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Annex A. Manufacture and uses

A.l. Manufacture, import and export of a substance

The information of this section are based on information from DU/manufacturer and from the
registration dossier.

Table Al. Manufacture

Identifiers Use descriptors

M-1: Manufacture of Environmental release category (ERC):

substance ERC 1: Manufacture of substances
Process category (PROC):
PROC 1: Use in closed process, no likelihood of exposure
PROC 2: Use in closed, continuous process with occasional
controlled exposure
PROC 8b: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at
dedicated facilities
PROC 15: Use as laboratory reagent

Related Description of manufacturing process

manufacture(s)
DMF is synthesised at increased temperature and pressure in the
reaction vessel from carbon monoxide and dimethylamine. The
pure product is obtained through multi-step distillation.

Information on tonnages was not always provided by the downstream users completing the
questionnaires for the risk assessment. Since tonnage information was not provided by each
downstream user, actual tonnages are expected to be higher than indicated below. Therefore,
this table should not be directly correlated to the number of workers exposed each year.

The available information is provided in the following table.

Table A2. Identified uses

Identified use Tonnage in t/a (based on available

information)

metallic mineral products

Manufacture 20 000 — 30 000
Formulation 20 000 — 30 000
Industrial use for the production of 2 000 — 3 000
chemicals

Industrial use for the production of 500 — 1 500
pharmaceuticals

Industrial use for the production of polymers | 5 000 — 7 500
Industrial use for the production of textiles, 2 000 — 3 000
leather and fur

Industrial use for the manufacture of non- 500 — 1 500
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Identified use Tonnage in t/a (based on available
information)

Industrial use for the manufacture of 10 — 30
perfumes / fragrances

A.2. Uses

The information of this section are based on information from DU/manufacturer and from the
registration dossier.

Table A3. Formulation

Identifiers Use descriptors
F-2: Formulation of Environmental release category (ERC):
substance

ERC 2: Formulation of preparations
Process category (PROC):
PROC 1: Use in closed process, no likelihood of exposure

PROC 2: Use in closed, continuous process with occasional
controlled exposure

PROC 3: Use in closed batch process (synthesis or formulation)

PROC 4: Use in batch and other process (synthesis) where
opportunity for exposure arises

PROC 5: Mixing or blending in batch processes for formulation of
preparations and articles (multistage and/or significant contact)

PROC 8a: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at non-
dedicated facilities

PROC 8b: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at
dedicated facilities

PROC 9: Transfer of substance or preparation into small
containers (dedicated filling line, including weighing)

PROC 15: Use as laboratory reagent

Product Category formulated:

PC O: Other: not applicable

Technical function of the substance during formulation:

not applicable

Table A4. Uses at industrial sites
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Identifiers

Use descriptors

IW-3: Industrial use for
the production of fine
chemicals

Environmental release category (ERC):

ERC 4: Industrial use of processing aids in processes and
products, not becoming part of articles

ERC 6a: Industrial use resulting in manufacture of another
substance (use of intermediates)

ERC 6b: Industrial use of reactive processing aids

ERC 7: Industrial use of substances in closed systems
Process category (PROC):

PROC 1: Use in closed process, no likelihood of exposure

PROC 2: Use in closed, continuous process with occasional
controlled exposure

PROC 3: Use in closed batch process (synthesis or formulation)

PROC 4: Use in batch and other process (synthesis) where
opportunity for exposure arises

PROC 5: Mixing or blending in batch processes for formulation of
preparations and articles (multistage and/or significant contact)

PROC 8a: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at non-
dedicated facilities

PROC 8b: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at
dedicated facilities

PROC 9: Transfer of substance or preparation into small
containers (dedicated filling line, including weighing)

PROC 14: Production of preparations or articles by tabletting,
compression, extrusion, pelletisation

PROC 15: Use as laboratory reagent

PROC 19: Hand-mixing with intimate contact and only PPE
available.

Product Category used:
PC 19: Intermediate

PC 20: Products such as pH-regulators, flocculants, precipitants,
neutralisation agents

PC 21: Laboratory chemicals
PC 27: Plant protection products
Sector of end use:

SU 9: Manufacture of fine chemicals

Telakkakatu 6, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | echa.europa.eu




ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON

N,N-DIMETHYLFORMAMIDE (DMF)

Identifiers

Use descriptors

SU 8: Manufacture of bulk, large scale chemicals (including
petroleum products)

SU 17: General manufacturing, e.g. machinery, equipment,
vehicles, other transport equipment

Technical function of the substance during formulation:

Solvents

IW-4: Industrial use for
the production of
pharmaceuticals

Environmental release category (ERC):

ERC 4: Industrial use of processing aids in processes and
products, not becoming part of articles

ERC 6a: Industrial use resulting in manufacture of another
substance (use of intermediates)

ERC 6b: Industrial use of reactive processing aids

ERC 7: Industrial use of substances in closed systems
Process category (PROC):

PROC 1: Use in closed process, no likelihood of exposure

PROC 2: Use in closed, continuous process with occasional
controlled exposure

PROC 3: Use in closed batch process (synthesis or formulation)

PROC 4: Use in batch and other process (synthesis) where
opportunity for exposure arises

PROC 5: Mixing or blending in batch processes for formulation of
preparations and articles (multistage and/or significant contact)

PROC 8a: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at non-
dedicated facilities

PROC 8b: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at
dedicated facilities

PROC 9: Transfer of substance or preparation into small
containers (dedicated filling line, including weighing)

PROC 15: Use as laboratory reagent

PROC 19: Hand-mixing with intimate contact and only PPE
available.

Product Category used:
PC 19: Intermediate
PC 21: Laboratory chemicals

PC 29: Pharmaceuticals
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Identifiers

Use descriptors

Sector of end use:
SU 9: Manufacture of fine chemicals

SU 8: Manufacture of bulk, large scale chemicals (including
petroleum products)

SU 17: General manufacturing, e.g. machinery, equipment,
vehicles, other transport equipment

SU 20: Health services
Technical function of the substance during formulation:

Solvents

IW-5: Industrial use for
the production of
polymers

Environmental release category (ERC):

ERC 4: Industrial use of processing aids in processes and
products, not becoming part of articles

ERC 6a: Industrial use resulting in manufacture of another
substance (use of intermediates)

ERC 6c¢: Industrial use of monomers for manufacture of
thermoplastics

ERC 6d: Industrial use of process regulators for polymerisation
processes in production of resins, rubbers, polymers

ERC 7: Industrial use of substances in closed systems
Process category (PROC):
PROC 1: Use in closed process, no likelihood of exposure

PROC 2: Use in closed, continuous process with occasional
controlled exposure

PROC 3: Use in closed batch process (synthesis or formulation)

PROC 4: Use in batch and other process (synthesis) where
opportunity for exposure arises

PROC 5: Mixing or blending in batch processes for formulation of
preparations and articles (multistage and/or significant contact)

PROC 8a: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at non-
dedicated facilities

PROC 8b: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at
dedicated facilities

PROC 9: Transfer of substance or preparation into small
containers (dedicated filling line, including weighing)

PROC 10: Roller application or brushing
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Identifiers

Use descriptors

PROC 15: Use as laboratory reagent
Product Category used:

PC 19: Intermediate

PC 21: Laboratory chemicals

PC 32: Polymer preparations and compounds
Sector of end use:

SU 10: Formulation [mixing] of preparations and/or re-packaging
(excluding alloys)

SU 12: Manufacture of plastics products, including compounding
and conversion

Technical function of the substance during formulation:

Solvents

IW-6: Industrial use for
the production of textiles,
leather and fur

Environmental release category (ERC):

ERC 4: Industrial use of processing aids in processes and
products, not becoming part of articles

ERC 6a: Industrial use resulting in manufacture of another
substance (use of intermediates)

ERC 6c¢: Industrial use of monomers for manufacture of
thermoplastics

ERC 6d: Industrial use of process regulators for polymerisation
processes in production of resins, rubbers, polymers

Process category (PROC):
PROC 1: Use in closed process, no likelihood of exposure

PROC 2: Use in closed, continuous process with occasional
controlled exposure

PROC 3: Use in closed batch process (synthesis or formulation)

PROC 4: Use in batch and other process (synthesis) where
opportunity for exposure arises

PROC 5: Mixing or blending in batch processes for formulation of
preparations and articles (multistage and/or significant contact)

PROC 8b: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at
dedicated facilities

PROC 9: Transfer of substance or preparation into small
containers (dedicated filling line, including weighing)

PROC 10: Roller application or brushing
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Identifiers

Use descriptors

PROC 13: Treatment of articles by dipping and pouring
PROC 15: Use as laboratory reagent

Product Category used:

PC 1: Adhesives, sealants

PC 9a: Coatings and paints, thinners, paint removes

PC 23: Leather tanning, dye, finishing, impregnation and care
products

PC 34: Textile dyes, finishing and impregnating products;
including bleaches and other processing aids

Sector of end use:

SU 5: Manufacture of textiles, leather, fur

SU 18: Manufacture of furniture

Technical function of the substance during formulation:

Solvents

IW-7: Industrial use for
the manufacture of non-
metallic mineral products

Environmental release category (ERC):

ERC 4: Industrial use of processing aids in processes and
products, not becoming part of articles

Process category (PROC):
PROC 1: Use in closed process, no likelihood of exposure

PROC 2: Use in closed, continuous process with occasional
controlled exposure

PROC 3: Use in closed batch process (synthesis or formulation)
PROC 7: Industrial spraying

Product Category used:

PC 0: Other: Mineral products

Sector of end use:

SU 13: Manufacture of other non-metallic mineral products, e.g.
plasters, cement

Technical function of the substance during formulation:

Solvents

IW-8: Industrial use for
the manufacture of
perfumes / fragrances

Environmental release category (ERC):
ERC 7: Industrial use of substances in closed systems
Process category (PROC):

PROC 3: Use in closed batch process (synthesis or formulation)
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Identifiers

Use descriptors

PROC 8b: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at
dedicated facilities

Product Category used:

PC 28: Perfumes, fragrances

Sector of end use:

SU 9: Manufacture of fine chemicals

Technical function of the substance during formulation:

Solvents

IW-9: Industrial use in
petrochemical industry

Environmental release category (ERC):

ERC 4: Industrial use of processing aids in processes and
products, not becoming part of articles

Process category (PROC):
PROC 1: Use in closed process, no likelihood of exposure

PROC 2: Use in closed, continuous process with occasional
controlled exposure

PROC 8b: Transfer of substance or preparation
(charging/discharging) from/to vessels/large containers at
dedicated facilities

PROC 9: Transfer of substance or preparation into small
containers (dedicated filling line, including weighing)

Product Category used:
PC 13: Fuels
Sector of end use:

SU 8: Manufacture of bulk, large scale chemicals (including
petroleum products)

Technical function of the substance during formulation:

Solvents

Table A5. Uses by professional workers

Identifiers

Use descriptors

PW-10: Use as laboratory
chemical

Environmental release category (ERC):

ERC 8a: Wide dispersive indoor use of processing aids in open
systems

Process category (PROC):

PROC 8a: Transfer of substance or preparation
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Identifiers Use descriptors

(charging/discharging) from/to vessels/large containers at non-
dedicated facilities

PROC 15: Use as laboratory reagent

Product Category used:

PC 21: Laboratory chemicals

Sector of end use:

SU 24: Scientific research and development

Technical function of the substance during formulation:

Solvents

A.3. Uses advised against by the registrant

The provided uses advised against are not explicitly based on the respective Identified Use
itself. Considering the risk assessment for DMF (please refer to Chapter 9 and 10 of Annex B:
Information on hazard, emission/exposure and risk), specific processes were identified which
bear a potential risk for human health. In conclusion, uses advised against only refer to these
processes.

Table A6. Uses advised against

Identifiers Use descriptors Other information

IW-3: Industrial |[Process category (PROC):

use for .the ] PROC 19: Hand-mixing with intimate contact
production of fine .

) and only PPE available.
chemicals

Technical function of the substance
during formulation:

Solvents

IW-4: Industrial |[Process category (PROC):
use for the
production of
pharmaceuticals

PROC 19: Hand-mixing with intimate contact
and only PPE available.

Technical function of the substance
during formulation:

Solvents

IW-5: Industrial |Process category (PROC):

use for .the PROC 10: Roller application or brushing
production of
polymers Technical function of the substance

during formulation:

Solvents

Telakkakatu 6, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | echa.europa.eu



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
N,N-DIMETHYLFORMAMIDE (DMF)

Annex B. Information on hazard, emission/exposure and
risk

B.1. Identity of the substance(s) and physical and ¢ hemical
properties

B.1.1. Name and other identifiers of the substance

Dimethylformamide (DMF) is the most common identifier of the substance.

Substance name: N,N-dimethylformamide

IUPAC name: N,N-dimethylformamide

EC number: 200-679-5

CAS number: 68-12-2

Molecular formula: CsH7NO

Molecular weight: 73.0938 g/mole

Synonyms: Formamide, N,N-dimethyl-
N

/\%O

B.1.2. Composition of the substance

The substance N, N-dimethylformamide is a mono constituent substance (origin: organic).
Typical concentration: = 80% (w/w)

Concentration range: 80 - 100.0 % (w/w)

B.1.3. Physicochemical properties

DMF belongs to the chemical class of dipolar aprotic solvents having high dielectric constants
and high dipolar moments. Data was obtained from the public registration on the ECHA
website (http://echa.europa.eu/web/guest/information-on-chemicals/registered-substances;
date of access August 20, 2015).

Table B1. Physico-chemical properties of DMF
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Property Value Remark

Physical state at 20°C and |liquid Colourless-yellowish; faint specific,
101.3 kPa amine -like odour.
Melting / freezing point -61 °C at 101.3 kPa
Boiling point 152 - 153 °C at 1013 hPa.
Relative density 0.94 at 20 °C
Granulometry Not relevant

Vapour pressure 3.77 hPa at 20 °C

Partition coefficient n- -0.85 at 25 °C
octanol/water (log value)

Water solubility miscible 1000 g/L at 20 °C

Surface tension

Not surface active

Based on chemical structure, no
surface activity is predicted.

Flash point

57.5°C

at 1013 hPa

Self-ignition temperature

435 °C

at 1013 hPa

Flammability

Pyrophoric properties
are not expected.

Derived from flash point and based
on chemical structure.

Explosive properties

Non explosive

Based on chemical structure, no
explosive properties are predicted.

Oxidizing properties

No oxidizing properties

The substance is incapable of reacting
exothermically with combustible
materials on the basis of the chemical
structure.

Stability in organic solvents

Not applicable

Stability of substance is not
considered as critical.

Dissociation constant (pKa)

-0.3

at 20 °C

Viscosity

0.92 mPa/s (dynamic)

at 20 °C

B.1.4. Justification for grouping

Not relevant for this proposal.

B.2. Manufacture, uses

B.2.1. Manufacture

DMF is synthesised at increased temperature and pressure in the reaction vessel from
carbon monoxide and dimethylamine. The pure product is obtained through multi-step
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distillation.

Environmental release category (ERC):

ERC 1: Manufacture of substances.

Process category (PROC):

PROC 1: Use in closed process, no likelihood of exposure.

PROC 2: Use in closed, continuous process with occasional controlled exposure.

PROC 8b: Transfer of substance or preparation (charging/discharging) from/to vessels/large
containers at dedicated facilities.

PROC 15: Use as laboratory reagent.
B.2.2. Uses
The following use have been identified:

- uses at industrial sites: formulation of substance, industrial use for the production of
fine chemicals, Industrial use for the production of fine chemicals, industrial use for
the production of polymers, industrial use for the production of textiles, leather and
fur, industrial use for the manufacture of non-metallic mineral products, industrial use
for the manufacture of perfumes / fragrances, industrial use in petrochemical industry,
use as laboratory chemical.

- uses by professional workers: uses as laboratory chemical.

- uses advised against by the registrants: industrial use for the production of fine
chemicals, industrial use for the production of pharmaceuticals, industrial use for the
production of polymers.

A fully description of manufacture and uses are reported in Annex A: Manufacture and
uses.

B.3. Classification and labelling

B.3.1. Classification and labelling in Annex VI of Regulation (EC) No
127272008 (CLP Regulation)

Dimethylformamide is listed by Index number 616-001-00-X of Regulation (EC) No
1272/2008 in Annex VI, Part 3, as follows:
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Table B2. Harmonised Classification of DMF according to part 3 of Annex VI, Table 3.1 (list of harmonised classification and labelling of
hazardous substances) of Regulation (EC) No 1272/2008

Classification Labeling Specific Notes
Conc.
Limits,
International M-factors
Index No Chemical EC No CAS No Hazard Class and Hazard Pictogram, Hazard Suppl.
Identification Category Code(s) statement Signal Word statement Hazard
Code(s) Code(s) Code(s) statement
Code(s)
616-001- | N,N-dimethyl 200-679-5 | 68-12-2 Repr. 1B H360D™" GSHO08 H360D™"
00-X formamide Acute Tox. 4 H332 GSHO7 H332
dimethyl formamide Acute Tox. 4 H312 Dgr H312
Eye Irrit. 2 H319 H319

(" For certain hazard classes, including acute toxicity and STOT repeated exposure, the classification according to the criteria in Directive 67/548/EEC does

not correspond directly to the classification in a hazard class and category under this Regulation. In these cases the classification in this Annex shall be
considered as a minimum classification.

May damage the unborn child.
Harmful if inhaled.

Harmful in contact with skin.
Causes serious eye irritation.

Repr. 1B, H360D™
Acute Tox. 4, H332
Acute Tox. 4, H312
Eye Irrit. 2, H319
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Table B3. Self classification in addition notified among the aggregated self classification in the
C&L inventory

Hazard Class and Category Code(s) Hazard Statement Code(s)
Flam. Liq. 3 H226
STOT RE 2 H373
Acute Tox. 3 H331
Acute Tox. 4 H302
Repr. 1A H360
STOT SE 1 H370
STOT RE 1 H372
Eye Dam. 1 H318
Muta. 2 H341

B.3.2. Classification and labelling in classification and labelling
inventory/Industry’s self classification(s) and labelling

Most of the notifiers used the harmonised classification given in Table B2. Some notifiers
submitted slightly different self classifications given in Table B3.

B.4. Environmental fate properties
Environmental fate properties are considered not relevant for this restriction dossier.
B.5. Human health hazard assessment

The summarized data for the human health hazard endpoints were adopted from the
registration dossier, CSR and/or OECD SIDS (2004). Additionally, some recent literature data
were used as well. The study reports of the key studies were kindly received from the lead
registrant for the endpoints repeated dose toxicity and reproduction and developmental
toxicity. The data on toxicokinetics, dermal absorption and human case studies were
extracted from the articles publicly available. Those studies are described in more detail since
it was considered that the dermal absorption, repeated dose toxicity for the general worker
population and the developmental toxicity endpoint for pregnant workers are the most critical
endpoints. The Dossier Submitter evaluated the studies and adapted when considered
necessary the NOAELs and LOAELs for the individual studies. Further, the Annex XV
restriction dossier is targeted to the use of DMF in industrial settings and by professionals.
Therefore, for the relevant endpoints, the starting points and then DNELs are derived for the
dermal and inhalation routes as the oral route of exposure is considered to be negligible for
workers.

B.5.1. Toxicokinetics (absorption, metabolism, distribution and elimination)

The information on the toxicokinetics was obtained from the registration dossier and OECD
SIDS and is summarized below:

e There are numerous human and animal studies available using the dermal, inhalation,
oral intraperitoneal (i.p.) or intravenous (i.v.) routes;

e DMF is readily absorbed via all exposure routes in human beings and animals. Dermal
absorption from the vapour phase may even exceed pulmonary absorption;

e DMF and its metabolites are rapidly and uniformly distributed throughout the
organism, predominantly in the blood and kidneys;

e DMF is metabolised by hydroxylation to its major metabolite N-hydroxymethyl- N-
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methylformamide which can further be oxidised to mono-N-methylformamide (MMF).
MMF has a greater toxicological relevance because of conjugation to glutathione
forming S-methylcarbamoylglutathione. The last seem to be responsible for
hepatotoxic and developmental toxic effects;

e DMF and it metabolites are excreted primarily via the urine and to a lesser extent via
faeces and expired air;

e At higher doses, delayed biotransformation rates were observed (DMF inhibits its own
metabolism);

e Ethanol and probably the metabolite acetaldehyde inhibit the breakdown of DMF and
conversely, DMF inhibits the metabolism of ethanol and acetaldehyde. Therefore,
exposure to DMF can cause severe alcohol intolerance in humans.

B.5.1.1. Non-human information
Brief description of results of toxicokinetic studies in animals are summarised below.

International DuPont Co., 1966

Two experiments in rats were conducted. In the experiment 1, identity of the major
metabolite of DMF was proven. Twenty-four rats were given 300 mg of DMF subcutaneously
on Monday and again on Wednesday. Urine was collected from Monday to Friday. In the
experiment 2, blood and urine levels of the metabolite were determined. A series of rats were
given, subcutaneously (s.c.), a single injection of 0.6 mL of a 50 % solution of DMF and
sacrificed at intervals over a period of 64 hours to measure the blood concentration of MMF.
The total urine voided during each interval was also collected for analysis. Three samples of
urine from workmen handling DMF at the plant were also collected in this study. The samples
as received were analyzed by gas chromatography. Control urine was similarly treated and
analyzed.

After single s.c. dose, 3 ppm of MMF metabolite was detected in the blood within the first
hour after the dosing. The concentration increased until 24 hours after administration and
then began to decrease. No MMF was detected in the blood after 48 hrs. About 75 % of total
administered DMF was excreted in the urine as DMF and MMF. The primary component in the
urine of DMF was identified as N-methylformamide (MMF) by its retention time and confirmed
by mass spectrometry using time of flight analysis.

In the human worker urine samples, a component with the same retention time as MMF was
detected in all three samples. When analyzed by gas chromatography, MMF, but not DMF,
was identified in the extract by its relative retention time. The amount of MMF in the three
urine samples was 10, 20, and 60 ppm.

International DuPont Co., 1971

Cl%-labeled DMF in corn oil at two dose levels (approximately 36 mg/kg or 350 mg/kg) was
administered to rats by intragastric route of exposure (1971). The animals were placed in the
metabolic cages. Exposition to dried and CO2-free air was subsequent done. After 72 h the
animals were sacrificed. Tissue, urine and feces samples were analyzed for total radioactivity.
Each of the three 24-hour intervals for exhaled air collection contained six samples, three for
0-7 hours and three for 7-24 hours. After the 72-hour period, blood was removed from the
heart under light anesthetic. The animals were then killed and the following organs removed:
brain, heart, liver, testes, spleen, kidneys, lungs, portions of fat and muscle, and the gastro-
intestinal tract; the eviscerated carcass was also stored. All the tissues were then frozen. The
tissue samples, 24 - hour samples of urine and faeces and the various air traps were
analyzed for total radioactivity by combustion-liquid scintillation counting technique to
determine the distribution of radiolabeled DMF and/or its metabolites.
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Urine was the major excretion route. The predominant metabolite was
monomethylformamide. Smaller amounts of radiolabeled formamide and a minor unknown
metabolite were also detected. Small amounts of non-radiolabeled formaldehyde were also
found in the urine at both doses due to the oxidation of the methyl groups as they were
removed from the #C-labeled portion of the molecule. No DMF was detected. About equal
amounts of radiolabeled DMF, monomethylformamide, formamide and the unknown
metabolites were contained in the faeces based on GC analysis of the 0-24 hour faeces
sample from the rat receiving the highest dose. Faeces samples were not examined further
because of the low amount of “C-activity present. The expired *C was mostly #CO2, about
10 % of the total accountable radioactivity with only about 0.75 % being trapped in the
medium as monomethylformamide. Analysis of a water homogenate of the liver sample from
the rat receiving the higher dosage of *CDMF showed about equal amounts of formaldehyde
and the unknown metabolite in this tissue at the time of sacrifice, 72 hours after dosing.
Total percent radioactivity recovered in all tissues samples was 2.5 % for the lower dose rat
and 3.2 % for the high dose rat.

Sheveleva et al., 1977

DMF has been shown to cross the placenta after exposure of rats by inhalation.

Eben and Kimmerle, 1976; Hanasono et al., 1977

A greatly delayed excretion of monomethylformamide in urine, due to delayed
biotransformation of DMF after combined exposure to ethanol and DMF, has been
demonstrated in experimental animals, human volunteers and persons occupationally
exposed (Eben and Kimmerle, 1976). However, the metabolism of ethanol was also
influenced by N,N-dimethylformamide. Exposure to DMF seems to inhibit the ethanol
oxidation, what can explain the observed alcohol intolerance in workers. In another study
confirming these results, accumulation of acetaldehyde in blood has been demonstrated in
rats which were given ethanol 18 hours after exposure to DMF (Hanasono, 1977). In details,
DMF pretreatment with a dose of 2 mmol/kg impaired the oxidative metabolism of
acetaldehyde, whereas a larger dose of 20 mmol/kg interfered with the primary oxidative
step which converts ethanol to acetaldehyde.

Lundberg et al., 1981; 1983

In a study, DMF and its biotransformation products monomethylformamide (MMF) and
formamide (F) were administered intraperitoneally to rats (Lundberg et al., 1981). Serum
levels of sorbitol dehydrogenase (SDH) elevated after exposure to DMF and MMF (each
separately and simultaneously), but not after exposure to F. Liver histology proved elevated
SDH levels to be an indication of liver necrosis. These findings suggest that DMF
hepatotoxicity is mediated by a degradation product of MMF and that DMF delays the
hepatotoxic effect induced by MMF. In the next study, the authors exposed rats to two DMF
air concentrations: (2250 (high) and 565 (low) ppm, corresponding to about 6.82 mg/L or
1.71 mg/L, respectively, for 4 h (Lundberg et al., 1983). Concentrations of DMF and the
biotransformation product MMF were measured in blood and some tissues at 0, 3, 6, 20, and
48 hours after the end of exposure. MMF concentrations O and 3 h after the end of the high
exposure were generally lower than MMF concentrations at the same time after the low
exposure. The results suggested again that DMF biotransformation to MMF is delayed after
the high exposure. This could be a reason of hepatotoxicity of DMF. Additionally, both DMF
and MMF were distributed fairly uniformly over the different tissues, though blood and
kidneys usually had the highest concentrations.

Scailteur et al., 1984 ; Scailteur and Lauwerys, 1984 (a, b): Brindley et al., 1983
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The authors studied the biotransformation of DMF in vivo in male and female SD rats after
i.p. treatment, and in vitro in various rat organs and tissues (Scailteur et al., 1984). Their
results demonstrated that DMF-OH was the main metabolite in rat in vivo. In a previous
study, hydroxylation of the methyl group of DMF to form N-hydroxymethyl-N-
methylformamide (DMF-OH) was supposed also to be the main metabolic pathway of DMF in
rodents (Brindley et al., 1983). Further results of these studies are: when *C-DMF was
administered to mice, 83 % of the dose was recovered in urine within 24 h. Of this amount,
56 % was excreted as N-hydroxymethyl-N-methylformamide and 5 % as unmetabolized
DMF; 3 % of the dose administered was excreted as N-(hydroxymethyl)-formamide (NMF-
OH) or formamide and 18 % as unidentified metabolites. NMF-OH, determined as formamide
by GC, was quantitatively less important urinary metabolite also in the study of Scailteur et
al. (1984). In male and female rats the liver was the main organ of biotransformation. The
total amount of metabolites of DMF excreted in urine was identical in both sexes, but females
excreted more unchanged DMF than the males (Scailteur et al., 1984). In the following-up
study, N-methylformamide (NMF) was found to be is not a product of DMF-OH
biotransformation but is directly formed from DMF (Scailteur and Lauwerys, 1984a).
Comparison of the acute toxicity of DMF, DMF-OH and NMF shows that NMF is more toxic
than DMF-OH, which is itself more toxic than DMF (Scailteur and Lauwerys, 1984b).

Hundley et al., 1993a

In another study, hole-body inhalation exposures to N,N-dimethylformamide (DMF) were
conducted with rats and mice. The exposure concentrations were 10, 250, and 500 ppm DMF.
The exposure routines consisted of single 1-, 3-, or 6-hour exposures and ten 6-hour
exposures (ten exposure days in 2 weeks). For each sampling interval 4 rats and 4 mice were
used for blood and/or urine collection. Following single exposures of either 1, 3 or 6 hour
duration, blood samples were collected 0.5 hour post-exposure. In the animals exposed for a
single 6-hour period, blood samples were also taken 1, 2, 4, 6, 8, 12, and 24 hours post-
exposure. Urine samples were collected from the rodents used for the 24 hour blood samples.
In the multiple exposure portion of the experiment, rats and mice were exposed 6 hours per
day, 5 days per week (no exposures were conducted on the weekend following the 5th
exposure) for 2 weeks. Blood and urine samples were collected after the final exposure
according to the same schedule as presented above for the animals receiving a single 6-hour
exposure. Areas under the plasma concentration curve (AUC) values were determined
following exposure for DMF and “N-methylformamide” (“NMF” represented N-
methylformamide plus N-(hydroxymethy1)- N-methylformamide (DMF-OH)).

The DMF AUC values increased 8- and 29-fold for rats and mice, respectively, following single
six-hour exposures to 250 and 500 ppm DMF. These data are indicative of saturation of DMF
metabolism. Peak "NMF" plasma concentrations for rats and mice, following single 6-hour
exposures, did not increase as DMF exposure concentrations increased from 250 to 500 ppm.
In addition, the "NMF" plasma levels in rats following a single 6-hour 500 ppm DMF exposure
did not decay by 24 hours post exposure. These "NMF" plasma data also indicate saturation
of DMF metabolism. Multiple exposures to 500 ppm DMF resulted in a 3- and 4-fold reduction
in DMF AUC values for rats and mice, respectively, compared to AUC values following a single
six-hour 500 ppm DMF exposure. This indicates enhanced metabolism of DMF resulting from
multiple 500 ppm DMF exposures and together with saturation of DMF metabolism suggest
using exposure levels below 500 ppm in a chronic bioassay. Selected plasma samples were
simultaneously assayed for NMF and DMF-OH. The "NMF" values consisted of between 30 to
60 percent DMF-OH depending upon the exposure group (conversely NNF represented 30 to
60 percent of the “NMF" levels). Urinary analysis of all samples revealed DMF-OH represented
over 90 percent of the summed DMF, DMF-OH and NMF quantities.
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International DuPont Co., 1990

This is a study with the similar study design as that by Hundley et al. (1993a). It seems that
the same results are presented but there is additional information about investigations in
organs of rats. In details, four animals from each group (exposure regimes were the same as
by Hundley et al., 1993a) were anesthetized after 5 days of exposure and implanted
subcutaneously with an osmotic minipump, which provides a 7-day constant release of
[3H]thymidine and then exposed for an additional 5 days. On the sixth day (24 hours post
exposure), all animals designated for cell proliferation studies were sacrificed. The liver,
testes, kidney, nasal tissues, tracheas, lung, and prostate were collected 24 hrs after
exposure to assess cell proliferation and morphological changes. There were generally four
replicates for each analysis at each time point. For the cell proliferation tests tissues were
collected and processed to slides. [3H]thymidine incorporated into the DNA of replicating cells
was visualized. Approximately 2000 cells were counted per slide. Labelling index was
calculated as the percentage of replicating cells. Statistically significant increases in the
labelling index of lung were observed in the 10 ppm and 500 ppm groups. However, there
was no dose-response between 10 ppm and 500 ppm groups. No effects were observed in rat
liver, prostate, and nasal tissues. Results suggested that the lung might be a potential target
organ of DMF exposure.

Kestell et al. (1985, 1986a,b, 1987), BASF AG, 1990

N-hydroxymethylformamide and methylamine were identified in the urine of CBA/CA mice
dosed by radioactive DMF (1985). Formate was not a urinary metabolite of N-
methylformamide. Additionally, the major route of elimination was found to be via the
kidneys although a substantial quantity (39 % of the dose) was eliminated via the lungs as
CO:z2. In a follow-up study, N-(hydroxymethyl)-N-methylformamide was proved to be a major
urinary metabolite of DMF in mice (1985a). This was confirmed by proton NMR.
Dimethylamine and methylamine were found to be minor metabolites of DMF. In the next
study, a new urinary metabolite of DMF (N-acetyl-S-(N-methyl-carbamoyl)cysteine) was
identified that was suggested to be a precursor(s) that may well be responsible for the
hepatotoxicity in rodents (1986b; BASF AG, 1990). In the third follow-up study, Kestell et al.
(1987), examined the hepatotoxic potential of DMF and other structurally similar analogs in
mice. The results suggested that 2 metabolic pathways of N-alkylformamides can be
distinguished: hydroxylation of the-carbon of the N-alkyl group and oxidation of the formyl
moiety; the former pathway presumably constitutes a detoxification route, and the latter may
well be associated with hepatotoxicity, and affords a glutathione conjugate, S-(N-
methylcarbamoyl) glutathione, eventually excreted in the urine as mercapturate (N-acetyl-S-
(N-methyl-carbomoyl) cysteine = AMCC). AMCC is supposed to be indicative of bioactivation
of DMF toward a reactive species associated with hepatotoxicity.

Pearson et al., 1990, 1991

It was assumed that DMF can be bioactivated to methyl isocyanate, a reactive species
associated with hepatotoxicity. In this regard, in a metabolism study in rats Pearson et al.
had identified S-(N-methylcarbamoyl)glutathione, a chemically-reactive metabolite of
methylisocyanate which formed conjugates with glutathione. The glutathione adduct reacted
readily with cysteine forming S-(N-methylcarbamoyl)cysteine. S-(N-
methylcarbamoyl)cysteine and S-(N-methylcarbamoyl)glutathione also seem to be able to
take part in reversible transcarbamoylation reactions with peptides and proteins (Pearson et
al. 1991).

Hundley et al., 1993b
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In a pharmacokinetic study in monkeys, a saturation of DMF metabolism was also observed.
Animals were exposed by whole-body inhalation to DMF at 30, 100 and 500 ppm during 13
weeks (6 hours per day/ 5 days per week) whereby their DMF AUC values increased 19- to
37-fold in male and 35- to 54-fold in female monkeys as the inhalation concentrations
increased 5-fold (100 to 500 ppm) (Hundley et al., 1993b). Estimated plasma half-lives
ranged from 1 - 2 hours to 4 - 15 hours for DMF and its metabolites "NMF", respectively. DMF
was rapidly converted to "NMF" following 30 ppm exposures, with "NMF" plasma
concentrations higher than DMF plasma concentrations at the 0.5 h timepoint. DMF-OH was
always the main urinary metabolite (56 to 95 percent) regardless of exposure level or time
on study.

Threadqill et al., 1987; Mraz and Turecek, 1987; Mraz et al. (1989; 1991; 1993)

In a study, in the urine of a test person exposed to DMF and N-methylformamide (NMF) the
adduct N-acetal-S-(N-methyl-carbamoyl)cysteine resulting from the glutathione
decomposition was found (Mraz and Turecek, 1987). The formation of this metabolite is a
result of the second biotransformation pathway of DMF, whereby a carbamoylating species
(possibly methyl isocyanate (WHO, 2001; Mraz et al., 1989)) reacts with glutathione
(Threadgill et al., 1987). In turn, the formed glutathione- and its sequel adducts (S-
methylcarbamoylcystein and the corresponding mercapturic acid) are responsible for
cytotoxic effects (e.g. on hepatocytes) (Mraz et al., 1989). The authors postulate a relatively
higher proportion of this metabolite in humans (for more details see human data). However,
as limiting point, it should be taken into account that different ways of administration
between humans and mice make it difficult to compare the data of humans and animals
(Mraz et al., 1989).

In another study, metabolism of DMF in humans and three species of rodents (mouse, rat,
hamster) was compared in terms of N-acetal-S-(N-methylcarbamoyl)cysteine (AMCC) (Mraz
et al., 1991). The animals were treated with DMF (in saline) by single i.p. injections (7, 50,
500 mg/kg bw), whereas humans were exposed to DMF vapours at 30 to 60 mg/L for 8
hours. Urine was collected and investigated. The results suggest that the metabolic pathway
leading to AMCC is much more important in humans than in rodents. Therefore, the risk from
exposure to DMF in humans appears to be higher than that estimated from toxicological
experiments on laboratory animals.

