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Background

Proposition 65 requires the State to publish a list of chemicals known to cause cancer or
reproductive toxicity. This list must be updated at least once a year. Reproductive toxicity
includes developmental toxicity, and female and male reproductive toxicity. Chemicals added
to the list as known to cause reproductive toxicity affect one or more of these endpoints.

The chemicals covered in this document (See Table 1 below) were added to the list as known
to cause reproductive toxicity because they were identified by reference as such in the
California Labor Code. Proposition 65 thus required their inclusion on the list, as discussed in
greater detail below. There are three additional ways for a chemical to be added to the
Proposition 65 list: 1) The Developmental and Reproductive Toxicant Identification Committee
(DART IC) finds that the chemical has been clearly shown to cause reproductive toxicity. 2) An
organization designated as an "authoritative body" by the DART IC has identified it as causing
reproductive toxicity®. 3) An agency of the state or federal government requires that it be
labeled or identified as causing reproductive toxicity.

Reason for Reconsideration of Listing

Because of recent changes in federal regulations, the chemicals identified in Table 1 no longer
meet the criteria for inclusion on the list on the basis of the Labor Code mechanism. These
chemicals are being presented to the DART IC for a decision as to whether they have been
clearly shown through scientifically valid testing according to generally accepted principles to
cause reproductive toxicity. If the Committee makes that determination, the chemical will
remain on the list.

The nine chemicals were added to the list on the basis of a Threshold Limit Value (TLV)
developed by the American Conference of Governmental Industrial Hygienists (ACGIH) that
was based on reproductive or developmental toxicity. All the chemicals in Table 1 were listed
as known to cause reproductive toxicity based on their ACGIH TLV. The TLV provided a basis
for listing via the Labor Code because:

! The Safe Drinking Water and Toxic Enforcement Act of 1986: Health and Safety Code section 25249.5 et seq.,
EJassed by voter initiative

Title 27, California Code of Regulations, section 25306(l) The authoritative bodies are: U.S. Environmental
Protection Agency, U.S. Food and Drug Administration, National Institute for Occupational Safety and Health,
National Toxicology Program solely as to final reports of the National Toxicology Program’s Center for Evaluation
of Risks to Human Reproduction, and International Agency for Research on Cancer solely as to transplacental
carcinogenicity
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e Proposition 65 provides that the list of chemicals known to the state to cause

reproductive toxicity “shall include at a minimum those substances identified by
reference in Labor Code Section 6382(b)(1) and those substances identified additionally
by reference in Labor Code Section 6382(d)>".

e California Labor Code Section 6382(d) further provides that “...any substance within the
scope of the federal Hazard Communication Standard (29 C.F.R. Section 1910.1200) is

a hazardous substance subject to this chapter”.

e Until 2012, the federal Hazard Communication Standard (HCS) incorporated TLVs as a

definitive source for establishing that a chemical is hazardous.

In March 2012, the federal HSC was amended to remove reference to ACGIH TLVs as a
mandatory basis for establishing that chemicals are hazardous. Consequently, a TLV based
on reproductive or developmental toxicity no longer provides the basis for listing a chemical as

known to the state to cause reproductive toxicity under Propostion 65.

Table 1. Chemicals under Reconsideration for Listing as Known to
Cause Reproductive Toxicity

Chemical CAS Number | Basis for TLV
Developmental toxicity
tert-Amyl methyl ether (TAME) 994-05-8 (“embryo/fetal damage”)
2-Chloropropionic acid 598-78-7 l\flale reproductlv_e toxicity .,
(“male reproductive damage”)
N,N-Dimethyl acetamide 197-19-5 Developmental toxicity
(DMAC) (“embryo/fetal damage”)
2-Ethylhexanoic acid 149-57-5 ?evelopmgntal toxu::ty
(“teratogenic effects”)
Ethyl-tert-butyl ether (ETBE) 637-02-3 | Male reproductive toxicity
(“testicular damage”)
p,p’-Oxybis(benzenesulfonyl Developmental toxicity
. 80-51-3 . : y
hydrazide) (“teratogenic effects”)
1,3,5-Triglycidyl-s-triazinetrione 2451-62-9 I\‘/‘Iale reproductlvg toxicity ,
(“male reproductive damage”)
% HSC section 25249.8(a)
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Table 1 continued

Chemical CAS Number | Basis for TLV
Female and male reproductive toxicity
(“female & male reproductive damage”)

4-Vinyl-cyclohexene (VCH) 100-40-3

Vinyl cyclohexene dioxide
(4-vinyl-1-cyclohexene 106-87-6
diepoxide; VCD)

Female and male reproductive toxicity
(“female & male reproductive damage”)

Reconsideration Procedure

These chemicals are being brought to the DART IC because they do not meet the criteria for
inclusion on the list by any of the listing mechanisms outlined above.

The Office of Environmental Health Hazard Assessment (OEHHA) has, through a contract with
the Sheldon Margen Public Health Library at the University of California, Berkeley, conducted
literature searches to identify studies that potentially provide information on the reproductive
toxicity of each chemical. The searches covered three major reproductive toxicity endpoints,
namely developmental toxicity and male and female reproductive toxicity. The databases
searched and parameters used in these searches are described in Appendix A.

The results of these searches were reviewed by OEHHA staff and all studies that provided
data on reproductive toxicity were identified. For each chemical the design parameters and
results of these studies on male reproductive, female reproductive and developmental toxicity
are summarized in a table, except as specified below. The complete study reports for these
chemicals have been provided to the DART IC and are available to the public upon request.

Relevant studies were identified for all but one of the chemicals. No relevant data on
reproductive or developmental toxicity were identified for p,p’-oxybis(benzenesulfonyl
hydrazide).

