowest
feasible level. The NIOSH recommended exposuret I[REL) is 0.04 ppm (0.08 mg/m3) as a
ceiling concentration determined over any 120- sampling period (NIOSH-Documentation for
IDLHs-Methyl hydrazine, 1994).

MH (and its salts) are considered as A3 carcinogpgn8CGIH (ACGIH-Threshold Limit Values
for Chemicals Substances and Physical Agents aalbddcal Exposure Indices, 2008) and were
listed on July 1, 1992 as chemicals known to th&teSto cause cancer under Proposition 65
(California Health and Safety Code 25249.5 et seq.)

In 2002, at request of the Minister of Social Affaand Employment, the Health Council of the
Netherlands evaluated the carcinogenic propertiedld and proposed a classification with
reference to the EU-directive (DECOS; Health Coluntithe Netherlands 07: 24, 2002). It was
concluded that MH should be considered as carcimode humans (comparable with EU-category
2). Although no data on humans were available, etheas sufficient evidence for the
carcinogenicity of MH in experimental animals. Iiteon of MH induced benign and malignant
tumors in mice and hamsters and oral (drinking vyateposure caused benign tumors in mice and
malignant tumors in hamsters in one experimenttuxoors were found in rats and dogs following
inhalation, but the exposure time in rats may Haaen too short; that is 1 year instead of 2 yesrs a
recommended in OECD guideline 451. The evaluatiomroittee was of the opinion that MH
should be considered as carcinogenic to humans.

4.10.4 Summary and discussion of carcinogenicity

The carcinogenicity of MH has been studied speciallthe aviation sector as MH is commonly
used as fuel for aircrafts. Both positive and niegatesults have been found. However, the



CLH REPORT FOR [METHYLHYDRAZINE]

available evidence has clearly showed that expasuhH causes increase of tumor incidence in
animals. A overview on the available studies arsdlts is given in Table 11.

Toth (Toth B., 1972) has clearly demonstrated tialty administration of 0.01% MH via drinking
water largely increased the incidence of tumorsi{ss lung tumors, malignant lymphomas etc.) in
Swiss mice. In a later study in Golden Syrian hanss{Toth B and Shimiza H 1973), MH was also
found to increase the incidence of liver tumors amdors of cecum dramatically and induce other
types of tumors in low incidence. However, thisufesould not be repeated in a comparable study
in male Golden Syrian Hamsters (MacEwen and Verh®¥5). In another study (Kinkead ER
1985), the carcinogenicity of MH was tested in rhtamsters, mice and dogs. Significant oncogenic
changes were noted in the respiratory, hepaticvasdular systems of mice and hamsters, but not
in rats and dogs. However, as only four dogs psedmd sex were exposed, the number of tested
dogs is considered too small to conclude the aleseh@ carcinogenic potential. Further, testing
was limited to one year for all species. Theseiffigsl also indicated the variation in sensitivity of
different animal species to MH. This might duehe fact that the different tested species clear the
material in a different way which may be due eitteedifference in rate or metabolic pathway.

Nevertheless, contradictive results have been atbserved in some other studies. Kelly and co-
workers have found that MH administrated by gavagetraperitoneal injection did not increase

the incidence of tumors in mice (Kelly et al. 196Bhese contradictive findings can be due to the
different mice strain and different exposure routegd. Also the limited exposure period of 8

weeks may have influenced the results.

The mechanisms through which MH elicits carcinoggyiis still unknown. However, the reported
investigations above present evidence that MH igimagenic. Since there are no reasons to
conclude that the effects observed in the animalies are not relevant to humans, it is concluded
that MH may also pose a hazard to humans.

4.10.5 Comparison with criteria
The CLP criteria for classification in Carc. 1 asefollows:
“Known or presumed human carcinogens

A substance is classified in Category 1 for cargewicity on the basis of epidemiological and/or
animal data. A substance may be further distingedss:

Category 1A, known to have carcinogenic potentallfumans, classification is largely based on
human evidence, or

Category 1B: Category 1B, presumed to have car@negpotential for humans, classification is
largely based on animal evidence. The classificaiioCategory 1A and 1B is based on strength of
evidence together with additional consideratioree(section 3.6.2.2). Such evidence may be

derived from:

- human studies that establish a causal relationfigfpveen human exposure to a substance and
the development of cancer (known human carcinogen);

- animal experiments for which there is sufficient) @vidence to demonstrate animal
carcinogenicity (presumed human carcinogen). Initald, on a case-by-case basis, scientific
judgement may warrant a decision of presumed huozaoinogenicity derived from studies
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showing limited evidence of carcinogenicity in hasaogether with limited evidence of
carcinogenicity in experimental animals.”