In another study with rats, experiments were conducted to elucidate enzymatic details of the
metabolism of DMF (Mraz et al., 1993). DMF-toxicity has been associated with its metabolism
to S-(N-methylcarbamoyl)glutathione (SMG) adduct. Major urinary metabolite was HMMF
which undergoes oxidation in the formyl moiety, possibly via the intermediacy of its
hydrolysis product N-methylformamide (NMF), and the reactive intermediate generated
reacts with glutathione to yield SMG. Further, it was determined that the affinity of DMF for
the metabolizing enzyme (cytochrome P 450 2E1) in rat liver microsomes is considerably
higher than that of MMF or of HMMF. The respective values observed with human microsomes
were very similar. With deuterated isotopomers investigations were performed on the kinetic
deuterium isotope effect (KDIE) on DMF metabolism that was determined by incubations with
rat microsomes in three ways. It could be shown that DMF inhibited the oxidation of MMF of
HMMF to SMG. DMF competed with the P450 2E1 substrate MMF for the enzyme active site.
The results obtained suggest that a) hepatic P 450 2E1 is an important catalyst of the
metabolism of DMF, b) DMF inhibits its own metabolic toxification and c) there is a marked
KDIE on the metabolic oxidation of DMF. In an earlier study, Lundberg et al. detected also
that MMF concentrations O and 3 h after the end of the exposure of rats to the highest dose
(2250 ppm) were generally lower than the concentrations at the same time after the low
exposure (565 ppm) (1983). These results suggest that DMF biotransformation is delayed
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after the high exposure.

Greim et al., 1992

In a metabolism study, rats were administered DMF via oral, dermal and inhalation routes of
exposure. DMF was readily absorbed via all exposure routes and uniformly distributed
throughout the organism. Metabolization took place mainly in the liver by microsomal
enzymes. N-hydroxymethyl-N-methylformamide (DMF-OH or HMMF) was the main metabolite
of DMF in animals and human beings and it is excreted with the urine. Mono-N-
methylformamide (MMF) which was once considered to be the main metabolite of DMF was
found only in low levels in the urine. It could be shown that MMF was mainly an artifact
formed on the gas chromatographic column. Moreover it was shown, that intermediary
metabolism produces to a lower extent via a second pathway glutathione adducts and its
degradation products. As carbamoylating species, which reacts with glutathione methyl
isocyanate was postulated but not proven. Moreover, investigations in animals had shown
that at least after administration in single high doses, DMF can inhibit its own metabolism
(saturated metabolism). Metabolic interaction occurs between DMF and ethanol. Ethanol and
probably the ethanol metabolite, acetaldehyde inhibit the breakdown of N,N-
dimethylformamide. Conversely, N,N-dimethylformamide inhibits the metabolism of ethanol
and acetaldehyde. Thus, increased DMF levels in the blood were found after the
administration of alcohol and increased alcohol or acetaldehyde levels for up to 24 hours
were reported after exposure to N,N-dimethylformamide.

Filser et al., 1994

Steady state exposures of rats to DMF vapour at different concentrations were performed to
obtain a quantitative relation between concentrations of DMF in atmosphere and
concentrations of SMG in blood plasma. Dermal and inhalation uptake rates of DMF vapours
were determined using systems for head-only and body-only exposures. N,N-
dimethylformamide and N-methylcarbamoyl thioesters (“SMG”) formed from DMF were
investigated. A linear correlation between the concentration of DMF vapour up to 84 ppm and
the concentration of SMG in blood plasma occurred in rats exposed at steady state to DMF.
Toxic effects were in the range of 25 and 84 ppm DMF vapour. In details, At 25 ppm the
steady state levels for "SMGs"” (~ 50 umol/L) was obtained after 12 hours of exposure and
stayed in that range during a continuing exposure up to 48 hours. After exposure termination
the “SMGs” were excreted with a half-life of approximately 2.8 hours. At 84 ppm the steady
state "SMG"” level was ~ 200 pmol/L; excretion half-life was — 2.2 hours. At 213 ppm,
however, no “SMGs” were found until 6 hours following a 72 hours exposure time,
presumably because of the inhibition of biotransformation.

B.5.1.2. Human information
Human volunteer data on toxicokinetics

Summaries of toxicokinetics study results in volunteers and in occupationally exposed
workers are presented below.

Yonemoto and Suzuki, 1980

Urinary metabolite methylformamide (MF) was measured in nine workers exposed to DMF
during handling surface-treating agents containing DMF for 5 consecutive days. The amount
of urinary MF correlated well with the exposure to DMF. The time-weighted average individual
measurement of DMF exposure during the morning and afternoon for 5 days differed by
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subjects and ranged from O to 5.13 ppm. The amount of daily MF excretion ranged from 0.4
to 19.56 mg. The excretion rate (mg/h) of MF usually started to increase by the beginning of
exposure and peaked in the urine sample collected either at 20:00 h or at bedtime. The rate
constant for MF excretion was estimated as 0.16/h. The difference between MF excretion
rates obtained at bedtime and the hour of rising was statistically significant in the case of the
group which had consumed no alcohol, whereas it was not in the case of the group which had
been drinking. Alcohol consumption seems to be of particular significance in the metabolism
of DMF.

Mraz et al., 1989

Ten volunteers who absorbed between 28 and 60 umol/kg DMF during 8-hour exposure DMF
in the air at 60 mg/m=3 excreted in the urine within 72 hr between 16.1 and 48.7 % of the
dose as N-hydroxymethyl)-N-methylformamide (HMMF), between 8.3 and 23.9 % as
formamide, and between 9.7 and 22.8 % as N-acetyl-S-(N-methylcarbamoyl)cysteine
(AMCC). AMCC together with HMMF, was also detected in the urine of workers after
occupational exposure to DMF. In contrast, the portion of the dose (0.1, 0.7, or 7.0 mmol/kg
given i.p.) which was metabolized in mice, rats, or hamsters to HMMF varied between 8.4 and
47.3 % of the dose; between 7.9 and 37.5 % were excreted as formamide and only between
1.1 and 5.2 %, as AMCC. The results suggest that there is a quantitative difference between
the metabolic pathway of DMF to AMCC in humans and rodents. The authors’ postulate a
relatively higher proportion of AMCC in humans and suppose that the hepatotoxic potential of
DMF in humans may be linked to this metabolite. Further, they suppose that rodents are less
sensitive to DMF-induced hepatotoxicity due to their poor ability to metabolize DMF via this
route. However, as limiting point, it should be taken into account that different ways of
administration between humans and mice make it difficult to compare the data of humans
and animals.

Mréaz and Nohova, 1992b

Excretion of N,N-dimethylformamide (DMF) and DMF metabolites N-hydroxymethyl- N-
methylformamide ("MF"), (N-hydroxymethylformamide) ("F") and (N-acetyl-S-(N-
methylcarbamoyl)cysteine) (AMCC) has been monitored in the urine of volunteers during and
after their 8 -h exposure to DMF vapour at a concentration of 10, 30 and 60 mg/m3. The
pulmonary ventilation in these experiments was typically about 10 L/min and the retention in
the respiratory tract was 90 %. After exposure to 30 mg/m=3 of DMF, the yield of compound
determined in the urine represented 0.3 % (DMF), 22.3 % ("MF"), 13.2 % ("F") and 13.4 %
(AMCC) of the dose absorbed via the respiratory tract (Table B4).

Table B4. Mass balance of DMF after 8 -h human exposure to DMF vapour

DMF Relative amounts excreted in urine during 120 h(%)
. Pulmonary Total
conc.in No. of o . *
i ventilation inhaled
air persons . DMF “MF” “F” “AMCC”
s (L/min) (nmol)
(mg/m?)
10 4" 10.5+0.8 635146 - 17.0£3.0 - 13.7£2.0
30 9" 9.611.4 17201260 0.3+0.2 22.315.8 13.2+2.4 13.4+2.3
60 9" 10.1+1.8 35451695 0.7x0.4 23.6%£3.0 13.313.6 13.7£2.0

~ Data for one of the ten volunteers were excluded due to his atypically low pulmonary ventilation

* Calculated as a multiple of DMF concentration in the air, pulmonary ventilation for 8h and the
retention in the respiratory tract (90 %b).
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Only a small, dose-dependent part of the absorbed DMF appeared unchanged in the urine
(Table B5) According to the authors, DMF concentration in the urine is considered to be a
better index of DMF uptake than the excretion rates. The actual metabolic yields of the given
metabolites are somewhat lower than those shown in Table B5 because of the contribution of
the percutaneously absorbed DMF vapour to the total DMF intake. Under the conditions used,
the amount absorbed through the skin accounted for about 20 % of the excreted metabolites.

The excretion curves of the particular compound attained their maximum 6-8h (DMF), 6 -8h
("MF™), 8 -14h ("F") and 24 -34h (AMCC) after the start of exposure. The half-times of
excretion were approximately 2, 4, 7 and 23 h for DMF (not shown in the table), “MF”, “F”
and “AMCC”, respectively (see Table B5).

Table B5. Half-time of elimination of DMF metabolites after 8-h inhalation exposure to DMF
vapour (calculated by least squares regression analysis of the linearized falling parts of the
excretion curves of "MF", "F" and AMCC in intervals 10-26 h, 14-38 h and 38

DMF Half-time of elimination (h)
concentration
. . No. of persons
in air “MF” “F “AMCC”
(mg/m3)

10 4 4.0+0.4 - 29.8+4.0
30 10 3.8+0.4 6.9+0.7 23.1+3.2
60 10 3.7+£0.5 7.2+1.1 23.4+2.8

In contrast to slow elimination of AMCC after exposure to DMF, AMCC was eliminated rapidly
after AMCC intake. This discrepancy could be explained by rate-limiting reversible protein
binding of a reactive metabolic intermediate of DMF, possibly methylisocyanate.

Kéafferlein et al., 2005

In 35 healthy workers employed in the polyacrylic fiber industry, N-methylformamide (NMF)
and N-acetyl-S-(N-methylcarbamoyl)cysteine (AMCC) in urine, and N-methylcarbamoylated
haemoglobin (NMHb) in blood were measured. Workplace documentation and questionnaire
information were used to categorise workers in groups exposed to low, medium, and high
concentrations of DMF. All three biomarkers can be used to identify occupational exposure to
DMF. However, only the analysis of NMHb could accurately distinguish between workers
exposed to different concentrations of DMF. The median concentrations were determined to
be 55.1, 122.8, and 152.6 nmol/g globin in workers exposed to low, medium, and high
concentrations of DMF, respectively. It was possible by the use of NMHb to identify all
working tasks with increased exposure to DMF. While fiber crimpers were found to be least
exposed to DMF, persons washing, dyeing, or towing the fibers were found to be highly
exposed to DMF. In addition, NMHb measurements were capable of uncovering working
tasks, which previously were not associated with increased exposure to DMF; for example,
the person preparing the fiber forming solution.

Cai et al., 1992

A factory survey was conducted in a plant where N,N-dimethylformamide (DMF) was in use
during the production of polyurethane plastics and related materials. In all, 318 DMF-exposed
workers (195 men and 123 women) and 143 non-exposed controls (67 men and 76 women)
were examined for time-weighted average exposure (to DMF and other solvents by diffusive
sampling), hematology, serum biochemistry, subjective symptoms, and clinical signs.
Intensity of exposure to DMF: up to 7-9 ppm in workshop 1, about 3 ppm in workshop 2, and
less than 1 ppm in workshops 3-5. Most of the exposed workers were exposed only to DMF,
whereas others were exposed to a combination of DMF and toluene DMF exposure in the
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former group was up to 7.0 ppm (geometric mean on a workshop basis), whereas it was up
to 2.1 ppm in combination with 4.2 ppm toluene. Both hematology and serum biochemistry,
results (including aspartate and alanine aminotransferases, y-glutamyl transpeptidase and
amylase) were essentially comparable among the 3 groups. There was, however, a dose-
dependent increase in subjective symptoms, especially during work, and in digestive system-
related symptoms such as nausea and abdominal pain in the past 3-month period. The
prevalence rate of alcohol intolerance complaints among male (assumedly) social drinkers
was also elevated in relation to DMF dose”.

Greim et al., 1992

N-hydroxymethyl-N-methylformamide was the main metabolite of N,N-dimethylformamide in
human beings and it is excreted with the urine. The cysteine adduct N-acetyl-S-(N-
methylcarbamoyl)cysteine was found in urine at levels at 10 % to 23 % of the dose in
persons who had inhaled DMF. Formation and excretion of the cysteine adduct (N-acetyl-S-
(N-methylcarbamoyl)cysteine) in the urine of persons inhaling N,N-dimethylformamide takes
place with a half-time of 23 hours. Metabolic interaction occurs between N,N-
dimethylformamide and ethanol. Ethanol and probably the ethanol metabolite, acetaldehyde
inhibit the breakdown of N,N-dimethylformamide. Conversely, N,N-dimethylformamide
inhibits the metabolism of ethanol and acetaldehyde. Thus, increased N,N-dimethylformamide
levels in the blood were found after the administration of alcohol and increased alcohol or
acetaldehyde levels for up to 24 hours were reported after exposure to N,N-
dimethylformamide.

Wrbitzky and Angerer, 1998

DMF air monitoring and biological monitoring of the DMF metabolite NMF in urine of workers
were carried out using instrumental analytical methods. DMF concentrations measured in the
air ranged between <0.1 and 37.9 ppm (median 1.2 ppm). Diffusion tubes were used to
collect personal air samples from workers exposed to DMF for 8 h. Before and after 8 h the
concentration of metabolite NMF was determined for the internal exposure to DMF. Before the
working phase of 8 h the NMF in urine was found to be 0.05 - 22 mg/L. After the working day
0.86 - 100 mg/L NMF was detected in the urine. The creatinine related values: (0.02-44.6
mg/g preshift; 0.4-62.3 postshift) (Table B6).

Table B6. External and internal exposure to DMF

. NMF urine NMF urine NMF urine NMF urine
DMF air .. -
( ) (mg/L) (mg/g creatinine) (mg/L) (mg/g creatinine)
m
5 preshift preshift postshift postshift
Range <0.1-37.9 0.05-22.0 0.02-44.6 0.86-100.0 0.4-62.3

As shown in Table B7, it was found, as expected, that protective clothing worn as a result of
the particular activities correlated significantly with higher DMF concentrations in the air.
Despite the use of protective clothing, however, higher levels of internal exposure were
found, as expected, by consideration of the individual ambient air concentrations.

Table B7. External and internal exposure according to personal protective measures

Breathing mask . Protective gloves .
Yes No Yes No
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DMF in air (ppm)

0.1-37.9

<0.1-13.9

<0.001

<0.1-37.9

<0.1-16.4

<0.001

NMF urine

2.6-62.3

0.4-42.7

<0.001

1.5-62.3

0.4-6.1

<0.001

The positive but relatively weak association observed between the DMF concentrations
measured in the workplace air and the values recorded for internal exposure in this study can
be explained by influencing factors such as dermal absorption or protective clothing. The
results of the investigations indicate that dermal absorption has a great influence on the level
of internal exposure. Particularly, in the 24 cases where the BAT value was exceeded without
the SCOEL value (German MAK) being exceeded at the same time, increased dermal
absorption must be regarded as the cause. Due to DMF's good dermal absorption and its
irritative effects on the skin and mucous membranes, a complete skin status was determined
for all persons. Evaluation of the exposure conditions and internal exposure of the employees
(n =27) who currently suffered from a skin disease showed that despite their average
exposure to DMF, the median value of 16.1 mg NMF/g creatinine recorded for those with
eczema (n=7) was higher than that noted for those with healthy skin (5.0 mg NMF/g
creatinine). Considering the small number of cases, this can only be an indication that in
persons with eczema the skin barrier against hazardous substances is impaired.
Interindividual differences in internal exposure were found for the specific work areas. The
German BAT value (15 mg NMF/L urine) was exceeded in 36 persons (29 %) despite the use
of breathing protection and protective gloves, without increased values being measured in
the air. Additional investigation of a subcollective (n = 31) over a period of 4 days showed
that NMF did not accumulate in the organism.

Kilo et al., 2016

In a cross-sectional study, investigating influence of DMF exposure on medical parameters
related to liver disease, in a large cohort of 220 workers and 175 controls, DMF
concentrations in air significantly correlated with the biomonitoring parameters: NMF as sum
of NMF and N-hydroxy-N-methylformamide and AMCC. In contrast, DMF air concentrations
did not accurately represent the internal exposure.

Dermal absorption

Percutaneous absorption of liquid and vapour N, N-dimethylformamide was shown in human
volunteers (Mraz and Nohova, 1992). The volunteers were exposed to DMF vapours via the
skin and inhaled fresh air via a mask. Dermal resorption rates accelerated after 4 -hour
dermal exposure of volunteers to 51 mg DMF/m3 in an exposure room. The resorption rates
correlated positively with increased temperature and humidity and accounted for 13 % - 36
% of totally excreted N-hydroxymethyl-N-methylformamide (NMF). Thus, increased humidity
from 50 % to 100 % as well as increased temperature from 21 °C to 30 °C enhanced
percutaneous penetration on volunteers exposed to DMF more than 3.5 times. As evidence
for this, the excretion rates of NMF, the main metabolite of DMF, in urine during 24 hours
were: at 21 °C and 50 % humidity 27 yumol, at 28 °C and 70 % humidity 44 pmol and at 30
°C and 100 % humidity 95 umol. However, when volunteers were exposed to 51 mg/m=3 both
via inhalative and dermal way, the amount of NMF was 219 pmol. In another experiment, the
volunteers were exposed to DMF by dipping hands up to the wrist in DMF for 2-20 min. Liquid
DMF was resorbed with 9.4 + 4.0 mg/cm2 x h. After 15 min dipping of the hand in DMF, 930
pmol NMF, 606 umol N-hydroxymethylformamide (F) and 597 pmol N-acetyl-S-(N-
methylcarbamoyl) cysteine (AMCC) have been measured in urine of volunteers during 5 days.
Half-time of excretion was 7.8 hours for NMF, 9.9 hours for F and 23.9 hours for AMCC. The
amount of metabolites found was as high as that seen after 8-hour inhalation exposure to
DMF vapour of 60 mg/m3. Furthermore, the relative composition of total urinary metabolites
excreted after use of either the percutaneous or the inhalation route was very similar.
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However, the excretion half times after inhalation exposure were shorter: 4 hours for NMF
and 6.9 hours for F. The excretion kinetics of AMCC were unaffected by the route of
administration of DMF. In a patch experiment, DMF (2 mmol) was applied to the skin for 8
hours (Mradz and Nohova, 1992). 7.6 % of the absorbed DMF by the first four volunteers and
8.7 % by the second four volunteers were excreted as NMF during 24 hours, while the
corresponding value for the same DMF dose absorbed through the lungs estimated as 16 % -
18 %.

Nomiyama et al. exposed thirteen healthy male volunteers to DMF vapour twice, via both skin
and lungs for 4 hours at 27 °C and 44 % humidity (Nomiyama et al., 2001). The volunteers
inhaled DMF of 7.1 = 1.0 mL/m=3 by a respirator connected to the chamber. In another
experiment, the volunteers were exposed to DMF via the skin in a whole-body type exposure.
Dermal exposure level was 6.2 = 1.0 mL/m3. The excretion of NMF was 3.25 mg in urine
after dermal application and 3.93 mg after inhalation exposure. Here from, DMF absorption
via the skin and the lung were estimated to be 40.4 and 59.6 %, respectively. The biological
half-time of urinary NMF after dermal exposure, 4.75 + 1.63 h, was longer than that after
respiratory exposure, 2.42 + 0.63 h.

In another study with human volunteers, Chang et al. determined the unit increment of
dermal exposure on total body burden of two biomarkers in urine: N-methylformamide (NMF)
and non-metabolized DMF in 75 directly exposed workers to airborne DMF under typical for a
factory exposure scenario(Chang et al., 2004). The study subjects wore no gloves. The
respiratory exposure to DMF was determined by breathing —zone sampling for a full-work
shift and dermal exposure was assessed by an adhesive patch-test method. The average
airborne DMF concentrations collected in the working environment were 1.51 (4.81) ppm.
Dermal exposure on hands were greater than those on forearms and accounted for 0.04
(4.61) and 0.03 (5.98) pg/cm= for hands and forearms, respectively. Using multiple linear
regression, the net contribution of per unit increment of hands' exposure (ug/cm2) and
airborne DMF exposure (ppm) to NMF were calculated to be 0.53 and 0.68 mg/L, respectively
(Table B8). To urinary DMF, they were 0.46 and 0.73 mg/L for per unit increment of hands'
exposure (ug/cm=2) and airborne DMF exposure (ppm), respectively.

Table B8. Contribution of hand and airborne exposures into the increment of urinary
biomarkers

o Urinary biomarkers (mg/L)
Exposure description
U-NMF U-DMF
Airborn exposure 0.68 0.73
Dermal exposure (hand ) 0.53 0.46
DMF Exposure occupational (ppm (mg/cm?) 1.51 (4.81)

The results of the study demonstrate that dermal exposure was significantly associated with
urinary metabolites and represents 43.8 % and 38.6 % of NMF and non-metabolized DMF,
respectively of totally excreted amounts of these metabolites.

From these data is clear that dermal exposure to DMF has a significant impact on the total
systemic burden of DMF. In an in vitro test, Wang et al. confirmed this fact, determining skin
permeability’s of neat DMF and its mixtures with water. The penetration fluxes were the
highest by neat DMF. 85.9 % of applied dose was still remaining in the skin surface, 4.98 %
was still remaining in the skin layer, and 9.09 % penetrated through the skin layer after the
24-hour exposure. The DMF water mixtures penetrated slowly through the skin (Wang et al.,
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2009). The half-life of DMF retaining in the skin layer were 12.3, 4.07 and 1.24 h for 100 %-
DMF, 50 %-DMF and 10 %-DMF, respectively. The estimated reservoir effect for neat DMF
(34.1 %) was the highest than those of water mixtures. The test demonstrates that dermal
exposure could prolong the internal burden even the external exposure of DMF is terminated.

Alcohol intolerance related to DMF exposure

Lyle and coworkers (1979) found facial flushing and other symptoms in 19 of a group of 102
men who worked with dimethylformamide (DMF). Twenty-six of the 34 episodes occurred
after the workers had consumed alcoholic drinks. The symptoms included abdominal pain,
flushing of skin on face, and arms, reddening of eyes, stomach ache, nausea etc. The flushing
symptoms occurred at airborne DMF concentrations of 20 ppm. The highest recorded
concentration of DMF in air was 200 ppm. The metabolite N-methylformamide (MF) was
detected in the urine on 45 occasions, the highest recorded concentration being 77 pL/L. The
authors attributed the DMF-ethanol reaction to the inhibition of acetaldehyde metabolism,
probably by MF. Usually, the effects of alcohol intolerance persisted for several hours after
working shift. However, there is single case noted, by a patient whose flushing symptoms
persisted for many months after exposure ended (Cox and Mustchin, 1969).

Lauwerys et al. studied workers exposed to DMF in an acrylic factory for the presence of
biological signs of liver dysfunction and the NMF-concentration (pre- and post-shift),
respectively (Lauwerys et al., 1980). The average DMF concentrations measured were in the
range between 1.3 and 46.6 mg/m3 (median 13 mg/m3). NMF in urine samples collected at
the end of the work shift did not exceed 40-50 mg/g creatinine. This level indicates an
exposure which was reported as “safe” with regard to the acute and long term action of liver
function. Serum liver enzymes (transaminases, OCT, 7-GT, AP) and bilirubin measurement
were not different from those made in the control group. Nevertheless, some workers
reported experiences of alcohol intolerance at the end of the day when they had been
exposed to peak concentrations of DMF vapour. Similar findings were observed by Yonemoto
et al. (Yonemoto et al., 1980).

The cases of alcohol intolerance were reported in workers exposed for 3 years to 1-5 ppm
DMF, although no increase in GOT, GPT, 7-GT was demonstrated. The amount of daily NMF
excretion ranged from 0.4 to 19.56 mg. However, NMF excretion was delayed in workers with
alcohol consumption. Cai et al. (1992) reported that in workers exposed to max. 7 ppm DMF,
the levels of liver function indicators were similar to controls, but subjective symptoms
increased in a dose-dependent manner and the prevalence rate of alcohol intolerance
complaints was elevated especially in workers with alcohol consumption. Authors suggested
that a level at which no alcohol intolerance would occur is below that causing liver damage
(Lauwerys et al., 1980, Yonemoto et al., 1980).

In more recent studies (Wrbitzky and Angerer, 1998, Wrbitzky, 1999), a synergistic effect of
alcohol consumption and increased liver indices was confirmed. Wrbitzky and Angerer found
that exposure even to 22.2 + 31 mg/m=3 (7.3 = 10.2 mL/m=3) DMF in the air (corresponding
to 16 = 16 mg NMF/g creatinine) did not produce increased liver enzyme values in workers.
It applies only to workers without alcohol consumption. In opposite to this, in workers with
alcohol consumption, the liver indices were increased already at 1.4 mL/m3 (4.2 mg/m3), the
value below SCOEL value of 15 mg/m=3. Flush symptoms reported by these workers occurred
in 71.5 % of persons compared to only 3.8 % in control persons. The effects of DMF and
those of alcohol on liver values were dose-dependent. Furthermore, Wrbitzky using variance
analysis showed that though alcohol consumption together with DMF exposure yields to a
pronounced influence at liver indices, DMF alone possesses a minor influence (Wrbitzky,
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1999). An additional examination of urine samples of 17 workers at the end of working day
revealed that no alcohol intolerance symptoms were reported at average NMF concentrations
in urine of 19 = 24.9 mg NMF/L urine (range 1.07 - 99.96 mg NMF/L) (Angerer and Drexler,
2005; reported in MAK, 40. Lieferung, 2006). This range of metabolite NMF in urine
corresponds to about 0.4 - 62.3 mg/g creatinine, reported by Wrbitzky and Angerer, the
values at which pronounced complaints after alcohol consumption were reported. Such
discrepancies could be related to a complex of factors such as level of exposure resulted both
from inhalation and dermal exposure, individual susceptibility and amount of alcohol intake.

In a recent cross-sectional study (IVC, 2016), investigating influence of DMF exposure on
medical parameters related to liver disease, in a large cohort of 220 workers and 175
controls, no positive correlation was observed between the liver functions enzymes (GGT
(Gammaglutamyltransferase), CDT (carbohydrate deficient transferrin), GOT (Glutamat-
Oxalacetat-Transaminase), GPT (glutamate pyruvate transaminase) and MVC (mean
corpuscular volume) and the exposure parameters (DMF, NMF, AMCC and MIH), while GGT,
CDT and MVC correlated positively, as expected, with alcohol consumption. There was also a
marginal positive association with GOT. The marginal negative association with GPT remains
unexplained but, in isolation, this cannot be taken as an indication for an effect on the liver.
So, the results were similar to those found by Wrbitzky (1999). Alcohol consumption was
verified by ethyl glucuronide (EtG) and ethyl sulphate (EtS) in urine. Similarly, a highly
significant positive association was found for all exposure parameters between smoking and
CDT and MCV, and smoking together with alcohol is well known to be related with an increase
of MCV. As smoking and alcohol intake are generally associated with each other, this would
also explain the findings for CDT. The isolated significant negative association between
smoking and GPT observed for the AMCC and MIH exposure groups remains unexplained, but
again cannot be taken as an indication for liver disease. Into the same direction as alcohol
consumption point the positive associations of age with CDT (significant) and MCV (highly
significant), while the significant negative associations with GGT and GPT without a
statistically significant finding for GOT remain unexplained.

Conclusions
Absorption

When N-N-dimethylformamide (DMF) is administered in vivo orally, via inhalation or via skin,
it is readily absorbed in animals and in humans (Kéfferlein et al., 2005; Wrbitzky and
Angerer, 1998; Filser et al., 1994; Hundley et al., 1993a, Greim et al., 1992, Mraz and
Nohova, 1992). In humans, inhalation is the most relevant exposure route for DMF (Chang et
al., 2004). A linear correlation was observed between the concentration of DMF vapour and
concentrations of DMF in blood plasma of rats treated by inhalation and in humans after 8-
hour working shift (Filser et al., 1994; Wrbitzky and Angerer, 1998; Chang et al., 2004).
Besides this, dermal exposure provides a substantial contribution to the total body burden of
DMF in exposed workers (Chang et al., 2004). DMF can be well absorbed via direct contact
with the skin and via vapour. Skin absorption of the liquid DMF contributes to occupational
exposure more than penetration of the DMF vapour (Mraz and Nohova, 1992). Percutaneous
absorption of DMF vapour correlates positively with the increase of temperature and humidity
and amounted to 13 % - 36 % (Mréaz and Nohova, 1992) and 40.4 % (Nomiyama et al.,
2001) of totally excreted NMF.

Distribution

DMF concentrations as well as its biotransformation product monomethylformamide (MMF)
were measured in blood and other tissues of rats exposed to vapours of DMF (Lundberg et
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al., 1983). Both DMF and MMF were distributed fairly uniformly over the different tissues,
though blood and kidneys usually had the highest concentrations. In a study with rats
exposed by inhalation to DMF (labelled) vapours, statistically significant increases in the
labeling index of lung were observed lungs. Therefore, an assumption was made that the
lungs might also be a potential target organ of DMF exposure (DuPont Co., 1990). No effects
were observed in rat liver, prostate, and nasal tissues (DuPont Co., 1990).

Metabolism

The metabolism of DMF occurs in the liver (Greim et al., 1992) via two main pathways, with
one leading to the formation of N-(hydroxymethyl)-N-methylformamide (DMF-OH or HMMF)
(DuPont Co., 1990; Greim et al., 1992; Mraz et al., 1993; Hundley et al., 1993). The other
main pathway of metabolism leads to N-methylformamide (MMF or NMF), which can react
with glutathione to S-(N-methylcarbamoyl) glutathione (SMG); this substance is a reactive
intermediate (Mraz et al., 1993; Filser et al., 1994). Additionally, DMF can be bioactivated to
methyl isocyanate, a reactive species associated with hepatotoxicity (Greim et al. 1992). It
seems that hepatic P 450 2E1 is an important catalyst of the metabolism of DMF (Mraz et al.,
1993).

HMMF was the main metabolite of N,N-dimethylformamide in animals while MMF was found
only at low levels in the urine (Greim et al., 1992). It could also be shown that MMF, which
was once considered to be the main metabolite of N,N-dimethylformamide, was mainly an
artifact formed on the gas chromatographic column.

At high exposures, biotransformation of DMF was delayed in rats and monkeys (Mraz et al.,
1993; Hundley et al., 1993). A quantitative difference between the metabolic pathway of DMF
to AMCC in humans and rodents was also observed (Mraz et al., 1989). A relatively higher
proportion of AMCC was determined in humans comparing to animals supposing that the
hepatotoxic potential of DMF in humans may be linked to this metabolite. Further, they
supposed that rodents are less sensitive to DMF-induced hepatotoxicity due to their poor
ability to metabolize DMF via this route. The glutathione- and its sequel adducts (S-
methylcarbamoylcystein and the corresponding mercapturic acid S-methylcarbamoyl-N-
acetyl-cysteine) appeared to be responsible for developmental toxic effects in an in vitro
assay (Klug et al., 1998, cited in OECD SIDS, 2004).

Alcohol intolerance symptoms were reported by workers exposed to DMF (Angerer and
Drexler, 2005; Cai et al., 1992; Yonemoto et al., 1980; Lyle et al., 1979). Ethanol and
probably the metabolite acetaldehyde inhibit the breakdown of DMF and conversely, DMF
inhibits the metabolism of ethanol and acetaldehyde. Furthermore, ethanol induces
cytochrome P450 2E1 which facilitates the initial hydroxylation of DMF. Thus, exposure to
DMF can cause severe alcohol intolerance (Yonemoto and Suzuki, 1980; Eben and Kimmerle,
1983, cited in OECD SIDS Report for SIAM 13, 2004). Additionally, DMF can be bioactivated
to methyl isocyanate, a reactive species associated with hepatoxicity.

Excretion

DMF-OH represented 90 % of the summed DMF, DMF-OH, and MMF excreted in the urine
(DuPont Co., 1990). DMF-OH was always the main urinary metabolite (56 - 95 %) regardless
of exposure levels or time on study with monkeys (Hundley et al., 1993b), rats (Mraz et al.,
1993) and humans (Mraz and Nohova, 1992, Kafferlein et al., 2005). In humans, the
elimination of DMF metabolites after exposure via the skin to DMF vapour is slower compared
to inhalation exposure (Mraz and Nohova, 1992, Nomiyama et al., 2001). The same applies
to the dermal exposure of liquid DMF. Thus, for DMF skin represents a compartment
characterized by rapid absorption, extensive accumulation and slow elimination.

Concerning accumulation potential, the biological half-life of DMF is about 4 hours (Kimmerle
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and Eben, 1975 (cited in Wrbitzky and Angerer, 1998), Mraz and Nohova, 1992a). The
majority of substance was eliminated within 24 hours (Lauwerys et al., 1980). NMF was
detectable in the urine 4 hours after beginning of the exposure. DMF concentration in blood
decreased rapidly and was no longer detectable 4 hours after exposure. Urine analysis also
showed that during repeated exposure to DMF, no accumulation of NMF occurred in the body.
No accumulation was detected in humans during the 4 days of the investigation of the
concentrations of NMF if concentrations of DMF were between 0.1 and 37.9 ppm (median 1.2
ppm) (Wrbitzky and Angerer, 1998). For AMCC, however, accumulation is described (Mraz
and Nohova, 1992 a). After repeated inhalative exposure to 30 mg/m3 DMF, persons
excreted the mercapturic acid at levels of ~13 % of the dose absorbed via respiratory tract
with a total half-life (i.e. DMF biotransformation and excretion) of 23 hours (Mraz and

Nohova, 1992).

A brief overview of ADME studies is presented in the following Table B9.

Table B9. Overview of key toxicokinetics and dermal absorption studies

ppm (13 weeks,

Species/strain| Type study | Study design | Results (Absorption rates, | Reference
metabolites)
Rats, Humans Metabolism |Rats were DMF is readily absorbed via all (Greim et al.,
administered via [exposure routes. N- 1992
oral, dermal and |hydroxymethyl-N-
inhalation routes.methylformamide is the main
Human: metabolite, while mono-N-
inhalation route |methylformamide was found
only at low levels in the urine.
DMF inhibits alcohol
metabolism in humans
Rats, mice Toxicokinetic Whole body Data are indicative of Hundley et
study inhalation to 10, |saturation of DMF (between |al., 1993a;
250 and 500 250 and. 500 ppm) International
ppm (two weeks) meta_bol_lsm. NMF ple_lsma data DuPont and
aIS(_) indicate saturation. The Co.. 1990
major pathways for DMF
metabolism:
1. Formation of DMF-OH and
excretion via the urine.
2. Conversion of the DMF to
N-methylformamide (NMF)
and subsequent metabolism
of NMF to a variety of
metabolites including cysteine
conjugate.
Distribution into the lungs
Monkeys Toxicokinetic Whole body Saturation of DMF Hundley et
study inhalation to 30, |metabolism: as al., 1993b
100 and 500 concentrations increased from

100 to 500 ppm. DMF-OH is
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Species/strain

Type study

Study design

Results (Absorption rates,
metabolites)

Reference

6-h/d, 5d/w))

the main urinary metabolite.
Half-life for DMF is 1-2 hours,
for other “NMF” metabolites —
4-15 hours.

CBA/CA mice,
male Wistar
rats

Metabolism

i.p.
administration of
radiolabelled N-
methylformamide
and DMF

N-hydroxymethyl-N-
methylformamide was a
major urinary metabolite.
Dimethylamine and
methylamine were minor
metabolites. 2 metabolic
pathways could be
distinguished: hydroxylation
of the-carbon of the N-alkyl
group and oxidation of the
formyl moiety. N-acetyl-S-(N-
methyl-carbamoyl)cysteine
(AMCC) was identified as a
reactive species associated
with hepatotoxicity.