For the chemicals 4-vinyl-cyclohexene (VCH) and vinyl cyclohexene epoxide (VCD), a very
large body of relevant data was identified. VCD is a metabolite of VCH. Most of the data on
both of these chemicals relate to female reproductive toxicity, as these compounds are used
as model compounds for this type of toxicity. Due to the volume of references on these
chemicals, two recent reviews of the female reproductive toxicity of VCH and VCD published in
peer-reviewed scientific journals are provided in Appendix B, rather than the data being
tabulated. The relatively small number of studies relevant to developmental and male
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reproductive toxicity of VCD and VCH have been summarized in tables. All of the complete
study reports on both chemicals for male reproductive, female reproductive and developmental
toxicity have been provided on CD to the DART IC and are available to the public upon
request.

For completeness, the original ACGIH documents supporting development of the TLVs have
also been provided to the DART IC on CD. These documents were not used in the process
that resulted in listing under Proposition 65 of the chemicals identified in Table 1. Rather,
identification of a TLV based in whole or in part on a reproductive toxicity endpoint in the
document “Threshold Limit Values for Chemical Substances and Physical Agents in the
Environment, American Conference of Governmental Industrial Hygienists (ACGIH)” (latest
edition) resulted in the listing. Relevant entries from that document also have been provided
on CD to the committee.
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tert-Amyl Methyl Ether (TAME)

H,C
HSC\X O e,

CH,

Molecular Formula: CgH140

tert-Amyl methyl ether is mostly used as an oxygenate for gasoline. It is added to increase
octane enhancement and to raise the oxygen content in gasoline to help reduce emissions.

Relevant Studies

Berger, T. and C. M. Horner (2003). "In vivo exposure of female rats to toxicants may affect
oocyte quality”. Reprod Toxicol 17(3): 273-81.

Tyl, R. W., C. B. Myers, M. C. Marr, P. A. Fail, J. C. Seely, B. Elswick, A. James and F. Welsch
(2003). "Two-generation reproductive toxicity study of inhaled tertiary amyl methyl ether
(TAME) vapor in CD rats". J Appl Toxicol 23(6): 397-410.

Welsch, F., B. Elswick, R. A. James, M. C. Marr, C. B. Myers and R. W. Tyl (2003).
"Developmental toxicity evaluation of inhaled tertiary amyl methyl ether in mice and
rats". J Appl Toxicol 23(6): 387-95.
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tert-Amyl Methyl Ether (TAME)

Experimental Parameters

Results (Effects/NOEL/LOEL)

Animal Model Exposure
Chemical (Sp_eC|es/ (Route/ Doses or Endpoints Assessed
Reference (Source/ Strain/Sex/ ; .
. . Period/ Concen- Parents/ Offspring .
Purity/ Age) Study Design /| trati Parents Offspring Comments
Preparation) N Frequ_ency rations
Vehicle)
TAME CD-1 Mice. Developmental | Inhalation; 0, 250, Parents: Dam toxicity: survival, | 4 deaths (16%) | 40% Reduced fetal BW/ litter at
(Chevron Pregnant female, | toxicity study. 11 days 1500, organ wt, BW at high dose; 1 | 3500 ppm (p<0.01); increased
Research and | 11wks old (GD6-16); 3500 ppm on each day: incidence of late fetal death at
Technology. Dams 6h/day Offspring: Fetal survival, organ | GD 6,7,8,9 3500 ppm; extra rib(s) on lumbar
Richmond, 25/group sacrificed on wt, developmental landmark, vertebra no. 1 in all groups,
CA) GD17 and Filtered ossification, physical evaluation, | Increased liver misaligned sternebrae at 0, 250
Purity = fetuses fresh air and neurodevelopment wt. at 1500, and 1500 ppm; reduced
98.9% dissected for vehicle 3500 ppm ossification in lumbar
physical centrum at 1500 ppm and in
examination. Reduced BW: thoracic centrum and pubis at
27% at 3500 3500 ppm and floating extra rib
ppm cartilage at 1500 ppm
p<0.01
Increased fetal external
Welsch et malformations: _
al. 2003 Cleft palate 18% of litters at
1500 ppm (NS) and
31.6% of litters at 3500 ppm
(p<0.01)
LOEL=1500 ppm;
enlarged lateral ventricles of
the fetal cerebrum at 3500 ppm
NOEL = 250 ppm
As above CD (Sprague- Developmental | Inhalation; 0, 250, Parents: Dam survival, BW Reduced BW: No significant increase in fetal
Dawley) rats; toxicity study. 14 days 1500, Offspring: Fetal survival, organ | 7% at 1500 ppm | death in any treatment group.
Female pregnant. | Dams (GD6-19); 3500 ppm | wt., developmental landmark, (p<0.05) 5% reduction in fetal BW/ litter
10 wks old sacrificed on 6h/day ossification, physical evaluation, | 22% at 3500 at 3500 ppm (p<0.01)
25/group GD20 and neurodevelopment ppm (p<0.01)
Filtered
fresh air
vehicle
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tert-Amyl Methyl Ether (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal Endpoints Assessed
Reference Chemical Model Exposure ;
(Source/ (Species/ (Route/Period/ C%?lscisrf- Parents/ Offspring
Purity/ Strain/Sex | Study Design Frequency/ : Parents Offspring Comments
! . trations
Preparation) IAge) Vehicle)
N
TAME CD Two generation | Inhalation for 6 | 0 (filtered Parents: Dam toxicity: Reduced BW F1: reduced BW throughout
(Chevron (Sprague- | reproductive h/day, 5 days/ | fresh air), survival, organ wt, BW and | during lactation at | lactation in both sexes at 3000
Research and | Dawley) study. week, during feed consumption 3000 ppm (p<0.05). | ppm (p<0.05); in females only at
Technology. rats, virgin the prebreeding | 250, 1500, 1500 ppm on PND 7 and 14, in
Richmond, females Fland F2 exposure 3000 ppm Offspring: Fetal survival, both sexes at 1500 ppm on PND
CA) and virgin | offspring periods (10 BW, vaginal patency and 21 and 28 (p<0.05).
males; 35 | weaned on weeks) and the preputial separation for F1. F2: deceased survival index at
Purity=98.8% | days old PND 28. postmating Anogenital distance at birth 3000 ppm at PND 4 and 21.
30/sex/ Exposure of F1 | holding period (PND 0) for F2. Decreased BW throughout
group and F2 started (males). Reproductive organs of lactation in both sexes at 3000
on PND29. During mating, animals suspected of ppm (p<0.05); and on PND 14
Pregnant dams | gestation and reduced fertility were and 21 at 1500 ppm (p<0.05) .
Tyletal were not Iactation_ of F1 sybjected to . _ -
2003 ' exppse_d and F2 litters, h|stopayholog|cal The NOAEL for offspring toxicity
beginning on gd | exposures were evaluation. was 250 ppm.
20. Dams with 6 h/day, 7 days/
litters were not | week. Systemic Toxicity Reproductive Toxicity
exposed on
PND 0 through As above Reduced estrous cycle length
PND 4. (4.22 vs 3.96 days, p<0.05) and
increased gestational length (22
vs 22.3, p<0.05) at 1500 ppm.
FO: Increased % abnormal
sperm: 3.1% at 1500 ppm and
5.5% (p<0.05) at 3000 ppm,
(control=2.3%)
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tert-Amyl Methyl Ether (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Chemical Animal Study Design Exposure Doses/
(Source/ Model (Route/Period/ | Concen-
R Purity/ (Species/ Frequency/ trations Endpoints Assessed Comments
eference . . !
Preparation) | Strain/Sex Vehicle)
IAge) Systemic Toxicity Reproductive Toxicity
N
TAME Sprague- In vivo treatment | Drinking water | 0 or 0.3%in | Oocyte fertilization N/A Reduced percentage of oocytes
(Aldrich Dawley of females/In drinking fertilized following exposure of
Chemical Co). | rats, vitro fertilization | Females were | water females to 0.3% TAME (65%
(purity not males, study exposed for 2 versus 84% in controls; p<0.05);
specified) 100 days weeks prior to and decreased penetrated
old, Exposed oocyte harvest. sperm/oocyte (1.53 versus 1.84)
provided females were for TAME-exposed females,
semen induced to SEM.=0.20;p<0.10
B (collected | ovulate and the
erger and f .
Horner 2003 fom ovocites
dissected | collected and
epididy- incubated with
mides) diluted sperm for
20 h.
Females,
28-45
days old ,
provided
ovocites.
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2-Chloropropionic Acid