In the CLP, sufficient evidence of carcinogeniagydefined as wheta causal relationship has
been established between the agent and an incraas&tence of malignant neoplasms or of an
appropriate combination of benign and malignantplaesms in (a) two or more species of animals
or (b) two or more independent studies in one gsecarried out at different times or in different
laboratories or under different protocols. An inased incidence of tumours in both sexes of a
single species in a well-conducted study, ideadiyduicted under Good Laboratory Practices, can
also provide sufficient evidence. A single studyome species and sex might be considered to
provide sufficient evidence of carcinogenicity whaalignant neoplasms occur to an unusual
degree with regard to incidence, site, type of tumor age at onset, or when there are strong
findings of tumours at multiple sites;”

Limited evidence of carcinogenicity is defined asenw“the data suggest a carcinogenic effect but
are limited for making a definitive evaluation basa, e.g. (a) the evidence of carcinogenicity is
restricted to a single experiment; (b) there areasolved questions regarding the adequacy of the
design, conduct or interpretation of the studiey;the agent increases the incidence only of benign
neoplasms or lesions of uncertain neoplastic pa€ndr (d) the evidence of carcinogenicity is
restricted to studies that demonstrate only prongptactivity in a narrow range of tissues or
organs.”

According to these criteria, a classification inr€aCat. 1A is not warranted since there is no
human data (epidemiological studies) availableansinogenicity endpoint for MH.

However, based on available experimental studiesawsal relationship between the oral and
inhalation exposure to MH and the increased inadeaf malignant and benign tumors, e.g.
malignant histiocytomas, cecum tumors (adenoma eactinoma), lung (adenomas), liver
(adenomas and carcinomas), nose (adenomas andpafypadrenals (benign adenomas) has been
demonstrated in 2 animal species (mice and hamstacsin males as well as females. Although
some negative results were found in other studiesancinogenicity of MH, these negative results
may be generated by differences in animal strairexposure level and/or duration. According to
the dossier submitter, classification Carc. 1B -®#i&5therefore warranted. As no data are available
by dermal route, it is proposed not to specify ecnftexposure in the hazard statement.

The CLP criteria for classification in Carc. 2 aefollows:
“Suspected human carcinogens

The placing of a substance in Category 2 is doné¢henbasis of evidence obtained from human
and/or animal studies, but which is not sufficigrdbnvincing to place the substance in Category
1A or 1B, based on strength of evidence togethtér additional considerations. Such evidence may
be derived either rom limited evidence of carcimogy in human studies or from limited evidence
of carcinogenicity in animal studies.”

Classification as Carc. 2 is not appropriate as ahailable animal studies showed sufficient
evidence that exposure to MH can increase the enciel of tumors in several organs in mice and
hamsters.
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4.10.6 Conclusions on classification and labelling

Based on the increased incidence of various tunmomfice and hamsters exposed to MH via
drinking water or inhalation for entire lifespan @ne year, a classification as Carc. 1B — H350:
May cause cancer is proposed for MH, with no speoiute of exposure added.

RAC evaluation of carcinogenicity

Summary of the Dossier submitter’s proposal

No information from humans on the carcinogenity of methylhydrazine is available. Five
carcinogenicity studies were provided in the CLH report, one via the inhalation route, and the
others via oral administration.

Based on the increased incidence of various tumours in mice and hamsters exposed to
methylhydrazine via drinking water or inhalation for either their entire lifespan or one vyear,
classification as Carc. 1B - H350 (may cause cancer) was proposed by the DS with no specific
route of exposure stated.

In one study with CDF1 mice, no tumour formation was observed after 8 weeks treatment with
methylhydrazine (once weekly) by gavage or intraperitoneal injection (i.p.), when compared to
the controls. The DS considered that 8 weeks was too short to reveal any carcinogenic properties
of the substance.

Daily treatement of Swiss mice with 0.01% methylhydrazine via drinking water for their life span
resulted in a large increase in the incidence of tumours (lung tumours, malignant lymphomas
etc.) compared to the untreated control group.

In a different study, a large increase in the incidence of liver tumours and tumours of the caecum
as well as other types of tumours at low incidences was found in Golden Syrian hamsters
following application of 0.01% methylhydrazine via drinking water for their life span compared to
the untreated control group. However, this study with Golden Syrian hamsters was repeated by a
different laboratory under similar test conditions and no marked difference in the incidence of
tumours between the treated groups and untreated control groups were found.

The carcinogenicity of methylhydrazine by the inhalation route was also tested over a period of
one year (6 hours/day, 5 days/week, a number of different doses from 0 ppm (control group) up
to 2.0 ppm or 5.0 ppm) in Fischer 344 rats, Golden Syrian hamsters, C57BL/6] mice and Beagle
dogs. Significant oncogenic changes were noted in the respiratory, hepatic and vascular systems
of mice and hamsters, but not in rats or dogs. However, as only four dogs per dose and sex were
exposed to methylhydrazine, the number of tested dogs was considered too small to draw
conclusions on the absence of carcinogenic potential.