Kestell et
al., 1985;
1986 a,b,
1987; BASF
AG, 1990

Rats (Sprague
Dawley)

Metabolism

Bile cannulated
administration of
methyl
isocyanate in
DMSO

S-(N-
methylcarbamoyl)glutathione
(SMG), a chemically-reactive
glutathione conjugate is
identified. Further, the
metabolite reacted with
cysteine forming S-(N-
methylcarbamoyl)cysteine
(SMC). SMG and SMC reacted
with peptides and proteins

Pearson et
al., 1990,
1991

Human, mice,
rats, hamsters

Metabolism

Inhalation
exposure, i.p.
injection in
animals

N-acetal-S-(N-
methylcarbamoyl)cysteine
(AMCC) resulted from
glutathione decomposition in
humans.

S-(N-
Methylcarbamoyl)glutathione
has been identified as biliary
metabolite in mice. Metabolic
pathway leading to AMCC is
more important in humans.
AMCC is related to
hepatotoxicity. Hepatic P450
2E1 metabolizes DMF.

Threadgill et
al., 1987;
Mréaz and
Turecek,
1987; Mraz
et al., 1989,
1991, 1993
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Species/strain| Type study | Study design | Results (Absorption rates, | Reference
metabolites)
Rats (Sprague Metabolism |Dermal and Linear correlation between Filser et al.,
Dawley) inhalation concentrations of SMG in 1994
exposure to DMF |blood and exposure
vapours were concentrations of DMF up to
determined using|84 ppm was established.
systems for
head-only and
body-only
exposures.
Human Absorption, [8-hour exposure |After exposure to 30 mg/m3: |Mraz and
Metabolism, {to DMF conc. Of |0.3 % DMF, 22.3 % N- Nohova,
Excretion |10, 30, and 60 |hydroxymethyl-N- 1992a
mg/m3 methylformamide (MF), 13.2
% N-
hydroxymethylformamide (F)
and 13.4 % AMCC.
20 % of metabolites were
related to dermal absorption
of DMF; Excretion maximum:
6-8 h (DMF), 6-8 h (MF), 8-
14 h (F), 24-34 (AMCC).
Human Percutaneous |Patch test, hand |Liquid DMF was absorbed Mréaz and
absorption |dipping (15 min) |through the skin at a rate of |Nohova,
and inhalation 9.4 mg/cm2 x lhour. 1992b
exposure to 50 |[Percutaneous absorption of
mg/m3. DMF vapour depended
Absorption rates |strongly on ambient
and metabolites [temperature and humidity
determination and accounted for 13 -36 %
of totally excreted "MF". The
yield of metabolites after
transdermal DMF absorption
was only half of that seen
after pulmonary absorption.
Elimination of "MF" and "F"
but not of AMCC was delayed.
Human Biological [Inhalation to 0.1-|Positive correlation between |Wrbitzky
monitoring [37.9 ppm air conc. of DMF and urinary |and
(median 1.2 metabolites concentrations. Angerer,
ppm) DMF; DMF and its metabolites do 1998

not accumulate in the
organism. German BAT value
of 15 mg NMF/L urine) was
exceeded without SCOEL
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Species/strain| Type study | Study design | Results (Absorption rates, | Reference
metabolites)
value (German MAK) being
exceeded.
Human Volunteer [Exposure to DMF |[DMF absorption via the skin |[Nomiyama
study dermally and via |and the lung were estimated |et al., 2001
inhalation to be 40.4 and 59.6 %,
respectively. The half-life of
dermal “NMF” was 4.75 +
1.63 h longer than that after
respiratory exposure, 2.42 +
0.63 h.
Human Volunteer [Exposure to DMF [Dermal exposure to DMF has [Chang et al.,
study by inhalation a significant impact on total 2004
(percutaneousjwithout wearing |systemic burden.
absorption) |gloves and patch
test (24-hour)
porcine skin In vitro skin |equivalent or The penetration is the highest |Wang et al.,
penetration |similar to OECD |by neat DMF. After 24-hour 2009
study Guideline 428 exposure to the skin, 85.9 %
(Skin Absorption:|was still in the skin surface,
in Vitro Method) |4.98 % in the skin layer, and
9.09 % penetrated through
the skin.
Human Cross- Exposure to DMF |There was generally no IVC, 2016
sectional |by inhalation and|positive association between
study skin contact the LFTs (GGT, GOT, GPT,

cannot be ruled
out;
Measurements of
liver enzymes
with and without
alcohol
consumption

including CDT and MCV) and
the exposure parameters
(DMF, NMF, AMCC and MIH).
AMCC showed a significant
but negative association with
CDT (p=0.036026) that could
be explained by the fact that
exposed workers consumed
alcohol. However, as can be
expected, a highly significant
association was found for all
exposure groups for alcohol
consumption (INEtS+INEtG)
with GGT, CDT and MVC (the
latter two as intermediate-
and long-term strain
parameters for alcohol intake)
in conjunction with a
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Species/strain| Type study | Study design | Results (Absorption rates, | Reference
metabolites)

generally marginal positive
association with GOT.

Overall conclusions on human toxicokinetic information

Based on the data described in the studies with human volunteers or in occupationally exposed
workers, the following conclusions can be made:

1. Exposure levels of DMF up to 5 ppm (14.95 mg/m?3)in the air did not result in adverse liver
effects: liver enzymes were in normal range. The excretion of DMF was however delayed in
those workers who consumed alcohol. A considerable amount of workers exposed to 0-5 ppm
DMF experienced alcohol flush reactions.

2. At exposure levels slightly higher than 5 ppm (up to 9 ppm(26.9 mg/m?), haematology and
serum biochemistry parameters did not differ from controls. Nevertheless, there was a dose-
dependent increase in symptoms related to digestive system (nhausea, abdominal pain) and
alcohol intolerance symptoms (flushing of skin on face, reddening of eyes).

3. Dermal exposure contributed significantly to the internal body burden of DMF, despite the
use of breathing protection and protective gloves. This is because of the high absorptive
properties of DMF through the skin. In synthetic textile production “Relatively high levels of
internal exposure were also found during dry spinning and dyeing. The lowest levels of exposure
occurred during finishing” (Wrbitzky and Angerer, 1998).

4. At high exposure levels (=10 ppm) alcohol intolerance was reported almost in all workers.
Liver function was not affected up to 52 mg/m=3 (17 ppm) in workers who did not consume
alcohol, while the workers who consumed alcohol had increased liver indices already at 1.5
ppm.

5. At exposure levels of 10, 30 and 60 mg/m=3 (ca. 3, 10 and 20 ppm) AMCC metabolite could
be identified, whereby its elimination was significantly delayed at 30 and 60 mg/m3.

B.5.2. Acute toxicity

Information was obtained from the registration dossier and OECD SIDS (2004). DMF has a
low acute toxicity by oral, dermal and inhalation routes. Oral LD50 > 3010 mg/kg bw was
established in rats (AASF AG, 1972). Further studies in rats revealed LD50 values in the
range between 2200 and 7550 mg/kg bw (BUA, 1991, cited in OECD SIDS, 2004). The
substance is of low toxicity potential also via dermal and inhalation routes of exposure. In the
key acute dermal toxicity study (TSCATS: OTS 0516779, 1978), LD50 > 3160 mg/kg bw/day
was established for rats. Acute inhalation of the maximum technically attainable
concentration of 5900 mg DMF/m3 by rats resulted in a LC50 value of > 5900 mg/m3/ 4 h;
(BASF, 1979). Irregular or intermittent respiration was observed in the treated animals. The
surviving animals recovered 6-7 days after exposure. These animals did not show any gross
lesions at necropsy while the animals that died during the study had some organ findings, e.
g. discoloration of the liver, haemorrhage in thymus and punctate haemorrhage in pancreas
and in the gastric mucous membrane.

Low toxicity was also observed after i.p. and subcutaneous (s.c.) injection in rats and mice.
LD50 values ranged from 1900 to 5035 mg/kg bw in rats and mice for i.p. route and from
1425 to 3800 mg/kg bw for s.c route in rats and mice.
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Conclusion

The acute toxicity of DMF is low as was previously concluded in the OECD SIDS (2004) (Acute
Tox. 4, H332 and H312).

B.5.3. Irritation

Information was obtained from the registration dossier and OECD SIDS (2004). DMF is not
irritating to skin but irritating to eyes. In inhalation studies (acute and repeated), the
substance did not cause respiratory tract irritation (BASF, 1979; Malley et al., 1994; Lynch et
al., 2003).

In the skin irritation study (BASF AG, 1952), the neat substance (about 0.5 mL) was
administered for 20 hours on the shaved back of 4 albino rabbits. After removal of the
bandage only one animal showed faint redness which was disappeared on the second day.
The other animals were without any findings. In the acute dermal study (TSCATS: OTS
0516779, 1978), the overall irritation score was 0 on day 2, 4, 8, 11, and 15 after 24-hour
exposure of the undiluted substance to the intact and abraded skin of rats under occlusive
conditions. Thus DMF was not regarded to be irritating to the skin of rabbits or rats.

In an eye irritation study, DMF of 50 pL (undiluted, 50 % and 10 % solution) was applied to
the conjunctival sac of one eye in 3 animals (BASF AG, 1952). After 10 minutes, 1, 3 and 24
hours the eyes were examined and in case of findings, observation was continued until the
findings disappeared. The eyes were not washed out after 24 hours as specified in OECD
Guideline 405. Marked redness and chemosis as well as purulent secretion were observed in
the animal treated with undiluted DMF. Besides this, transient opacity of the cornea occurred
two days after substance application in this animal. The animal recovered and was without
findings 6 days after treatment. The 50 % solution resulted in slight erythema and chemosis
after 10 min, 1 hour and 3 hours post application. The animal recovered and was without
findings 3 days after treatment. The 10 % solution generated slight erythema after 10 min,
1hour and 3 hour. The animal recovered and was without findings 24 h after treatment.

In another eye irritation study, instillation of 0.1 mL of neat test substance into one eye of 6
rabbits without rinsing resulted in large blisters on the inside of upper and lower lids at the 1
and 4 hour readings. Blisters decreased in size at the 24 hour reading and were disappeared
at 48 hours (TSCATS: OTS 0516779, 1978). Primary irritation index was 50.8 after 1 h
decreasing to 35.8 after 72 h and 35.0 on day 4 decreasing to 3.3 on day 13 (max. = 110).
All findings were fully reversible within 14-day observation period.

Conclusion

DMF is not irritating to skin but irritating to eyes (H319).

B.5.4. Corrosivity

DMF is not corrosive.

B.5.5. Sensitisation

Information was obtained from the registration dossier and OECD SIDS (2004).

DMF was used as a vehicle in a two-tiered LLNA that was under validation process (Ulrich et
al., 2001). Groups of 6 female BALB/C strain mice (6 - 8 weeks old) were used. During tier |
a wide range of concentrations of test chemical solutions or vehicle (volume: 25 pL) were
applied on three consecutive days to the dorsum of both ears. Mice were killed 24 hours after
the last application to determine ear and local lymph node weights and lymph node cell
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counts. Ear weights were determined to correlate chemical induced skin irritation with the
ear-draining lymph node activation potential. For comparison of the induction and challenge
responses, mice were treated on the shaved back with 50 pL of test chemical or vehicle alone
on three consecutive days (induction phase treatment). Then mice were challenged 12 days
after the final induction phase exposure with 25 pL of test chemical or vehicle on the dorsum
of both ears for a further 3 days (challenge phase treatment). Lymph nodes were excised 24
hours after the final challenge phase treatment. A tier 11 LLNA protocol was used to finally
differentiate between true irritants and contact allergens. To investigate the impact of
different vehicles on the primary response induced by two contact allergens, DMF and
acetone/oil olive was used as one of such vehicles. Both contact allergens were compared
either to the untreated control (aqua bidest) or to the corresponding vehicle control. Topical
treatment of mice with the vehicle DMF led to slight ear-draining lymph node activation as
expressed by increased weights and cell counts in comparison to the untreated animals.
However, this observation was not reproducible in a second experiment (i.e. when DMF was
tested as vehicle for eugenol and as vehicle alone in comparison to the respective untreated
control group). N, N-dimethylformamide was also negative in Guinea Pig Maximization Test
(Bainova, 1985).

Regarding respiratory sensitization, in the sub-chronic inhalation study (Lynch et al., 2003),
the animals were exposed to DMF by whole body inhalation exposure at 0, 50, 100, 200, 400,
or 800 ppm, 6h/day, 5days/week, for 13 weeks. DMF was mildly irritating to rats exposed at
400 and 800 ppm, evidenced by occasional nasal and ocular discharges. Organs and tissues
from high dose group animals and from the controls were examined for gross lesions and
histopathologically. Under these organs were also lungs, main stem bronchi and tracheas.
Microscopically, no lesions, associated with sensitization response to DMF, were found in
these organs. DMF was not sensitizing to the respiratory tract in the test animals.

Conclusion
DMF is not sensitizing to skin or respiratory tract.

B.5.6. Repeated dosed toxicity

Information was obtained from the registration dossier and OECD SIDS (2004). The study
descriptions and NOAELs /LOAELs were adopted in general, unless stated otherwise.

Oral
BASF, 1977 (— in OECD SIDS 2003)

10 male and 10 female Sprague-Dawley rats/group were 45 days of age when the study
started. DMF was administered by gavage 5 days/week at 250, 500, 1000 and 2000 pL N,N-
dimethylformamide/kg bw (about 238, 475, 950 and 1900 mg/kg bw/day). DMF solutions in
aqua bidest were prepared daily. A concurrent vehicle control group run in parallel. Food
consumption was measured daily, body weight was determined twice weekly and clinical
symptoms as well as mortality were examined daily. Clinical chemistry and hematology were
investigated 10 days before the start of the study and in all surviving rats during the study,
directly before the last substance administration. Urinalysis were performed after study day
21 or 22 on all surviving rats. At the end of the study surviving animals were sacrificed after
a 16 h fasting-period and macroscopically examined. Body weight and organ weights of
heart, liver, kidneys, spleen, thyroid, adrenals, testes, uterus and ovary were determined.
Histopathology was performed on heart, lung, thyroid, stomach, duodenum, jejunum, ileum,
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mesenteric lymphnodes, liver, pancreas, spleen, kidneys, adrenals, urinary bladder, testes
and ovaries and brain. Statistical calculations (t-Test; x2-Test) were done for clinical,
pathological and clinical chemistry data as well as for data from hematology and urinalysis.
Result: At the highest dose group all animals died, mostly during the first 5 days of substance
application. The animals in the highest dose group showed reduced state of health and
reduced food consumption and body weight gain already after the first treatment. At 950 mg
DMF/kg the general state of health was reduced (in male animals already beginning in study
week 1, in female animals at the end of study week 3) and the animals showed a significantly
reduced food consumption (up to 36% reduced in the males and up to 40% reduced in the
females) and significantly reduced body weight when compared to the controls (at the end of
the study for male animals 28% lower, and for female animals 21 % lower than control). 4
male animals (on study days 7, 8, 14 and 19) and one female animal (after 15 substance
applications) died. Hepatic damage was represented by changes in clinical chemistry values
(increased total bilirubin, increased enzyme values, i.e. GPT, AP) and disturbances in kidney
function were represented by elevated urea (in 2 of 9 female animals) and creatinine values
(in all animals of the 950 mg/kg dose group). Histologically an acute to subacute
hemorrhagic liver dystrophy with necrosis was found in the animals of this and the highest
dose group. Relative liver weights were increased in both sexes and relative kidney weights
were increased in the male animals at 950 mg/kg. At 238 and 475 mg/kg reduced food
consumption in the male animals and at 475 mg/kg significantly reduced body weight when
compared to the control animals (14.6% lower than controls) were seen. In both sexes
increased relative liver weights and in the males increased relative kidney weights were
observed, however without histopathological correlates.

NOAEL of 238 mg/kg bw/day and LOAEL of 475 mg/kg bw/day were established.

TSCATS: OTS 0520880, 1960; TSCATS: OTS 0571664, 1960; TSCATS: OTS 0572893, 1960

In a 90-day feeding study Charles River CD strain rats received 200, 1000 and 5000 ppm
DMF (about 12, 60 and 300 mg/kg bw/day). Liver weight, mild liver injury as well changed
blood picture were observed. Relative liver weights were slightly increased at 1000 ppm, a
histopathological correlate was not found but hypercholesterolemia and elevated phospholipid
values were observed in females at this dose level. Leucocytosis and a decrease in the red
blood cell count were observed. At 5000 ppm both sexes showed depressed body weight gain
and reduced food consumption. Slight anemia, leukocytosis, hypercholesterolemia and
elevated phospholipid concentrations were seen. Increased relative liver weights together
with mild liver injury in the histological examination were found in both sexes. Increased
relative liver weights at 1000 and 5000 ppm were dose-related. In conclusion, the liver was
the predominant organ of DMF toxicity. NOAEL of 12 mg/kg bw/day was established for male
and female animals.

TSCATS 0571664 feeding study, 1960

Doses used: 0.02 % (200 ppm), 0.1 % (1000 ppm), 0.5 % (5000 ppm).
Average body weights and average weight gains are summarized in the Table B10.

Table B10. Average body weight an average body weight gains of male rat fed various levels
of DMF
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Group 1 Group 11 Group 111 Group 1V
Control 0.02 % 0.1 % 0.5 %
Day of the test Average body weight (g)
0 80 80 80 80
7 124 128 129 11
14 175 182 176 151
21 228 237 231 193
28 284 295 289 242
35 334 342 330 281
42 371 380 373 316
49 401 412 407 3500
56 430 444 435 376
63 457 472 464 403
70 473 485 480 415
77 497 508 497 440
84 513 528 514 457
91 536 550 529 480
Day of the test Average body gain (g)

0-7 44 48 49 31
7-14 51 54 49 40
14-21 53 55 47 42
21-28 56 58 55 49
28-35 50 47 58 39
35-42 37 38 41 35
42-49 30 32 43 34
49-56 29 32 34 26
56-63 27 28 28 27
63-70 16 13 29 12
70-77 24 23 16 25
77-84 16 20 17 17
84-91 23 22 17 23

Table B11. Average body weight and average body weight gains of female rat fed various

levels of DMF
Group 1 Group Il 0.02 Group 111 0.1 Group 1V 0.5
Day of the test Control % % %
Average body weight (g)

0 71 71 71 71

7 112 111 113 94

14 147 147 151 117

21 170 172 179 138

28 191 194 207 162

35 209 212 228 182
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Group 1 Group Il 0.02 Group 111 0.1 Group 1V 0.5

Day of the test Control % % %
Average body weight (g)

42 223 227 246 199
49 237 240 263 216
56 246 250 273 230
63 259 264 291 240
70 264 265 293 247
77 271 276 305 255
84 275 282 310 261
91 288 292 321 265
Day of the test Average body gain (g)
0-7 41 40 42 23
7-14 35 36 38 23
14-21 23 25 28 21
21-28 21 22 28 24
28-35 18 18 21 20
35-42 14 15 20 17
42-49 14 13 15 17
49-56 9 10 10 14
56-63 13 14 18 10
63-70 5 1 2 7
70-77 7 11 12 8
77-84 4 6 5 6
84-91 13 10 11 4

Table B12. Average daily food consumption and food efficiency data of male

rats fed various

levels of DMF
Day of the test Group 1 Group 11 0.02 Group 111 0.1 Group 1V 0.5
Control % % %
Average daily food consumption (g)
0-7 14.3 14.9 14.6 1309
7-14 18.1 19.8 18.6 16.6
14-21 20.8 22.5 21.6 19.4
21-28 24.3 25.3 24.5 22.8
28-35 25.3 26.5 25.0 24.0
35-42 25.3 25.2 25.5 24.3
42-49 23.1 25.3 24.8 24.2
49-56 26.2 26.4 26.6 25.2
56-63 25.6 26.9 26.5 26.0
63-70 24.7 26.1 25.4 25.1
70-77 24.8 26.2 25.1 26.2
77-84 25.4 26.2 25.6 26.0
84-91 25.5 27.2 25.1 25.9

Day of the test

Weight gain/food consumed (g)
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Day of the test Group 1 Group 11 0.02 Group 111 0.1 Group 1V 0.5
Control % % %
Average daily food consumption (g)
0-7 0.44 0.46 0.48 0.32
7-14 0.40 0.39 0.36 0.34
14-21 0.36 0.35 0.36 0.31
21-28 0.33 0.33 0.34 0.31
28-35 0.26 0.25 0.23 0.23
35-42 0.21 0.22 0.24 0.21
42-49 0.18 0.18 0.20 0.20
49-56 0.16 0.17 0.15 0.15
56-63 0.15 0.15 0.16 0.15
63-70 0.09 0.07 0.09 0.07
70-77 0.14 0.12 0.10 0.14
77-84 0.09 0.11 0.10 0.09
84-91 0.13 0.12 0.08 0.13

Male and female rats receiving 0.5 per cent DMF in their diets showed a weight gain curve
that was inferior to that of the control animals throughout the entire test period. A “t” test
conducted at 90 days indicated that this difference was statistically significant at the 95
percent level, but only for the male animals. The group of female rats that received 0.1 %
DMF in the diet showed a weight curve that was superior to that of the control, but this may
be attributed to the presence in this group of one rapidly growing rat that weighed
approximately 100 grams more than the average of the group at the end of the study.

Food consumption

A summary of the average daily food consumption data, computed as grams ingested per rat
for each group, is presented in Figure 2 and Tables 111, IV and V

Male and female animals receiving 0.5 per cent DMF in the diet consumed less food than their
corresponding controls, but only during the first five or six weeks of the study. Female rats
ingesting a diet containing 0.1 % DMF consumed more food than the controls during the
entire test; this same group also had shown a better weight gain than the controls. The
greater average food consumption of this group may possibly be attributed to the presence in
this group of one rat that ate much more than the others. This rat was the one that also grew
more rapidly.

Table B13. Average daily food consumption and food efficiency data of female rats fed
various levels of DMF

Group 1 Group 11 0.02 Group 111 0.1 Group IV 0.5
Control % % %

Day of the test Average daily food consumption (g)

0-7 12.7 13.1 13.2 12.0

7-14 15.3 15.7 16.7 11.5

14-21 15.6 16.5 17.7 12.7

21-28 16.3 16.6 18.9 14.7

28-35 16.5 16.4 18.2 15.2

35-42 15.8 16.8 18.8 16.0
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Group 1 Group 11 0.02 Group 111 0.1 Group IV 0.5
Control % % %

Day of the test Average daily food consumption (g)
42-49 15.7 16.6 18.3 15.7
49-56 16.4 17.5 19.4 17.1
56-63 16.7 17.2 19.6 16.2
63-70 15.7 16.2 18.4 15.7
70-77 15.5 16.8 18.8 16.5
77-84 16.1 17.6 19.5 18.8
84-91 16.3 17.2 19.1 16.4
Day of the test Weight gain/food consumed (g)

0-7 0.46 0.44 0.46 0.27
7-14 0.33 0.33 0.33 0.28
14-21 0.21 0.22 0.23 0.24
21-28 0.18 0.19 0.21 0.23
28-35 0.16 0.16 0.16 0.19
35-42 0.13 0.13 0.15 0.15
42-49 0.13 0.11 0.12 0.16
49-56 0.08 0.08 0.07 0.12
56-63 0.11 0.12 0.13 0.09
63-70 0.05 0.01 0.02 0.06
70-77 0.06 0.09 0.09 0.07
77-84 0.04 0.05 0.04 0.05
84-91 0.11 0.08 0.08 0.04

Table B14. Average weight gain, food consumption and food efficiency data calculated
monthly of male and female rats fed various levels of DMF

Male Female
Days
Ave.wt. Food Food Ave.wt. Food Food
Group on ] . .. . . . .
test gain consumption | efficiency gain consumption | efficiency
(9) (9) (9) (9)
0-28 204 541 0.38 120 420 0.28
| 28-56 146 699 021 55 451 0.12
(Control) | 56-91 106 883 0.12 44 5624 0.08
Total 456 2123 0.21 219 1433 0.15
0-28 215 578 0.37 123 434 0.28
I 28-56 145 724 0.20 56 472 0.12
56-91 106 932 0.11 43 595 0.07
(0.02%)
Total 470 2234 0.21 222 1501 0.15
0-28 209 556 0.38 136 466 0.29
i 28-56 146 713 0.20 66 523 0.13
56-91 94 895 0.10 51 668 0.08
(0.1%)
Total 449 2164 0.21 253 1657 0.15
0-28 162 510 0.32 91 357 0.25
28-56 134 684 0.20 68 448 0.15
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Days Male Female
ErEis on Ave.wt. Food Food Ave.wt. Food Food
test gain consumption | efficiency gain consumption | efficiency
(@ (@ @ (@
56-91 104 904 0.12 35 565 0.06
v Total 400 2098 0.19 194 1370 0.14
(0.5%)

Food efficiency

Food efficiency data, calculated as grams weight gain per gram of food consumed, are

presented in the following tables.

Except for lower values during the first two weeks in the male and female animals receiving
the highest level of DMF (0.5 %) there appear to be no difference between control and test
groups with respect to food efficiency.

Table B15. Average daily intake of DMF in male and female rats

Average dose in Milligram/kg/day
Group 1 Group 11 0,02 Group 111 0,1 Group IV 0,5
Control % % %

Day of the test Male

0-7 - 28.6 140 724
7-14 - 25.5 122 634
14-21 - 21.4 106 564
21-28 - 19.0 94.2 523
28-35 - 16.7 80.6 458
35-42 - 14.0 72.4 409
42-49 - 12.8 63.6 363
49-56 - 12.3 63.2 347
56-63 - 11.7 58.9 333
63-70 - 10.9 53.8 308
70-77 - 10.6 51.4 306
77-84 - 10.3 50.6 290
84-91 - 10.1 48.1 278
Day of the test Female

0-7 - 28.8 143 732
7-14 - 24.3 126 542
14-21 - 20.6 107 496
21-28 - 18.1 3709 490
28-35 - 16.2 83.5 442
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Average dose in Milligram/kg/day
Group |1 Group 11 0,02 Group 111 0,1 Group IV 0,5
Control % % %
35-42 15.3 79.0 421
42-49 14.2 71.5 377
49-56 14.3 72.4 383
56-63 13.4 69.5 345
63-70 12.3 63.0 322
70-77 12.4 62.9 329
77-84 12.6 63.3 306
84-91 12.0 60.4 312
Clinical signs

Except for slightly lower body weights among the male and female rats receiving 0.5 % DMF,

no clinical signs of toxicity that could be attributed to the feeding of DMF were observed

during the entire 90-day feeding test.

Bone length

A summary of the tibia length measurements is presented in Table B16.

The average tibia length of the male animals receiving 0.5 % DMF smaller than that of the

corresponding control group. This observation, coupled with the inferior weight gain curve of

this group, suggests an interference in the rate of growth.

Table B16. Summary of tibiae lengths of male and female rats fed with DMF

Average tibiae lengths in mm
Group Male Female
| 44 38.4
42.2 —45.2 37.0-39.4
(Control) ( ) ( )
43.5 38.2
1 (42.3 — 44.3) (36.9 — 39.1)
(0.02%)
43.8 38.4
1 (43.2 - 44.9) (36.2 — 40.6)
(0.1%)
42.5 38.0
v (404 — 44.2) (36.3 — 40.0)
(0.5)
Mortality

All animals in control and test groups survived the 90-day feeding test.

Haematology
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The following measurements were made on blood from individual animals: red blood cell
count, white blood cell count (total and differential), haemoglobin concentration, haematocrit,
red cell diameter, and number of nucleated red cells per 100 white blood cells. The results of

the periodic haematological examinations are summarized in the following tables.

Table B17. Summary average hematological data on male rats fed various levels of DMF

Parameters Day of the Group 1 Group 11 Group 111 Group 1V
test Control 0.02 % 0.1 % 0.5 %
0 4.59 4.57 4.74 4.46
Red blood 30 6.52 5.97 6.40 6.36
(M‘/:re;:::qs) 60 7.69 7.84 7.68 7.67
90 7.58 7.65 7.21 6.29
0 12.2 13.6 12.2 11.6
Hemoglobin 30 15.9 14.9 15.4 14.8
(g/100 ml) 60 16.4 16.0 16.3 16.3
90 16.3 16.0 16.2 15.9
0 39 40 38 38
Hematocrit 30 48 45 46 45
(%) 60 49 48 48 48
90 49 49 49 48
0 7.3 7.1 7.2 7.2
Cell size 30 6.6 606 6.8 6.8
(microns) 60 6.4 6.3 6.5 6.3
90 6.4 6.3 6.5 6.3
0 - - - -
Nucleated 30 0.2 0 0.2 0.2
RCB/100 WBC 60 0] 0] 0] 0]
90 0.2 0.2 0]
0 9.17 10.86 10.06 11.50
White blood 30 15.48 13.04 13.51 13.30
(M(;?:;) 60 11.75 12.16 16.42 14.49
90 11.07 10.17 18.80 14.16

Table B18. Summary of average differential white cell count data on male rats fed various

levels of DMF
Parameters Day of the Group 1 Group 11 Group 111 Group 1V
test Control 0.02 % 0.1 % 0.5 %
0 - - - -
] 30 14.2 15.5 13.8 18.5
Neutrophils
(90) 60 12.8 14.2 15.8 15.3
90 16.8 16.5 16.7 17.5
Non- 0 - - - -
Segmented
. 30 0.5 0.5 0.2 0.3
Neutrophils
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Parameters Day of the Group 1 Group 11 Group 111 Group 1V
test Control 0.02 % 0.1 % 0.5 %
(%) 60 0.3 0.3 0. 0.2
90 0.2 0.3 0.3 0.3
0 - - - -
30 82.0 80.5 81.3 82.3
Lymfhocytes
(%0) 60 82.7 81.2 78.2 81.8
90 77.2 76.2 76.2 80.0
0 - - - -
] . 30 1.3 0.5 1.5 1.8
Eosinophils
(%) 60 2.0 1.8 1.0 0.5
90 2.3 2.5 2.7 2.3
0 - - - -
. 30 0 0.2 0.2 0.3
Basophils
(90) 60 0 0 0.2 0
90 0 0.3 0.1 0
0 - - - -
30 2.0 2.7 2.5 5.5
Monocytes
(%0) 60 2.2 2.5 4.5 4.4
90 3.7 4.2 3.8 2.2
0 - - - -
30 0 0.2 0.5 0.7
Atypical cells
(%) 60 0 0 0.3 0.7
90 0 0 0.2 0.2
Table B19. Summary average hematological data on female rats fed various levels of DMF
Parameters Day of the Group 1 Group 11 Group 111 Group 1V
test Control 0.02 % 0.1 % 0.5 %
0 4.68 4.8 4.65 4.29
Red tl’l'o"d 30 7.28 7.16 6.25 6.89
cers 60 7.52 7.81 7.49 7.79
(M/mm3)
90 7.91 7.74 7.33 6.21
Hemoglobin | O 12.0 12.5 12.5 11.2
(9/100 ml) 30 16.1 15.8 15.7 15.8
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Parameters Day of the Group 1 Group 11 Group 111 Group 1V
test Control 0.02 % 0.1 % 0.5 %
60 16.0 15.9 16.0 16.2
90 16.0 15.8 15.6 16.1
0 40 39 41 36
Hematocrit 30 48 46 46 46
(%) 60 48 47 47 48
90 50 50 49 46
0] 7.1 7.2 7.1 7.3
Cell size 30 6.6 6.4 6.6 6.7
(microns) 60 6.2 6.2 6.3 6.2
90 6.4 6.2 6.3 6.3
0 - - - -
Nucleated 30 0 0] 0.2 0
RCB/100 WBC | 60 0 0.2 0 0
90 0 0 0 0
0 10.54 10.28 10.30 9.47
White blood 735 11.21 12.22 11.53 13.19
(Mfre;:::q 35 |69 9.09 10.36 10.41 12.23
90 9.20 9.07 9.69 14.55
Table B20. Summary of average differential white cell count data on female rats fed various
levels of DMF
Parameters Day of the Group 1 Group 11 Group 111 Group 1V
test Control 0.02 % 0.1 % 0.5 %
Neutrophils 0 - - - -
(%) 30 12.0 10.0 10.5 9.8
60 14.0 16.8 15.2 16.5
90 13.2 16.3 12.5 14.3
Non- 0 - - - -
Segmented 30 0 0.3 0.2 0.5
Neutrophils 60 0.2 0.2 0.3 0.8
(%) 90 0.3 0.2 1.0 1.2
Lymfhocytes 0 - - - -
(%) 30 82.7 85.1 82.1 83.0
60 81.2 78.0 77.8 75.2
90 82.3 77.7 81.3 77.8
Eosinophils 0 - - - -
(%) 30 1.8 1.0 1.8 1.7
60 1.3 1.8 2.2 2.3
90 2.0 2.7 2.5 2.7
Basophils 0 - - - -
(%) 30 0 0 0.3 0.7
60 0.2 1.0 0.2 0.2
90 0 0.2 0.5 0.2
Monocytes 0 - - - -
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Parameters Day of the Group 1 Group 11 Group 111 Group 1V
test Control 0.02 % 0.1 % 0.5 %
(%) 30 3.5 3.5 5.0 4.3
60 3.0 2.2 4.2 4.
90 1.8 2.6 2.2 3.8
Atypical cells 0 - - - -
(%) 30 0 0 0 0
60 0.2 0.3 0.3 0.3
920 0.3 0 0 0

A leucocytosis developed in the rats fed 0.5 % DMFafter 60 day of feeding, which was still
evident at the end of the test period. The red blood cell counts of the rats fed 0.1 % and 0.5
% DMF were slightly lower than those of the controls at the end of the test, but there were
no statictically significant changes in the haemoglobin concentrations, haematocrit, or cell

morphology.

The results of the biochemical tests for liver damage are summarized in Table B21. The
plasma alkaline phosphatase activity at 30, 60 and 90 days remained within normal limits of
variation. Transaminase and p-phenylenediamine oxidase activity, measured on cardiac blood
taken at the time of autopsy, showed no significant variation from the normal established by

the control group.

Liver fat, determined as the ether-extractable portion of the dried liver, was lower in the
animals fed 0.5 % DMF than in the untreated controls. The liver of the male rats fed the
intermediate level of DMF also had a significantly less fat than those of the controls. Serum
cholesterol and phospholipid concentrations were elevated in the rats fed 0.5 % DMF in their
diets for 90 days. The hypercholesterolemia also occurred in the group of female rats
reveiving 0.1 % DMF, but only two of the six animals in this group had elevated levels of
serum phospholipids.The changes in the lipid concentration of the liver and plasma are
probably interrelated with the hepatomegaly (see section on pathology) and may reflect
some disturbance in fat metabolism and/or transport. However, the significance of these
changes is unknown.

Pathology

Gross pathological examinations revealed no changes in the animals that could be attributed
to the feeding of any of three levels of DMF.
Microscopically, the only significant findings was a barely perceptible liver injury in both male
and female animals receiving the diet containing 0.5 % DMF. This consisted of slight variation
in size and staining quality of the nuclei of the liver cells in three of the six male rats and five
of the six female rats. The average liver/body weight ratios of the male and female animals
on this dietary level of DMF were greater than those of the control groups or the other test
groups. Although no anatomical evidence of liver injury was found in the animals receiving
0.1& DMF, nevertheless, the average liver/body weight ratio of male and female rats in this
group was also slightly greater than that of the controls. The results are summarized in Table

B21 and Table B22.