CH,

HO fe,
Ci

O

Molecular Formula: C3HsCIO»

2-Chloropropionic acid is a chemical intermediate used in the manufacture of pharmaceuticals
and pesticides.

In the two studies by Yount et al. described in the table below, 2-chloropropionic acid as a
neutral sodium salt, known as sodium 2-chloropropionate, was administered to rat testicular
cells and rats. 2-Chloropropionic acid is a weak acid, so there will be an equilibrium between
the acid and its anion (2-chloropropionate) in solution. Therfore, administration of 2-
chloropropionate (in salt form) exposes an animal to 2-chloropropionic acid.

Relevant Studies

Yount, E. A. and R. A. Harris (1982a). "Ketone-Body and Acetate Formation from Oleate by
Isolated Rat Testicular Cells". Arch of Biochem Biophysics 217(2): 503-11.

Yount, E. A., S. Y. Felten, B. L. Oconnor, R. G. Peterson, R. S. Powell, M. N. Yum and R. A.
Harris (1982b). "Comparison of the metabolic and toxic effects of 2-chloropropionate
and dichloroacetate." J Pharmacol Exper Ther 222(2): 501-508.
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2-Chloropropionic Acid

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal Model
(Species/ Exposure
Chemical Strain/Sex/ (Route/Period/ Doses/ _
Reference (Source/ Purity/ Age) Study Design Frequency/ Concen- Endpoints Systemic Reproductive Comments
Preparation) . trations Assessed Toxicity Toxicity
N Vehicle)

DL-2-chloro- Isolated In vitro cell Incubation of Unspecified | Metabolismin | N/A 2-chloropropionate Since all results obtained
proprionic acid testicular cells | culture isolated cells testicular cells did not activate the with 2-chloropropionic acid
(used as a neutral | from Wistar pyruvate dehydro- were negative, the focus
solution of its rats from Cells were 97%+ | 60 minutes in genase complex became the capacity of
sodium salt) Harland viable as culture in the testes which isolated testicular cells to

Laboratories estimated by did not increase the produce ketone bodies.
Aldrich Chemical | (Indianapolis, trypan blue production of 14CO;
Company IN) exclusion from [U-14C]glucose | Cellular composition of the

Yount et al and diminish lactate | isolated ceII. preparations
19822 ' Testes from The s_tudy and pyruvate was not defined.
one adult rat, examined accumulation.
or pooled metabolic effects

testes from 8

of 2-chloropro-
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or more 24-to | prionic acid
27-day old rats, | oxidation, as
or 40 14-day well as some
old rats general features
of energy
metabolism.
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2-Chloropropionic Acid (continued)