The mode of action leading to the carcinogenicity of methylhydrazine is unknown. The
mutagenicity data, which were quite contradictory, were included only as support for the
carcinogenicity classification and were considered not to be sufficient for a classification for germ
cell mutagenicity in its own right. The same applies to the repeated dose toxicity data - they
were only included as supportive data for the assessment of the carcinogenicity of
methylhydrazine. Detailed discussion on whether the observed (non-neoplastic) repeated dose
toxicity effects were adverse or not is considered relevant.

Comments received during public consultation

Two public consultations were launched for methylhydrazine. The first was on the CLH report
(standard part of the CLH process) and the second was a targeted PC seeking additional
information on read-across considerations submitted by the DS during the process of opinion
development (see RAC general comments).
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During the first public consultation, a number of Member State Competent Authorities (MSCAS)
supported the proposal submitted by the DS to classify methylhydrazine as Carc. 1B, H350 based
on the different types of tumours found in mice and hamsters following exposure via both the oral
and inhalation routes, as well as in both males and females. In addition, one MSCA referred to
conflicting results on mutagenicity in the Ames test and a weakly positive response in vivo in the
host-mediated assay and stressed that genotoxic potential cannot definitively be excluded. This
MSCA also called on the DS to prepare a proposal to harmonise the germ cell mutagenicity
classification, since the relevant data were provided in the CLH report. The MSCA also considered
that the toxicokinetic data were very poor and not sufficient to describe the toxicokinetic profile
of the compound. They noted that the metabolism of methylhydrazine should also be addressed.
One MSCA considered that the reported 8-week study on mice was too short to demonstrate an
absence of tumourigenicity. In addition, the MSCA stressed that data on repeated dose toxicity
were incomplete and mainly based on old studies not sufficient to describe the toxicity of the
compound.

During the second targeted public consultation two MSCAs supported the proposed classification
of methylhydrazine as Carc 1B, H350, based on the information provided to support read-across
from the following substances: hydrazine; 1,1-dimethylhydrazine; 1,2-dimethylhydrazine.

Additional key elements

One MSCA pointed out an error in the 8-week study on mice. This error occurred in the summary
in Table 14 of the CLH report with respect to the study by McEwan and Vernot (1975). In their
response, the DS explained that the study included three dose groups, namely, G1 - control:
drinking water pH=3.5, G2: 0.01% methylhydrazine in drinking water pH=3.5 and G3: 0.01%
methylhydrazine in (not pH adjusted) drinking water. The value of 0.1% in Table 14 of the CLH
report should be 0.01% for both experimental test groups.

The DS provided additional information on methylhydrazine classifications suggested or adopted
in some countries. The USA National Institute for Occupational Safety and Health (NIOSH) has
considered methylhydrazine to be a potential occupational carcinogen as defined by the
Occupational Safety & Health Administration (OSHA) carcinogen policy [29 CFR 1990 (USA)] and
therefore exposure should be minimised to the lowest feasible level. The NIOSH recommended
exposure limit (REL) is 0.04 ppm (0.08 mg/m?) as a ceiling concentration determined over any
120 min sampling period (NIOSH-Documentation for IDLHs-Methyl hydrazine, 1994).

The American Conference of Governmental Industrial Hygienists (ACGIH) considered
methylhydrazine and its salts as A3 carcinogens (ACGIH-Threshold Limit Values for Chemicals
Substances and Physical Agents and Biological Exposure Indices, 2008).

In 2002, at the request of the Minister of Social Affairs and Employment, the Health Council of
the Netherlands evaluated the carcinogenic properties of methylhydrazine and concluded that it
should be considered as carcinogenic to humans (comparable to EU-category 2 according to the
now superseded Dangerous Substances Directive).

Summary and assessment of the Dossier submitter’s additional information on
read across substances

Read-across information on structurally related hydrazine compounds similar to methylhydrazine
was provided by the dossier submitter (DS). The DS chose the following substances: hydrazine;
1,1-dimethylhydrazine; 1,2-dimethylhydrazine based on structures having the same central N-N
moiety and either -H or -CH3 attached to the nitrogen atoms, as these are the closest possible
chemical analogs.
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Selected hydrazine compounds:

Methylhydrazine
(CAS 60-34-4, EC 200-471-4)

I

N
H,N” “CH,

1,2-dimethylhydrazine
(CAS 540-73-8, no EC number)

Hydrazine
(CAS 302-01-2, EC 206-114-9)

H*—-..N
7
H

/

1,1-dimethylhydrazine
(CAS 57-14-7, EC 200-316-0)

H
H,C, N H  CH,
+ I N—N

3

No relevant information regarding mutagenicity or carcinogenicity could be retrieved for
trimethylhydrazine. Therefore, this substance was not included. The main mutagenicity
mechanism is considered to be DNA methylation.