Table B21. Summary test for liver damage to rats fed various levels of DMF

Male
Plasma alkaline Serum Serum p- Liver Serum Serum
EraE phosfatase U/100 glutamic phemilen | fat 20 | choloester | phospholipide
ml oxalacetic e dry ol mg %
30 | 60 | 90 transamin diamine | wheigt mg %6
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days |days | days | ase U/ml oxidase h
us/ml
I 51 33 42 78 2.6 9.2 107 7.05
(Control)
1
71 59 55 43 2.7 8.2 80 -
(0.02%)
i
65 39 33 54 3.0 6.3 104 6.72
(0.1%)
v 52 54 41 77 2.4 6.0 157 9.16
(0.5) | | )
Female
Plasma alkaline Serum Serum p- Liver Serum Serum
Grou phosfatase glutamic phemilen | fat % | choloester | phospholipide
P U/100 ml oxalacetic e dry ol mg % mg %
transamina | diamine | wheigt
30 60 90 se U/ml oxidase h
days | days| days uUu/ml
I 45 28 26 65 4.4 8.0 105 7.48
(Control)
1
34 30 30 44 4.4 8.4 102 -
(0.02%)
I 31 23 19 57 5.1 8.8 159 7.92
(0.1%)
v
47 37 31 53 4.6 6.6 194 9.30
(0.5)

Table B22. Average liver weights an liver/body weight ratio of animal fed various level of DMF

Average body weight | Average liver weight | Liver/body weight ratio
@ @ (%)
Group Male
|
536 18.93 3.53
(Control)
' 551 20.22 3.67
(0.02%) ’ |
I 533 21.13 3.97
(0.1%) ’ |
v
482 21.15 4.39
(0.5)
Group Female
|
287 9.48 3.30
(Control)
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T
285 9.59 3.36
(0.02%)
T 318 11.97 3.76
(0.1%)
v
©0.5) 271 11.76 4.34

Summary (relevant excerpt from the study report):

Male and female animals receiving 0.5 % DMF in the diet showed a weight gain curve that
was inferior to that of the controls during the entire study these animals also consumed less
food than controls, but this occurred only during the first 5 or 6 weeks of the study. Food
efficiency values were also lower in these animals, but only during the first two weeks. Other
test groups did not differ significantly from the control group with respect to these nutritional
measurements.

All test animals survived the feeding test. Except for lower body weights in the group of
animals receiving 0.5 % DMF, no clinical signs or toxicity were observed in any of the test
animals that could be attributed to the feeding of the test compound.

Animals ingesting diets containing 0.5 % DMF appeared to develop a slight anemia and
leucocytosis. A hypercholesterolemia occurred in male and female animals receiving and 0.5
% DMF and in female rats receiving 0.1 % DMF. As indicated by the decrease in liver fat and
the increase in plasma phospholipids, there appear to be some lipotropic action associated
with the feeding of the higher levels of DMF, but its significance is as yet obscure.

The only significant pathological finding was a barely perceptible liver injury in both male and
female animals receiving the highest level of DMF (0.5 %). These animals also showed a
liver/body weight ratio which was greater than that of the controls or other test group.
Animals receiving 0.1 % DMF in the diet also showed a slightly greater liver/body weight ratio
than that of the controls, but the livers showed no anatomical evidence of injury.

Well being is the condition when no noticeable symptoms occurred. Loss of well-beings in
case of DMF is associated with gastrointestinal symptoms i.e. loss of appetite, abdominal
pain, stomach pain, nausea, vomiting, general symptoms like head ache and dizziness,
alcohol intolerance symptoms i.e face and body flushing, eye redness, palpitation, and
tremors.

Elovaara et al., 1983

In a subacute study, male Wistar rats received DMF via drinking water for 2 weeks or 7
weeks. Upon evaluation of the effects in the liver increased values were found for the
following parameters: liver/body weight-ratio, GSH content, ethoxycoumarin O-deethylase
and UDP glucuronosyltransferase activities. The GSH content, deethylase activity and,
transiently, the glucuronidation activity were slightly increased also in the kidneys. Oxidative
N-demethylation of DMF by hepatic microsomes in vitro was not enhanced by oral treatment.
No DMF-dependent formaldehyde liberation in vitro could be detected under conditions where
formaldehyde liberation from N,N-dimethylnitrosamine could be demonstrated. However, the
endogenous rate of formaldehyde generation by liver microsomes isolated from DMF-treated
rats was enhanced with the highest oral dose of DMF. The daily intake of DMF lowered the
activities of both formaldehyde and propionaldehyde dehydrogenases in the liver soluble
fraction. No inhibition of these dehydrogenases was shown in vitro by DMF (510 mM) or by its
main urinary metabolite N-methylformamide (510 mM). The observed impairment of
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aldehyde oxidation in liver and kidneys of the rat after the DMF intake could explain the

mechanism behind the alcohol intolerance observed in man after DMF exposure.

Inhalation

Malley et al., 1994 rats and mice

In chronic inhalation studies Crl: CD BR rats were exposed over a period of 2 years and Crl:
CD-1 (ICR) BR mice were exposed for 18 months at concentrations of 25, 100 and 400 ppm
(about 80, 300 and 1210 mg/m3) 5 d/w and 6 h/d (Malley et al., 1994).

Rats

In the rats body weight and body weight gain were reduced in both sexes at 400 ppm and in
the male animals at 100 ppm (Figure B1)

MEAN <,
BODY
WEIGHT
(&) #0

00 +

% (ppm Male
— L 25 ppm Male
T4 100 ppm Miale
——0~—— 400 ppm Male
~——&—— () ppm Female
— & Z5ppm Female
— % — 100 ppm Female

—0=— 400 ppm Female

1 22 43 64 85 113 155 197 239 281 323 365 407 449 491 533 575 617 659 701

Figure B1. Mean body weights of male and female rats exposed to DMF vapour

DAYS ON TEST

Moreover, the animals in these groups showed increased enzyme activity (serum sorbitol
dehydrogenase — Table B23), increased in relative liver weights (Table B24) and some
histopathological findings in the liver (Table B25).

For rats, the NOEC is 25 ppm (80 mg/m3) based on the body weight changes, clinical
chemistry changes and hepatotoxic effects observed at 100 and 400 ppm. LOAEC was 100

ppm (300 mg/m3).

Table B23. Effect of DMF on Sorbitol Dehydrogenase Activity in Male and Female Rats?

3 Months | 6 Months ‘ 12 Months ‘ 18 Months ‘ 24 Months
Concentration (ppm) Males
0 7.0°(3.3) 10.4 (7.5) 10.9 (4.8) 6.5(2.1) 2.0 (0.9)
25 9.8 (5.5) 11.5 (6.1) 18.9 (17.6) 9.7 (3.3) 4.4(2.3)
100 35.0 (26.4)" 23.0(17.9) 33.6 (33.1)" 19.8 (10.6)" 18.3 (24.3)"
400 22.6(18.7)" 19.4 (10.8) 21.7 (12.5)" 19.3 (15.8)" 9.7 (8.1)"
Concentration (ppm) Females
0 11.5 (2.8) 20.9 (24.9) 6.6 (2.8) 6.0 (1.5) 5.7 (6.9)
25 11.0 (3.3) 7.7 (3.0) 7.6 (3.3) 14.8 (11.1)° 9.0 (11.0)
100 17.4 (6.0)" 18.4 (9.0) 17.3 (6.3)" 9.7 (4.3)" 4.9 (3.4)

Telakkakatu 6, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | echa.europa.eu

49



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
N,N-DIMETHYLFORMAMIDE (DMF)

3 Months 6 Months 12 Months 18 Months 24 Months

400 30.9 (15.5)" 27.8 (18.0) 23.8(13.0) 23.2 (25.0) 12.9 (13.7)

210 Rats/sex/concentration were sampled at each time point.

b Mean and standard deviation. Units are U/liter (U is 1 pmol/min where pmol refers to the amount of
substrate converted).

* Statistically significant at P < 0.05.
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Table B24. Effect of DMF on Relative Liver Weight in Rats?

DMF (ppm)
0 | 25 | 100 | 400
Male rats

12 MonthsP 2.54 (0.18) 2.73 (0.34) 2.93* (0.32) 3.26" (0.31)
24 Months® 2.87 (0.45) 2.81 (0.35) 3.28 (0.53) 3.58" (0.73)

Female rats
12 MonthsP 2.64 (0.24) 2.70 (0.41) 3.25" (0.40) 3.34" (0.40)
24 Months¢ 3.12 (0.67) 3.43 (1.06) 3.33 (0.71) 3.86" (0.61)

a 9% of body weight.

b Livers evaluated from 10 rats/sex/concentration.

¢ For males n = 17, 19, 21, and 26 livers evaluated for 0, 25, 100, and 400 ppm, respectively. For
females n = 22, 14, 12, and 23 livers evaluated for 0, 25, 100, and 400 ppm, respectively.

* Statistically significant at P < 0.05.

Table B25. Incidence (%) of Compound-Related Morphological Observations in Rats Exposed
to DMF for 24 Months?

DMF (ppm)

Lesion

(0] 25 100 | 400
Centrilobular Hepatocellular Hypertrophy®
Male 0 0 5" 30"
Female 0 0 3" 40"
Hepatic single cell necrosis®
Male 2 2 3 307
Female 0 0 5" 18"
Hepatic accumulation of lipofuscin/hemosiderin®
Male 4 4 17 58"
Female 8 7 22" | 61"
Hepatic foci of alterations®
Male: clear cell 11 8 22" | 35"
Male: eosinophilic 33 36 24 45
Female: clear cell 5 5 14 24"
Female: eosinophilic 22 12 25 40"

a2 Data represent total percentage incidence for both unscheduled and scheduled deaths for the interval
12-24 months.

b The number of livers examined was 57, 59, 58, and 60 for 0, 25, 100, and 400 ppm males,
respectively. For females exposed to 0, 25, 100, or 400 ppm, the number of livers examined was 60,
59, 59, and 62, respectively.

* Statistically significant at P < 0.05.

Mice

Male and female mice exposed to 400 ppm generally had higher body weight compared to
control values. Similarly, body weight gain was significantly higher for 400 ppm males (20%)
and for 100 and 400 ppm females (16 and 13%b, respectively) during the first 12 months of
the study. The higher body weight and body weight gain observed for 100 and 400 ppm males
and females were considered to be compound related (data not shown).
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Mice—Pathological Evaluations

Male and female mice exposed to 400 ppm had significantly increased absolute and relative
liver weights at the cell proliferation terminations at Day 19 and Day 95. At the cell proliferation
euthanasia on Day 363, absolute and relative liver weights were significantly increased in 400
ppm males and slightly increased in 400 ppm females. Male and female mice exposed to 100
ppm exhibited a similar trend toward increased absolute and relative liver weights; however,
the differences from control were not statistically significant. At the 18-month euthanasia, 100
and 400 ppm males and 400 ppm females had significantly higher absolute and relative liver
weights (Table B26).

Table B26. Effect of DMF on Relative Liver Weight in Mice?

DMF (ppm)
0 | 25 | 100 | 400
Male mice
18 Months¢ | 5.85(1.18) | 5.94(1.45) | 7.06"(2.04) | 7.80"(2.35)
Female mice
18 Months¢ | 559(0.92) | 571(0.95 | 5.99(1.45 | 6.35 (0.78)

a 9% of body weight.

d For males n = 31, 42, 38, and 36 livers evaluated for 0,25, 100, and 400 ppm, respectively. For
females n = 42, 35, 36, and 47 livers evaluated for 0, 25, 100, and 400 ppm, respectively.

* Statistically significant at P < 0.05.

The increased liver weights are consistent with the microscopic observation of hepatocellular
hypertrophy. Gross observations at necropsy revealed that male mice exposed to 400 ppm
had a higher incidence of large livers and liver deformities. Compound-related microscopic
changes were observed in the livers of both sexes for all three exposure concentrations. The
principle effect was minimal to mild centrilobular hypertrophy that progressed to panlobular
hypertrophy in some animals. At the 18-month euthanasia, hypertrophy was present in both
sexes at all exposure concentrations

In addition, the incidence of individual hepatocellular necrosis (apoptosis) was also increased
in both sexes for all three test concentrations. Minimal to moderate Kupffercell hyperplasia
with accumulation of lipofuscin and hemosiderin and an increase in the incidence of
inflammatory cells in the liver were also observed at all three test concentrations. In addition,
a dose-related increase in eosinophilic and mixed foci of cellular alteration were observed in
both sexes (Table B27).

Table B27. Incidence (%) of Compound-Related Morphological Observations in Mice Exposed
to DMF for 18 Months?
Lesion | DMF (ppm)
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0 25 | 100 400
Centrilobular
Hepatocellular
Hypertrophy
Male 0 8" 417" 52°
Female 0 6 19" 54~
Hepatic single
cell necrosis®
Male | 24 | 59" | 68" | 87"
Female | 29 | 44" | 70" | 76"
Hepatic kupffer cell,
hyperplasia/pigment
accumulation®
Male 22 52° 60" 86~
Female 51 57 71" 89"
Hepatic foci
of alteration®
Male Mixed 0 3 13 19
Male Eosinophilic 2 8 10 8
Female Mixed 0 0 3 3
Female Eosinophilic 0 2 5 6

aData represent total percentage incidence for both unscheduled and scheduled deaths over the interval
0-18 months.

PFor males exposed to 0, 25, 100 or 400 ppm, the number of livers examined was 60, 62, 60 and 59,
respectively. For females exposed to 0, 25,100, or 400 ppm, the number of livers examined was 61, 63,
61 and 63, respectively.

*Statistically significant at P <0.05.

Survival in treated male mice was similar to that in the respective control group for all
exposure concentrations (56, 68, 60, and 59% for 0, 25, 100, and 400 ppm, respectively). In
females, survival was similar to control at all exposure concentrations (68, 57, 62, and 76%,
respectively — data not shown). Therefore, compound-related differences in the survival of
mice were not evident in this study. All lesions seen in the eyes of mice in this study were
considered to be spontaneous. The most frequent findings were cataracts and corneal
mineralization which are common in mice of this strain and age. There were no compound-
related differences in hematology parameters in either male or female mice at any sampling
period.

There were no compound-related effects on cell labeling indices at any exposure
concentration for any time point evaluated (Table B28).

Table B28. Mean Hepatic Labeling Indices for Rats and Mice Exposed to DMF
(ppm) Day 19 Day 95 Day 363

Sex Rats?2
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(ppm) Day 19 Day 95 Day 363
Males 0 0.1°(0.08) 0.2(0.11) 0.1 (0.07)
Males 400 0.3 (0.19) 0.4(0,17) 0.2(0.07)
Females 0 0-2 (0.15) 0.2 (0.27) 01(0.11)
Females 400 0.1 (0.09) 0.1 (0.08) 0.1 (0.07)
Mice?
Males 0] 0.1 (0.10) 0.0 (0.05) 0.2 (0.16)
Males 400 0.2 (0.10) 0.1 (0.07) 0.3(0.31)
Females 0 0.2 (0.21) 0.1 (0.08) 0.1 (0.10)
Females 400 0.5 (0.41) 0.1 (0.08) 0.1 (0.17)

2 5 Rats or mice/sex/concentration.
b Mean percent of labeled cells/1000 cells counted. Standard deviation is in parenthesis.
Data on tumors have been described in the section on carcinogenicity.

NTP 13-week studies, 1992 (Lynch et al., 2003)

Fischer 344 rats and B6C3F1 mice were exposed by whole-body exposure to DMF vapours at
concentrations of 0, 50, 100, 200, 400 and 800 ppm 6 h/day, 5 days/week for 13 weeks.

Rats were 51 days of age at the first exposure, they were subdivided into 3 study groups, 10
of each sex for each exposure level: a base study group, a cardiovascular group (blood
pressure and electrocardiograms were determined) and a renal function (urinalysis) group.
Mice were 46 days of age at the first exposure. Animals were observed twice daily for
mortality and moribundity. Body weights were measured weekly and at necropsy. Moreover
sperm morphology and vaginal cytology evaluations were performed on rats and on mice
exposed to 0, 50, 200 and 800 ppm DMF. Epididymal sperm motility was evaluated at
necropsy and vaginal cytology was done by vaginal lavage with saline during the 2 weeks just
before necropsy. Clinical pathology investigations were performed on cardiovascular study
rats at 4 and 23 days and on base-study rats at 13 weeks. Urinalysis was performed in 5
rats/sex in the 0, 50, 200 and 800 ppm groups. Kidney histology was performed on these
animals. Blood pressure and electrocardiograms were measured within 24 hours of the last
DMF exposure in the cardiovacular group rats. The animals were killed and the heart removed
for microscopic examination. At study termination rats in the base study and the renal
function groups as well as mice from all groups were killed and complete necropsies were
performed. Examination for gross lesions was done and weights of liver, thymus, kidneys,
testicles, heart and lungs were recorded. The target organ, i.e. the liver was microscopically
examined in all dose groups of rats and mice and the following tissues were examined
microscopically from all control and high dose group-animals from the base study group:
adrenals, brain, epididymis, seminal vesicles, prostate, testes, ovaries, uterus, esophagus,
eyes (if grossly abnormal), femur with marrow, gross lesions and tissue masses with regional
lymph nodes, heart, aorta, intestines, kidneys, larynx, liver, lungs, lymph nodes, mammary
gland with adjacent skin, nasal cavity and turbinales, pancreas, parathyroid glands, pharynx
(if grossly abnormal), pituitary, preputial or clitoral glands, salivary glands, spleen, skeletal
muscle, stomach, thymus, thyroid, trachea, urinary bladder and vagina.

Rats
In the rats, there was no substance-related mortality (Table B29). Body weight gains were

reduced by approx. 47-65 % in rats exposed to 800 ppm and to a lesser extent in the
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animals of the 400 ppm group (Table B29).Prolonged diestrus was observed in 7 of 10
females exposed at 800 ppm, i.e. at a concentration that produced hepatotoxicity and
reduced body weight gain. Relative testis weights were increased at 400 and 800 ppm DMF,
however, no microscopical findings or any adverse effects on sperm density or motility were
observed. For male and female rats the no-observed-adverse effect concentration (NOAEC)
for microscopic liver injury was 200 ppm.

Table B29. Survival and Weight Gain of F344/N Rats in the 13-week Inhalation Studies of
N,N-Dimethylformamide

Mean body weights Final Weights
Exposure . - ;
concentration (ppm) Survival® Initi Final® | Change® relative to
al Controls (20) ¢
Males

0 10/10 150.6 | 349.4 198.8

50 10/10 160.3 | 353.0 192.7 101

100 10/10 151.2 | 342.8 191.6 98

200 10/10 157.2 | 358.5 201.3 103

400 10/10 154.0 | 330.7 176.7 95

800 10/10 163.5 | 268.8 105.3 77
Females

0 10/10 118.6 | 193.0 74.4

50 10/10 116.3 | 201.6 85.3 104

100 10/10 112.9 | 206.9 94.0 107

200 10/10 116.7 | 193.7 77.0 100

400 10/10 113.9 | 175.0 61.1 91

800 10/10 120.3 | 146.2 25.9 76

2 Number surviving at 13 weeks/number of animals per dose group.

b At necropsy.

¢ Mean weight change of the animals in each dose group.
d (Dosed group mean/Control group mean) x 100.
Evidence for hepatocellular injury was seen as early as day 4 based on increases in activities
of liver-specific enzymes (e.g. ALT, SDH and ICDH) in the serum of both sexes at 200-800
ppm DMF. Serum cholesterol levels were increased in all exposed rats at all time points (i.e.
4, 24 and 91 days) (Table B30 - males); Table B31 - females).

Table B30. Selected Clinical Chemistry Results from Male Rats Exposed to Inhaled DMF for up
to 13 Weeks (Table 2 from Lynch et al., 2003)

ANALYTE DMF concentrations (ppm)

(Units) 0 50 | 100 200 | 400 800
SDH (1U/L)

Day 4 20+12 19+1 23+2 28+1" 432" 130+56"
Day 24 1441k 14+1 24+5" 332 5544~ 251+63"
Day 91 35+4 4149 41+3 70+10" 94+11" 227+43™
ALT (1U/L)

Day 4 47+1 45+1 49+2 53+1" 74+4" 356+170"
Day 24 37+1° 46+3" 62 +10" 69+3" 12349 4204907
Day 91 777 75%9 7716 102+11 125+13" 323448~
ICD (1U/L)

Day 4 15.0x2.3 11'211 12'3112' 12'112' 14.6+1.7 | 32.9%+7.27
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ANALYTE DMF concentrations (ppm)

(Units) (0] 50 100 200 400 800

Day 24 13.542 2 13.8%1. 14.142. 14.5x1. 17.642.1 78.8%17.5
0 7 8

Day 91 9.1+2.9 7.7£2.3 | 9.4+2.2 | 9.3+x2.6 | 17.1+7.1 | 19.3x2.2"

CHOL (mg/dL)

Day 4 75+2®) 9743 11243 11243 11643 10943

Day 24 70+1® 81+2"®) 82+2" 84+1" 81+2" 91+3"

Day 91 833 9444~ 10243 98+3" 9842~ 13446~

TBA (uL/L)

Day 4 11.4+1.9 10.6+0 15.1+1. 10.9+1 19.2}-1.6 36.845 2"
9 8 4

Day 24 16.6x2.1 17.3x1 17.1%1. 16.7x1 28.7+4.3 | 73.0x16.3

2 8 1 2 * *
Day 91 8.4+1.6 | 9.1+1.7 12';“:1' 10'?1 14.722.6 | g 0168

aMean=SE; 10 animals/group except where indicated.

bh=9.

*Significantly different from control, p < 0.05.
*Significantly different from control, p < 0.01.

Table B31. Selected Clinical Chemistry Results from Female Rats Exposed to Inhaled DMF for
up to 13 Weeks (Table 3 from Lynch et al., 2003)

ANALYTE (UNITS) DMF concentrations (ppm)

0 50 | 100 | 200 | 400 800
SDH (1U/L)
Day 4 23+02 24+1 23+1 28+1" 403" 103+24"
Day 24 21+1 19+1 22+1 29+2" 30+2" 53+5"
Day 91 26+2 26+1 29+2 40+3" 48+5" 171+18"
ALT (1U/L)
Day 4 42+2 41+1 401 41+1 462 172439
Day 24 32+1 35+2 36+1" 38+1" 44+3" 98+8™
Day 91 54+4 52+3 60+5 4942 6616 319+31™
ICD (1U/L)
Day 4 11.9+1.2 | 12.7+2.1 | 12.2+2.3 | 15.4+3.5 | 13.5+1.3 | 30.2+5.4"
Day 24 7.5+0.9 | 13.8+3.0" | 9.3+1.7 | 11.3+1.3" | 11.1+1.4 | 22.3+2.6™
Day 91 4.3x0.7 6.9+1.3 5.7+0.7 | 10.1+1.7" | 5.7+0.8" | 66.4+12.0"
CHOL (mg/L)
Day 4 972 12042 13744 15246~ 14143 138+4"
Day 24 89+2 106+2" 106+2" 117+27 111+27 117+4"
Day 91 97+3 109+2" 129+2" 115+2" 137+37 136+4"
TBA (pm/L)
Day 4 15.0+1.0 | 16.5+2.2 | 16.0+1.6 | 16.2+0.8 | 18.7+1.6 | 34.8+4.3"
Day 24 9.6+1.5 12.7+1.9 | 11.6+1.5 | 15.7+2.0" | 23.8+3.7" | 67.2+13.2"
Day 91 8.5x1.1 7.9x1.5 13.942.1 | 12.3+2.1 | 27.6+x2.7" | 37.5+4.0"

aMean =+ SE; 10 animals/group except where indicated.

bh=9.

*Significantly different from control, p < 0.05.
*Significantly different from control, p < 0.01.
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Relative liver weights were increased in the males at 100 ppm and above and at all

concentrations in the females (Table B32).

Table B32. Absolute and Relative Liver Weights in Rats Exposed to Inhaled DMF for 13 Weeks

DMF concentration (ppm)
0 | 50 | 100 | 200 | 400 800
Males
Absolute | 13.28+0.43% | 14.30+0.40 | 15.16+0.34" | 16.62+0.50" | 14.98+0.35" | 10.79+0.34"
Relative | 3.80+0.073° | 4.05+0.09" | 4.43+0.12" | 4.63+0.11" | 4.53+0.09" | 4.02+0.09"
Females
Absolute | 6.55+0.17 7.50+0.23" | 8.17+0.17" 7.41+0.18" 7.07x 0.26 5.37+0.127
Relative 3.39+0.07 | 3.72+0.09" | 3.95+0.07" | 3.83+0.10" | 4.04+0.11" | 3.68+0.06"

aMean = SE (g); 10 animals/group.

bOrgan weight/body weight X 100; mean of individual ratios.
*Significantly different from control, p<0.05.

*Significantly different from control, p<0.01.

Minimal to moderate centrilobular hepatocellular necrosis was seen in both sexes at 400 and
800 ppm and pigment accumulation (hemosiderin and lipofuscin) in macrophages and kupffer
cells was found in both sexes at the highest concentration (Table B33).

Table B33. Incidence of Liver Lesions in Rats Exposed to Inhaled DMF for 13 Weeks

DMF concentration (ppm)
0 | 50 | 100 | 200 | 400 \ 800
Males
Hepatocyte necrosis 0/10 | 0/10 | 0/10 | 0O/10 10/107(1.0) 10/107(1.7)
Macrophage pigment 0/10 | 0/10 | 0/10 | 0O/10 0/10 10/107(1.0)
Females
Hepatocyte necrosis 0/10 | 0/10 | 0/10 | 0/10 8/107(1.3) 10/107(2.8)
Macrophage pigment 0/10 | 0/10 | 0/10 | 0O/10 0/10 10/10%(2.0)

a(Severity score) based on a scale of 1 to 4; 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.
Severity scores are averages based on the number of animals with lesions from groups of 10.
*Significantly different from control, p <0.01.

Mice

Five male mice died of undetermined causes during the study; 3 of these were in the lowest

exposure group, suggesting that exposure to DMF was not involved. All female mice survived
the 13-week exposure period. No exposure-related clinical signs were observed in any of the
DMF-exposed mice.

A reduced body weight gain was noted in male mice exposed at 800 ppm (Table B34). A
transient loss of several grams occurred in the group mean body weight of several exposure
groups. There was no indication of a problem involving access to food or water; in most cases
body weights of the affected mice appeared to rebound during the next weighing period to
values similar to those in the respective controls (data not shown).

Table B34. Survival and Weight Gain of B3C6F1 Mice in the 13-Week Inhalation Studies of
N,N-Dimethylformamide
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. . Mean body weights Final Weights

Exposure concentration Surviva = = .

Tee) 2 Initi | Final | Chang relative to Controls
al 2 ec (%0) ¢
MALES

0 10/10 26.2 | 34.0 7.8

50 7/10 25.4 | 33.5 8.1 99

100 9/10 26.2 | 30.6 4.4 90

200 9/10 26.2 | 34.3 8.1 101

400 10/10 26.7 | 33.2 6.5 98

800 10/10 24.6 | 30.9 6.3 91
FEMALE

0 10/10 21.1 | 25.2 4.1

50 10/10 21.4 | 26.3 4.9 104

100 10/10 22.0 | 27.2 5.2 108

200 10/10 21.2 | 28.6 7.4 114

400 10/10 20.8 | 27.0 6.2 107

800 10/10 21.7 | 24.6 2.9 98

2 Number surviving at 13 weeks/number of animals per dose group.
b At necropsy.
¢ Mean weight change of the animals in each dose group.
d (Dosed group mean/Control group mean) x 100.

Relative and/or absolute kidney and lung weights were variably increased in all exposed
groups of females (Table B39).

Absolute liver weights were moderately increased in males (200-800 ppm) and females (50-

800 ppm) exposed to DMF. Relative liver weights were increased in both sexes at all

exposure.

Both absolute and relative thymus weights in male mice exposed at 50 ppm were decreased
compared to controls; this finding was not considered biologically significant (Table B35).

Table B35. Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice in the 13-Week
Inhalation Studies of N, N-Dimethylformamide?

O ppm 50 ppm 100 ppm 200 ppm 400 ppm 800 ppm
Male
n 10 7 9 9 10

Necropsy | 33.97+0.74 | 33.51+0.47 30.61+0.75 34.28+0.83 33.18+0.78 30.87+0.83"
body wt
Heart
Absolute | 0.167+0.006 | 0.167+0.006 | 0.169+0.009 | 0.186+0.010 | 0.169+0.004 | 0.168+0.009
Relative | 4.93+0.16 4.96+0.13 5.52+0.27 5.44+0.34 5.12+0.13 5.42+0.21
Right
Kidney
Absolute | 0.317+0.010 | 0.297 £0.009 | 0.278+0.011 | 0.325+0.010 | 0.299+0.009 | 0.269+0.009"
Relative | 9.36+0.28 8.87+0.22 9.06+0.22 9.51+0.27 9.02+0 20 8.72+0.24
Left
Kidney
Absolute | 0.300+0.009 | 0.296+0.012 | 0.259+0.011 | 0.311+0.009 | 0.283+0 007 | 0.261+0.008"
Relative | 8.86+0.28 8.84+0.31 8.46+0.27 9.08+0.21 8.52+0.14 8.47+0.21
Liver
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O ppm 50 ppm 100 ppm 200 ppm 400 ppm 800 ppm
Absolute | 1.668+0.045 | 1.907+0.041 | 1.574+0.074 | 2.074+0.051" | 2.020+0.075" | 1.940+0.119"
Relative | 49.13+0.96 | 56.94+1.34" | 51.26%+1.52" | 60.53+0.52" | 60.74+1 15" | 62.40+2.11"
Lungs
Absolute | 0.221+0.007 | 0.243+0.006 | 0.226+0.013 | 0.232+0.006 | 0.235+0 007 | 0.229+0.009
Relative | 6.54+0.24 7.25+0.16 7.40x0.42 6.80%+0.22 7.08+0.18 7.49+0.37"
Right
Testis
Absolute | 0.122+0.002 | 0.120%+0.004 | 0.119+0.002 | 0.124+0.002 | 0.122+0.002 | 0.122+0.004
Relative | 3.60+0.09 3.59+0.12 3.91+0.10 3.62+0.08 3.69+0.10 3.96+0.12"
Thymus
Absolute | 0.055+0.002 | 0.036+0.004" | 0.045+0.003 | 0.050+0.002 | 0.052+0 002 | 0.050+0.003
Relative | 1.64+0.08 1.09+0.14" 1.47+0.008 1.46+0.06 1.55+0 04 1.61+0.09

Female
n 10 7 9 9 10
Necropsy | 25.20+0.71 | 26.26+0.66 27.20%0.40 28.60+0.61" | 27.02+0 31 24.62+0.51
body wt
Heart
Absolute | 0.132+0.006 | 0.140+0.005 | 0.147+0.004 | 0.154+0.006" | 0.142+0.004 | 0.131+0.003
Relative | 5.25+ 0.23 5.33+0.18 5.44+0.20 5.42+0.27 5.25+0.10 5.32+0.15
Right
Kidney
Absolute | 0.184+0.004 | 0.209+0.006" | 0.2204+0.003" | 0.219+0.005" | 0.210%0. 0.193+0.003
003"

Relative | 7.31+0.15 7.96+0.17" 8.08+0.10" 7.68+0.17 7.77+0.07 7.87+0.17"
Left
Kidney
Absolute | 0.171+0.004 | 0.194+0.006" | 0.202+0.004" | 0.203+0.007" | 0.200+0 004" | 0.180+0.004
Relative | 6.80+0.12 7.41+0.22" 7.44+0.11" 7.11+0.25" 7.42+0 15" 7.34+0.15"
Liver
Absolute | 1.171+0.046 | 1.306+0.039" | 1.477+0.039" | 1.756+0.046" | 1.699+0 029" | 1.514+0.040"
Relative | 46.41+1.15 | 49.73+0.78" | 54.23+0.90" | 61.44+1.23" | 62.92+0 99" | 61.55+1.29"
Lungs
Absolute | 0.193+0.004 | 0.211+0.004" | 0.2182+0.006" | 0.252+0.010" | 0.213+0 005" | 0.218+0.007"
Relative | 7.70+0.28 8.06+0.22 8.04+0.29 8.82+0.33 7.86+0.12 8.90+0.36"
Thymus
Absolute | 0.047+0.002 | 0.053+0.003 | 0.050+0.003 | 0.058+0.004 | 0.054+0.002 | 0.053+0.002
Relative | 1.88+0.07 2.00+0.11 1.84+0.11 2.04+0.13 2.00+0.07 2.15+0.08

1 Organ weights and body weights are given in grams; relative organ weights (organ-weight-to-body-
weight ratios) are given as mg organ weight/g body weight (mean + standard error).

* Significantly different (P<0.05) from the control group by Williams' or Dunnett's test.
* Significantly different (P<0.01) from the control group by Williams' or Dunnett's test.

Gross necropsy findings in mice that may have been exposure-related were limited to tan foci

of the liver noted in one male mouse each in the 400 and 800 ppm exposure groups.
Microscopic change attributed to DMF exposure was found only in the liver, and was

diagnosed as centrilobular hepatocellular hypertrophy. This lesion was characterized by
minimal to mild enlargement of hepatocytes surrounding central veins. The cytoplasm of
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affected cells was increased in amount and stained homogeneously, in contrast to the more
typical granulovacuolar cytoplasm of periportal hepatocytes. The nuclei of these hypertrophic
cells also were enlarged. In some cases where lesions were minimal, enlargement of
hepatocytes was not significant, but tinctorial change and nuclear enlargement were
prominent. PAS staining of the livers of selected 800 ppm animals demonstrated sharply
demarcated centrilobular areas of glycogen-depleted hepatocytes, corresponding to the areas
of hepatocellular hypertrophy. Occasional apoptotic bodies were seen in the areas of
hypertrophy, but overt hepatocellular necrosis was not seen in DMF treated mice. Liver
lesions were present in all exposure groups except the lowest concentration (50 ppm)
females. Incidence and severity data for the liver lesion in mice are shown in (Table B36).

Table B36. Incidence of Liver Lesions Observed in Mice Exposed to Inhaled DMF for 13 weeks.
(Table 6 from Lynch et al., 2003)

DMF concentration (ppm)
0 | 50 \ 100 \ 200 \ 400 \ 800
Centrilobular hepatocellular hypertrophy
Males 0/10 | 4/10" (1.8)2 9/10" (1.3) 10/10" (2.0) | 10/10" (2.0) | 10/10™ (2.0)
Females | 0/10 0/10 10/10" (1.3) | 10/10" (1.9) | 10/10" (2.0) | 10/10" (2.0)
a(Severity score) based on a scale of 1 to 4; 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.
Severity scores are averages based on the number of animals with lesions from groups of 10.
*Significantly different from control, p< 0.05.
*Significantly different from control, p< 0.01.

Senoh et al., 2003

F344 rats and BDF1 mice of both sexes were exposed to DMF by inhalation (6 h/d < 5 d/wk)
to 100, 200, 400, 800 or 1,600 ppm DMF for 2 weeks and 50, 100, 200, 400 or 800 ppm
DMF for 13 weeks.

Mortality and clinical signs.
Rats

Three male (one after the 4th day and two after the 5th day of exposure) and 7 female
(three after the 3rd day, three after the 4th day and one after the 10" day of exposure) died
during a period of 2-wk exposure to 1,600 ppm DMF. DMF-induced death of the male and
female was caused by marked centrilobular necrosis of the liver associated with hemorrhage
and congestion. Neither the 2-wk exposure of rats to the concentrations lower than 1,600
ppm nor the 13-wk exposure to all the concentrations caused any death or overt clinical
signs.

Mice

No mouse died during either a period of 2-wk or 13-wk exposure to DMF at any of the
concentrations.

Toxicity of animals surviving to the end of 13-wk exposure

General observations

Rats: Growth rates were significantly suppressed in the 400 and 800 ppm groups of both
sexes. Food consumption was significantly reduced in the 800 ppm groups in both sexes
(Table B37).