Experimental Parameters Results
(Effects/NOEL/LOEL)
Animal Model
. (Species/ Exposure Endpoints
Reference Chem:jcal_(Source/ Strain/Sex/ . (Route/Period/ Doses/ Assessed Systemic Reproductive Comments
urity/ Study Design Concen- o e
Preparation) Age) Freqqency/ trations Toxicity Toxicity
Vehicle)
N
2-chloropropionate | Male Wistar Prolonged Oral viafeed for | 0.04 mol/kg | Testes and N/A Weight of testes plus | Multiple studies were
acid rats from toxicity — 12 12 weeks concentra- epididymal epididymis were reported in this reference.
Aldrich Chemical Harlan weeks tion in feed weight significantly less than
Company Industries or Food control values. Prolonged toxicity study
Cox Laboratory consumption Approximate | Testicular had data relevant to male
(Converted by Supply measured daily, dosage: germ cells Ratio of weight of reproductive toxicity.
Yount et al. to the Company body weights varied from testes plus
neutral sodium salt assessed weekly | 4 mmol/kg/d epididymis to the
of 2-chloropropionic | 6 weanling atthe whole body weight
acid) rats/group beginning of was significantly
Igg%et al, the study to smaller in the treated
about 2.5 group compared with
mmol/kg/d at controls.
the end of
the study All 6 treated rats
showed evidence of
testicular maturation
arrest and
degeneration of germ
cells, some of which
contained enlarged
or multiple nuclei.
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N,N-Dimethylacetamide (DMAC)

H:G
N—CH,
o)
H3

Molecular Formula: C4H9gNO

N,N-Dimethylacetamide is used as a solvent, a chemical intermediate, a carrier
ingredient in pharmaceuticals, and in the production of synthetic polymers used in
clothing and textiles.

Relevant Studies

Anderson, I. and L. M. Morse (1966). "The influence of solvent on the teratogenic effect
of folic acid antagonist in the rat". Exp Mol Pathol 5(2): 134-45.
Du Pont Haskell Laboratories (1997). Dimethylacetamide (DMAC): Developmental
toxicity study in Sprague-Dawley rats. HL-1997-00203.
Ferenz, R. L. and G. L. Kennedy, Jr. (1986). "Reproduction study of dimethylacetamide
following inhalation in the rat". Fundam Appl Toxicol 7(1): 132-7.
Johannsen, F. R., G. J. Levinskas and J. L. Schardein (1987). "Teratogenic response of
dimethylacetamide in rats". Fundam Appl Toxicol 9(3): 550-6.
Kennedy, G. L. (2012). "Toxicology of dimethyl and monomethyl derivatives of
acetamide and formamide: a second update". Crit Rev Toxicol 42(10): 793-826.
DuPont Company. (1983). Inhalation study in rats. Unpublished results.
Kennedy, G. L., Jr. (1986). "Biological effects of acetamide, formamide, and their
monomethyl and dimethyl derivatives". Crit Rev Toxicol 17(2): 129-82.
Monsanto (1973a). Unpublished data reviewed in Kennedy (1986): ref
219c, p156
Monsanto (1973b). Unpublished data reviewed in Kennedy (1986): ref
219d, p.156
Monsanto (1973c). Unpublished data reviewed in Kennedy (1986): ref 219b,
p.156Klimisch, H. J. and J. Hellwig (2000). "Developmental toxicity of
dimethylacetamide in rabbits following inhalation exposure”. Hum Exp Toxicol
19(12): 676-83.
McGregor, D. B., (1981). “Tier Il Mutagenic Screening of 13 NIOSH Priority
Compounds”, NIOSH contract, Inveresk Research International, Musselburgh,
Scotland, NTIS.
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Merkle, J. and H. Zeller (1980). "[Studies on acetamides and formamides for
embryotoxic and teratogenic activities in the rabbit (author's transl)]".
Arzneimittelforschung 30(9): 1557-62.

Miller, W. L., D. W. Frank and M. J. Sutton (1981). "Antifertility activity of DMA in
hamsters: protection with a luteotropic complex". Proc Soc Exp Biol Med 166(2):
199-204.

Organization for Economic Cooperation and Development (OECD) (2001). N,N-
dimethylacetamide (DMAC) CAS No0:127-19-5. SIDS Initial Assessment Report
for 13 SIAM.

Monsanto (1973c). Unpublished data reviewed in OECD (2001): ref 55,
p. 78.

Okuda, H., T. Takeuchi, H. Senoh, H. Arito, K. Nagano, S. Yamamoto and T.
Matsushima (2006). "Developmental toxicity induced by inhalation exposure of
pregnant rats to N,N-dimethylacetamide”. J Occup Health 48(3): 154-60.

Solomon, H. M., R. L. Ferenz, G. L. Kennedy, Jr. and R. E. Staples (1991).
"Developmental toxicity of dimethylacetamide by inhalation in the rat". Fundam
Appl Toxicol 16(3): 414-22.

Stula, E. F. and W. C. Krauss (1977). "Embryotoxicity in rats and rabbits from
cutaneous application of amide-type solvents and substituted ureas". Toxicol
Appl Pharmacol 41(1): 35-55.

Thiersch, J. B. (1962). "Effects of acetamindes and formamides on the rat litter in vitro".
J Reprod Fertil 4: 219.

Valentine, R., M. Hurtt, S. Frame and G. L. Kennedy, Jr. (1997). "Inhalation toxicology
of dimethylacetamide (DMAC) in mice and rats: age-related effects on lethality
and testicular injury”. Inh Toxicol 9: 141-56.