The four hydrazines are all liquids with a high vapor pressure, are miscible with water and have a
negative Log Kow and thus can be considered to have comparable physical/chemical properties
for the purpose of the mutagenicity/carcinogenicity assessment.

There are very limited data on the metabolism of methylhydrazine. The available information
shows that 45% of the radioactive labeled carbon is exhaled as CO, and methane after i.p.
injection and approximately 40% was excreted in the urine. The source hydrazine compounds
seem to have different metabolic pathways. However, this difference is likely to be caused by
differences in the available information on metabolites. The available information on DNA adducts
shows that methyl adducts are formed by all three source hydrazine compounds. The only
information indicating that methylhydrazine could also form methyl adducts comes from one in
vitro study using isolated hepatocytes and liver microsomes.

DNA and RNA adducts may be responsible for gene mutations observed in a number of in vitro
studies and may also serve as the initiating event for cancers induced by hydrazines in vivo.

It was suggested that administration of hydrazine to rodents results in the formation of N7-
methylguanine and O6-methylguanine in liver DNA. It has therefore been proposed that the
methylation mechanism involves the reaction of hydrazine with endogenous formaldehyde to
yield formaldehyde hydrazone, which could be metabolized to the potent methylating agent
diazomethane. The data supported the proposal that formaldehyde-hydrazone, the condensation
product of hydrazine and formaldehyde, is rapidly transformed in various (liver) cell fractions to a
DNA-methylating agent. The reaction of hydrazine with formaldehyde resulting in the formation
of a hydrazone could also occur since methylhydrazine has a free amino group.

The metabolites of 1,2-DMH (azoxymethane and methylazoxymethanol) can form
methyldiazonium which can methylate DNA. The metabolic pathway of 1,2-DMH could be
considered as not relevant for methylhydrazine because it requires a methyl group on each of the
two nitrogen atoms, but methylhydrazine contains only one methylated nitrogen atom.

In general, the available information shows that hydrazines are oxidised at the N-N moiety,
resulting in azo (N=N) compounds and following further metabolism, ultimately resulting in
formation of nitrogen gas (N2) and a methyl radical. In one in vitro study is was shown that
methylhydrazine can also be metabolised to substances that can form methyl radicals and in vivo
methane formation was observed. Therefore, it is expected that methylhydrazine can also form
methyl DNA adducts and is (therefore) mutagenic.
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The “source” hydrazine compounds have no harmonised classification for mutagenicity However,
the available data show that these source compounds are all mutagenic in vitro. In vivo
mutagenicity in somatic cells was seen in all “source” hydrazine compounds though not always in
all studies and organs. Overall, comparison of the mutagenicity does not support read-across
from the source hydrazines to methylhydrazine.

The available carcinogenicity studies with hydrazine compounds show that there are clear
differences between species but almost all studies were positive (see Table 1 below). Blood vessel
tumours observed in mice following methylhydrazine exposure via the oral and inhalation routes
are also observed with both “source” methylated hydrazines and caecum tumours are also found
with 1,2-DMH. Therefore, the results with the “source” hydrazine compounds support the
relevance of these tumours for classification.

Table 1: Carcinogenicity data of the selected hydrazines (taken from background document,

modified)
Route/ Methylhydrazine Hydrazine (incl. 1,1-dimethyl- 1,2-dimethyl-
species hydrate and hydrazine hydrazine
sulfate)

Oral: rat Hepatocellular Colon tumours
adenomas, (single dose)
carcinomas and
cholangiomas Liver
Lung tumours angiosarcoma,

cholangioma,
hepatocellular
carcinoma, bowel
adenocarcinoma,
ear canal
papilloma, colon
carcinoma
(intermediate
exposure)
Angio(sarco)mas
Oral: mouse Lung adenoma Lung tumours Blood vessel, lung, | Blood vessel
Angio(sarco)ma kidney, and liver tumours
Cholangio(sarco)ma | Hepatoma tumours
Angio(sarco)ma,
Breast Lung |ung
adeno(carcino)mas | adeno(carcino)ma
One study and colon tumours
negative

Oral: hamster Malignant Hepatocellular Blood vessel

histiocytoma caecum | carcinomas tumours
tumours

Second study

negative

Inhalation:rat Negative Nasal Pancreas, pituitary
adenomatous tumours
polyps and
malignant
nasal epithelial
tumours
Thyroid
carcinoma
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Inhalation:mouse

Lung adenoma

Liver adenoma and

Lung adenoma

Lung, liver, nasal
cavity, bone and
blood vessels

carcinoma tumours
Hemangio(sarco)ma
Nasal adenomatous
polyps and
adenomas
Inhalation:hamster | Nasal polyps and Benign nasal
adenomas polyps
Colon
neoplasms
Thyroid
parafolicullar
cell adenoma
CLH Carc 1B Carc 1B Carc 1B