Table B37. Body weight, food consumption and absolute and relative liver weight (mean =+
SD) of the rats exposed to DMF vapour by inhalation for 13 wk
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Rats Male Female
Liver weight Liver weight

DMF BW FC Abolute Relative BW FC Abolute Relative
(ppm) (@ (%0) (@ (%)
Control | 316+17 | 16.5+0.8 | 7.58+0.533 | 2.58+0.08 | 185+7.0 11.0+0.7 | 4.11+0.22 | 2.40+0.10
50 315+17 | 16.4 +0.7 | 8.50+0.53" | 2.90+0.04 | 192+10.0 | 11.6*+1.1 | 4.53+0.38" | 2.56+0.12
100 312+22 | 16.0+1.1 | 8.59+0.62" | 2.96+0.06" | 187+7.0 11.1+0.5 | 4.544+0.18" | 2.62+0.07
200 310+20 | 15.9+1.2 | 8.68+0.75" | 3.03+0.1" | 176%9.0 10.0+0.8 | 4.36+0.29 | 2.70+0.10"
400 277+18" | 15.6*+1.5 | 7.90+0.60 | 3.05+0.08" | 161+12.0" | 9.6+1.7 | 4.36+0.41 | 2.89+0.10"
800 253+18" | 14.3+1.6" | 7.56+0.64 | 3.20+0.17" | 142+18.0" | 8.5+2.5" | 4.83+0.5" | 3.68+0.39"

Significant difference; ": p<0.05 *: p<0.01 by Dunnett’s test., BW: Body weight measured on
the last exposure day, FC: Food consumption in the last exposure week, Relative liver
weight: liver weigtht/body weight measured at time of necropsy

Mice: Growth rates were significantly suppressed in all the DMF-exposed male groups,
whereas the body weight of all the DMF-exposed female groups did not change compared to
the control group. Food consumption was significantly reduced in the 800 ppm male group,
but not in the 800 ppm female group (Table B38).

Table B38. Body weight, food consumption and absolute and relative liver weight (mean +
SD) of the mice exposed to DMF vapour by inhalation for 13 wk

Mice Male Female
Liver weight Liver weight

DMF BW FC Abolute Relative BW FC Abolute Relative (26)
(ppm) @ (%0) @
Control 32.5+1.8 4.4%0.2 1.187%+0.05 | 4.13+0.14 24.3+1.6 4.3%x0.3 0.91+0.09 | 4.52+0.25
50 29.6+1.6" | 4.3+0.3 1.23+0.08 4.77+0.17" 25.0x1.1 4.3x0.4 0.99+0.09 | 4.792+0.32
100 30.3+1.8" | 4.4+0.2 1.37+0.11" | 5.08%+0.151" 24.4+1.3 4.20%0.3 0.10+£0.10 | 4.89+0.28
200 29.5+1.2" | 4.3x0.2 1.33+0.08" | 5.15+0.21" 25.0x1.4 4.20+0.4 1.06x0.12 | 5.01+0.33
400 29.5+2.0" | 4.3x0.2 1.34+0.12" | 5.19+0.29" 25.1+1.3 4.40%0.3 1.04+0.16 | 4.10%0.57
800 26.2+1.5" | 3.7+0.3" | 1.21+0.15 5.26+0.32" 23.6x0.7 4.0%+0.3 1.02+0.16 | 5.17+0.61

Significant difference; *: p<0.05 ™*: p<0.01 by Dunnett’s test., BW: Body weight measured on the last
exposure day, FC: Food consumption in the last exposure week, Relative liver weight: liver
weigtht/body weight measured at time of necropsy

Pathological changes

Table B39 and Table B40 shows the incidence of liver lesions in the rats and mice
(respectively) exposed to DMF for 13 wk.

Rats

One case of massive necrosis was observed in a female rat exposed to 800 ppm. Single cell
necrosis was observed in the males and females exposed to 200 ppm and above, and
occasionally associated with ceroid and hemosiderin deposit. Fragmentation of the nucleoli
and an increase in the mitotic figure were seen, centrilobular hepatocellular hypertrophy was
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noted, and its incidence was significantly increased in the males and females exposed to 400
ppm and above. Neither focal necrosis nor centrilobular necrosis was observed in any DMF-
exposed rat (figure not shown). The relative liver weight increased dose-dependently in the

male rats exposed to 100 ppm and above and in the female rats exposed to 200 ppm and

above. The absolute liver weights of the male and female rats exposed to DMF tended to

increase but did not follow a clear dose-response curve (Table B37 and Table B38).

Table B39. Incidences of liver lesions in the rats exposed to DMF vapor by inhalation for 13

wk

Rats Male Female

Group Control | 50 | 100 | 200 | 400 | 800 | Control | 50 | 100 | 200 | 400 | 800
(ppm)

Number of 10 10 | 10 10 10 10 10 10 | 10 10 10 10
animals

examined

Necrosis: 0 0 0 8" 10" | 107 0 0 0 8" 9~ 10
single cell

Necrosis: 0 0 0 0 0 0 0 0 0 0 0 0
massive

Necrosis: 0] 0 0 0 0 0 0 0] 0] 0] 0 0
focal

Necrosis: 0 0 0 0 0 0 0 0 0 0 0 0
centrilobular

Centrilobular 0 0 0 3 8" 9 0 0 0 0 8" 10
hypertrophy

Significant difference; *: p<0.05

Mice

Three cases of massive necrosis in the males exposed to 800 ppm were noted. Focal necrosis
was noted in the males exposed to 100 ppm and above and the females exposed to 50 ppm

and above, and associated with ceroid and hemosiderin. The incidence of focal necrosis
significantly increased in the females exposed to 100, 200 and 400 ppm. Single cell necrosis

significantly increased in the males and females exposed to 800 ppm. Fragmented nucleoli

were seen in the single cell necrosis. Centrilobular hepatocellular hypertrophy was observed.
The affected hepatocytes were characterized by enlargement of both the cytoplasm and
nucleus, and associated with an increase in the mitotic figure. The nuclear enlargement of the
hypertrophic hepatocytes was more pronounced in mice than that in rats. A significant
increase in the incidence of hepatocellular hypertrophy occurred in the males exposed to 50
ppm and above and in the females exposed only to 800 ppm. A dose-dependent increase in
the relative liver weight was observed in the male mice exposed to 50 ppm and above,

whereas the absolute liver weights of the male and female mice exposed to DMF tended to

increase but seems did not follow a clear dose-response curve (Table B38).

Table B40. Incidences of liver lesions in the mice exposed to DMF vapor by inhalation for 13

wk
Mice Male Female
Group Control | 50 | 100 | 200 | 400 | 800 | Control | 50 | 100 | 200 | 400 | 800
(ppm)
Number of 10 10 | 10 10 10 10 10 10 | 10 10 92 10
animals
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examined

Necrosis: 0] 0O |0 0 1 6~ 0 0O |0 0] 0 5”
single cell

Necrosis: 0] 0] 0 0 0 3 0 0 0] 0] 0 0
massive

Necrosis: 0] 0O |4 2 3 4 0 1 |6" 5" 7" 1
focal

Necrosis: 0 0 0 0 0 1 0 0 0 0 0 0
centrilobular

Centrilobular | O 4 10" | 10" |10" | 10" | O 0 0 0 0 7"
hypertrophy

Significant difference; ™: p<0.05 *: p<0.01 by Chi-square test., a: Number of female mice examined
was 9 instead of 10, because one mouse accidentally died.

Biochemical parameters

In Table B41 and Table B42 are shown the serum levels of blood biochemical parameters of
the rats and mice of both sexes necropsied at termination of the inhalation exposure to DMF
vapor for 13 wk (Values shown are the means).

Rats

Alanine aminotransferase (ALT) was significantly increased in the males exposed to 800 ppm
and in the females exposed to 400 ppm and above. Aspartate aminotransferase (AST) tended
to be increased in the males and females exposed to 800 ppm. Lactate dehydrogenase (LDH)
significantly increased in the females exposed to 800 ppm, and tended to increase in the
males exposed to 800 ppm. y-Glutamyl transpeptidase (y-GTP) was significantly increased
only in the females exposed to 400 ppm and above. Significantly increased levels of total
cholesterol and phospholipids were observed in the males exposed to 50 ppm and above,
whereas the exposed females exhibited significantly increased levels of phospholipids at 100
ppm and above and total cholesterol at 200 ppm and above. Triglyceride was increased in the
females exposed to 200 ppm and above, whereas its level was significantly decreased in the
800 ppm-exposed males. Total bilirubin was significantly increased in the males exposed to
800 ppm and in the females exposed to 400 ppm and above. Alkaline phosphatase (ALP)
levels were altered but judged not to be affected by DMF exposure.

Table B41. Serum levels of blood biochemical parameters of rats of both sexes necropsied at
termination of the inhalation exposure to DMF vapor for 13 wk (Values shown are the means)

Rats

Male

Female

Group
(ppm)

Control

50

100

200

400

800

Control

50

100 | 200

400

800

Number of
animals
examined

10

10

10

10

10

10

10

10

10 10

10

10

Total
Bilirubin
(mg/dL)

0.16

0.16

0.17

0.17

0.18

0.18

0.17

0.17

0.17 | 0.18

0.19

0.21"

Glucose
(mg/dL)

200

205

199

191

173

153"

138

142

144 | 142

134

131

Total
Cholesterol
(mg/dL)

56

1117

115"

136"

81

114

118 133"

149"

168"
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Triglyceride 89 96 82 84 54 39" 17 22 22 24* 24" 33"
(mg/dL)
Phospholipid 107 159" | 169" | 182" | 168" | 182" 138 179 186" | 190" | 211" | 227
(mg/dL)
AST (1U/L) 77 72 73 71 64 199 69 67 68 69 71 112
ALT (1U/L) 45 44 44 46 51 | 2967 37 36 37 39 45" 136~
y-GTP (1U/L) 1 1 1 0 1 1 1 1 2 4~ 16"
ALP (1U/L) 281 249 | 251 | 236" | 247 | 256 201 189 186 208 | 245" | 242"
LDH (1U/L) 136 120 | 136 136 128 | 449 141 161 158 153 | 194 | 333"
Significant difference; *: p<0.05 *: p<0.01 by Dunnett’s test , AST: aspartate aminotransferase, ALT:
alanine aminotransferase y-GTP: y-glutamyl transpeptidase, ALP: alkaline phosphatase, LDH: lactate
dehydrogenase.
Mice
ALT was significantly increased in the males exposed to 800 ppm and the females exposed to
200 ppm and above. AST tended to increase in the males and females exposed to 800 ppm.
LDH was significantly increased in the females exposed to 800 ppm, and tended to increase
in the males exposed to 800 ppm. Total cholesterol was significantly increased in the females
exposed to 50 ppm and above, and the males exposed to 100 and 400 ppm. Blood urea
nitrogen (BUN) was significantly increased only in the females exposed to 800 ppm. ALP
levels were altered but judged not to be affected by DMF exposure.
Table B42. Serum levels of blood biochemical parameters of mice of both sexes necropsied at
termination of the inhalation exposure to DMF vapor for 13 wk (Values shown are the means)
Mice Male Female
Group Control | 50 100 | 200 | 400 | 800 | Control | 50 100 | 200 | 400 | 800
(ppm)
Number of | 10 10 10 10 10 10 92 10 10 10 92 10
animals
examined
Total 0.22 0.19|0.18 | 0.20 | 0.18" | 0.2 | 0.19 0.19 | 0.18 | 0.18 | 0.20 | 0.21
Bilirubin
(mg/dL)
Total 80 82 95" | 92 102" | 96 72 91" | 96" | 100" | 100™ | 97"
Cholesterol
(mg/dL)
AST (1U/L) | 47 45 42 52 47 151 | 67 77 72 77 82 88
ALT (1U/L) | 20 22 23 30 38 216" | 24 35 41 59 | 52" | 89"
ALP (lU/L) | 175 160 | 156" | 158 | 166 218" | 310 264 | 254" | 243" | 248" | 277
BUN 28.1 28.929.1 | 29.6 | 29.7 | 33.1|23.9 26.2 | 27.0 | 25.2 | 30.0 | 39.47
(mg/dL)
LDH (1IU/L) | 261 187 | 175 | 248 | 203 625 | 236 263 | 243 | 266 | 349 | 381"

Significant difference; *: p<0.05 *: p<0.01 by Dunnett’s test , AST: aspartate aminotransferase, ALT:
alanine aminotransferase, BUN: blood urea nitrogen, ALP: alkaline phosphatase, LDH: lactate
dehydrogenase, a and b: Number of female mice examined was 9 instead of 10, because one mouse

accidentally died, and because blood sampling was failed for a mouse, respectively.

Hematological and urinary parameters

Rats and mice
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Although the data of 13-wk exposures are not shown here, the number of platelets
significantly increased in the male rats and mice exposed to 50 ppm and 100 ppm,
respectively. Erythrocyte counts, MCV and MCH significantly increased in the DMF-exposed
rats and mice of both sexes. Other hematological parameters and all urinary parameters
were judged not to be affected by DMF exposure.

Table B43. NOEL values for the relative liver weights and the incidences of the single cell
necrosis and the centrilobular hypertrophy of rats and mice exposed to DMF vapour by
inhalation for 13 weeks

NOEL
Rats Sex Incidences of lesions o
(ppm)
Group (ppm) Control 50 100 200 400 800
Number of
animals 10 10 10 10 10 10
examined
Single c_ell M 0 0 0 8" 107 107 100
necrosis
F 0 0 0 8" 9" 10" 100
Centrilobular M 0 0 0 3 g* 9" 200
hypertrophy
F 0 0 0 0 8" 10" 200
Relative liver M 259 | 2.90 | 2.96° | 3.03° | 3.05" | 3.20" 50
weight (%)
F 2.40 2.56 2.62 2.70 2.89 3.68 100
Mice Sex Incidences of lesions NOEL
(ppm)
Group (ppm) Control 50 100 200 400 800
Number of
animals 10 10 10 10 10a 10
examined
Single cell M 0 0 0 0 1 6" 400
necrosis
F 0 0 0 0 0 5" 400
Centrilo- bular M 0 4 10" 10" 10" 10" }
hypertrophy
F 0 0 0 0 0 7" 400
Relative liver M 413 | 477 | 5.08 | 515 | 5.19° | 5.26" ;
weight (%)
F 4.53 4.79 4.89 5.01 5.00 5.17 -

*: p<0.05 and *: p<0.01 for the liver weight by Dunnett's test, and for the histopathological parameters
by Chi-square test

Senoh et al., 2004

In a follow-up chronic study, rats and mice were exposed by inhalation to DMF vapour at a
concentration of 0, 200, 400 or 800 ppm (v/v) for 6 h/d, 5 d/wk, for 104 weeks. Liver
weights increased in both rats and mice exposed to DMF at 200 ppm and above (Table B44).
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Table B44. Number of surviving animals, body weight and absolute and relative liver weight
(mean = SD) of the rats and mice exposed to DMF vapours by inhalation for 2 years

Rats ' ' Male _ _
No. of surviv. Body weight Liver weight
DMF (ppm) (9) (20) absolute (g) relative (%6)
Control 42/50 393+41 - 11.18+1.72 3.1+0.5
200 38/50 366+29" 93 13.29+2.10" 4.0+0.7"
400 40/50 340+25" 87 12.244+2.39 3.8+0.8"
800 37/50 299+18" 76 15.77+3.07" 5.7+1.2"
] Male
Mice - - - -
No. of surviv. Body weight liver weight
DMF(ppm) (9) (20) absolute (g) relative (26)
Control 37/50 49.2+7.6 - 1.72+0.41 3.9+1.2
200 33/50 42.6+3.8 87 4.16+2.42* 11.0+6.1
400 37/49 38.2+3.3* 78 4.5742.44* 13.7+6.3*
800 40/50 34.54+2.7* 70 5.41+0.88* 17.8+2.5*
Female
Rats - - - -
No. of surviv. Body weight Liver weight
DMF (ppm) (9) (20) absolute (g) relative (%6)
Control 42/49 277432 - 7.03+1.04 2.7+0.5
200 38/50 254425 92 7.88+1.55" 3.3+0.5"
400 38/50 213+21" 77 7.42+1.31 3.7+0.9"
800 30/50 19613~ 71 9.18+1.45" 5.0+0.8"
. Female
Mice - - - -
No. of surviv. Body weight Liver weight
DMF(ppm) (9) (%0) | absolute (g) relative (%6)
Control 29/49 33.7+4.0 - 1.57+0.33 5.4+1.4
200 30/50 33.6+3.7 100 | 5.54+2.58* 18.9+7.0"
400 21/50 32.0+2.7 95 7.10+1.3* 25.8+3.7"
800 22/49 27.3+2.1* 81 5.67+0.97* 23.6+3.0"

Significant difference:
*: p<0.05 *: p<0.01 by Dunnett's test. Body weight measured on the last exposure day (%: compared
to the respective control). Relative liver weight: liver weight/body weight measured at time of necropsy.

Increased levels of y-GTP, ALT, AST and total bilirubin in exposed rats of both sexes and AST
and ALT in exposed mice of both sexes were noted. Besides this, DMF increased incidences of
hepatocellular adenomas and carcinomas in rats and incidences of hepatocellular adenomas,
carcinomas and hepatoblastomas in mice, and that hepatocarcinogenicity of DMF was more
potent in mice than in rats. The data on mice confirm the findings of the previous Senoh et al
study on DMF (2003) in particular regarding the pathological changes in liver: incidences of
clear cell foci and eosnophilic cell foci significantly increased in all the DMF-exposed male
mouse groups, and incidence of eosinophilic cell foci significantly increased in all the DMF-
exposed female groups. Incidences of centrilobular hypertrophy (significantly increased in all
the DMF-exposed male groups and in the 200 and 800 ppm-exposed female groups.
Incidences of nuclear atypia significantly increased in all the DMF-exposed male groups and
in the 800 ppm-exposed female group. Almost all the centrilobular hypertrophy was
accompanied by nuclear atypia. Incidences of single cell necrosis and inflammatory cell nests
significantly increased in all the DMF-exposed male groups, whereas the incidences of single
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cell necrosis significantly decreased only in the 400 ppm-exposed female group, and that of
inflammatory cell nests significantly decreased in the 200 and 400 ppm exposed female

groups.

Ohbayashi et al., 2008

Male Wistar rats were exposed by inhalation to N,N-dimethylformamide (DMF) at O, 200 or
400 ppm (v/v) for 6 hr/day, 5 days/week and 4 weeks, and each inhalation group received
DMF-formulated drinking water at 0, 800, 1,600 or 3,200 ppm (w/w) for 24 hr/day, 7
days/week and 4 weeks. Both the combined inhalation and oral exposures and the single-
route exposure through inhalation or ingestion induced centrilobular hypertrophy and single-
cell necrosis of hepatocytes, increased plasma levels of alanine aminotransferase (ALT),
increased percentage of proliferating cell nuclear antigen (PCNA)-positive hepatocytes
without glutathione-S-transferase placental form (GST-P)-positive liver foci, and increased
relative liver weight (Table B47). Those hepatic parameters of the DMF-induced effects were
classified into hypertrophy, necrotic and proliferative responses according to the pathological
characteristics of affected liver. While magnitudes of the hypertrophic and necrotic responses
were linearly increased with an increase in amounts of DMF uptake in the single-route
exposure groups, those dose-response relationships tended to level off in the combined-
exposure groups. Saturation of the hypertrophic and necrotic responses at high dose levels
might be attributed to suppression of the metabolic conversion of DMF to its toxic
metabolites. Percentage of PCNA-stained hepatocytes classified as the proliferative response
was increased more steeply in the combined-exposure groups than in the single-route
exposure groups. It was suggested that the proliferative response of hepatocytes to the
combined exposures would be greater than that which would be expected under an
assumption of additivity for the component proliferative responses to the single-route
exposures through inhalation and ingestion.

Table B45. Changes in hepatic parameters following combined inhalation and oral exposures

or single-route exposures to DMF in male rats

Centrilobula

Liver r Single-cell PCNA
No. of weight hypertroph necrosis ALT ositive
Group | animals g yp_ Py : (1u/L) P
. (%0, Inci | (Ave- | Inci (Ave- hepatocytes
name examin (mean
ed mean = | den | raged | den raged +S.D) (%, mean =+
S.D.) ce | severi | ce | severit| = S.D.)
(90) | ty) (%) Y)
Inh-0
+
+ Orl-0 5 3'105_0'0 0 0 0 0 35+1 0.3+0.1
ppm
Inh-0
+ Orl- 4.08+0.1
+ +
800 5 7a 100 (1.0) 60 (0.6) 51+10 1.0+0.5
ppm
Inh-0
+ Orl- 4.11+0.0
+ + a
1600 5 9 80 (0.8) 80 (1.0) 53+7 1.6+0.6
ppm
Inh-0
4.23+0.2
+ Orl- 5 12 100 (1.0) 100 (1.8) 761152 2.6+1.82
3200
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Centrilobula .
. Single-cell
Liver r . PCNA
No.of | eight | hypertroph Necrosis ALT ositive
Group | animals og yp_ Py : (1u/L) P
. (%0, Inci | (Ave- | Inci (Ave- hepatocytes
name examin (mean
ed mean = | den | raged | den raged +S.D) (%, mean =+
S.D.) ce | severi| ce | severit|f = S.D.)
() | ty) | (%) y)
ppm
Inh-
200 + 3.74+0.1
orl-0 5 3 40 (0.4) 100 (1.4) 60+12a 0.6+0.22
ppm
Inh-
200 +
3.93+0.1
Orl- 5 6 100 (1.2) 100 (2.0) 88+142 1.9+0.62P
800
ppm
Inh-
200 +
4.01+0.3
Orl- 5 - 100 (1.6) 100 (2.0) | 93+262° 3.6+2.43P
1600
ppm
Inh-
200 +
3.97+0.1
Orl- 5 12 100 (1.8) 100 (2.4) | 97x202° 5.8+1.5%bP¢
3200
ppm
Inh-
400 + 4.03%+0.1
orl-0 5 oa 100 (2.0) 100 (2.0) | 122+272 1.4+0.72
ppm
Inh-
+
400 4.10+0.0
Orl- 5 42 100 (1.8) 100 (2.8) | 85x172° 2.6+1.02°¢
800
ppm
Inh-
400 +
3.98+0.1
Orl- 5 9 100 (2.0) 100 (2.0) | 95x212°¢ 3.6+2.02
1600
ppm
Inh-
400 +
4.07+0.1 134+532
Orl- 5 ~a 100 (2.0) 100 (2.4) R 4.4+1.9 @b
3200
ppm
DMF single-route exposure
groups
Regression equation y=0.0046x+0 | y=0.0066x+0 | y=0.221 | y=0.0068x+0.
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Centrilobula .
. Single-cell
Liver r . PCNA
No. of weight hypertroph Necrosis ALT ositive
Group | animals g yp_ Py : (1u/L) P
. (%0, Inci | (Ave- | Inci (Ave- hepatocytes
name examin (mean
ed mean = | den | raged | den raged +S.D) (%, mean =+
S.D.) ce | severi | ce severit| — S.D.)
(90) | ty) (%0) Y)
.1942 .1613 x+33.71 | 2564
9
DMF combined-exposure
groups
=0.154
Rearession equation y=0.0037x+0 | y=0.0041x+0 )2/x+42 3 y=0.0086x+0.
9 B 3574 .6926 S | 5523

a b c: Significantly different from untreated control group (Inh-0 + Orl-0 ppm), each inhalation-alone
group (Inh-200 + Orl-0, Inh-400 + Orl-0) with matching concentrations and each oral-alone group
(Inh-0 + Orl-800, Inh-0 + Orl-1600, Inh-0 + Orl-3200) with matching concentrations, respectively, at p
< 0.05 by Dunnett test. PCNA : Proliferating cell nuclear antigen

TSCATS, 1990

The study was performed to characterize the toxic effects of DMF in Cynomolgus monkeys
following 13 weeks of inhalation exposure. The aim was to determine the target organ
effects, concentration response, a NOAEL, to measure selected pharmacokinetic parameters,
evaluate potential toxic effects on the male and female reproductive system, examine
differences in response between sexes and to evaluate potential specimen differences in toxic
responses (comparison with literature data) following exposure to DMF vapours. A total of 20
male and 12 adult female monkeys were required for this study. Three
monkeys/sex/exposure group were exposed to the three concentrations of DMF (30, 100 or
500 ppm) or filtered room air (concurrent control). In addition, two males per exposure
group were designated as the post-exposure group. The post-exposure group was held for 13
additional weeks with no exposure and was then necropsied.

The effects of the test substance were studied in groups of 5 male and 3 female monkeys
(two males/group served as additional animals for the post-exposure period). There were no
early deaths in this study and all animals were sacrificed on their scheduled day of necropsy.
There were no treatment-related findings in the 13 week inhalation study except possible
alterations in the menstrual cycle of DMF exposed females. The menstrual cycle of 1 low dose
group female, 2 mid dose females and all high dose females were altered in length. According
to the authors, the subchronic exposure of cynomolgus monkeys to DMF did not cause any
adverse health effects (liver function, sperm production, and sperm motility appeared
unaffected). With respect to the possible increase in mensis length with exposure to DMF and
its relevance, the experts conclusions were that while the data are suggestive of an effect,
there is no confirmed evidence that DMF caused an effect on menstrual cycle because of the
monkeys recent importation history and lack of preexposure data. NOAEI of 500 ppm was
established for monkeys.

Summary of findings in old repeated dose studies in different species.

Inhalation
Cats and rabbits exposed to DMF by inhalation (75, 125 and 150 mg/L on the first, second

and third day, respectively) showed overt findings (salivation, accelerated breathing, strong

Telakkakatu 6, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | echa.europa.eu

69



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
N,N-DIMETHYLFORMAMIDE (DMF)

excitation, redness of the ears). The animals died during exposure or some hours later. With
the exception of fatty infiltration in the liver of the cat and broncho-pneumonic foci in the
lungs of the rabbit, no other pathological findings were observed at necropsy BASF AG, 1952,
cited in OECD SIDS, 2004).

In another study, rats and mice were exposed to 150, 300, 600, 1200 ppm (ca. 0.45, 0.91,
1.82, 3.63 mg/L) DMF 5 d/w; 6 h/d during 12 weeks (TSCATS, 1984). The highest
concentration led to deaths, significant reduced body weight gain and clinical signs in both
species. In rats, a dose-related increase of serum cholesterol was observed, significant at the
highest concentration tested and at 600 ppm in the females. Due to a significant increase of
serum alkaline phosphatase in female animals of the 600 and 1200 ppm groups and elevated
enzyme values (SGPT, SGOT) in one animal at the highest concentration tested as well as to
macroscopical and histopathological changes in the liver (fibrosis, dark stained cytoplasm of
hepatocytes and in the two animals of the 1200 ppm group that died before scheduled
sacrifice widespread collaps, necrosis and accumulation of yellow-brown pigment in kupffer
cells, macrophages and hepatocytes was seen), the liver seemed to be the target organ.
Microscopic changes in the liver were predominantly found in the high dose group and to a
lesser extent at 600 ppm and in the form of variation in nuclear size and cytoplasmic
characteristics at 300 ppm. In mice, discolored livers and/or alterations in consistency were
the main findings at gross necropsy at both high concentrations (600 and 1200 ppm).
Microscopically, animals of these dose groups showed areas of collapse (according to the
authors residual of necrosis) or liver necrosis and one mouse of the 300 ppm group showed a
large area of coagulative necrosis. Two mice of the highest concentration group that died 71
and 76 days after exposure started, exhibited hepatic single cell necrosis. Hepatic cytomegaly
around central veins was seen in all exposed groups and the incidence and severity were
dose-related. According to the authors the MTD was below 600 ppm.

In a study with rats exposed to aerosol of DMF (concentrations are not reported) during 30
days, except necroses in liver and kidneys and changes in lungs, changes in arterial vessel of
the myocard were mentioned (Santa Cruz et al., 1978, cited in OECD SIDS, 2004).

In other numerous old inhalation studies with cats, dogs, guinea pigs, rabbits and rodents the
major effect of DMF inhalation was on the heart, liver, pancreas, kidneys, adrenals and
thymus (OECD SIDS; 2004). Among the species, dogs were reported to be more susceptible
specie to the impact of DMF on heart than on liver parameters.

Dermal

There are results of old dermal studies of different durations reported for rats, rabbits, and
guinea pigs (OECD SIDS, 2004). In rats exposed dermally to 215, 430, 960, 4800 mg/kg
during 30 days, dose-related changes in GOT, GPT, Alkaline Phosphatase, Cholinesterase,
GGT and in the lipid fraction in the serum and in the liver homogenate were described. The
NOAEL was 215 mg/kg (Bainova and Antov, 1980, cited in OECD SIDS, 2004). In another rat
study, functional, biochemical and pathomorphological changes were described for the liver
and the lipid metabolism (Bainova et al., 1981, cited in OECD SIDS, 2004). A cumulative
effects of DMF was suggested after dermal repeated exposures in rats, treated by 475 mg/kg
bw during 30 days and then, treated once with 11.140 mg/kg bw (corresponding to the
dermal LDso) (Schottek, 1970, cited in OECD SIDS, 2004). Thereafter all animals died within
48 hours. Due to this finding the authors deduce a cumulative effect of DMF exposures by the
dermal route.

In a study with rabbits, exposed to 1000 mg/kg bw 2h/ day during 25 days, local hyperemia
and slight infiltration as well as scaling were seen (Lobanowa, 1958, cited in OECD SIDS,
2004. In another study, dermal administration of the test substance at 2000 mg/kg bw to a
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group of 6 rabbits during two weeks (9 applications) resulted in reduced body weights in the
dosed group (TSCATS: OTS 0520867, 1960). Three animals were found dead 2 days after the
5th application, one died 2 days after the 9th application. The remaining 2 rabbits were
sacrificed 4 and 11 days after the 9% application. Only 2 of the animals that died had
sufficiently well preserved tissues for a histological appraisal; these animals exhibited
histological evidence of liver injury. In the rabbit sacrificed 4 days after the last dosing, focal
acute inflammatory lesions of the lungs and kidneys and chronic inflammatory lesions of the
liver were found, however, according to the authors, this was not substance-related. The
animal sacrificed 11 days after the last dosing exhibited only chronic nephritis.

Guinea pigs exposed to ca. 13000 mg/kg, up to 8 days died after 7-8 applications (Martelli,
1960, cited in OECD SIDS, 2004). Significantly decreased food consumption was recorded;
convulsions were observed. Necropsy revealed hyperemia of the internal organs and damage
of the liver and the spleen.

Overall repeated dose studies

An overview of the key studies identified in the sections above is presented in Table B46 per
route of administration, followed by a section on conclusions on repeated dose toxicity. In
Table B47 the starting points for risk assessment are presented for systemic effects (local
effects are covered by systemic effects).

Table B46. Key studies with repeated administration of DMF (adopted from registration
dossier and OECD SIDS, 2004)

Species,
S Duration, NOAEL / NOAEC, S
number, . .. Relia- bility Reference
concentration findings, remarks
sex/group,

guideline
Oral
rat (Sprague- [subacute (oral: |NOAEL: 238 mg/kg bw/day 2 BASF AG
Dawley) gavage) (nominal) (1977)
male/female, 250, 500, 1000 |(male/female) OECD SIDS
10/ sex/dose and 2000 pL/kg |(overall effects) (2004)
group (—238, 475, LOAEL: 475 mg/kg bw/day
equivalent or 950, 1900 (nominal)
similar to OECD mg/kg) (nominal|(male/female)
Guideline 407  |in water) (body weight)
(Repeated Dose Vehicle: water
28-Day Oral Exposure: 28
Toxicity in days (5 d/w)
Rodents)
rat (Charles subchronic (oral:|NOAEL: 12 mg/kg bw/day 2 TSCATS:
River CD strain) [feed) (male/female) OoTS
male/female 200, 1000, 5000 [LOAEL: 60 mg/kg bw/day 0520880
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Species,
S Duration, NOAEL / NOAEC, o
number, . .. Relia- bility Reference
concentration findings, remarks
sex/group,
guideline
Weanling rats [ppm in the diet |(male/female) (1960)
were exposed |(ca. 12, 60, 300 TSCATS:
mg/kg) OoTS
Exposure: 90 0571664
days (1960)
(continuously in TSCATS:
diet) OTS
0572893
(1960)
rat (Wistar) subacute (oral: |7-Ethoxycoumarin O- 2 E. Elovaara,

male
Male Wistar rats

drinking water)
100, 500, 1000
ppm in the
drinking water
(ca. 9.1, 45.5,
90.9 mg/kg/d)
Vehicle: tap
water
Exposure: 14 or
49 days
(continuously in
drinking water)

deethylase activity,
microsomal UDP-
glucuronosyltransferase,
liver GSH (reduced
glutathione) increased,:

All the attempts to
demonstrate formaldehyde
liberation as the product of
oxidative N-demethylation
of DMF in liver microsomes
failed.

No DMF-dependent N-
demethylation activity.
GSH concentration in the
kidneys slightly increased.
markedly diminished
enzyme activity of cytosolic
formaldehyde
dehydrogenase both in liver
and kidney tissues.
decreased hepatic activity
of propionaldehyde-
dehydrogenase.

DMF itself or its known
metabolite,
monomethylformamide,
had no effect on the
activities of various soluble
aldehyde dehydrogenases
of the liver in vitro.

Kinetic enzyme
measurements of various
aldehyde dehydrogenases
or of alcohol dehydrogenase

M. Marselos’
and H.
Vainio
(1983)
OECD SIDS
(2004)
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Species,
S Duration, NOAEL / NOAEC, o
number, . .. Relia- bility Reference
concentration findings, remarks
sex/group,
guideline
following the exposure of
freshly isolated hepatocytes
for 2 hours to DMF (510
mM) via the incubation
medium did not
substantiate any occurrence
of enzyme inhibition.
Inhalation
rat (Crl:CD BR) |25, 100, 400 NOEC: 25 ppm 2 Malley, L.B.,
male/female, 87 ppm (—0.08, (male/female) Slone, T.W.
/sex /dose 0.3, 1.21 mg/L) |(body weight changes, Jr., Van
\Vehicle: clean air|clinical chemistry changes) Pelt, C.,
combined Exposure: 2 LOEC: 100 ppm Elliott, G.S.,
repeated dose |years (5 d/w, 6 |(male/female) Ross,
and h/d) (hepatotoxic effects) (1994a)
carcinogenicity
(inhalation)
(whole body)
OECD Guideline
451
mouse (Crl:CD- |25, 100, 400 NOEC: 400 ppm 2 Malley, L.B.,
1 (ICR)BR) ppm (—0.08, (male/female) Slone, T.W.
male/female, 78|0.30, 1.21 mg/L)/based on: act. ingr. Jr., Van
/sex /dose \Vehicle: clean air|(oncogenicity (no effects)) Pelt, C.,
combined Exposure: 18 LOAEC: ca. 25 ppm Elliott, G.S.,
repeated dose |months (5 d/w, |(male/female) Ross,
and 6 h/d) ((general toxicity) only (1994a)
carcinogenicity minimal changes in liver at
(inhalation) this concentration)
(whole body)
OECD Guideline
451
rat (Fischer 50, 100, 200, NOAEC: 100 ppm 2 NTP report
344) 400, 800 ppm (male/female) (1992);
male/female (ca. 0.15, 0.30, |LOAEC: 200 ppm
subchronic 0.61, 1.21, 2.43 |(male/female) Lynch, D.
(inhalation), mg/L) (microscopic liver lesions) W., Placke,
10 /sex /group Vehicle: M. E.,
unchanged (no Persing, R.
equivalent or vehicle) L., and
similar to OECD [Exposure: 13 Ryan, M. J.
Guideline 413 \weeks (5 (2003)
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Species,
S Duration, NOAEL / NOAEC, o
number, . .. Relia- bility Reference
concentration findings, remarks
sex/group,
guideline
(Subchronic days/week, 6
Inhalation hours/day)
Toxicity: 90-
Day)
mouse 50, 100, 200, No NOAEC identified. 2 NTP report
(B6C3F1) 400, 800 ppm (For female mice the (1992);
male/female, (ca. 0.15, 0.30, |NOAEC for microscopic liver
10/sex /group |0.61, 1.21, 2.43 |lesions is close to 50 ppm, Lynch, D.
mg/L) however increased liver W., Placke,
equivalent or Vehicle: weights were observed at M. E.,
similar to OECD |junchanged (no |this concentration. A Persing, R.
Guideline 413  \vehicle) NOAEC could not be defined L., and
(Subchronic Exposure: 13 in male mice, as Ryan, M. J.
Inhalation weeks (5 centrilobular hepatocellular (2003)
Toxicity: 90- days/week, 6 hypertrophy and increased
Day) hours/day) liver weights were observed
at all DMF exposure
concentrations.
rat and mice 100, 200, 400, |NOAEC: 400 ppm 3 (see Senoh, H. ,
(F344/DucCrj 800 and 1600 (male/female) Conclusion for |Katagiri, T.,
rats & Crj:BDF1 |ppm during the |(mice) Carcinogenicity) |Arito, H.,
mice) 2-wk exposure |NOAEC: 100 ppm Nishizawa,
male/female, (nominal conc.) |(male/female) T., Nagano,
10/sex /group (rats) K.,
50, 100, 200, Yamamoto
OECD Guideline 400 and 800 (2003)
412 ppm during the
(Repeated Dose [13-wk exposure
Inhalation (nominal conc.)
Toxicity: 28/14- Vehicle:
Day) unchanged (no
OECD Guideline vehicle)
413
(Subchronic Exposure: 6h/d
Inhalation (5d/wk 2wk and
Toxicity: 90- 13 wk)
Day)
rat and mice 0, 200, 400 and [No NOAEC identified: Liver |3 Senoh, H.,
(F344/DucCrj 800 ppm weights increased in both Aiso, S.,
rats & Crj:BDF1 Vehicle: rats and mice exposed to Arito, H.,
mice) unchanged (no |DMF at 200 ppm and above Nishizawa,
male/female, vehicle) T., Nagano,
50/sex /group K.,
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(inhalation)

Exposure: 13
weeks (5 d/w, 6
h/d)

Species,
Sl Duration, NOAEL / NOAEC, o
number, . .. Relia- bility Reference
concentration findings, remarks
sex/group,
guideline
Exposure: 6h/d Yamamoto,
OECD Guideline [(5d/wk , 104 S., and
453 (Combined weeks) Matsushima,
Chronic Toxicity T. (2004)
/
Carcinogenicity
Studies)
rat 0, 200 and 400 [No NOAEC identified Ohbayashi,
(F344/DucCrICrj |ppm (inhalation and oral H.,
rats (SPF), (additionally, exposures enhanced the Yamazaki,
males, 5/group |each inhalation |hepatocellular proliferation K., Aiso, S.,
group received |in a more than additive Nagano, K.,
OECD guidelines DMF-formulated |manner (synergistically) Fukushima,
407 and 412; 5 |drinking water at|Findings: centrilobular S., and
rates/ group 0, 800, 1,600 or |hypertrophy and single-cell Ohta, H.
were used 3,200 ppm necrosis of hepatocytes, (2008)
instead of 10.  ((w/w) for 24 increased plasma levels
hr/day, 7 ALT, increased percentage
days/week and 4|of PCNA-positive
weeks. hepatocytes without
Vehicle: DMF glutathione-S-transferase
vapour-air mix |placental form (GST-P)-
positive liver foci, and
Exposure: 6h/d |increased relative liver
(5d/wk , 4 weight
weeks)
monkey 30, 100, 500 NOAEC: 500 ppm 2 TSCATS:
(Cynomolgus) |ppm (about (male/female) OoTS
male/female 0.09, 0.3, 1.5 0528444
subchronic mg/L) (1990)

* reliability is based on the Klimisch code (Klimisch et al., 1997).