Von Kreybig, T., R. Preussmann and I. Kreybig (1969). "Chemische konstiution und
teratogene Workung bei der ratte. II. N-alkylharnstoffe, N-alkylsulfonamide, N,N-
dialkylacetamide, N-methylthioacetamide, cloracetamide.". Arzneim. Forsch 19:
1073-6.

Wang, G. M., L. D. Kier and G. W. Pounds (1989). "Male fertility study on N,N-
dimethylacetamide administered by the inhalation route to Sprague-Dawley rats".
J Toxicol Environ Health 27(3): 297-305.

ACGIH TLV DART Chemicals 13 Office of Environmental
for Reconsideration Health Hazard Assessment
September 2013



N,N-Dimethylacetamide (DMAC)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Chemical | Animal Model Exposure Endpoints
Reference (Source/ (Species/ (Route/Period/ CDOSES/ Assessed p Offsori Comments
Purity/ Strain/Sex/Age) | Study Design Frequency/ oncen- arents spring
. : trations
Preparation) N Vehicle)
Thiersch DMAC; Female rats Preimplantation | i.p, one 2 g/kg Embryos flushed No information provided Loss of litter, one injection Brief report
1962 source/purity | No information embryotoxicity injection from uterus and between GD4 and 14. with no data
not stated on strain or study one dose examined GD Abnormal embryo or statistics
group size between GD 4 2,345 development, one injection
provided and14 with between GD2 and 5.
pregnancy
outcome; one
dose GD 2, 3,
4 or 5 with
embryo exam
Anderson DMAC; Holtzman rats DMAC used as | s.c. injection DMAC 6,12, | Embryos examined | No information provided Absorbed and necrotic Data table,
and Morse | Source/purity | 3-5/group asolventina GD 10, or 18%; high within 3 days of fetuses, 12 & 18% dose, no statistics
1966 not stated study of 10,11 or dose about dosing GD10,11 and 12; 2%
pyrimethamine 10,11,12; 500 mg/kg resorptions at 6% dose
No control
injection
Von DMAC; CDrats A group of injection 600, 800, No information Not stated; LD50 ~3000 Dose related increase in Data table;
Kreybig et | chemicals 2-5/group acetamides was | GD 13 1000 mg/kg provided mg/kg malformations on GD13,14; | no statistics
al. 1969 purchased or studied. GD14,15 (1000 no malformations GD15; Article in
synthesized/ Fetal exam 24 ma/kg only) digit and tail malformations; | German;
purity not or 48 h after Dose related increase in some data in
stated treatment; gross resorptions and fetal deaths | later review;
fetal exam only described as
i.p. by Stula
& Krauss
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N,N-Dimethylacetamide (DMAC) (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Reference | Chemical Animal Model Exposure Endpoints Comments
(Source/ (Species/ (Route/Period Doses/ Assessed Parent Offsori
Purity/ Strain/Sex/Age) | Study Design | /Frequency/ Concentrations arents spring
Preparation) N Vehicle)
DMAC Rats Reproductive Dermal 120, 250, 500, No information | No information provided Reduced fertility, smaller | Original report
Source and No information on | toxicity study 1000 mg/kg/d provided litters, decreased fetal not available.
purity not strain or group Control not stated weight, decreased Described in
described size provided sternal ossification, 1000 | Kennedy 1986
Monsanto
: mg/kg/d (ref 219c,
unpublishe 0156)
d 1973a
Text
description
only; no data;
no statistics
DMAC Rats Developmental | Dermal 120, 250, 500 No information | No information provided Decreased fetal weight, Original report
Source and No information on | toxicity study 1000 mg/kg/d provided increased resorptions, not available.
purity not strain or group GD6-15 skeletal defects, 1000 Described in
Monsanto | described size provided Control not stated mg/kg/d Kennedy 1986
unpublishe (ref 219D, p.
d 1973b 156)
Text
description
only; no data;
no statistics
ACGIH TLV DART Chemicals 15 Office of Environmental