Adverse health effects by hydrazines; underlying mechanism

A. Hydrazones are formed in reactions between aldehydes/ketones and hydrazines.

Rs3
HoN—N

H
hydrazine

H
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hydrazone

B. Mechanistic concept of hydrazine-induced DNA methylation

+ HQO
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H,N-NH, + HCHO ﬁﬂgﬂmﬁgemmnut

Y
HCHNH-NH,

OH

4

H,C—N-NH,

N

H-C N=N Diazomethane

Y
| DNA methylation

C. Metabolic pathways of azoxymethane and methylazoxymethanol activation (Sohn, 2001).
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DNA alkylation CH3OH + N3

According to the Read-Across Assessment Framework (RAAF) (European Chemicals Agency,
2015), two main approaches can be applied - analogue approach and category approach. The
analogue approach is based on read-across from a single source substance to a single structurally
similar target substance. The prediction of properties relies essentially on the structural similarity
between the source and target substances. In a category approach, read-across is used among a
number of structurally similar substances. Within this category, as a result of the structural
similarity, the physico-chemical, toxicological and ecotoxicological properties are likely to be
similar or follow a regular pattern.

The source substances: hydrazine; 1,1-dimethylhydrazine; 1,2-dimethylhydrazine have been
selected by the DS due to structural analogy based on same central N-N moiety and either -H or -
CH3 attached to the nitrogen atoms, as closest possible analogs. The four hydrazines (target and
source substances) show similar physico-chemical properties concerning physical state at room
temperature, vapor pressure, water solubility and Log Kow. All three source hydrazines show
induction of tumours resulting in a harmonised classification of category 1B for carcinogenicity.
However, there is some inconsistency in the tumour sites and the occurance of mutagenicity in
vivo. This might be explained by the differences in metabolism between the source hydrazine
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compounds. Formaldehyde-hydrazone, the condensation product of hydrazine and formaldehyde,
is rapidly transformed in various (liver) cell fractions to a DNA-methylating. The reaction of
hydrazine with formaldehyde resulting in the formation of a hydrazone could also occur with
methylhydrazine having a free amino group. The metabolic pathway of 1,2-dimethylhydrazine
could be considered as not relevant for methylhydrazine, because it requires a methyl group on
each of the two nitrogen atoms in order to form azoxymethane and methylazoxymethanol leading
to formation of methyldiazonium which can methylate DNA, but methylhydrazine contains only
one methylated nitrogen atom.

The DS stresses that the source substances are considered as one homogeneous group and there
are difficulties to indentify the most relevant source substance for methylhydrazine. Therefore,
the category approach for read-across is used.

DNA methylation is considered as the main mutagenicity mechanism leading to initiation of
cancer. Available information on DNA adducts shows that methyl adducts are formed by all three
source hydrazine compounds. However, this information is not available for methylhydrazine
(Table 2 below). Nevertheless, is was shown in vivo that methylhydrazine can be metabolised to
substances that can form methyl radicals wich could lead to methyl adducts.

Table 2: Metabolites of the selected hydrazines

Identified methylhydrazi | hydrazine 1,1- 1,2-
metabolites ne dimethylhydrazine | dimethylhydrazine
Oral Carbon Nitrogen Carbon dioxide Carbon dioxide
dioxide Acetyl/diacetylhydra | Glucose Azomethane
methane zine hydrazone ethane
Pyruvate hydrazone
Urea

1,4,5,6-tetrahydro-
6-0x0-3-pyridazine
carboxylic acid

Inhalation Acetyl hydrazine
Diacetyl hydrazine
Other Azoxymethane
methylazoxymeth
ane
In vitro Methyl Free radical Methyl radicals Methyl radicals
radicals formation (Albano, 1989) (Albano, 1989)
(Albano, Free radical Formaldehyde
1989) formation
In vivo DNA Methyladducts N7-methylguanine | N7-methylguanine
adducts N7-methylguanine (Sagelsdorff, and 06-
and O6- 1988) methylguanine
methylguanine in (Perse, 2011)

liver of mice, rats
and hamsters
treated in vivo.
Additional ATSDR, 1997 and SCOEL, 2010
references

In general, the available information shows that hydrazines are oxidised at the N-N moiety,
resulting in azo (N=N) compounds and following further metabolism, ultimately resulting in
formation of nitrogen gas (N2) and a methyl radical. Methylhydrazine can also be metabolised to
substances that can form methyl radicals (in vitro). Available information on methylhydrazine
show further that 45% of the radioactively labelled carbon is exhaled as CO, and methane after
i.p. injection and approximately 40% is excreted in the urine.

The available data show that all source compounds are mutagenic in vitro and partly in vivo in
somatic cells.
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The available carcinogenicity studies with hydrazine source compounds show that there are clear
species differences but in almost all studies tumour formation was observed.