For completeness and for comparison, developmental toxicity studies in rats and mice have
also been assessed by the RAC Rapporteurs. These studies are not affecting the conclusion on
developmental toxicity that is based on the rabbit studies.

Developmental toxicity studies in rats

Dermal
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In the dermal developmental study in rats (Hellwig et al. 1991), wavy ribs as well as sternal
aplasia or displacements were the main findings. The sternal aplasia is not further described,
but RAC notes that aplasia is usually considered a malformation (defective development or
complete absence of an organ due to failure of development of the embryonic tissues or cell).
However, DMF (94, 472, or 944 mg/kg/day) was only administered for 3 hours/day, and in an
open epicutanous system, during gestation days 6-10 and then days 13-15, thus in total eight
administrations. No maternal toxicity was observed (as determined by body weight gain days
0-20). Considering the uncertain exposure conditions (allowing evaporation and for a short
period), this study is of limited value in determining the developmental toxicity of DMF.

Inhalation

Hellwig et al. (1991) studied the effects of (whole-body) inhalation of 287 ppm DMF for 6
hours/day during different periods of the gestation (the first experiment days 0-1, 4-8, 11-15,
and 18-19, and the second experiment days 0-3, 6-10, and 11-18). Twenty dams were
sacrificed on days 20 and the foetuses examined. A decreased maternal weight gain was
observed (roughly by 50 %). Foetal effects included an increase in early resorptions and dead
implants, decreased foetal weight, and increased sternal variations (rudiments roughly 2-fold,
aplasia 5-10 fold, and displacements 2-3 fold vs. the two control groups). However, RAC notes
that aplasia is usually considered a malformation.

Two other old inhalation studies (TSCATS 1978, Kimmerle and Machemer 1975) are described
by the Dossier Submitter, but the descriptions are too short for a meaningful assessment. No
malformations was observed, but foetotoxicity at the top doses of 172 and 300 ppm are
mentioned.

Oral

Hellwig et al. 1991 exposed rats to 166, 503 or 1510 mg/kg/day DMF by gavage at GD 5-16.
There was one control group per exposure group, thus in total three control groups. At the two
highest doses, maternal body weight gain was dose-dependently decreased, but the magnitude
of the change was not given. Based on one death among the dams in the top dose group, and
the very high dose level, maternal toxicity can be assumed. At the mid dose the incidences of
early and late resorptions were increased and the foetal body weights were reduced. Number
of runts and anomalies (tail aplasia, cleft palate, atresia ani, anasarca, open eye, and several
foetuses with split and aplastic vertebrae) was also greatly increased (anomalies in 9.5 % of
live foetuses vs. 0.7 % in the control group). At the low dose level (166 mg/kg/day) no relevant
effects were recorded.

Saillenfait et al. (1997) studied developmental toxicity of 50, 100, 200, or 300 mg/kg/day DMF
given by gavage to rats during GD 6-20. Corrected maternal body weight gain was dose-
dependently decreased as from the dose of 100 mg/kg/day (48, 25, 9, 4 grams weight gain at
50, 100, 200, and 300 mg/kg/day vs. 43 g in the control group). No malformations were
observed, but dose-dependent increases in skeletal (including sternebral) variations were noted
already from the lowest dose (50 mg/kg/day).

The rat studies are of varying quality, but the most consistent finding at doses not affecting
the dams is occurrence of skeletal variations. At higher dose levels, also foetotoxicity and some
malformations were observed, but in the presence of maternal effects.

Developmental toxicity studies in mice

Mice were administered 182 or 548 mg DMF/kg/day during GD 6-15 (Hellwig et al. (1991).
Each test group had a control group of a similar size (n=23-24). There were no effect on
maternal body weights or weight gains, and no clinical signs. Both dose levels led to slightly
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decreased foetal weights (significant at high dose; -12 %). At the high dose, 17/241 foetuses
had malformations (cleft palate, exencephalies, hydrocephalus internus, aplasia of
presphenoid). Four foetuses (of 245) had malformations at the low dose (three cleft palates,
one aplasia of presphenoid, and one fused rib). Cleft palates (1 or 2) were also observed in the
control groups.

Hellwig et al. (1991) made a screening developmental toxicity study where mice were given 5
intra-peritoneal injections of 378 or 944 mg/kg DMF on GD 11-15. Two out of eight dams died
at the high dose (after 2 and 4 injections, respectively). A slight increase in the percentage of
malformed foetuses (exencephalies) in relation to live foetuses was noted at the low dose (2.4
% vs. 1.5 % in controls), but no firm conclusions can be drawn from this study because of
small size and low relevance of the route of exposure.

Fail et al. (1998) performed a continuous breeding study in mice exposed to 0, 219, 820, or
1 455 mg/kg/day DMF via the drinking water. According to the restriction proposal, increased
incidences of cranio-facial and sternebral malformations were observed as from the mid dose
(820 mg/kg/day), but magnitude was not given.

No firm conclusions can be drawn from the mouse studies, although the sternebral
malformations are noteworthy.

Conclusion

The systemic effects of DMF observed in the oral repeated dose toxicity studies were reduced
body weight and reduced food consumption. Hepatic injury was characterized by changes in
clinical chemistry values, e.g. increased enzyme activities, increased liver weights (absolute
and relative) and hemorrhagic liver dystrophy with necrosis. Besides this increased kidney
weights were reported in the 28-day gavage study. The liver was the predominant organ of
DMF toxicity. Additionally, DMF impaired aldehyde oxidation in liver and kidneys of the rat
after the DMF intake in the sub-acute study. This could explain the mechanism behind the
alcohol intolerance observed in man after DMF exposure. The NOAEL of 238 mg/kg bw and
200 ppm in diet (12 mg/kg bw) were established for rats in the oral 28-day and oral 90-day
studies, respectively. The 28-day study was preferred to derive starting point over the 90-
day study as the most reliable study available. Indeed the 90-day study is indicated in the
registration dossier as supporting study performed on weanling rats. The starting point for
systemic dermal effects was derived by route-to-route extrapolation (see section DNEL
derivation). No starting point is established for local effects since DMF is not irritating to skin.

Repeated dermal exposures of DMF to rats, rabbits and guinea pigs resulted in deaths,
clinical signs, dose-related changes in the liver’ enzyme activities and in damage of variety of
organs. Among pathomorphological changes were inflammatory lesions of the lungs, kidneys,
liver and spleen. The results of these studies cannot be taken into account for the risk
assessment since only abstracts are available as reported in the ECHA dissemination website.

The inhalation studies showed a consistent NOAEC in rodent species. Chronic NOAEC of 25
ppm (80 mg/m=3) and LOAEC of 25 ppm and subchronic NOAEC of 100 ppm (300 mg/kg bw)
and 400 ppm (1210 mg/m3) were established for rats and mouse, respectively. The
subchronic NOAEC was confirmed by two studies (NTP, 1992, Senoh et al., 2003). The target
organ was liver. The toxicity manifested by the increased serum levels of liver’ enzymes, total
cholesterol, bilirubin and phospholipid as well as increased liver weights with centrilobular
hepatocellular hypertrophy and hepatic single cell necrosis. The 2-year study was used to
derive the starting point. NOAEC of 80 mg/m=3 (25 ppm) served as the starting point for
systemic effects by long-term exposures. No starting point is established for local effects
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since DMF is not irritating to respiratory tract. There were no compound-related lesions noted
in the nose or respiratory tract for any exposure concentration in both rats and mice during
the long-term inhalation study (Malley et al., 1994).

Table B47. Points of departure for DNEL derivation for repeated dose toxicity

Starting Species and NOAEL (mg/kg Toxicological Reference

point for duration bw) or NOAEC endpoint

DNEL ppm (mMg/m=3)

derivation

(endpoint)

Systemic

Inhalation Rats, 2-years 25 ppm (80 mg/m3) |Decreased body Malley et
weights, clinical al., 1994
chemistry changes,
liver injury.

Dermal Rats, 28-days 238 mg/kg bw/day |Reduced body weights |BASF,
and food consumption, (1977
clinical chemistry
changes, liver injury.

The RAC rapporteurs have performed a review of the point of departures for DNELs derivation
(aka ‘Starting dose descriptor’). Based on this review, the RAC rapporteurs have derived the
dermal DNEL from dermal developmental toxicity studies in rabbit. The inhalation DNEL
derived by RAC is based on a combination of human data and rabbit data, taking into account
liver toxicity and developmental toxicity, respectively.

The RAC opinion is based on this additional review and analysis. Details on the selection of
point of departure for DNEL derivation is available in the RAC opinion.

B.5.7. Mutagenicity

DMF is not mutagenic in any of the in vitro or in vivo mutagenicity tests (the registration
dossier and OECD SIDS, 2004).

B.5.8. Carcinogenicity

Information was obtained from the registration dossier, OECD SIDS (2004), and publications.
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Inhalation

In a chronic toxicity/oncogenicity study, male and female rats (Crl: CD BR) and mice (Crl:
CD-1 (ICR) BR) were exposed by inhalation to DMF for 6 hours per day, 5 days per week for
18 months (mice) or 2 years (rats) at concentrations of 0, 25, 100, or 400 ppm (OECD 451,
Malley, et al. 1994). In the rats body weight and body weight gain were reduced in both
sexes at 400 ppm and in the male animals at 100 ppm. Moreover, the animals in these
groups showed increased enzyme activity, increased liver weights and some histopathological
findings in the liver (see section Repeated dose toxicity). There was no compound related
increase of tumors (Table B48). Similar findings were observed in mice. There were no
compound-related effects detected on the estrous cycles of rats and mice exposed to
concentrations up to 400 ppm. The hepatic enzyme sorbitol dehydrogenase (SDH) activity
was increased in rats exposed at 100 and 400 ppm. The magnitude of elevation for SDH
activity was small and the lack of consistent elevations of alanine aminotransferase and
aspartate aminotransferase activities in both males and females indicate that the
hepatocellular injury was mild. For both species, microscopic compound-related changes were
only observed in the liver. In rats, exposure at 100 or 400 ppm caused an increase in the
ratio of liver weight to body weight, hepatocellular hypertrophy, pigment accumulation, and
single cell necrosis. In mice, exposure to DMF at 100 or 400 ppm caused an increase in the
ratio of liver weight to body weight, hepatocellular hypertrophy, and pigment accumulation.
Increased hepatic single cell necrosis was observed at 25, 100, and 400 ppm. Varying types
of non-neoplastic hepatic foci of alteration were increased in mice at 100 ppm and above. No
effects were seen in the reproductive tissues and organs during this study. The respiratory
tract was unaffected. In rats and mice, DMF did not produce an oncogenic response.
Therefore, the no-observable-effect level (NOEL) for oncogenicity was 400 ppm in both rats
and mice. The NOEL in rats is 25 ppm based on the body weight changes, clinical chemistry
changes, and hepato-toxic effects observed at 100 and 400 ppm. Although a NOEL was not
attained in mice due to the morphological changes observed in the liver at all three test
concentrations, the NOEL is expected to be close to 25 ppm based on the minimal changes
observed at 25 ppm.

Table B48. Incidence (%) of Hepatic, Testicular and Mammary Tumors in Rats Exposed to
DMF

- DMF (ppm)
Findings Sex
0 | 25 | 100 | 400
Primary hepatic tumors
Hepatocellular adenoma (M2 2 (1/57)° 2 (1/59) 5 (3/58) 3 (2/60)
(@) 0 (0/60) 2 (1/59) 0 (0/59) 0 (0/60)
Hepatocellular carcinoma M) 0 (0/57) 0 (0/59) 0 (0/58) 2 (1/60)
(@) 0 (0/57) 0 (0/59) 0 (0/59) 0 (0/59)
Primary testicular tumors
Testicular interstitial cell
adenomas M) 9 (5/57) 7 (3/44)° 0 (0/41)¢ 10 (6/60)
Testicular mesothelioma ™) 0 (0/57) 0 (0/44)° 0 (0/44)° 2 (1/60)
Primary mammary tumors
Fibroadenoma M) 2 (1/44) 8 (3/37)¢ 11 (4/38)¢ 3 (1/32)
Adenomad (@) 55 (33/60) | 64 (34/53)° (346/24)0 37(23/62)"
(@) 2 (1/60) 2 (1/53) 4 (2/54) 2 (1/62)
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aM, male; F, female.

PNumerator represents number of tumors, and the denominator represents number of tissues
examined.

°For the 25 and 100 ppm concentrations, non-target organ tissues (such as testes and mammary gland)
were examined only in animals which died prior to scheduled sacrifice or had grossly observable lesions.
9This lesion was not observed in males.

*statistically significant at p < 0.05.

Table B49. Incidence (%) of Hepatic, Testicular and Mammary Tumors in Mice Exposed to
DMF

.. DMF (ppm)
Findings Sex
0 | 25 | 100 | 400
Primary hepatic tumors
Hepatocellular adenomas (M2 22 (13/60)° | 18 (11/62) | 18 (11/60) | 19 (11/59)
@) 0 (0/61) 2 (1/63) 3 (2/61) 2 (1/63)
Hemangioma M) 2 (1/60) 0 (0/62) 0 (0/60) 2 (1/59)
@) 0 (0/61) 0 (0/63) 2 (1/61) 2 (1/63)
Hepatocellular carcinoma® M) 0 (0/60) 2 (1/62) 7 (4/60) 3 (2/59)
Hemangiosarcoma® M) 0 (0/60) 0 (0/62) 2 (1/60) 3 (2/59)
Primary testicular tumors
Interstitial cell adenoma | (M) | 2(1/59) | 0(0/22)¢ | 0(0/25)° | 0 (0/56)
Primary mammary tumors
Adenocarcinoma® | (F) | 3(2/62) | 4(1/26)d | 12 (3/26)° | 0 (0/58)

aM, male; F, female.

PNumerator represents number of tumors, and the denominator represents number of tissues
examined.

°This lesion was not observed in females

dFor the 25 and 100 ppm concentrations, nontarget organ tissue (such as testes and mammary gland)
were examined only in animals which died prior to scheduled sacrifice or had grossly observable lesions.
€ This lesion was not observed in males.

*statistically significant at p < 0.05.

Senoh et al., 2004

Carcinogenicity and chronic toxicity of DMF were examined by inhalation exposure of groups
of 50 rats and 50 mice of both sexes to DMF vapour at a concentration of O, 200, 400 or 800
ppm (v/v) for 6 h/d, 5 d/wk, for 104 wk. In rats, incidences of hepatocellular adenomas and
carcinomas significantly increased in the 400 and 800 ppm-exposed groups and in the 800
ppm-exposed group, respectively (Table B50). The hepatocellular adenoma did not increase
significantly in the 400 ppm exposed female rats, but its incidence exceeded a range of
historical control data in the Japan Bioassay Research Center (JBRC). In mice, incidences of
hepatocellular adenomas and carcinomas significantly increased in all the DMF-exposed
groups (Table B51). Incidence of hepatoblastomas significantly increased in the 200 and 400
ppm-exposed male mice, and 4 cases of hepatoblastomas in the 400 ppm-exposed female
mice and the 800 ppm-exposed male mice exceeded the range of historical control data of
the JBRC. Incidences of altered cell foci increased in the liver of exposed rats and mice in an
exposure concentration-related manner, and those foci were causally related to the
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hepatocellular tumors. Liver weights increased in both rats and mice exposed to DMF at 200
ppm and above. Increased levels of y-GTP, ALT, AST and total bilirubin in exposed rats of
both sexes and AST and ALT in exposed mice of both sexes were noted. It was concluded
that 2-year inhalation exposure to DMF increased incidences of hepatocellular adenomas and
carcinomas in rats and incidences of hepatocellular adenomas, carcinomas and
hepatoblastomas in mice, and that hepatocarcinogenicity of DMF was more potent in mice
than in rats. The exposure to 800 ppm exceeded the MTD (maximum tolerated dose) only for
female rats, but the incidence of hepatocellular adenomas in the 400 ppm-exposed female
rats was increased to more than the upper range of the JBRC historical data.

The doses selected in this study exceeded the MTD, which was exacerbated by probable
exposure to an aerosol during atmosphere generation. The selection of test system used in
these studies may have contributed to increased tumor incidence observed (see conclusion).

Table B50. Incidences of neoplastic and non-neoplastic liver lesions and first appearance of
hepatocellular tumors in the rats exposed to DMF vapour at different concentrations

Group Male Peto | Female Peto
Control 200 | 400 | 800 Control 200 | 400 | 800
PPpmM | ppm | ppm ppm | ppm | ppm
z)?érz:nzr;mals 50 50 | 50 | 50 49a) | 50 | 50 | 50
Neoplastic lesions
Hepatocellular . . .
adenoma. 1 3 13 20 ™ 1 1 6 16 "
Hepatocellular " "
. 0 1 0 24 ™ 0 0 0 5 "
carcinoma
Hepatocellular . . .
tumors b) 1 4 13 33 ™ 1 1 6 19 "
Pre-neoplastic lesions
Altered cell foci
Clear cell foci 11 21 35" | 407 3 23" | 337 33"
Eosinophilic cell foci 13 14 34" | 407 0 4 10" 20"
Basophilic cell foci 24 26 29 42" 23 27 15 29
Mixed cell foci 0 0 1 6" 0 0 0 1
Vacuolated cell foci 6 0~ 7 16 0 0 1 3
Spongiosis hepatis 4 21 | 26" | 247 0 0] 0 2
Non-neoplastic lesions
Necrosis:centrilobular 1 5 0 5 0 3 2 13
®3) (13)
Necrosis:focal 0 3 7" 2 0 2 1 3
Necrosis:single cells 0 0 0 0 0 0 1 0
No. of dead or
moribund animals
bearing 0 0 2 5 0 1 1 1
hepatocellular
tumors
First appearance of
hepatocellular tumor 91 97 104 | 104 101
(wk)
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Group Male Peto | Female Peto
200 | 400 | 800 200 | 400 | 800
Control Control
PPpm | ppm | ppm ppm | ppm | ppm
No. of animals
bearing
hepatocellular
L 1 4 11 28 1 0 5 18
tumors surviving at
time of terminal
necropsy c)
Significant difference; *: p<0.05, *: p<0.01 by Fisher Exact Test.
1: p<0.05, 11: p<0.01 by Peto's Test (Peto)
(): Number of rats which died of centrilobular necrosis within the first 13 wk (for males) or 21 wk (for
females). a: Number of female rat examined was 49 instead of 50, because one rat accidentally died.
b: The hepatocellular tumors include hepatocellular adenoma and hepatocellular carcinoma.
c: Terminal necropsy was started at the 105th wk.
Table B51. Incidences of neoplastic and non-neoplastic liver lesions and first appearance of
hepatocellular tumors in the mice exposed to DMF vapour at different concentrations
Group Male Peto | Female Peto
200 | 400 | 800 200 | 400 | 800
Control Control
PPmM | ppm | ppm PPmM | ppm | ppm
No. of animals 49
. 50 50 50 49 a) 50 50 49 a)
examined a)
Neoplastic lesions
Hepatocellular " x * * * *
b 6 36 41 41 ™ 1 42 47 48 ™
adenoma
Hepatocellular . . x * * *
p_ 2 12 16 16 ™ 3 25 32 35 "
carcinoma
Hepatoblastoma 0 137 7" 4 0 0 4 0
Hepatocellular . . * * * "
b 8 42 46 44 " 3 45 49 49 "
tumors b)
Pre-neoplastic lesions
Altered cell foci
Clear cell foci 4 21~ 13 17" 3 7 4 2
Eosinophilic cell foci 1 38" | 417 | 42~ 1 43" | 437 48"
Non-neoplastic lesions
Centrilobul " x * * *
roburar 0 39" | 41" | 48 2 11" | 5 | 16
hypertrophy
Nuclear atypia: 0 33 | 42° | 45" 7) 7 3 | 16"
centrilobular
Necrosis: focal 8 17 9 (o} 2 2 3 2
Necrosis: single cell 12 38" | 43" | 48" 22 13 6~ 19
Inflammatory cell
Y 15 37" 42" 48" 24 13" 4" 19
nest
No. of dead or
moribund animals
bearing 2 11 11 5 0 16 28 27
hepatocellular
tumors
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Group Male Peto | Female Peto
200 | 400 | 800 200 | 400 | 800
Control Control
PPmM | ppm | ppm PPmM | ppm | ppm
First appearance of
hepatocellular tumor 97 84 67 78 62 68 52
(wk)
No. of the animals
bearing
hepatocellultalr 6 31 35 39 3 29 21 22
tumors survived at
the time of terminal
necropsy c)
Significant difference; *: p<0.05, *: p<0.01 by Fisher Exact Test.
1: p<0.05, 11: p<0.01 by Peto's Test (Peto)
a: Number of mice examined was 49 instead of 50, because one mouse accidentally died.
b: The hepatocellular tumors include hepatocellular adenoma, hepatocellular carcinoma and
hepatoblastoma.
c: Terminal necropsy was started at the 105th wk.
Ohbayashi et al., 2009
Hepatocarcinogenic effect of combined: an inhalation and oral exposure of rats to DMF was
examined. A group of 50 male F344 rats, 6 -week old, was exposed by inhalation to O (clean
air), 200 or 400 ppm (v/v) of DMF vapour-containing air for 6 h/day and 5 days /week during
a 104 week period, and each inhalation group was given ad libitum DMF-formulated drinking
water at 0, 800 or 1600 (w/w) for 104 weeks. Incidences of hepatocellular adenomas and
carcinomas and their combined incidences were significantly increased in the combined-
exposure groups compared with the untreated control group or each of the inhalation-alone
and oral-alone groups (Table B52). Incidences of hepatocellular adenomas and carcinomas
induced by the combined exposures were greater than the sum of the two incidences of the
hepatocellular adenomas and carcinomas induced by the single-route exposures through
inhalation and ingestion. The combined exposures enhanced tumor malignancy. The
hepatocarcinogenic effect of the combined exposures is greater than the effect that would be
expected under assumption that two effects of single-route exposures through inhalation and
drinking are additive (possibly synergistic). The doses selected in this study exceeded the
MTD, which was exacerbated by probable exposure to an aerosol during atmosphere
generation. The selection of test system used in these studies may have contributed to
increased tumor incidence observed (see Conclusion).
Table B52. Number of male rats bearing hepatocellular tumors following combined inhalation
and oral exposures or single-route exposures to DMF
Inhalation (ppm) (0] 200 400
Drinking water 0 800 | 1600 | O 800 | 1600 | O 800 | 1600
(ppm)
Total estimated
amount of DMF 0 44) (82) (121) | (165) | (205) | (242) (289) (338)
uptake (mg/kg/day)
Number of animals 50 50 50 | 50 50 50 50 50 50
examined
Number of amr_nals 9 16 10 14 14 9 13 7 12
dead or found in a
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Inhalation (ppm) (0] 200 400
Drinkin t
FINKING water 0 800 | 1600 | O 800 | 1600 | O 800 | 1600

(ppm)
moribund state
Hepatocellular 1 62 ga 152 28a,b,c 45a,b,c 262 43a,b,c 46a,b,c
adenoma

0 @) 2 (@) (9] (C)) (©)] 3 256(9)
Hepatocellular 0 0 42 1 6a:b.c 14ab.c 2 12ab.c 14ab.c
carcinoma

0] 0 0 0] 0] (1 0] (@&D) 2
Hepatocellular
adenoma + 1 62 122 162 30ab.c | gpabc 262 45a.b.c 47a.b.c
carcinoma

0 @) @) (@) () ®) (©)] (C)) ()
Poorly differentiated,
hepatocellular 0] 0 1 0] 5ab.c 5ac 2 ganb.c ganb.c
carcinoma

0] 0 0 0] 0] 0] 0] 0 2)
N_umber.of animals 0 0 0 0 0 5 1 4 4
died of liver tumors

a, bandc: gignificantly different from the untreated control group, the each oral-alone group and each
inhalation-alone group with matching concentrations, respectively, at p< 0.05 by chi-square test.

Parenthesized values indicate number of male rats dead and found in a moribund state, bearing
hepatocellular tumors on the basis of histopathological examination. Number of animals died of liver

tumors was based on the primary cause of deaths diagnosed on the basis of macroscopic and
microscopic findings.

Summary of old studies (OECD SIDS, 2004)

In old studies of different duration with rats, mice, Syrian hamster treated with different dose
levels administered in drinking water or by i.p. and s.c. routes, no tumors were observed.
However, at the very high dose (4000 mg/kg bw), administered by i.p. route to rats during
10 weeks, multiple tumors (adenocarcinoma, sarcoma, leyomyoma, carcinoma of the rectum,
phaeochromocytoma of the adrenal medulla, embryonal cell like tumors of the testis and
numerous benign tumors) irregular and partial liver cell necrosis and ulceration of the
intestinal mucosa occurred. An untreated control group with 14 male and 14 female animals
run in parallel. The DMF-treated animals served as solvent-control group for a group of
animals treated with aflatoxine dissolved in DMF. In both groups comparable tumor
incidences occurred. The validity of the investigation is limited due to assessments of the
performing institute itself (Clayson D.B.; 1977, cited in OECD SIDS) and assessments of
external sites. The tumor incidences given in the publications are varying.

Human data

Ducatmann et al., 1986 (adopted from Health Canada, 1999)

Three cases of testicular germ cell tumours that occurred during 1981-83 among 153 white
men who repaired the exterior surfaces and electrical components of F4 Phantom jets in the
United States were reported, which led to surveys of two other repair shops at different

locations, one in which F4 Phantom jets were repaired and one where other types of aircraft
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were repaired. Four of 680 workers in the F4 Phantom shop had testicular germ cell cancers
(approximately one expected) diagnosed during 1970-83. No cases were reported in the
other facility. All seven men had long histories in aircraft repair; although there were many
common exposures to solvents in the three facilities, the only one identified as unique to the
F4 Phantom jet aircraft repair facilities was to a solvent mixture containing 80 % DMF (20 %
unspecified). Three of the cases had been exposed to this mixture with certainty, and three
had probably been exposed. Of the seven cases, five were seminomas and two were
embryonal cell carcinomas.

Calvert et al., 1990

The National Institute for Occupational Safety and Health (NIOSH) conducted a standardised
incidence ratio study (SIR) of finishing department workers at the tannery. The cohort of the
study comprised 80 persons who had worked in one tannery in the years 1975 — 1987. The
incidence (three observed cases) of testis cancer was compared with the expected value
determined with the data of the New York State cancer registry. The resulting standardized
incidence ratio 40.5 (95 % CI 8.1-118.4) was significantly increased. However, no additional
cancers were reported in a screening effort in June 1989 undertaken to identify additional
testicular cancers in 51 of the 83 workers at the leather tannery where the three cases were
reported.

This investigation confirmed an excess of testicular cancer at a tannery. This adds to
concerns about the carcinogenicity of DMF but conclusions should be tempered by a lack of
detailed information about exposure to DMF and because of coexistent exposures to other
chemicals at the tannery.

Chen et al., 1988a (adopted from Health Canada, 1999)

In the cohort study of 3859 actively employed workers with potential exposure to DMF and to
DMF and acrylonitrile (ACN) in a fibre production facility, the incidences of cancer of the
buccal cavity/pharynx, lung, prostate, stomach, nervous system and bladder were considered
in relation to level of and, for some tumours, duration of exposure and were compared with
company and national rates. Level of exposure was classified as low (approximately <10 ppm
[<30 mg/m=3]), moderate (sometimes above 10 ppm [30 mg/m3]) or high, although
quantitative data were not reported. Women were excluded from analyses because of the
small numbers. When compared with company and national rates, there was no increase in
the incidence of testicular cancer in 2530 actively employed workers exposed to DMF only.
When the data from this cohort were grouped with data from 1329 workers exposed to both
DMF and ACN, there was only one case of testicular cancer, compared with 1.7 expected
(confidence intervals [CI] not reported). Further, there was a significant increase in prostate
cancer (10 observed vs. 5.1 expected from company rates and 5.2 expected from national
rates; p < 0.10 for both comparisons) in the 3859 workers exposed either to DMF or to both
DMF and ACN. However, when only DMF-exposed workers (2530) were considered, the
standardized incidence rate (SIR) (4 observed vs. 2.4 expected from company rates) was not
significant. Chen et al. (1988a) also reported a significant increase in the incidence of cancer
of the buccal cavity/pharynx (9 observed vs. 1.6 expected from company rates; p < 0.10) in
the 2530 DMF-exposed workers (confidence intervals not reported). When combined with
data from 1329 workers exposed to both DMF and ACN, the increase (11 observed) was
significant when compared with the company rate (3.2 expected, p < 0.01), but not when
compared with national rates (6.6 expected). There was no relation to either level or duration
of exposure. All cases were heavy, long-term smokers.

Chen et al., 1988b
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Excess mortality from ischemic heart disease in DMF-exposed workers in a U.S. ACN fibre
plant was observed in a historical cohort study. Between 1950 and 1982, there were 62
deaths due to ischemic heart disease (40.3 expected from company rates; p < 0.01 - Table
B53). The increase was not significant in comparison with the state (South Carolina) rates. A
similar observation was made for a second group of 1329 employees at the plant who were
potentially exposed to both DMF and ACN (65 deaths observed, 48.3 expected from company
rates; p < 0.05). However, the rate was not significantly higher than either state or national
rates. Lifestyle factors were suggested to be more likely causes than exposure to DMF. In
Table B54 the selected causes of death in honexposed cohort.

Table B53. Selected Causes of Death, 1950 to 1982, DMF-only Cohort, Based on Du Pont
Company Rates

Wage Salary Total

Obs Exp Obs Exp Obs Exp
All causes 184 115.27 41 45.0 225 160.2"
All malignant neoplasms 29 27.1 9 13.0 38 40.1
Buccal cavity and pharynx 1 0.6 1 0.2 2 0.8
Digestive 6 6.5 1 3.4 7 9.9
Lung 14 9.9 5 3.6 19 13.5
Nervous system 2 1.4 1 0.7 3 2.1
All lymphatic 4 3.5 0 1.7 4 5.2
All other 2 5.2 1 3.0 3 8.2
Ischemic heart disease 62 40.3" 15 17.0 77 57.3"
Cerebrovascular disease 5 55 4 2.2 9 7.7
Diseases of digestive system 8 3.4" 0 1.5 8 4.9
External causes 44 23.97 2 4.7 46 28.6"

* Significantly greater than expected, P < 0.01 (two-tailed)
* Significantly greater than expected, P < 0.05 (two-tailed)

Table B54. Selected Causes of Death, 1950 to 1982, Nonexposed Cohort, Based on Du Pont
Company Rates

Wage Salary Total
Obs Exp Obs Exp Obs Exp
All causes 43 26.9* 35 34.6 78 61.5
All
malignant 7 5.6 8 9.6 15 15.2
neoplasms
Ischemic
heart 11 8.2 8 13.3 19 21.5
disease
Eg:j;g:' 14 7.7% 10 3.4% 24 11.1%

* Significantly greater than expected, P < 0.01 (two-tailed)
* Significantly greater than expected, P < 0.10 (two-tailed)

Levin et al., 1987

Case reports from 1987 describe testis cancer in three leather tannery workers. They were
exposed for 8 to 14 years to a number of chemicals including dimethylformamide and a wide
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range of dyes and solvents such as testicular toxins as 2-ethoxyethanol and 2-ethoxyethanol
acetate. Exposure took place by inhalation of aerosols and by skin contact. Two men had an
embryonal cell carcinoma, the third an embryonal cell carcinoma and a seminoma.

Walrath et al., 1989

A case-control study in 4 factories producing and processing dimethylformamide with an
average of 8724 male employees per year described for the years 1956 to 1985 a total of 39
oral cavity and throat carcinomas, 6 liver tumours, 43 prostate carcinomas, 11 testis tumours
and 38 malignant melanomas. There was no increase in the incidence of cancer of the testis
(odds ratio = 0.91; 95 % CI = 0.1-8.6; observed number of cases = 11; Health Canada,
1999). The odds ratio for prostate cancer was not significantly elevated (1.48; 95 % CI =
0.59-3.74; 43 cases; Health Canada, 1999). When analyses were carried out separately for
each of the four plants, an increased incidence was observed only at one plant, where the
exposure to DMF was lower and the number of cases was fewer than at the other plants.
Adjustment for assumed latency period did not alter the odds ratio. There was no increase in
risk of cancer of the buccal cavity/ pharynx (odds ratio = 0.89; 90 % CI = 0.35-2.29, 39
cases; Health Canada, 1999). There was no relationship with duration of exposure. Potential
exposure to DMF was classified as low or moderate based on job title/work area combinations
and monitoring data (Table B55).

Summary analyses over all plants combined show no statistically significant association
between ever having been exposed to DMF and subsequent development of cancers of the
buccal cavity and pharynx, liver, malignant melanoma, prostate, and testis. Furthermore, it is
assumed that other occupational, life-style, and hereditary risk factors may have been acting
as confounders in this study, spuriously inflating the observed odds ratios or masking a
causal association between DMF exposure and disease.