for Reconsideration

Health Hazard Assessment

September 2013




N,N-Dimethylacetamide (DMAC) (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Reference | Chemical Animal Model Exposure Endpoints Comments
(Source/ (Species/ (Route/Period/ Doses/ Assessed p Offsori
Purity/ Strain/Sex/Age) | Study Design Frequency/ | Concentrations arents spring
Preparation) N Vehicle)
DMAC Rabbits, New Developmental | Dermal 120, 250, 500 No information | No maternal toxicity; NOEL Decreased fetal body Original report
Source and Zealand white toxicity GD6-18 ma/kg/d provided 500 mg/kg/d weight; decreased not available.
purity not Group size not Control not survival; increased sternal | Described in
described stated stated deviations; 2 gross Kennedy
Monsanto malformations; 500 1986 (ref
. mg/kg/d; NOEL 250 219d, p.156
unpublished
1973c mg/kg/d and OECD
2001 (ref 55,
p. 78)
Text
description
only; no data;
no statistics
DMAC; SD rats Developmental | Dermal; 0, 600, 1200, Maternal Maternal weight loss (1%) Increased Results
Du Pont/ < 220-250g toxicity GD9, or 2400 mg/kg-d; weight change | during dosing 1200 mg/kg-d | embryomortality; dose interpreted by
2% impurities 10&11, or during dosing GD 10&11; less weight gain, | dependent to 100% at authors as
39 11812, or dose-dependent. 2400 mglkg, GD10&11; 3 | fetal effects
pregnancies/group 12&13; Fetal exam fetuses (1 litter) with with no
GD20 encephalocele, 1 fetus maternal
gross, visceral with anasarca 1200 effects
Stula and and skeletal mg/kg, QD 10&11; lower
Krauss 1977 fetal weight, dose Datg tgble; no
dependent, GD10&11. statistics
New Zealand Developmental | Dermal 200 mg/kg-d Fetal exam No measures reported No developmental effects
rabbits, toxicity GD 8-16. GD30
4 kg gross, visceral
and skeletal
39
pregnancies/group
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N,N-Dimethylacetamide (DMAC) (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Reference Chemical Animal Model Exposure Endpoints Comments
(Source/ (Species/ (Route/Period/ Doses/ Assessed P Offeori
Purity/ Strain/Sex/Age) Study Design Frequency/ Concentrations arents spring
Preparation) N Vehicle)
DMAC Rabbits Developmental Oral, gavage 0, 94, 282, 470 Maternal Mortality (17%) in 100% resorption, 470 Dose
10-12/group toxicity GD 6-18 ma/kg mortality, food | dams at 470 mg/kg- | mg/kg; decreased live calculation
BASF 23-33 weeks old FDA 1966 intake; fetal d fetuses, 5/35 fetuses with from OECD
Merkle and guidelines mortality, NOEL 282 mg/kg-d; | malformation (cleft palate, | (2001);
Zeller 1980 | purity not weight, Reduced food fused ribs, micro- article in
stated teratology intake and weight ophthalmia), 282 mg/kg; German
exam gain dams NOEL 94 | NOEL 94 mg/kg-d
mg/kg-d
DMAC Golden hamsters Preimplantation s.c. or oral 22,18,14,11, Implantation Not stated Dose-dependent pregnancy | Complex set
6/group embryotoxicity single day 0.9 g/kg s.c. sites and ovary termination 100% 2.2 g/kg | of studies
Aldrich study; Fertility trial treatment GD 1 | (lethal dose 6 mg/kg | histopathology to 0% 0.9 g/kg, s.c.; 100% | with good
after previous to 8. s.Cc.) on GDS; pregnancy termination at data
Miller etal. | purity not preimplantation Fertility trial 10 2.2 g/kg oral, 0% 1.1 g oral; | reporting
1981 stated dosing 2.2, 1.1 glkg oral days after histopathology corpora
treatment lutea; fertility 83% 10 days
after treatment
DMAC Rats Dominant lethal Inhalation 0, 20, 700 ppm Body weights Not stated No dominant lethal effects | Statistics;
10/group 2 females/week, 7h/day during dosing Dermal and
McGregor | Aldrich 9 weeks; 5 days i.p dominant
1981 Sperm lethal
>99% pure abnormalities 5 studies
weeks post dosing negative
(epididymal);
positive control
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N,N-Dimethylacetamide (DMAC) (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Reference Chemical Animal Model Exposure / Endpoints Comments
(Source/ (Species/ (Route/Period/ Doses Assessed . - ducti -
Purity/ Strain/Sex/Age) StuFJy Frequency/ Con.cen- Systemic Toxicity Reproductive Toxicity
. Design : trations
Preparation) N Vehicle)
DMAC, Rats Subchronic Inhalation 228 ppm Not stated Not stated Testicular atrophy Original report not
Dupont, source and toxicity 6 h/day, 2 weeks (effective available.
1983 purity not dose) Reviewed in
Unpublished stated Kennedy et al. 2012
data Minimal information
from table entry
DMAC, CD Rats One Inhalation 0, 30, 100, Mating, fertility, | Early weight effect in Enlarged testes males Haskell labs;
DuPont/99.9 | 20 females generation 6 h/day 300 ppm pregnancy males only, 1 female 30 ppm complex results from
%pure 10 males reproductive | 10 weeks outcome, death 300 ppm; Parental M, F and M&F
35 days old toxicity study | prebreed, postnatal increased liver weight exposures
Ending on 7 hiday breeding, growth and NOEL 30 ppm
Ferenz and pnd 21 gestation, lacation; survival Parents Offspring
Kennedy Males and : :
1986 females: also As above 2 pups with no tails;
males/females only de(;reased postnata!
at 300 ppm we!ghts; Increased liver
weight, decreased pup
weight pnd 21 NOEL
100 ppm
ACGIH TLV DART Chemicals 18 Office of Environmental
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N,N-Dimethylacetamide (DMAC) (continued)

. Results
Experimental Parameters (Effects/NOEL/LOEL)
Reference Chemical Animal Model Exposure Doses/ Endpoints Comments
(Source/ (Species/ (Route/Period/ C Assessed P Offsori
Purity/ Strain/Sex/Age) | Study Design Frequency/ oncen- arents spring
; . trations
Preparation) N Vehicle)
DMAC, CD Rats Developmental Gavage 0, 65, 160, Body weight GD | No mortality; reduced Reduced fetal weight,; Full report
Monsanto/99. | 12 weeks old toxicity GD 6-19 400 mglkg-d | 1,6,9,12,16,20, | maternal body weight gain, Increased post- with statistics
72% pure 22-25 group Water vehicle Clinical signs. corrected NOEL 160 implantation loss,
Johannsen Sacrifice and mg/kg-d increased m_a_lforr_nation;
ot al 1987 fetal exam reduced o;sqﬂcapon; 400
' GD20; gross, mg/kg/d; distinctive
visceral, skeletal cardiovascular
malformation
NOEL 160 mg/kg/d
DMAC/ Rats Male fertility and | Inhalation 6 0, 40, 116, Fertility, Increased liver weight No developmental effects
Monsanto/99. | male developmental h/day, 5 386 ppm GD20 dam NOEL40 ppm
8% pure 12/group toxicity days/week prior necropsy for
Wang et al. to and during litter size, _ - _ -
1989 mating; 43 resorptions, fetal Systemic Toxicity Reproductive Toxicity
EXposures prior to weight, gross As above No fertility effects
mating, 69 total malformation
exposures
DMAC, du CDrats Developmental Inhalation 6 h/day | 0, 30, 100, Body weight GD ) Full statistics
Pont>99.9% | Females 60 toxicity; sacrifice | GD 6-15 300 ppm 1,6,9,13,16,21; Parents Offspring reported;
ure days old, males | and fetal exam clinical signs - - - table of
" 90ydays old; GD 21 daily; co?pora Reduced body weight gain | Reduced fetal weights, individual
Solomon et 25 pregnancies/ lutea and 300 ppm, NOEL 100 ppm; 3,00 ppm, no stat|st|cglly malformations
al. 1991 group implantation no effects on corrgcted ‘ _5|gn|f|cant malformation
sites; fetal maternal body weight gain. increase
weight, gross NOEL 100 ppm
and visceral,
skeletal exam.
ACGIH TLV DART Chemicals 19 Office of Environmental
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N,N-Dimethylacetamide (DMAC) (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Reference Chemical Animal Model Exposure Endpoints Comments
(Source/ (Species/ (Route/Period/ Doses/ Assessed Parent Offsori
Purity/ Strain/Sex/Age) | Study Design Frequency/ Concentrations arents spring