Nevertheless, according to the Read-Across Assessment Framework (RAAF) (European Chemicals
Agency, 2015), Mread-across and grouping’, or ‘read-across’, is one of the most commonly used
alternative approaches for data gap filling in registrations submitted under the REACH Regulation”
(underlining by RAC).

Assessment and comparison with the classification criteria

No relevant information is available from humans regarding carcinogenicity from exposure to
methylhydrazine.

The DS summarised 5 carcinogenicity studies performed on animals which were published from
1969 to 1985 and which were not in accordance with the relevant OECD guidelines. For example,
the testing time for inhalation exposure in rats according to OECD guideline 451 should be 2
years instead of 1 year, as was the case even in the most recent study (form 1985) reported in
the CLH report. A summary of the animal tests reported in the background document carried out
is included in the Appendix below.

In general, the results obtained from oral, intraperitoneal injection and inhalation studies on
mice, rats, hamsters and dogs are contradictory.

In CDF1 mice treated for 8 weeks with methylhydrazine (once per week) by gavage or
intraperitoneal injection, no tumour formation was observed. Since the exposure time is very
short RAC suggests discarding this study from any further weight of evidence analysis.

Daily administration of 0.01% methylhydrazine to Swiss mice mice via drinking water for the
entire life span resulted in large increases in the incidence of lung adenomas (24 % for females
compared to 12.7 % seen in earlier non-concurrent controls from an older study by the same
author and 22 % for males compared to 10 % in non-concurrent controls). No information is
provided on the statistical significance and also no historical control database is available for the
Eppley Swiss Webster mice (randomly bred). Methylhydrazine shortened the survival time of mice
- 50 % survival was at 30 weeks for males and approximately 45 weeks for females, compared to
60 and 80 weeks for male and female controls, respectively (Table below), indicating that the
maximum tolerated dose (MTD) had probably been exceeded. The reported malignant
lymphomas in Swiss mice revealed a generally higher incidence in the untreated (not concurrent)
control group.

Tests on Golden Syrian hamsters (application of 0.01% methylhydrazine via drinking water for
the life span) demonstrated elevated levels of malignant histiocytomas (32 % for females and 54
% for males compared to 0 % in controls) as well as tumours of the caecum (18 % for females
and 14 % for males compared to 1 % in controls). No information was provided on the statistical
significance of these results and no relevant historical control database was available. The DS
provided additional information on Syrian hamsters, which referred to small background
incidences of hepatic tumours (up to 2 %) and tumours in the caecum in this species. Other
types of tumours also occurred in the reported long-term studies in Swiss mice and Syrian
hamsters, but at low incidences and these were not significantly different from controls. Again, a
shortened survival time of the Syrian hamsters was also detected in comparison to untreated
control groups, possibly indicating that the MTD had been exceeded (Tables 3 and 4 below).

Table 3: Survival rates in methylhydrazine-treated and control Swiss mice
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Treatment Initial no. and No. of survivors (age in weeks)
sex of mice
10 20 30 40 50 60 70 80 | 90 | 100 | 110 | 120 | 130
MH 0¥ 41 4 39 33 13 8 - - - - - -
s50d 41 7 24 15 6 3 1 - - - - -
Control 1102 109 | 109 | 107 | 104 | 95 89 73 57 | 41| 23 11 1
1107 110 95 91 86 67 55 41 22 6 1 1 -

Table 4: Survival rates in methylhydrazine-treated and control Golden Syrian hamsters

Treatment Initial no. and No. of survivors at week

sex

10 20 30 40 S0 60 T0 80 90 100 110 120 130

0.01 % MH in drinking water | 50 2 49 48 48 47 39 27 16 4 1
daily for life _

504 50 49 48 48 43 39 30 18 8 2
Untreated control 100 2 100 100 100 92 T4 61 46 31 20 7 4

100 2 96 93 20 87 20 T4 57 42 32 22 15 10

The tumour-incidence results in the first Syrian hamsters study were not repeated in a second,
similar 2-year study on male Golden Syrian hamsters, conducted a few years later. In this second
study, adrenocortical tumours were the most frequently seen tumour-type, and occurred more
often in controls than in treated animals (incidences were 31 % in the pH 3.5 adjusted drinking
water control group versus 16 % for the test group receiving 0.01% methylhydrazine via tap
water and 24 % in the group receiving the substance via drinking water adjusted to pH 3.5). The
large difference between treated and control animals could be partly explained by the fact that
only 17 control group animals were suitable for histologic examination out of 30 specimens used
initially for all experimental groups. Nevertheless, these results are considered as negative.
However, this second study was performed with hamsters 5 months of age at the start of
treatment whereas the hamsters in the first study were 6 weeks (44 days) old. In the second
study no significant differences in survival rates were detected between treated and control
animals (see Table 5 below).