Table B55. Criteria for Ranking of Job Exposures by Geometric Mean and 95th Percentile

Measured . =
Exposure Best Estimate™ of
P ] the 95th Rank
Geometric Mean, .
Percentile, ppm
ppm
0 0 0-None
<1.0 <5.0 P-Present, but not
analytically
detectable™ for below
DMF in air 1 ppm
1.0-<2.0 5.0-<10.0 1-Low
2.0-<10.0 10.0-<50.0 2-Moderate
10.0+ 50.0+ 3-High
0 0 0-None
<1.0 <5.0 P-Present, but not
MMF in urine analyt*lcally
detectable™ or below
1 ppm
1.0-<5.0 5.0-<25.0 1-Low
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Measured . -
Exposure Best Estimate™ of
P ] the 95th Rank
Geometric Mean, i
Percentile, ppm
ppm
5.0-<20.0 25.0-<100.0 2-Moderate
20.0+ 100.0+ 3-High

* Best estimate of the 95th percentile value is 5 times the geometric mean.
* Until 1985, minimum level of detection of both DMF and MMF was 1.0 ppm.

Conclusion on carcinogenicity

The conclusion on carcinogenicity potential of DMF as stated in OECD SIDS (2004) and
registration dossier is given below. The Dossier submitter supports the conclusion on
carcinogenicity.

DMF was studied for its carcinogenicity potential in three inhalation studies, which provides
contraversial results for this endpoint. No increased incidence of hepatic tumors occurred in
the 2-year inhalation study in rats and mice (Malley et al., 2004), while during another 2
year-inhalation study to DMF vapour increased incidences of benign and malignant neoplasms
in two rodent species, hepatocellular adenomas and carcinomas in F344 rats and
hepatocellular adenomas and carcinomas and hepatoblastomas in BDF1 mice were observed
(Senoh et al., 2004). Ohbayashi et al. (2009) confirmed the findings of Senoh et al. (2004).
However, a critical evaluation of the manuscripts revealed that technical aspects of the Senoh
et al (2004) study substantially deviated from the OECD 451 guideline. Therefore, the Senoh
et al (2004) study cannot be used for hazard assessment or risk assessment. In this study,
the doses selected exceeded the maximum tolerated dose (MTD), which was exacerbated by
probable exposure to an aerosol during atmosphere generation. In addition, the selection of
test system used for this study may have contributed to increased tumor incidence observed.
The study is devalidated based on exceeding the MTD and on the technical aspects of
atmosphere generation and analysis and test system selection.

Reason for devalidation of Senoh et al., 2004 study

Exposure concentrations associated with tumors exceeded the MTD.

Senoh et al, 2004 acknowledge and discuss the concerns that are generated by the excessive
toxicity apparent in their observations. Although they acknowledge that the mortality levels,
decreased body weight gain and pervasive liver damage would normally establish that the
Maximum Tolerated Dose (MTD) has been exceeded, the authors argue that the MTD was
only exceeded in the female rats, and only at the highest exposure concentration of 800 ppm.
Senoh et al (2004) concluded that the liver necrosis was triggered by the oncogenic effects of
DMF and not the general, targeted hepatocellular toxicity of DMF. However, globally
recognized testing guidelines recognize that persistent hepatocellular cytotoxicity results in
eventual neoplasia and provides the following guidance for selection of dose levels in chronic
toxicity or oncogencity studies:

“With regard to the appropriateness of the high dose, an adequate high dose would generally
be one that produces some toxic effects without unduly affecting mortality from effects other
than cancer or producing significant adverse effects on the nutrition and health of the test
animals (OECD, 1981, NRC 1993).”

EPA guidelines on the conduct and interpretation of carcinogenicity studies (2005) provide
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further guidance and cite the following examples of excessive toxicity:

“significant increases in mortality from effects other than cancer generally indicate that an
adequate high dose has been exceeded.

Other signs of treatment-related toxicity associated with an excessive high dose may include
(a) significant reduction of body weight gain (e.g., greater than 10 %), (b) significant
increases in abnormal behavioral and clinical signs, (c¢) significant changes in hematology or
clinical chemistry, (d) saturation of absorption and detoxification mechanisms, or (e) marked
changes in organ weight, morphology, and histopathology.”

All of these indicators of signs of exceeding the MTD were present in Senoh et al 2004. for
rats at the two highest concentrations (400 and 800 ppm), and at all concentrations for mice.
In mice, Senoh et al 2004 reported significant adverse effects on the liver at all exposure
concentrations, in both sexes and with no dose response. All three exposure concentrations
resulted in significant but flat increases in relative liver weight, and dramatic increases in
hepatic damage based on serum chemistry values and histological findings. In rats, similar
hepatic distress was evident for the two highest dosing levels based on increased relative
liver size, increased blood serum markers, and increased incidences of severe hepatic effects
such as hepatic spongiosis and focal necrosis. Neoplastic findings in males were recorded only
in the presence of decreases in body weight gains of 13 % and 24 % at 400 and 800 ppm,
respectively; and in the female rat, an increase in tumors was seen only at a concentration
associated with a 29 % decrease in body weight, and 24 % lower survival, compared to
controls.

All experimentation on DMF illustrates that the liver is the target organ for toxicity, and
saturation of DMF metabolism leads to pervasive hepatocellular necrosis. (IARC, 1999.)
Furthermore, Hundley, et al (1993) demonstrated that metabolism of DMF in rats and mice
was saturated at vapour concentrations greater than 250 ppm, further confirming the
conclusion that the MTD was exceeded in Senoh et al (2004). In addition, DMF appears to
affect the mouse liver more severely, apparently due to the higher plasma levels of DMF
compared with the rat. The plasma Area Under the Curve (AUC) increased 29-fold in the
mouse as DMF concentrations increased from 250 to 500 ppm, compared to an 8-fold
increase in AUC for rats over this concentration range. (Hundley et al, 1993).

For both the rat and mouse data generated by Senoh et al (2004), the findings do not
support a conclusion that DMF has a direct carcinogenic potential. Only highly compromised
tissues, at the end of continuous chronic exposures, were prone to produce neoplasia
amongst the secondary consequences of these extreme assaults on the liver.

Atmosphere generation techniques resulted in higher exposure than acknowledged in the

study report.

DMF is challenging to vapourize in inhalation chambers for extended periods, due to its
relatively low vapour pressure. The low vapour pressure at room temperature (3.7 mm Hg @
25°C) can result in aerosol formation unless the airflow through the chamber is sufficiently
high enough to prevent formation of aerosol droplets. It is likely that the 800 ppm
concentration claimed by Senoh et al (2004) was a vapour/aerosol mixture based on their
reported chamber air exchange rate in Senoh et al (2004) that was lowered from 12 to 6 air
exchanges per hour during the 6 hour exposure periods (for reasons not explained in the
study). The OECD testing guidelines for inhalation studies specify that a “dynamic air flow
rate of 12 to 15 air changes per hour [is necessary] to ensure adequate oxygen concentration
of 19 percent and an evenly distributed exposure atmosphere.” The method of atmosphere
generation used for the chronic study was also used and described in the Senoh et al (2003)
subchronic study. Senoh et al (2003) described their atmosphere generation method as
“spraying liquid DMF into the air space of the solvent chamber, further diluting the vapour
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with clean air.” This technique, as described, likely resulted in the generation of aerosol
particulates. The analytical method used by Senoh et al (2003, 2004). to verify exposure
concentrations would not differentiate DMF vapour from aerosol. Aerosolization of DMF would
result in significant dermal and/or oral exposures (from grooming behavior) in addition to the
intended inhalation exposure.

The likelihood that the procedures used by Senoh et al (2004) enhanced the generation of
DMF aerosols in the experimental chambers is consistent with the striking difference between
the results of Malley et al (1994) and Senoh et al (2004) at similar targeted exposure
concentrations. DMF is well absorbed through the skin, and aerosol deposition on the animals
during whole body exposure would be expected to result in much higher internal doses of
DMF from grooming (oral exposure) and dermal absorption than anticipated from the air
levels measured in the exposure chambers.

Test animal strains used by Senoh et al, 2004 modified the potential sensitivity to DMF.

Senoh et al (2004) used F 344/DucCrj rats and Crj:BDF1 mice. The mouse strains used by
Senoh et al (2004) have been shown to have differential sensitivity in the mutations caused
by known genotoxic hepatocarcinogens compared to the standard mouse strains used in
carcinogenicity studies, including the B6C3F1, Balb/c, and C3H mouse strains (Kushida et al.,
2006). The use of these sensitive strains exacerbated the response in the liver, causing
excessive damage, even at low dosing levels.

In addition, the spontaneous tumor profile of the rat and mouse strains used by Senoh et al
2004 has not been evaluated. OECD Guideline 451 provides the following guidance on
selection of the species and strain for carcinogenicity studies:

“The use of inbred strains has the advantage of the availability of animals with known
characteristics, such as an average life span and a predictable spontaneous tumour rate. ...A
good knowledge of the tumour profile of the animal strain throughout the life span is highly
desirable in order to evaluate the results of experiments in a proper way. Preference should
be given to strains with a low incidence of spontaneous tumours.” (OECD 1981)

The Malley et al (1994) study and the Senoh et al (2004) studies are very similar in
structure, particularly in the following parameters:

e Test animals (both rats and mice);

e Route of exposure (inhalation);

e Frequency of exposure (5 days per week, 6 hours per day);
e Clinical pathology evaluations, and

e Tissues examined and collected (full range).

Nevertheless, the two studies differed in several key elements:

e EXposure concentrations: Senoh et al (2004) used a high concentration of 800 ppm,
exceeding the MTD, compared to a high concentration of 400 ppm in Malley et al
(1994).

e The atmosphere generation techniques used by Senoh et al (2004) probably produced
aerosolized particles that further increased exposure and were not detected due to the
method of atmosphere analyses.

e The mouse strain used by Senoh et al (2004) may be more sensitive to hepatoxins
than the standard strain used in Malley et al (1994).

These differences resulted in significantly different levels of toxicity to the target tissue, the
liver, as demonstrated by extensive hepatocellular damage, ultimately leading to
hepatocellular adenomas and carcinomas. Although Senoh et al (2004) acknowledged that
the MTD was exceeded in female rats; they did not adequately address the implications of

Telakkakatu 6, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | echa.europa.eu

90



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
N,N-DIMETHYLFORMAMIDE (DMF)

that flaw. Specifically, Senoh et al (2004) fail to account for the fact that the male rats
showed oncogenicity only at the two concentrations associated with significant liver damage
and decreases in body weight gain. Since the exposure concentrations in the Senoh et al.
(2004) significantly exceeded the MTD, and the method of analyses used would not have
detected the presence of an aerosol in the exposure chamber, rendering the quantification of
the exposure concentrations unusable, the Senoh et al. (2004) study cannot be used as a key
study for hazard identification or risk assessment purposes.

Similarly, the studies by Ohbayashi et al (2008, 2009) also cannot be used as key studies for
classification of carcinogenicity due to exceeding the MTD.

These studies are scored as a K3 due to exceeding the MTD. In addition, the results of
Ohbayashi et al (2009) confirm that the excessive liver toxicity reported in Senoh et al
(2004) were due to a combined inhalation exposure and oral/dermal exposure resulting from
aerosol deposition on the skin and fur.

DMF should not be classified as a carcinogen (CLP Cat 1a or 1b or Cat 2) due to the following
reasons:

¢ DMF was not oncogenic at doses that don’t exceed metabolic saturation: Male and
female rats (Crl:CD BR) and mice (Crl:CD-1 (ICR)BR) were exposed by inhalation to
DMF for 6 hours per day, 5 days per week for 18 months (mice) or 2 years (rats) at
concentrations of 0, 25, 100, or 400 ppm according to U.S. Environmental Protection
Agency TSCA 799.9430 Guidelines, and OECD 453 Guidelines (Malley et al, 1994).
Dosing levels were verified by gas chromatography, and the authors established that
aerosolized particles were not present, so that inhalation was the only significant route
of exposure. There were no effects on clinical observations or survival in either
species. Body weights of rats exposed to 100 and 400 ppm were reduced. Conversely,
body weights were increased in mice exposed at 400 ppm. No hematologic changes
were observed in either species. The hepatic enzyme sorbitol dehydrogenase activity
was increased in rats exposed at 100 and 400 ppm. For both species, microscopic
compound-related changes were only observed in the liver. In rats, exposure at 100
or 400 ppm caused an increase in the ratio of liver weight to body weight,
hepatocellular hypertrophy, pigment accumulation, and single cell necrosis. In mice,
exposure to DMF at 100 or 400 ppm caused an increase in the ratio of liver weight to
body weight, hepatocellular hypertrophy, and pigment accumulation. Increased
hepatic single cell necrosis was observed at 25, 100, and 400 ppm. Varying types of
non-neoplastic hepatic foci of alteration were increased in mice at 100 ppm and
above.

This was confirmed also by multiple weight of evidence originated from the old studies
reported in OECD SIDS report (2004). The tumors were observed in rats by repeated
exposures to only very high dose (4000 mg/kg bw) of DMF (Clayson D.B.; 1977, cited in
OECD SIDS, 2004)

e DMF is not genotoxic: DMF was negative in the majority of genetic toxicity tests
conducted including in vivo dominant lethal assays in rats exposed by inhalation and
in mice exposed dermally or by intraperitoneal injection (Lewis 1979; Monsanto 1972;
BASF 1976). In addition, DMF exposure did not alter the frequency of sister chromatid
exchanges in exposed workers. (Cheng et al., 1999). Single instances of positive
results from an unscheduled DNA synthesis study (Williams, 1977), a micronucleus
study (Ye, 1987), and chromosome aberration study (Koudela and Spazier 1979),
were not repeatable in multiple tests performed by other laboratories. (IARC, 1999).
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IARC reviewed this extensive body of data and concluded that DMF is consistently
negative for genotoxicity in well controlled studies.

¢ DMF was not oncogenic in well conducted studies of occupationally exposed workers:
Two studies describing the cancer incidence and mortality in a cohort of 5,005 workers
at an acrylic fiber plant with 3,859 workers exposed to DMF were published by Chen,
et al (1988a, B.). One case of testicular cancer, and 11 cases of buccal/pharynx
cancer with a significantly elevated SIR for 9 cases in 2,350 workers exposed to DMF-
only; however, only one case was observed in the 1,329 workers exposed to DMF and
acrylonitrile. Moreover, the risk of buccal/pharynx cancer did not increase with
increasing exposure level or duration of exposure to DMF as detailed in the Chen et al.
manuscript. Finally, the authors observed that all 11 cases of buccal/pharynx cancer in
the cohort were heavy smokers for a duration of at least twenty years.

In addition, a case-control study was conducted at four plants where DMF was produced or
used (Walrath, et al. 1989). This study assessed exposure to DMF for eleven cases of
testicular cancer and cases of other rare cancers including buccal/pharynx (39 cases), liver (6
cases), melanoma (38 cases), and prostate (43 cases). Two control subjects were matched to
each cancer case based on sex, birth year, plant, and payroll class (wage or salary). The
authors conclude that there is no causal relationship between exposure to DMF and any of
the cancers studied. Although they identified limitations of low statistical power due to the
small number of cancer cases and the inability to study persons no longer employed at the 4
facilities at the time of the investigation, it is noteworthy that this study includes a greater
number of cancer cases than other case-control studies cited in the literature, and it also
includes documented exposure to DMF, which were not documented in previously published
case-control studies.

GHS classification for carcinogenicity specifically addresses using a weight of evidence
approach, and consideration of additional factors such as:

“The possibility of a confounding effect of excessive toxicity at test doses.” (Globally
Harmonized System of Classification and Labeling of Chemicals (GHS) 2009)”.

EPA 2005 similarly states that results from studies in which tumors are observed only at
excessive doses should not be used for assessing human hazard and risk.

In conclusion, the studies of Senoh et al (2004), and Ohbayashi et al (2008, 2009) cannot be
used for classification due to excessive toxicity, and technical difficulties with atmosphere
generation and analysis, and animal strain selection. Based on the study by Malley et al
(1994), as well as the absence of genotoxicity, and no evidence of increased tumors in
exposed workers, DMF should be classified as not carcinogenic. For these reasons, the Malley
et al study (1995) is the point of departure for DNEL derivation for sistemic chronic inhalation
toxicicty (Table B56)

Table B56. Points of departure for DNEL derivation for systemic chronic inhalation toxicity

Starting Species and NOAEC ppm Toxicological Reference

point for duration (mg/m3) endpoint

DNEL

derivation

(endpoint)

Systemic

Inhalation Rats, mice, 2-years (25 ppm (80 mg/m3) |Decreased body Malley et
400 ppm (1210 weights, clinical al., 1994
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Starting Species and NOAEC ppm Toxicological Reference
point for duration (mg/m3) endpoint
DNEL
derivation
(endpoint)
mg/m?3) for chemistry changes,
oncogenicity liver injury; no
increased incidence in
tumors.

B.5.9. Toxicity for reproduction

The information of toxicity to reproduction was gathered from the registration dossier and the
OECD SIDS (2004).

Fertility
Oral
Fail et al. 1998

In a continuous breeding study CD-I (ICR)BR outbred Swiss albino mice were treated orally
with DMF in the drinking water at doses of 1000, 4000 and 7000 ppm (about 219, 820 and
1455 mg/kg bw/day). In the study the reproductive toxicity in CD-1 (ICR)BR outbred Swiss
albino mice, during chronic exposure to dimethylformamide (DMF), was evaluated using the
Reproductive Assessment by Continuous Breeding Protocols. The study was conducted through
4 trials: a palatability and dose range-finding study, a Fo cohabitation and lactation studies
(continuous breeding phase), a crossover mating trial and Fo necropsy and a Fi fertility
assessment.

According to the authors, the Maximal Tolerated Dose (MTD) for geralized toxicity was 1000
ppm for the Fo and the Fi1 generation: at this dose level, the only effects observed were: 1)
significantly increased liver weights without histopathological findings in Fo and in Fi1
generations, 2) significantly reduced spermatid count in FO generation, however this effects
was not dose related. Evaluation of sperm parameters indicated a slight decrease in testicular
spermatid concentration in the DMF-treated groups that was significant at the low and high
doses, with a significant trend. However, DMF had no adverse effect on epididymal
spermatozoan concentration, motility, or morphology. Microscopic evaluation of the
reproductive organs revealed no histopathology due to DMF treatment. Thus, the effect on
testicular spermatids was likely a Type Il error and not biologically relevant.” 3) cauda
epididymidal weight was significantly increased in FO generation, 4) reduced prostate weight
in F1 (dose-related effect).

Separating reproductive effects from typical general toxicity effects (=systemic effects like
clinical signs, body weight, food and water consumption, gross pathology of organs (except
gonads), the only systemic effect observed at the lowest dose level was increased liver weight
in both generations.

Dose range-finding study

During the 2-week DMF exposure (2.500 to 15.000 ppm in drinking water), treatment-related
deaths occurred at doses of 10.000 ppm and 15.000 ppm. No clinical signs were observed
other than the death of seven males and three females at 15.000 ppm and three males at
10.000 ppm. Body weight was decreased in the remaining 15.000 ppm animals. Water
consumption was decreased in both sexes at 1 and 2 weeks of DMF exposure. On the basis of
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these data, doses of 1000, 4000, and 7000 ppm were chosen for the continuous breeding
phase.

Cohabitation and lactation studies (continuous breeding phase)

For Fo animals, no dose-related clinical signs or increased incidence of mortality was
observed. There was no effect of treatment on male body weight or feed and water
consumption (data not shown). Female body weight was significantly reduced at the high
dose on Weeks 8 and 16, reflecting, at least in part, the non-pregnant status in 20 to 40% of
these animals. However, for those animals that delivered litters, body weight was affected by
treatment at all doses by Week 16 (data not shown). During the lactational period, DMF
effect seemed to be directly related to pup mass (Post Natal Day - PND 0 through 4). Relative
maternal feed consumption (g/kg/d) was significantly depressed only at 7000 ppm on PND O
through 4, at 24000 ppm mid-lactation, and at 21000 ppm on PND 14 through 21. Relative
maternal water consumption (g/kg/d) exhibited the same, albeit more pronounced effect
(data not shown). A small portion of the water and feed were consumed by pups on PND 10
through 21. Average doses in 1000 ppm males ranged from 182 + 6.9 mg/kg body weight/d
on week 1 to 187.9 = 27.7 mg/kg/d on week 27, whereas females consumed 256 *+ 38 to
193 +11.1 mg/kg body weight/d for the same time frame. In general, females consumed
more DMF per kg body weight than did males, most likely because they were pregnant.
Doses for 4000 ppm animals ranged from 545 + 29 to 845 + 39 mg/kg/d in FO males and
pregnant females. For 7000 ppm animals, 1026 + 42 to 1578 + 104 mg/kg/d DMF was
consumed. Exposure of Fo mice to DMF altered measures of fertility and fecundity (Table
B61). At 7000 ppm DMF, fertility was reduced in the first litter to 90%, compared to 100% in
controls. Over time, this treatment-related effect increased. By the final litter, fertility was
further reduced to 55% at 7000 ppm. By this time, reduced fertility was also noted at 4000
ppm. For pairs exposed at 4000 ppm or greater, the average number of litters per pair,
average litter size, proportion of pups born alive, and average pup weight were reduced
compared to control pairs. DMF treatment had no effect on these parameters in the 1000
ppm group (Table B61). Pups born to DMF-treated pairs had external malformations or other
abnormalities, including domed heads and hematomas along the nose and on the head.
Those pups affected most severely died shortly after birth, and many were partially
cannibalized prior to examination. During the continuous breeding phase, the proportion of
litters with one or more pups with an abnormal appearance was 10.5%, 90.0%, and 77.8%
for the 1000, 4000, and 7000 ppm dose groups, respectively, compared to 7.9% for the
control group. The slight reduction in the proportion of litters with malformed pups in the
high-dose group, compared to the mid-dose group, was influenced by the decreased fertility,
increased prenatal death, and postnatal cannibalism observed in the high-dose group (data
not shown). During the lactation period, following separation of the breeding pairs, average
postnatal survival was reduced for mid- and high-dose animals (24000 ppm) after DMF. Live
pup weight, reduced at birth for DMF (Table B57), was affected only infrequently during the
preweaning period (data not shown). Thus, for those high-dose pups that survived, body
weights were normal for the most part until weaning.

Table B57. Fertility and reproductive performance of FO mating pairs
Dimethylformamide in water (ppm)

0 1000 4000 7000
No. breeding pairs 38 20 20 20
Percent fertile (first litter)? 100t 100 100 90"
Percent fertile (final litter) 92+ 95 70" 55"
Cumulative days to litter (first | 21.7+3 (38) 24.5+1.1 (19) 28.1+4.2 (20) 23.1+1.9 (18)
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Dimethylformamide in water (ppm)

0 1000 4000 7000
litter)®
Cumulative days to litter (final
itter)? 10310.8 (35) 105+1.2 (19) 104+1.0 (14) 10441.2 (11)
Litters per pair 4.940.0t 4.840.2 4.5+0.2" 3.8+0.3"
Live pups per litter 11.8+0.3% 11.8+0.3 7.5+0.9 5.3+0.8"
Percent of live pups 98x1t 99+1 766" 71+8"
Live pup weight (g) 1.58+0.02t 1.55+0.02 1.30+0.02" 1.27+0.02"
Adjusted live pup weight 1.59+0.02% 1.55+0.02 1.30+0.02" 1.26+0.03"

Data presented as number, percentage, or mean = SEM; T = P < 0.05, test for linear trend;

* = P < 0.05, pairwise comparison to controls.

Data for sex ratio and percent pregnant are not shown (cited in Fail et al., 1998).

aNumber of females delivering a litter/number cohabited with males.

PNumber of days from initial cohabitation until litter was observed; parentheses enclose number of
females.

Crossover mating trial and Fo necropsy: DMF

A crossover mating trial was conducted with 7000 ppm treated males and females bred to
control mates (Table B58). No differences were detected in DMF-treated groups of either sex
for comparisons to controls. A lower than usual pregnancy rate in the control group resulted
in fewer litters, thus affecting the power of statistical analysis and the strength of
conclusions. However, comparisons between treated groups did differ. For the two groups in
which control animals of both sexes were mated to dosed animals, groups with the dosed
females had fewer live pups per litter (5.5 = 1.0 vs. 10.2 = 1.2). The smaller litter size was a
reduction of 32% from control 3 control pair values, with the difference being significant at P
= 0.065. Both the adjusted and unadjusted pup weights were lower in pups of dosed females
compared to those sired by treated males mated to control females. Together, these data
suggest that the female was the sex affected by DMF exposure. Fi pups born following the
crossover mating were examined for whole body skeletal malformations and soft tissue
cranial malformations. Pups born to pairs with the DMF-treated female partner exhibited the
same spectrum of malformations as observed during the continuous breeding phase. The
proportion of litters with one or more externally malformed pups was 12.5%, 0.0%, and
90.9% for the control male 3 control female, 7000 ppm male 3 control female, and control
male 3 7000 ppm female pairs, respectively. A thorough examination of the internal skeletal
structure of 252 pups indicated an incidence of litters with one or more malformed pups at
83.3%, 81.8%, and 100% for the same three mating groups, respectively. The percent pups
(within litters) with skeletal malformations was significantly increased in the control male vs
7000 ppm female group (95%), compared to the control pairs vs control mating (40%) and
for control female vs 7000 ppm males (38%). Incomplete ossification of the cranial bones, a
common indicator of developmental delay, accounted for 82% of the malformations observed
in the control male vs control female group, and 97% of the malformations observed in the
7000 ppm male vs control female group, but was not observed in the control male vs 7000
ppm female group. Malformations observed in the latter group included abnormal ossification
of the cranial plates, abnormal suture formation in the cranium, and abnormal or incomplete
formation of the sternebrae. Further examination of 95 heads, taken from randomly selected
pups, revealed that 6/26 (23.1%) of the pups born to DMF-treated mothers had
malformations, including agenesis of the cerebrum, agnathia, abnormally shaped cerebrum or
cranium, cleft palate, or enlarged cerebral ventricles. Head malformations observed for pups
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born to the control male vs control female pairs (2/29) and 7000 ppm male vs control female
pairs (1/40) were accounted for solely by the observation of enlarged nasal passages (data
not shown).

After pups were born from the crossover mating, estrous cycles were monitored in control
and high-dose females for 12 days. For DMF-treated females, there was no effect of
treatment on the length of the estrous cycle or stage frequency distribution, but 86% of the
controls had 4- to 5-d estrous cycles, compared to 66% after DMF (Table B59). Thus, the
number of animals having normal cycles was decreased by DMF. In DMF-treated animals at
necropsy, Fo female but not male body weight was significantly depressed at the high dose
(Table B60 and Table B61). Male liver weights were increased at all doses (Table B60).
Female absolute and relative liver weight and kidney plus adrenal weights were increased at
all dose levels (Table B61). Histopathologic evaluation of livers exhibiting gross lesions from
four animals in the mid- (two females) and high-dose (two males) groups revealed
centrilobular hepatocellular hypertrophy (data not shown), which is considered to be
treatment related. Thus, at all doses, DMF caused general toxicity, with some evidence of
histologic involvement at the mid and high dose. Of the reproductive organs examined, cauda
epididymidal weight was significantly increased at all doses of DMF (Table B60). Further
evaluation of sperm parameters indicated a slight decrease in testicular spermatid
concentration in the DMF-treated groups that was significant at the low and high doses, with
a significant trend. However, DMF had no adverse effect on epididymal spermatozoan
concentration, motility, or morphology. Microscopic evaluation of the reproductive organs
revealed no histopathology due to DMF treatment. Thus, the effect on testicular spermatids
was likely a Type Il error and not biologically relevant.

Table B58. Mating, fertility, and reproductive performance of FO pairs after a crossover
mating trial to determine the affected sex

Dimethylformamide (in drinking water)
Parameter Control male x 7000 ppm male x Control male x
control female control female 7000 ppm female
Percent fertility? 50 (8/16) 69 (11/16) 55 (11/20)
Live pups per litter® 8.1+1.9 (8) 10.2+1.2 (11) 5.5+1.0 (11)
Live pup weight (g)° 1.56+0.18 (6) 1.63+0.06 (11) 1.44+0.06 (10)
Proportion of pups born 0.73+0.16 (8) 0.94+0.04 (11) 0.68+0.12 (11)
alive®
Adjusted live pup weight (g)f | 1.61+0.10 1.66+0.08 1.38+0.08 b#
Average dam weight (g) 40.30%2.06 41.42+1.18 40.74+1.25
Average days to litter 21.6+0.4 22.0+0.7 21.6£0.3

aNumber of deliveries/number cohabited; * P < 0.05, pairwise comparison to controls.

bTreated groups differ from each other at P < 0.05.

°Numbers in parentheses are number of dams delivering litters.

dTreated groups differ at P < 0.075; ANOVA is P < 0.07.

®Numbers in parentheses are number of litters with live pups.

Body weight adjusted statistically (lease square estimate) to account for differences in litter size.
9Differs from control at P < 0.09.

Table B59. Summary of estrous cyclicity studies in FO females after 29 weeks exposure to
formamide or dimethylformamide

Cycle length

Average cycle (d)°
length®

Dose P E | M| D |N 4-5 | 6. | >1 %

Estrous stage (%6) Average no.

cycles®
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(ppm) 10| O | CVvE

0] 23 |18 |22 |35 | 0. | 4.55+0.13 (20) | 19 1 2 100 1.5%+0.2 (22)
5 1.2 |.7 |.6 |0

7000 24 [14 |19 |41 | 0. | 4.98+0.77 (9) |8 1 |2 |92 1.8+0.3 (12)
.3 .6 4 .7 |0

aFrequency of total time in each stage of cycle for all animals. Abbreviations for stage of cycle in smears
evaluated were: P, proestrus; E, estrus; M, metestrus; D, diestrus; N, not clear or no cells observed.
bAverage cycle length in females that had clearly defined cycles (number of animals).

¢Distribution of cycle lengths (number of animals having average cycle length in each category).
dpercent of females with clearly defined cycles of vaginal epithelium (CVE) at least once during the 12 d
observed.

eAll females. For those without cycles, a O was entered into average.

*Formamide altered the frequency pattern of time spent in various stages of the estrous cycle (P < 0.05)
and reduced percentage having vaginal cyclicity (P < 0.05).

Table B60. FO generation: selected organ weights in male mice at necropsy after

dimethylformamide for 29 weeksa

Parameter 0 1000 4000 7000
Number of animals 20 10 10 10
Body (g) 39.2+1.2 37.3+0.94 39.6+0.81 36.3+0.99
Liver (g) 2.1+0.05t 2.6+0.09" 3.3:0.10° 3.00.14°
Kidneys/adrenals (mg) 763.4+19.1 750.2+20.5 822.2+¢19.9 | 813.2%47.3
+ +1.17 + * + *
Right cauda epididymis (mg) 15.240.63 18.8+1.1 18.9+0.93 17.4+0.84
+
Right corpus and caput epididymis (mg) 34.1+1.2 35.6+1.3 36.3+1.6 34.31£1.2
Prostate (mg) 32.6+2.11 32.443.1 33.0+2.0 26.9£1.0°
+
Seminal vesicles with coagulating gland (mg) 594.1+28.7 667.2+54.1 624.2+40.2 570.7+30.6
Right testis (mg) 123.1#4.5 120.049.2 121.145.5 119.344.0
Spermatozoa concentration® 1085.9+33.8t 900.7+121 917.5+¢121 | 1026.9+115.1
Spermatozoa motile 49.216.7 46.616.1 67.7£10.5 56.816.0
+
Spermatozoa percent abnormal® 4.9+0.68 5.31+0.48 4.1+0.70 4.6+0.54
Spermatid count® 10.240.46% 7.8£0.85" 9.7+0.28 8.3£0.48

aNumbers are mean+SEM. Each dose group is compared with the control group by Shirley’s test if P <

0.10 from Jonckheere’s trend test

1t P < 0.01), otherwise Dunn’s test is applied (* P < 0.05).

bSperm per mg caudal tissue (x 1000).

¢Samples with at least 100 epididymal sperm.
dDose group means and standard errors are computed only from samples with at least 500 epididymal

sperm.
eSpermatids per mg testis (x 10,000).
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Table B61. FO generation body and organ weights in female mice at necropsy after
dimethylformamide for 29 weeks?

Parameter o 1000 4000 7000
Number of animals 20 10 10 10
Body (g) 37.5+0.84 35.0+0.93 37.8+1.3 33.5+0.86
Absolute®
Liver (Q) 2.1+0.06% 2.6+0.1" 3.2+0.16" 2.6+0.08"
Kidneys/adrenals (mg) 583.8+16.2 584.7+20.1 635.2+29.6 588.4+26.7
Right ovary (mg) 15.8+3.0 14.0+1.8" 48.7+23.3" 13.2+1.6
Relative®
Liver (g) 57.2+1.3 74.7+2.1" 83.7+1.8" 77.1+0.77"
Kidneys/adrenals (mg) 15.6+0.32 16.7+0.20" 16.8+0.327 17.6+0.54"
Right ovary (mg) 0.42+0.08 0.40+0.05 1.2+0.53 0.39+0.04

atach dose group was compared with the control group by Shirley’s test if P <0.10 from Jonckheere’s
trend test, otherwise Dunn’s test was

applied (* = P< 0.05). Number are mean=SEM or number of animals.

bMean organ weight+SEM.

°Mean ratio (mg/g body weight) £SEM.

Growth and survival of F1 juveniles: DMF

Growth and survival of F1 pups were retarded after DMF. The proportion of F1 pups born alive
in the final litter and postnatal survival on PND 4 were reduced at the mid- and high-dose
levels of DMF (Table B62) and continued to decline throughout the lactational period. Pup
body weight during lactation was reduced in the mid- and high-dose groups prior to PND 7
and may have contributed to decreased survival rate (data not shown). Fi1 pups born to DMF-
treated pairs in the mid- and high-dose groups also exhibited craniofacial malformations.
Those pups that were severely malformed did not survive the preweaning period. The
surviving F1 pups were closely examined during the maturation period. Those in the mid- and
high-dose groups were small and appeared to have foreshortened, domed heads. The
abnormal appearance of the pups in the mid-dose group was more prominent than in the
high-dose group, suggesting that in the high-dose group, pups most affected had not
survived. After weaning, pups were randomly selected (within dose group) for rearing and
inclusion in the reproductive performance evaluation of the F1 generation. Both male and
female body weight was reduced in the mid and high-dose groups throughout the remainder
of the study (PND 74 to necropsy; data not shown). Feed consumption was unaffected by
DMF for the F1 generation. Water consumption was increased for males in the mid- and high-
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dose groups on Day 84+10 and in the high-dose group on Day 112+10. Estimated mean

exposure to DMF was 259 mg/kg body weight/d for the 1000 ppm group, 1023 mg/kg body
weight/d for the 4000 ppm group, and 1934 mg/kg body weight/d for the 7000 ppm group,
with females receiving slightly more than males.

Table B62. Average postnatal survival of final litter from continuous breeding phase?

Dimethylformamide (ppm in water)
zgzt?c?;s; 0 1000 4000 7000
0 0.96+0.031 (37) | 0.94+0.05 (19) | 0.67%+0.09" (19) | 0.59+0.12" (15)
4 0.92+0.04% (36) | 1.00+0.00 (18) | 0.51+0.10" (16) | 0.43+0.14" (10)
7 0.85+0.05t (36) | 0.95+0.03 (18) | 0.50+0.10" (16) | 0.41+0.14" (10)
14 0.76+0.061 (36) | 0.82+0.04 (18) | 0.32+0.09" (16) | 0.38+0.14" (10)
21 0.66+0.071 (36) | 0.79+0.05 (18) | 0.29+0.09" (16) | 0.36%0.14" (10)

aNumbers are mean+SEM (mean number of live pups/number born alive). Increases in survival over
time were due

to initial missexing of pups (number of litters in parentheses). Each dose group was compared to the
control with

Shirley’s test when a trend was present (P < 0.10 from Jonckheere’s trend test, otherwise, Dunn’s test
was applied (*= P < 0.05; T = P < 0.01 on trend test).