Preparation) N Vehicle)

DMAC SD rats Developmental Gavage 0, 20, 65, 150, Maternal body | Reduced maternal weight Increased resorption,

>99% pure 24-25/group toxicity; exam GD7-21 400 mg/kg bw weight, food gain 150, 400 mg/kg; reduced litter size, 400

Females 64 GD22 intake during reduced corrected maternal | mg/kg; reduced fetal weight,

DuPont days old, males, Vehicle HPLC pregnancy; weight gain 400 mg/kg; 150 and 400 mg/kg;

H 76 days old water uterine liver reduced food intake 400 anasarca, cardiovascular
askell . ; - . .
Labs 1997 kidney weight mg/kg, mqeased liverand | and cerebral malformation,

at necropsy; kidney weight, clin chem 400 and 150 mg/kg;
fetal weight, effects 400 mg/kg NOEL NOEL 65 mg/kg-d
gross, visceral, | 65 mg/kg-d
skeletal exam
DMAC Rabbits Developmental Inhalation 0,57,200,570 | Maternal body | No maternal toxicity Decreased fetal and
>099.9%pure (Himalayan) toxicity GD7-19 ppm weight placental weights, all doses,
23-27 weeks old GDO0,3,7; clin no NOEL. Increased
Klimisch 15/group main | Sacrifice and fetal | Main 6 h/day signs; gross skeletal and soft tissue
and Hellwig study exam GD29 and variations including
2000 5/group satellite “Satellite” histopathology, cardiovascular, statistically
study 16 h/day blood significant at 570 ppm;
chemistry, NOEL 57 ppm
ACGIH TLV DART Chemicals 20 Office of Environmental
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N,N-Dimethylacetamide (DMAC) (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Reference Chemical Animal Model Exposure Endpoints Comments
(Source/ (Species/ stud (Route/Period/ Doses/ Assessed o . .
Purity/ Strain/Sex/Age) udy Frequency/ | Concentrations Systemic Toxicity Reproductive Toxicity
y g Design quency
Preparation) N Vehicle)
DMAC, CD-1 mice Sub Chronic Inhalation 0, 30, 100, 310, | Body weights, Increased mortality, Reduced relative testes weights
Dupont Male Toxicity 490, 760 ppm Hematology, pubescent mice 490 490 ppm,; testicular lesions,
Fibers, 99.8% | 35 days old 6 h/day, 5 organ weights (20%), 760 ppm (80%); atrophy 310, 490, 700 ppm;
pure days/wk for 2 and reduced body weight 700 | epididymal and seminiferous tubule
5/group mated weeks. histopathology ppm; clinical signs 490, lesions
after exposure 760 ppm; increased liver
weights 490 ppm,;
10/group mated decreased lung weights
after 14 day 490 ppm; hepatocellular,
recovery. lymphoid and adrenal
pathology.
Valentine As above CD-1 mice As above As above 0,52,150,300 | Grosslesionsat | No mortality or clinical Reduced testes weights at 480
etal 1997 7 weeks old 480, ppm necropsy plus signs. ppm; seminiferous tubule atrophy
(target doses) epididymal and at 480 ppm; no sperm effects
9-13/group testes
histopathology,
testicular sperm
counts
As above CDrats As above As above 0,52,150,300 | Grosslesionsat | No mortality or clinical No effects reported
47 days old 480, ppm necropsy plus signs; reduced weight
(target doses) epididymal and gain 480 ppm.
9-13 group testes
histopathology,
testicular sperm
counts
ACGIH TLV DART Chemicals 21 Office of Environmental
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N,N-Dimethylacetamide (DMAC) (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal )
Reference | Chemical Model Exposure Endpoints Comments
(Source/ (Species/ (Route/Period/ Doses/ Assessed b Offsori
Purity/ Strain/Sex/ Study Design Frequency/ | Concentrations arents spring
Preparation) Age) Vehicle)
N

DMAC CDrats Developmental Inhalation 0, 100, 300,450, | Maternal weights | Decreased maternal Decreased fetal weight 300, 450,

Wako Pure female toxicity 6h/day 600 ppm (V/v); GD body weight 450 and 600 | 600 ppm, decreased live male

Chemical 9 weeks old GD 6-19 vapor 6,7,9,13,17,20; ppm; increased maternal | fetuses 600 ppm, Increased

Industries 214,321, 428 necropsy GD20, | relative liver weight 300, | visceral and skeletal malformation,