Table 5: Survival rates in methylhydrazine-treated and control Golden Syrian hamster
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Weeks of Percentage of Survivors

Treatment Control Buffered MMH Unbuffered MMH
10 1009, 100, 1009,
20 100 100 100
30 100 100 100
40 100 100 93
a0 94 o7 80
60 64 70 77
70 52 43 47
80 24 17 17
20 12 o* 3

*Two remaining survivors were moribund and were killed ar 83 weeks.

Data on carcinogenicity tests with methylhydrazine by the inhalation route for 1 year (6
hours/day, 5 days/week, a number of different doses from 0 ppm (control group) up to 2.0 ppm
or 5.0 ppm) in Fischer 344 rats, Golden Syrian hamsters, C57BL/6] mice and Beagle dogs have

been also reported.

These inhalation exposure experiments with rats revealed no dose-effect relationships or clear
differences between treated groups and controls either for male or female animals (Figures
below). However, the exposure times can be considered too short to conclude with confidence on

the absence of carcinogenic potential.

Rats ) Rats -
100 60
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b—— 30 leukemia

30—

20 — . —==Testicular interstitial 'y :‘ ‘: ——Pituitary acenoma
10 N —ie cell tumer 10— P} —

o v— g_ = Tyroid "¢ call 0 4%54* == ammary hyperplasia

) adenoma
Control 0.02° 0.2ppm Zppm  5pmm Control  0.02 0.2ppm 2ppm 5pmm
apm ppm

Figure: Neoplastic lesions found in male and female rats after one year inhalaltion exposure

Tests on Beagle dogs (4 animals per sex and dose) demonstrated similarly negative results as no
methylhydrazine induced lesions were found in any of the exposed dogs. However, the number of
tested dogs and exposure time could be considered too small and too short, respectively, to
conclude with confidence on the absence of carcinogenic potential.

Treated male Golden Syrian hamsters showed quite mild carcinogenic effects presenting as nares
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adenomas and polyps as well as lung bronchogenic and alveolar adenomas (highest incidence 4-6
% for nares tumours at the highest doses, see Figures below). No clear dose-effect relationships
was shown for benign and malignant cortical adenomas. Again, the shorter exposure period (1
year instead of 2 years) needs to be considered.

Hamsters - Hamsters -

14

6 12 ,
OMares zadencma /

5 10

4 Nares polyp 8 ’4 Y / —+— Cortical adenoma
© \ / (benign)

M Lung bronchogenic Cortical adenoma
2 adenoma 4 (malignant)

-

M Lung alveolar adenoma

o [ mll o
C

antrol 0.2ppm 2ppm 5amm Control  0.2ppm 2ppm 5pmm

Figure:. Nares and lung neoplastic lesions found in Figure: Cortical adenomas found in male hamsters
male hamsters (incidence in %) (incidence in %)

In mice, mild carcinogenic effects or no clear dose-effect relationships were revealed for nasal
mucosa adenomas, adenomatous polyps, osteomas and epithelial neoplasms as well as for
duodenum adenomas, hemangiomas and hemangiosarcomas (see Figures below).

Mice Mice -
1,2 7
1 )( b —
=#—Nasal mucosa
adenoma 5
0,8
Adenomatous polyp 4 =4==Duodenumadenoma
® 06 ES
3 Hemangioma
== steoma
0,4 3 R R =d—Hemangiosarcoma
02 == Epithelial neoplasms . 2‘
0 — & ]
Control  0.02ppm  0.2opm  20pm Control  0.02ppm 0.2ppm  2ppm

Figure: Nasal mucosa adenomas, adenomatous Figure: Duodenum adenomas, hemangiomas and
polyps, osteomas and epithelial neoplasms found in hemangiosarcomas found in female mice
female mice (incidence in %) (incidence in %)

In contrast, lung adenomas in mice showed a remarkable dose-effect relationship and a high
incidence, expressed to a lesser extent in relation to liver carcinomas and lung carcinomas
(Figure below). As regards liver adenomas, no clear dose-effect was demonstrated.
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Mice -
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Figure: Lung and liver adenomas and
carcinomas found in female mice (incidence in %)

The mode of action leading to the carcinogenicity of methylhydrazine is unknown, but mutagenic
potential cannot be excluded. The mutagenicity data provided as support for the carcinogenicity
classification were contradictory. Methylhydrazine showed no mutagenicity in in vivo inheritable
germ cell mutagenicity tests in rats and mice, or in in vitro mutagenicity tests in mouse
lymphoma cells and human diploid embryonic lung cells. In contrast, liquid incubation assays in in
vitro bacterial systems (Ames test with liquid incubation assay) revealed mutagenic activity,
which should be considered. However, there were no clear indications of mutagenic activity of
methylhydrazine in any of the microbial assays which were conducted as standard plate tests in
standard Salmonella typhimurium tester strains. In addition, the related substance 1,2-
dimethylhydrazine is considered to be an alkylating agent with potential to induce large intestine
tumours in rats following administration by gavage.