Reproductive performance of the second generation

DMF was a reproductive toxicant in F1 mice. It caused a significant reduction in the mating
index at 7000 ppm (data not shown) and in fertility (number pregnant) at 4000 and 7000
ppm (Table B63). The average days to litter was increased, and the number of live pups per
litter, pup body weight, and the proportion of pups born alive was decreased at the mid- and
high-dose levels. Live pup weight was also decreased in low-dose Fz pups. F2 pups born to
DMF-treated F1 pairs exhibited malformations similar to those observed for F1 litters of Fo
pairs. The proportion of litters with one or more externally malformed pups was 0, 27.7, 60,
and 75% in the control, 1000, 4000, and 7000 ppm groups. F1 estrous cycles were monitored
with vaginal smears for 12 consecutive days following birth of the F2 litter. Females in the
high-dose group had significantly longer cycles and tended to be in either metestrus or
diestrus longer than control animals (Table B63). At necropsy, F1 male and female body
weight was reduced at mid- and high-dose DMF (Table B64 and Table B65). Absolute and
relative liver weight were significantly increased in all DMF-treated groups for both sexes. In
addition, female relative kidney plus adrenal weight was increased at the mid- and high-dose
levels. Histopathologic evaluation of livers exhibiting gross lesions from animals in the low-
and high-dose groups revealed treatment-related centrilobular hepatocellular hypertrophy.
These findings indicate a general toxicity at 21000 ppm DMF. Evaluation of F1 reproductive
tissues revealed some significant reproductive effects for males but not for females. Relative
prostate weight was decreased at all doses (Table B64), as was absolute prostate weight in
males at the mid and high doses (data not shown). Epididymidal spermatozoa concentration
was decreased at the high dose, but no other significant effects of treatment were noted for
andrologic parameters. Relative ovary weight was increased in the mid-dose group females
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due to the presence of cystic ovaries in two animals (Table B65) but was not likely treatment
related. Microscopic examination of the reproductive organs revealed no other pathology.

Table B63. Mating, fertility, and reproductive performance of second generation breeding

pairs?

Parameter 0 1000 4000 7000
Percent fertileP 90 (18/20)T 90 (18/20) 56 (10/18)* 53 (8/15)*
Live F
|i|t\t/2rcz PUPS P | 11 340.7+ (18) | 11.8 0.4 (18) | 4.9+1.3* (10) | 4.1+1.3* (8)
Proportion of F2

. 1.00+0.00% 0.99+0.01 0.74+0.14* 0.56+0.15*
pups born alive
Live Fz pup 1.59 +0.03+ 1.48+0.02* 1.30%0.04* 1.3240.04*
weight (g)
Adjusted live P2 |y o1 10 0ot 1.52+0.02* 1.21+0.04* 1.23+0.04*
pup weight (g)
Average dam 34.9+0.70t 34.7+0.61 30.2+0.55% 28.9+0.94*
weight (g)
A days t
“t‘gage &St 21.2+0.31 21.6+0.4* 23.0+0.7* 23.5+0.7

aStatistical significance for comparisons of dosed groups to controls (* = P < 0.05) and significant

trends over all groups (T = P < 0.05).

bPercent (number of deliveries/number cohabited).
°Numbers in parentheses are number of dams delivering live litters.

Table B64. F1 generation: body and relative organ weights in male mice at necropsy for 29

weeks?
Dimethylformamide (ppm in water)
Parameter
(0] 1000 4000 7000

Number of animals 20 10 10 10
Body (g) 35.4+0.82 37.1+0.76 31.9+0.71" | 33.2+0.617
Liver 58.2 +0.96 79.7+1.27 89.5+2.6" 91.1+2.0"
Kidneys/adrenals 20.5 +0.56 21.3+0.41 21.3%+0.49 20.9+0.60
Right cauda epididymis 0.43 +0.02 0.44+0.01 0.42+0.02 0.46+0.03
Right d t

Ight corps and capt 0.92 +0.02 | 0.93+0.03 |0.98+0.03 | 0.96:0.02
epididymis
Prostate 0.71 +0.03 0.62+0.05" | 0.60+0.02" | 0.54+0.04"
Seminal vesicles with 11.3+0.33 | 11.6+0.52 | 10.8+0.73 |10.6+0.88
coagulating gland
Right testis 3.6 +£0.11 3.4+0.10 4.0+0.15 3.8+0.14

. 1010.3+70. .

Spermatozoa concentration® 1099.3+43.1 4 979.5+76.7 | 880.3x58.4
Spermatozoa (percent motile)® 54.9+4.1 60.2+4.5 53.4+6.7 65.4+6.0
Spermatozoa percent abnormal® | 7.4+0.65 6.3+0.87 6.1+0.79 7.0+0.34
Spermatid count® 9.1+0.25 8.4+0.40 9.9+0.40 9.1+0.30
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aNumbers are mean 6 SEM. Each dose group was compared with the control group by Shirley’s test if P
< 0.10 from Jonckheere’s trend test (1 P < 0.01), otherwise Dunn’s test was applied (" P < 0.05).
bSperm per mg caudal tissue (x 1000).

¢Samples with at least 100 epididymal sperm.

dDose group means and standard errors are computed only from samples with at least 500 epididymal
sperm.

eSpermatids per mg testis (x 10,000).

Table B65. Second generation (F1) estrous cyclicity, body, and relative organ weights in
female Swiss mice at necropsy after formamide or dimethylformamide for 29 weeks?

Dose levels (ppm)

Parameter (0] 1000 4000 7000
Estrous cyclicity
Estrous cycle length? 4.4+0.23 - - 5.6+0.26"
Percent with cycles? 95 (19/20) - - 67 (8/12)
Relative stage frequencies®
Proestrus 28.7 - - 18.8"
Estrus 28.3 - - 21.5"
Metestrus 24.2 - - 27.17
Diestrus 17.5 - - 29.9”
Not clear 1.2 - - 2.8
Necropsy parameters?
No. animals 20 10 10 10
Body weight (g) 30.24+0.45 | 29.6+0.47 |26.6+0.82° | 26.7+0.94"
Liver 64.3+1.3 79.4+2.6" 88.4+2.3" 86.2+2.1"
Kidneys/adrenals 17.2+0.38 17.4+0.40 | 18.9+0.51" 18.9+0.74"
Right ovary 0.43+0.04 0.47+0.04 0.69+0.10™ 0.55+0.08¢

aLength of cycle (d) was determined from any suite of smears, beginning with estrus, proestrus, or
metestrus to the next smear of like stage. Vaginal smears were collected during the 12 d preceding
necropsy.

bAny animal that exhibited a clearly defined estrous cycle < 8d in length during the 12-d sampling period.
°Frequency of total time; each animal had vaginal smear of specified type during 12 d.

dMean=SEM; relative organ weights are mg/g body weight; * = P < 0.05 vs. control; T = P < 0.05 trend.
€Two ovaries were cystic at 4000 ppm and three at 7000 ppm.

Overall on toxicity to reproduction — fertility

There is only one reliable reproductive toxicity study available for DMF in which fertility
effects have been addressed. An overview of the effects is presented in Table B66, followed
by a conclusion on reproductive toxicity.

Table B66. Key study on toxicity for reproduction
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Species, strain, Study type, NOAEL, findings, Relia- |Reference
number, concentration remarks bility™
sex/group,
guideline
Oral

mouse (CD-1) Multigeneration study LOAEL (systemic) (P) 2 Fail, P.B.,
male/female (drinking water) < 1000 ppm e;_;gla.s,
equivalent or 1000, 4000, 7000 ppm (female) ( )

similar to OECD
Guideline 416
(two-generation
toxicity study)

(ca. 219, 820 and 1455
mg/kg bw/day) (nominal
in water)

Exposure: Continuous
breeding protocol (NTP):
a dose range-finding
phase (optional), an FO
cohabitation and lactation
phase, a crossover
mating trial of the FO
generation (conducted if
FO reproductive
performance is affected),
and finally fertility
assessment of the F1
generation (born and
reared during the FO
lactation phase).

(based on significant
liver hypertrophy and
increased liver weight at
all doses tested)

NOAEL (reproductive /
maternal) (P) < 1000
ppm (male/female)

(based on reduced
fertility and fecundity at
doses above 1000 ppm)

LOAEL (reproductive)
(F1): 1000 ppm

(based on reduced body
weight of pups.)

NOAEL (teratogenicity)
(F1): < 1000 ppm

(based on external
malformations or other
abnormalities, including
domed heads and
hematomas along the
nose and on the head)

NOAEL (F2): not
determinable (based on
malformations of 27.7 %
already at the lowest
dose, compared to
control of O %
malformations.)

Conclusion on fertility and reproductive behavior

Significant reproductive toxicity, e.g. reduced fertility and fecundity characterized by reduced
pregnancy and mating index (the latter one only in the high dose group); reduced no. of
litters, reduced average litter size and for the F1 parental males by effects on prostate weight
and epididymal spermatozoa concentration (the latter finding only in the high dose group)
occurred at = 4000 ppm (mean exposure of 820 mg/kg bw/day) in the presence of some
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general toxicity (i.e. increased liver weights, hepatocellular hypertrophy and decreased body
weights in the females at 7000 ppm). Developmental toxicity (e.g. reduced survival and
growth of pups, increase in craniofacial and sternebral malformations) was observed in both
generations. Reduced F2 pup weight was observed at = 1000 ppm (appr. 219 mg/kg bw/day)
and reduced F1 pup weight at 4000 ppm. At = 4000 ppm an increase in cranio-facial and
sternebral malformations was observed in offspring of both generations.

Prenatal developmental toxicity
Oral
Fail et al., 1998

In a continuous breeding study CD-1 mice were treated orally with DMF in the drinking water
at doses of 1000, 4000 and 7000 ppm (about 219, 820 and 1455 mg/kg bw/day) (Fail et al.,
1998). Growth and survival (Table B67) of F1 pups were retarded after DMF exposure. The
proportion of F1 pups born alive in the final litter and postnatal survival on PND 4 were
reduced at the mid-and high-dose levels of DMF and continued to decline throughout the
lactation period. Embryo-/feto-toxicity were manifested in reduced body weights of F1 pups in
the mid and high dose (Table B64). Moreover, the surviving pups of these dose groups
exhibited craniofacial and sternebral malformations. The F1 animals of all DMF treated groups
had increased liver weights associated with hepatocellular hypertrophy. Histopathology did
not reveal any findings in the reproductive tissues of the females. Live Fz pup body weights
were reduced at all doses and malformations observed in F2 pups of all DMF treated groups
were similar to those observed for F1 litters. Craniofacial and sternebral malformations at the
mid and high doses were characteristic and occurred in offspring of both generations. The
more severe malformations were incompatible with life. Those animals less affected did grow
to maturity, although examination after necropsy indicated the malformations present at
birth had persisted through young adulthood. Developmental effects observed in this study
were at dose levels associated with maternal toxicity, which was displayed in reduced body
weight, reduced fertility, affected estrous cycle, reduced mating indices and increased
mortality of pups. NOAEL of 1000 ppm (219 mg/kg bw) was established for developmental
toxicity for both generations.

Table B67. Average postnatal survival of final litter from continuous breeding phase?

Dimethylformamide (ppm in water)
Postnatal age
0 1000 4000 7000

(days)

0 0.96+0.03t (37) 0.94+0.05 (19) 0.67+0.09" (19) 0.59+0.12" (15)
4 0.92+0.047 (36) 1.00+0.00 (18) 0.51+0.10" (16) 0.430.14" (10)
7 0.85+0.05t (36) 0.95+0.03 (18) 0.50+0.10" (16) 0.41+0.14" (10)
14 0.76+0.067 (36) 0.82+0.04 (18) 0.32+0.09" (16) 0.38+0.14" (10)
21 0.66+0.077 (36) 0.79+0.05 (18) 0.29+0.09" (16) 0.360.14" (10)

aNumbers are mean+SEM (mean number of live pups/number born alive). Increases in survival over
time were due to initial missexing of pups (number of litters in parentheses). Each dose group was
compared to the control with Shirley’s test when a trend was present (P < 0.10 from Jonckheere’s trend
test, otherwise, Dunn’s test was applied (" P < 0.05; ¥ 5 P <0.01 on trend test).

Hellwig et al., 1991

In a supporting developmental toxicity study with Sprague-Dawley rats and NMRI mice,
treated with DMF at dose levels of 166, 503 and 1510 mg/kg bw and 182 and 548 mg/kg bw,
respectively, an increased number of malformations was observed in the absence of overt
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maternal toxicity (Table B68).

In rats, 63 % of the implantations were resorbed in the highest dose group. Among the
surviving foetuses, 11.76 % had skeletal anomalies. In the mid-dose group (503 mg/kg bw),
an increase in early and late resorptions was observed. Foetal body weight was reduced and

the number of malformation, variations and skeletal retardation was increased. At 166 mg/kg
body weight/day a slight increase in early resorptions and a decrease in placental weights

were recorded.

In mice, 548 and 182 mg/kg body weight/day led to a decrease in foetal weights and an
increase in the number of retardations and variations (Table B68). The LOAEL was 182 mg/kg
bw /day in mice and NOAEL of 166 mg/kg bw /day in rats for maternal toxicity, embryo-
/foetotoxicity and teratogenicity.

Table B68. Effects of oral administration (gavage) of DMF to pregnant rats and mice

Rats (dose, mg/kg bw)

Mice (mg/kg bw)

Control

166

Control

503

Contro
|

1510

Contr
ol

182

Contro

548

No. of
animals

20

20

25

26

24

22

26

26

26

26

No. of
pregnant
animals

18

19

22

23

23

20

23

24

23

24

Dead
animals

No. of
animals
with
abortions

—no. of
aborted
foetuses

12

13

Implantati
ons total

230

2

52

296

296

291

232

255

301

283

281

Implantati
ons per
animal

12.78

1

3.26

13.45

12.87

12.65

11.60

12.09

12.54

12.3

11.71

Live
foetuses
total

223

2

35

279

264

265

85

210

245

229

241

Live
foetuses
per dam

12.39

1

2.37

12.68

11.48

11.52

4.25

9.13

10.21

9.96

10.04

Dead
foetuses

Early
resorption
S
(including
Salewski)

1

5

16

21

25

22

19

25

35

29

Medium-

1

1

1

1

116

3

4
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Rats (dose, mg/kg bw) Mice (mg/kg bw)

Control | 166 | Control | 503 Cor;tro 1510 Coorl'tr 182 Cor;tro 548
term
resorption
s
Late
resorption | 1 1 0 10 0 9 10 13 11 5
s
Total
resorption | 7 17 17 32 26 147" | 33 43 54 40
s
—% per
implantati | 3.04 6.75 5.74 10.81 8.93 63.36 | 12.94 | 14.29 19.08 14.23
ons
Foetal
weight, 3.71 3.79'" | 3.84 3.23"" 3.87 2.73™ | 1.11 1.05 1.17 1.03"
mean
Foetal
length, 3.60 3.63" | 3.64 3.471t 3.65 3.15' | 2.25 2.207" 2.28 2.22°
mean
Placental
weight, 0.52 0.50%" | 0.57 0.4471 0.53 0.347" | 0.08 0.08 0.08 0.08
mean
Runts 1 2 1 28 0 55.0 |6 18 3 16
total
Anomalies | O 0 2 25" 13 10.0" |1 4 2 17
—% live

0 0 0.72 9.47 4.91 11.76 | 0.48 1.63 0.87 7.05
foetuses

* Significant at 95 % (chi-square test).
* Significant at 99 % (chi-square test).
T Significant at 95 % (t-test).
™ Significant at 99 % (t-test).

Saillenfait et al., 1997

In another supporting developmental toxicity study with Sprague-Dawley rats, the animals
received 50, 100, 200 and 300 mg DMF/kg bw/day by gavage from gestation day 6 through
20. Maternal toxicity was observed at doses from 100 up to 300 mg/kg bw/day characterized
by dose dependent impairment of body weight gain and food consumption.

Detailed information:

All females survived to the scheduled termination of the experiments. No statistically
significant changes were detected in the body weight gain and food consumption in the 50
mg/kg treatment group. Maternal weight gain was significantly reduced for the first 6 days of
treatment (GD6-9, 9-12) at 100 mg/kg, for GD6-9, 9-12, 12-15, and 18—-21 at 200 mg/kg,
and throughout treatment at 300 mg/kg (Table B69). Doses of 100 to 300 mg/kg DMF led to
a significant dose-related decrease in maternal weight gain between GD6 and 21 and in
corrected weight gain. Food consumption was significantly reduced at 100, 200, and 300
mg/kg in a dose-related manner. Fetal body weight per litter was significantly reduced at 100
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mg/kg (females and total) and at higher dose levels (males, females, total). Single
occurrences of external and visceral malformations were observed in the groups receiving
DMF. However, there was neither a specific pattern of malformations nor a significant
increase in the incidence of total malformations. There were no significant changes in the
incidence of external or visceral variations. Statistically significant increases in the incidence
of two skeletal variations, unossified or incompletely ossified supraoccipital and sternebrae,
were seen in fetuses from the 200 and 300 mg/kg dosage groups.

Table B69. Change in Weight and Food Consumption in Sprague—Dawley Rats Treated Daily
by Gastric Intubation with N,N-Dimethylformamide on Days 6 to 20 of Gestation

Dose (mg/kg/day)
(0] 50 100 200 300

Number of dams 2 16 21 19 19 20
Body weight on GD6 (g) | 274+3° 279+3 271+3 268+3 2754
Mean body weight gain (Q)
GD6-9 13+1 17+1 62" 241" 5+1"
GD9-12 20x1 18+1 14+2" 6+1" 5+2%
GD12-15 23+1 2142 2242 15+1" 112"
GD15-18 45+2 42+3 432 42+2 372"
GD18-21 54+4 51+4 42+3 38+3" 33+3"
GD6-21 154+7 148+8 128+5" 102+5" 92+5"
Corrected® 43+5 48+3 25+4" 944" 4 4"
Mean food consumption (g/dam/day)
GD6 -9 25.7+0.7 | 27.0+0.6 | 20.8+0.6 © 19.2+0.5" | 21.6x0.7"
GD9-12 27.1+0.8 | 26.5+0.6 | 21.3+0.7 © 17.2+0.7 © 18.2+0.6"
GD12-15 30.2+0.6 | 29.5+0.6 | 26.3+= 0.7 ~© 22.1+0.7 23.2+0.6"
GD15 -18 30.3+0.7 | 30.2+0.7 | 28.4+0.7 26.9+0.8 * | 26.4+0.8"
GD18 -21 30.1+0.8 | 29.9+0.8 | 25.3+0.9 © 23.8+0.9 * 24.2+0.9"
GD6 -21 28.7+0.7 | 28.6+0.6 | 24.4+0.6 © 21.8+0.6 © 22.7+0.6"

2 Includes all gravid females with live fetuses.
bValues are expressed as means { SEM.
¢ Body weight gain during GD6—21 minus gravid uterine weight.
*,* Significant differences from the vehicle control value, p > 0.05 and p > 0.01, respectively.
Fetotoxicity occurred also at 100 up to 300 mg/kg bw/day (e.g. dose-related decrease in fetal
body weight/litter (Table B70), dose-dependent increase in the total number with skeletal
variations, statistically significant at 200 and 300 mg/kg bw/day (Table B71). The total
number of skeletal variations was also slightly (but not statistically significant) increased at
50 mg/kg bw/day, thus suggesting slight indications for fetotoxicity at this dose level.
Teratogenicity was not observed. NOAEL for maternal toxicity and LOAEL for embryo-
/fetotoxicity was 50 mg/kg bw, while NOAEL for teratogenicity was 300 mg/kg bw.

Table B70. Reproductive Parameters in Sprague—Dawley Rats Treated Daily by Gastric
Intubation with N,N-Dimethylformamide on Days 6 to 20 of Gestation

Dose (mg/kg bw)

Findings 0 50 100 200 300
No. of deaths per No. of 0/24 0/22 0/22 0/22 0/22
treated females

Percentage of females 66.7 95.5 86.4 86.4 90.9
pregnant

No. of litters examined 16 21 19 19 20
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Dose (mg/kg bw)

Findings

9 0 50 100 200 300
Mean implantation sites | | o o1, ) 432 | 14.48+0.96 | 15.47+0.70 | 15.53+0.63 | 15.25+0.61
per litter
Mean live fet
"t‘::r” Ve Tetuses per 15.25+0.49 | 13.81+0.94 | 14.79+0.71 | 14.58+0.64 | 14.05+0.62
Mean percentage of 3.7141.25 | 8.62+4.71 | 4.45+0.98 | 6.15+1.08 7.55+2.05
resorption sites per litter
Fetal sex ratio M/F 1.05 0.91 0.90 1.08 0.92
Mean fetal body weight
per litter (g)
All fetuses 5.54+0.05 | 5.52+0.04 | 5.30+0.05" | 4.87+0.05" | 4.76+0.06"
Male fetuses 5.65+0.07 | 5.66+0.05 | 5.43+0.06 | 4.99+0.08" | 4.90+0.09"
Female fetuses 5.43+0.07 | 5.38+0.05 | 5.16+0.07° | 4.75+0.07° | 4.62%0.09"

2 Values are expressed as means+=SEM.
*,” Significant differences from the vehicle control value, p < 0.05 and p < 0.01, respectively.

Table B71. Incidence of Malformations and Variations in Fetuses of Sprague—Dawley Rats
Treated Daily by Gastric Intubation with N,N-Dimethylformamide on Days 6 to 20 of

Gestation
Findings Dose (mg/kg bw)
o | 50 | 100 | 200 | 300
Number of foetuses (litters) examined

L 244 290 281 277

External examination (16) (20) (19) (19) 281 (20)
. o 122 145 141 138

Visceral examination (16) (20) (19) (19) 141 (20)

. 122 145 140 139
Skeletal examination (16) (20) (19) (19) 140 (20)
Malformations 2 Number of foetuses (litters) affected
Exophtalmia bilateral 0 0 0 0 1)
Encephalocele 0 0 0 0 1)
Agnatia 0 0 0 0 1)
Absence of nasal septum 0 0 0 0 1)
Interventricular septum defect 0 1) 0 0 0
Diaphragmatic hernia 0 1) 1) 0 0
Hydronephrosis (bilateral) 0 0 0 1(1) 1)
Total number with malformations 0 2 (2 1) 1) 2 (2)
External variations
Hindlimb talipes 0 0 0 1(1) 0
Rudimentary tail 0 0 1) 0 0
Total number with external variations 0 0 1) 1) 0
Visceral variations
Dilated renal pelvis 4 (2) 5 (5) 0 1) 1)
Dilated ureter 17(8) 6 (4) 5 (5) 4 (4) 10 (4)
Total number with visceral variations 17(8) 10 (8) 5 (5) 5 (5) 11 (5)
Skeletal variations
Skull \
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Findings Dose (mg/kg bw)
(0] 50 100 200 300
Parietals, incomplete ossification 2 (D) 0 0 0 0
Supraoccipital
Incomplete ossification (moderate) 0 1) 8 (6) 52 (16)" | 49 (17)"
Absent or incomplete ossification
(severe) 0 1) 1) 12 (9)" | 70 (16)~
- 119
Total 0 2 (2) 9 (7) 64 (16) (20)*
. . . 119
Total number with skull variations 2(1) 2 (2 9 (7) 64 (16) (20)*
Sternebrae
Fifth absent or incomplete ossification 32 12(6) 13(7) |15 (11" | 32 (13)
Second and fifth absent 0 1) 0 0 0
Total 3(2) 13 (7) 13(7) |15 (11)" | 32 (13)”
Ribs
13th short 0 0 0 0 (1
Extra cervical 2 (2 2 (2 1) 1) 1)
Extralumbar 11 (7) 8 (4) 7 (7) 4 (3) 1)
Vertebral centra, incomplete
ossification 8 (7) 11 (7) 26 (11) | 19 (10) 8 4)
. . . 125
Total number with skeletal variations 21 (11) | 34 (13) | 48 (16) | 81 (19 (20)*

a2 One fetus in the 300 mg DMF/kg group had ablepharia, exophtalmia, encephalocele, agnatia, and

absence of nasal septum.

*,” Significant differences from the vehicle control value, p < 0.05 and p < 0.01, respectively.

BASF, 1976d; Merkle and Zeller, 1980

In an oral developmental study with Hymalayan rabbits, ca. 44.1, 65, and 190 mg/kg bw/day
were administered per gavage to the animals during the gestation period (day 6-18 post
insemination). All animals survived until termination of the study. In the high dose group,
maternal toxicity was observed. Body weight was significantly reduced at the end of the
treatment period and also on day 28 p.i., body weight gain was significantly reduced (animals
even lost weight) during the entire treatment period that was also true for food consumption.
3 dams aborted, one on day 21, one on day 24 and one on day 28 p.i. At necropsy the liver
of 1 dam was of a clay-like color. Fertility index, number of corpora lutea, number of
implantations and the ratio of live/dead fetuses were unaffected. n the mid dose group, no
clinical signs of toxicity were observed. Transiently reduced food consumption was noted

during the treatment period, however, this had no effect on body weight or body weight gain.
Gross necropsy revealed a clay-like colored liver in 1 dam. Mean number of implantation and
percentage of live fetuses was decreased; however a dose-response relationship was missing
for this finding. In the low dose group, no deaths or clinical signs of toxicity were noted
except a transient reduction of food consumption during the treatment period without any
effect on body weight or body weight gain. No substance related pathological findings were
recorded, gestational and fetal parameters were unaffected.

Among embryotoxic including teratogenic effects, placental weights and fetal weights as well
as fetal length were significantly decreased in the highest dose group. The incidence of
malformed fetuses observed in 7 litters was increased (16/45 = 35.5 %); hydrocephalus
internus (6 fetuses), exophthalmia (2 fetuses), ectopia visceralis (3 fetuses), hernia
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umbilicalis (7 fetuses) and cleft palate (1 fetus) were observed. Three fetuses showed
multiple malformations. In the mid dose group, fetal parameters, number and type of
variations and retardations were unchanged. Three malformed fetuses in two litters were
found. This incidence was not statistically different from control, however, the type of
malformation (hydrocephalus internus) indicated a substance-related effect. In the low dose
group, one fetus with malformation (hydrocephalus internus) was found, however, this
incidence was in the range of control. NOAEI of 65 and 44.1 mg/kg bw was established for
embryo-/fetotoxicity and maternal toxicity and teratogenicity, respectively.

Inhalation

BASF AG , 1989b; Hellwig et al., 1991

In an inhalation developmental toxicity study rats and Hymalayan rabbits were exposed to
DMF vapour by whole-body exposure. Rabbits were exposed to 50, 150 or 450 ppm (about
150, 450 and 1360 mg/m?®) on day 7 through day 19 post insemination (p.i.) for 6 hours/day.

Rat

Rats were exposed either to air (two control groups of 30 rats per group) or to 287 ppm DMF
in two experiments (30 rats per experiment) at different times during the gestation period:
experiment | = exposure on gestation days 0-1, 4-8, 11-15 and 18-19; experiment Il =
exposure on gestation days 0-3, 6-10 and 11-18. 10 randomly selected animals of each
group were allowed to litter and to rear their offspring. On day 20 of gestation the remaining
20 rats/group were Killed and the foetuses removed by caesarean section for examination.
The animals were exposed 6 hr/day in 200-1itre all-glass inhalation chambers at a flow-rate
corresponding to about 22 air exchanges/hr either to air or to 287 ppm DMF vapour. Liquid
DMF was supplied by a continuously driven piston pump (Unita, Braun) to a heated (80°C)
evaporator. The vapours were mixed with conditioned air and supplied to the inhalation
chamber. The concentration of the DMF inhalation atmosphere was analysed 12 times during
the exposure period and a mean test value calculated (287 ppm + 50.2 ppm). The constancy
of the concentration in the inhalation chambers was monitored daily using an IR-photometer
with a gas cuvette. Parameters recorded were clinical symptoms, mortality, gross pathology,
uterine weights, conception rates, number of total, live and dead implantations, resorptions
(early, medium-term and late; Salewski), pre- and postimplantation loss and placental weight
and foetal sex, length and weight. Each foetus was examined macroscopically for any evident
changes. One-third of the foetuses per dam were fixed in Bouin's solution for 14 days and
examined according to the method of Wilson and Warkany (1965). The remaining fetuses
were fixed with ethanol, stained with Alizarin Red S and examined macroscopically for
skeletal malformations, variations and retardations. The offspring animals from the satellite
group were evaluated as follows: litter size, weight gain, mortality, viability and lactation
index, gross autopsy on day 20 after birth with organ weights and assessment of the head
according to Wilson and Warkany (1965). Diseased offspring were also subjected to skeletal
investigation as described above. Conception rate, implantations and Salewski resorptions
were investigated in the dams.If analysis of variance indicated a significant effect, the two
groups were compared using Student's t-test. For dead implants (resorptions plus dead
foetuses) and for malformations a 2 x 2 contingency was used.

The exposure led to a reduced maternal weight gain from the beginning of treatment. An
increase in early resorptions and dead implantations was observed.

Under both exposure regimens 287ppm for 6 hr/day led to a reduced maternal weight gain
from the beginning of treatment. An increase in early resorptions and dead implantations was
observed. Foetal weights were decreased and the number of variations and retardations was
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increased. No increase in malformations was found and no effects on the offspring were
observed (Table B72).

Table B72. Effects of inhalation exposure to DMF in pregnant rats

Experiment
1™ "
Control 287 Control 287
ppm=*=50.2 ppm *£50.2

No. of pregnant 19 18 20 17
animals™
Mean weight gain (Q) 61.8 27.45 54.35 33.24
up to day 15
No. of live foetuses 194 172 204 169
Live foetuses per dam 10.21 9.5 10.20 9.94
Conception rate (%) 95.00 94.7 100 85
Total number of 203 193 211 182
implantations
Mean number of 10.68 10.72 10.55 10.71
implantations per dam
% Live foetuses related 95.56 88.55 96.68 92.85
to implantations
Early resorptions 7 16 5 12
Early resorptions 1 0 0 0
(Salewski)
Medium-term 0 0 1 1
resorptions
Late resorptions 0 0 0 0
Dead foetuses 0 0 1 0
Dead implants 9 21" 7 13
% Dead implants 4.43 10.88 3.32 7.14
Mean litter size 11.0 9.12 10.60 11.62
Mean foetal weight 3.77 3.34 3.70 3.35"
Mean foetal length 3.66 3.55" 3.62 3.49"
Mean placental weight 0.56 0.49" 0.59 0.51"
Runts 1 10 1 3
Sternal variations:

—rudiments 25 39 18 37

—aplasia 3 42 6 32

—displacement 1 3 11 24
No. .of_ malformations o 1 1 1
(splitting of vertebrae)

* Exposure on day 0-1, 4-8, 11-15 and 18-19 of gestation.
+ Exposure on day 0-3, 6-10 and 11-18 of gestation.

# Scheduled for caesarean section and foetal assessment.
Rabbit

Rabbits. were artificially inseminated and exposed to air (controls) or 50 ppm, 150ppm or
450ppm DMF vapour in 1.1-m=3 glass-steel inhalation chambers 6 hr/day on day 7 to day 19
post insemination. During exposure food and water were withdrawn. Before the exposure
period the animals were sham-exposed for acclimatization on 4 days. The animals were
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observed up to day 29 and then subjected to caesarean section. Parameters recorded were
maternal body weights, food consumption, clinical symptoms (including abortions or
premature birth), macroscopic pathology in dams, corpora lutea, conception rates, uterine
and placental weights, living and resorbed implantations, pre- and postimplantation loss, live
and dead foetuses and foetal weights. Each foetus was examined for external soft tissue or
skeletal findings, and the findings were classified as retardations, variations and anomalies.
DMF atmospheres for inhalation exposure were generated by supplying liquid DMF with a
continuously driven piston pump to a glass evaporator. The DMF vapour was mixed with
conditioned supply air to achieve the target concentration and supplied at a flow-rate
corresponding to 20 air exchanges/ hr to the inhalation chamber. Flow-rates, pressure,
temperature and relative humidity were monitored; analytical determinations of the
inhalation atmospheres were carried out hourly per group.

Maternal observations: three animals of the control group were excluded from the body
weight calculations because of two spontaneous deaths and one non-pregnancy. In the 50
ppm group there was one non-conception, and at 150 ppm one animal aborted. No casualties
occurred at 450 ppm. No statistically significant difference in body weights occurred between
the exposed group and the control group. Does of the highest exposure group, however,
showed a retardation of body-weight gain; these animals lost some weight (about 34.4 g)
particularly between days seven and 10 post insemination and showed a static weight until
day 19 post insemination. At 150 ppm body weights were static during exposure (+ 3.1 Q),
while the animals at 50 ppm gained weight during exposure (31-42.49g). Corrected body-
weight gain (day 29 -day 7 post implantation) showed no clear differences. No clinical
symptoms or autopsy findings other than incidental observations were found and no effects
on uterine weights or reproduction data were observed. Foetal effects: Foetal weights were
significantly lowered at 450 ppm, and there was a significant increase in malformations--
mostly hernia umbilicalis (seven in 86 foetuses in four out of 15 litters)--and some soft tissue
malformations, such as missing gall bladder (not statistically significant). In addition,
anomalies of the sternum, increases in numbers of split vertebrae and a number of variations
were also recorded. At 150 ppm one hernia umbilicalis among 75 foetuses and an increase in
sternal variations were observed. At 50 ppm the foetuses did not show any response to
treatment. The maternal toxicity elicited at 450 and 150 ppm was in accordance with
maternal toxicity observed at 300 ppm in the range-finding study, which also led to
deviations of blood chemistry parameters: an increase in clotting time, a decrease in serum
albumin concentration and an increase in cholesterol levels. These effects may be indicative
of some liver toxicity at this exposure level.

Of these effects in rabbits the following were statistically significant:

In the high dose group (p < 0.01): Foetal weights (g), External malformations (foetal
incidence), Skeletal variations, Skeletal variations- litter incidence, Skeletal retardations,
Fused sternebrae, Irregular sternebrae, Bipartite sternebrae, Total variations (foetal
incidence).

In the high dose group (p < 0.05): External malformations (foetal incidence)- litter incidence,
Hernia umbilicalis, External variations, Pseudoankylosis (forelimb), Total malformations
(foetal incidence), Total malformations (foetal incidence)- litter incidence.

In rabbits, maternal toxicity was observed at the mid and the highest concentration and clear
signs of embryo-/fetotoxicity including indications of teratogenicity were seen at the highest
concentration tested. Embryo-/fetotoxicity resulted in significantly reduced fetal body weights
(i.e. mean fetal body weight was 37.7 g in comparison to 43.7 g in the concurrent control
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group; Table B73). In this group, the incidence of malformations (especially hernia umbilicalis
in 7 out of 86 fetuses in 4 out of 15 litters) and variations (mainly skeletal, i.e. skull bones
and sternebrae) was significantly increased. A slight increase was found for external
variations (i.e. pseudoankylosis in 6 out of 86 fetuses in 2 of 15 litters). Total malformations
occurred at a fetal incidence of 15 and a litter incidence of 9 at 1.36 mg/L in comparison to a
fetal incidence of 3 and a litter incidence of 2 in the concurrent control. Fetal and litter
incidences for total variations at 1360 mg/m=3 were 77 and 15, respectively in comparison to
29 and 11 in the concurrent control. One hernia umbilicalis among 75 fetuses was observed
in the 450 mg/m=3 group, the number of skeletal variations was also increased in this group
but without being statistical significant. Only marginal maternal effects (impaired body
weight) were observed at the mid concentration of 450 mg/m=3. NOAEC of 150 mg/m=3 (50
ppm) was established for rabbits for maternal as well as for embryo-/fetotoxicity including
teratogenicity.

Table B73. Effects of inhalation exposure to DMF in pregnant rabbits

Dose
Gron Group Group Group
0(control) 1(50 2(150 3450
ppm) ppm) ppm)
No. of animals 15 15 15 15
No. of_lltters (obtained and 12 14 14 15
investigated)
Mean maternal body-weight
change during gestation (g)
—days 7-19 31.0 42.4 3.1 -34.3
—days 0-29 248.1 202.1 146.4 183.0
Dead foetuses 0 0 3 0
Corpora lutea 8.3" 8.2 8.2 8.6
Implantation sites 6.3" 5.9 6.7 6.4
Preimplantation loss (%0) 22.8t1 29.3 16.9 24.3
Post implantation loss (%0) 9.5t 11.3 22.6 14.5
Resorptions total 8 12 19 10
!_lve fc_)etuses (obtained and 67 71 7 86
investigated)
Foetal weights (g) 43.7F 42.1 41.7 37.7°
!Ext_ernal malformations (foetal o 1 1 gb
incidence)
—litter incidence 0 