Repeated dose toxicity of methylhydrazine has been investigated in several species, including
dogs, monkeys, rats and mice via inhalation or intraperitoneal administration. It has been found
that methylhydrazine induces red cell damage, nephrotoxic changes, and hemoglobinuria in dogs,
as well as pathological lesions in the liver and kidney in dogs and in the liver, kidney, and spleen
in mice. Methylhydrazine did not induce histopathological lesions in rats and monkeys.

Comparison with the classification criteria

RAC concluded that since there are no human data with methylhydrazine available, classification
in Category 1A can be excluded.

RAC considers that the studies with mice revealed pronounced carcinogenic effects. Lung
adenomas were reported in one oral and one inhalation (one year exposure) long-term study,
showing clear a dose-effect relationship; only mild effects for lung and liver carcinomas were
seen in the inhalation study.

In hamsters, the studies reported were contradictory, with one study positive for malignant
histiocytomas and tumours of the caecum and a second with negative results, although the test
conditions were almost the same, with the exception of the age of animals at the start of
exposure. The DS indicated in the additionally provided explanations that the first study with
positive results should be considered more relevant as OECD TG 451 and 452 require testing to
begin as soon as possible after weaning and acclimatisation and preferably before the animals are
8 weeks old. However, in the positive hamster study and in the Swiss mice mice study (treated
via drinking water for entire life span), a shortened survival time of the animals was detected in
comparison to untreated control groups, possibly indicating that the MTD may have been
exceeded , but clear evidence of that was not available.
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Via the inhalation route, carcinogenic effects were found in hamsters, which presented as nares
adenomas and polyps. For other effects in hamsters no clear dose - effect relationship was
demonstrated. No carcinogenic effects were found in rats. Nevertheless, the inhalation studies
showing negative outcomes or only mild effects should be considered to be not fully adequate for
carcinogenicity testing due to the short exposure times employed.

Additionally, RAC concludes that mutagenic activity as the mode of action leading to the
carcinogenicity of methylhydrazine cannot completely be excluded due to the potential for
formation of methyl DNA adducts, which was indirectly demonstrated. Also in a “read-across”
assessment, source hydrazines showed both mutagenic and carcinogenic properties

Finally, RAC concluded that based on the positive results in two species of animals (mouse and
hamster) and several independent studies in one species, and taking also into account that
mutagenic activity as the mode of action for carcinogenicity of methylhydrazine cannot be
excluded and classification is therefore warranted.

Based on the weight of evidence for carcinogenicity from the animal studies conducted with
methylhydrazine, as well as evidence for mutagenicity of methylhydrazine and supported by data
from source hydrazines used in a read-across assessment, showing both mutagenic and
carcinogenic properties, RAC is of the opinion that there is sufficient evidence to classify
methylhydrazine in Category 1B (H350: May cause cancer) according to the CLP criteria.

Supplemental information - In depth analyses by RAC

A summary of carcinogenicity studies of methylhydrazine and an in depth analysis is provided in
the table of the Appendix below.

Appendix
Summary of carcinogenicity studies of methylhydrazine
Expo Incidence, count
o,
Study T‘?St Route Dose sure (%) Type of Effect Notes
object time Treated | Control tumor
group group
3.7 mg 1x/w 0/9 (0 1/10 Lung
CDF1 | Oral (0'4? mg | eek, %) | (10 %) | 2denome -
mice ¢ | gavage administr | week o o ] Short exposure
|e(tGIa|Iy at|0n) s 0% 0% Leukemia - time, shall be
(1969) 1.8 mg 1x/w 3/30 (10 | 1/9 (11 Lung er>]<cludeld from
) eek adenoma - the analysis
CDF1 . (0.23 mg ! %) %)
. i.p. for 8 s
mice & /
o week
injection) | 0% 0% | Leukemia -
14/110
12/50 (12.7%
(24%) ¢ )o Lung
adenoma ++
11/110
. o Y50 g s
Toth Swiss Oral 0.01 % in | lifeti (22%) & g Control from
(1972) mice water me 17/110 Toth, 1969
(15%) | Malignant
(420//5)09 Q lymphom -
2/110 as
(2%) &
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Animals were
44 days old at
Toth the start of
and Golden Malignant exposure. Not
Shimiz Syrian Oral 0.01 % in | lifeti 16/49 0/99 histiocyto ++ repeated .in
hamste water me (32%) @ | (0%) ? Y e
u rs mas similar
(1973) MacEwen and
Vernot (1975)
study
4.11 Toxicity for reproduction
Not evaluated in this report
4.12 Other effects
Not evaluated in this report
5 ENVIRONMENTAL HAZARD ASSESSMENT

Not evaluated in this report

6 OTHER INFORMATION

Not evaluated in this report
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