Okuda et >99.9% pure | 10/group mg/kg-d for 300, | liver enzymes 450, 600 ppm; maternal | 450, 600 ppm; gross, (anasarca)
450 and 600 and hisopath; liver histopathology 450, | 600 ppm; cardiovascular,
al. 2006 . .
ppm fetal exam, gross, | 600 ppm. malformation (ventricular septal
visceral, skeletal | NOEL 100 ppm defect, persistent truncus

arteriosus) 450 and 600 ppm;
skeletal ( fused vertebrae, skull)
450, 600 ppm; NOEL 100 ppm
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2-Ethylhexanoic Acid

Molecular Formula: CgH160-

2-Ethylhexanoic acid is used as a chemical intermediate and for manufacture of resins used
for baking enamels, lubricants, detergents, flotation aids, and corrosion inhibitors. The
chemical is also used as a catalyst for polyurethane foaming, for solvent extraction, and for
dye granulation.

Relevant Studies

Bui, L. M., M. W. Taubeneck, J. F. Commisso, J. Y. Uriu-Hare, W. D. Faber and C. L. Keen
(1998). "Altered zinc metabolism contributes to the developmental toxicity of 2-
ethylhexanoic acid, 2-ethylhexanol and valproic acid". Toxicology 126(1): 9-21.

Collins, M. D., W. J. Scott, S. J. Miller, D. A. Evans and H. Nau (1992). "Murine teratology and
pharmacokinetics of the enantiomers of sodium 2-ethylhexanoate". Toxicol Appl
Pharmacol 112(2): 257-65.

Dawson, D. A. (1991). "Additive incidence of developmental malformation for Xenopus
embryos exposed to a mixture of ten aliphatic carboxylic acids". Teratology 44(5): 531-
46.

Hauck, R. S., C. Wegner, P. Blumtritt, J. H. Fuhrhop and H. Nau (1990). "Asymmetric
synthesis and teratogenic activity of (R)- and (S)-2-ethylhexanoic acid, a metabolite of
the plasticizer di-(2-ethylhexyl)phthalate". Life Sci 46(7): 513-8.

Hendrickx, A. G., P. E. Peterson, R. W. Tyl, L. C. Fisher, L. J. Fosnight, M. F. Kubena, M. A.
Vrbanic and G. V. Katz (1993). "Assessment of the developmental toxicity of 2-
ethylhexanoic acid in rats and rabbits"”. Fundam Appl Toxicol 20(2): 199-209.

Narotsky, M. G., E. Z. Francis and R. J. Kavlock (1994). "Developmental toxicity and structure-
activity relationships of aliphatic acids, including dose-response assessment of valproic
acid in mice and rats". Fundam Appl Toxicol 22(2): 251-65.

Pennanen, S., K. Tuovinen, H. Huuskonen and H. Komulainen (1992). "The developmental
toxicity of 2-ethylhexanoic acid in Wistar rats". Fundam Appl Toxicol 19(4): 505-11.

Pennanen, S., K. Tuovinen, H. Huuskonen, V. M. Kosma and H. Komulainen (1993). "Effects
of 2-ethylhexanoic acid on reproduction and postnatal development in Wistar rats".
Fundam Appl Toxicol 21(2): 204-12.
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potentiation by caffeine". Teratology 35(1): 41-6.

Svechnikova, 1., K. Svechnikov and O. Soder (2007). "The influence of di-(2-ethylhexyl)
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Endocrinol 194(3): 603-9.
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2-Ethylhexanoic Acid (EHXA)

. Results
Experimental Parameters (Effects/NOEL/LOEL)
Animal Model . )
Reference Chemical (Sp_emes/ (ROU)EE/OPSeLrI':’gd/F Doses/ indpomtg Comments
(Source/ Purity/ SU%S{ES)GX/ Study Design requency/ Concen- SSesse Parents Offspring
Preparation) Vehicle) trations
N
, ) Pregnant rats . , ,
2-Ethylhexanoic | Wistar rats were killed on Oral %avage on | EHXA: 0,6.25, | Number of dead or | No information % Fetal weight noted at EHXA alone
acid (EHXA) ) GD1 or12.5 mmol/kg | resorbed fetuses, | reported on 2.5 mmol/kg had
Pregnant gestation day . living fetuses dams teratogenic
6.25and 12.5 females (GD) 20 and Vehicle not (6.25 mmol/ weighed and %} % of dead and resorbed | effect
mmol solutions following C- stated kg EHXA is examined for etuses at 12.5 mmol/kg Caffeine
At least 7 i eci_uwalent t0 1.0 | external further
litters/group section, ml/kg) malformations. tincidence of survivors otentiated
implantation B Skeletal and with hydronephrosis - 20.9 | EHXA effects,
Control: sites counted Positive control | visceral effects % at 12.5 mmol/kg; 14.4% | increasing the
7 litters and fetuses valproic efxmd (an | examined. in valproic acid group. |fn0|c|ience of
isomer 0 eta
Ritter et al. 6.25 mmol/kg: | Processed for EHXA): 6.25 Malformed fetuses: malformations
1987 7 litters teratogenic mmol 0.8% and 67.8% for EHXA | 1 fetal malfor-
examination kg at 6.25 and 12.5 mmol/kg; | mations
12.5 mmol/kg: | potentiation of 31.5% for caffeine plus observed in
10 litters effects with EHXA 6.25 EHXA at 6.25 mmol/kg. additional
caffeine also mmol/kg plus groups dosed
examined. intra-peritoneal with DEHP or
%}.) Injection of 2-ethylhexan-
0 mglkg ol (2-EHXO0)
caffeine Caffeine also
potentiated
the effects of
these
chemicals.
3 diff NMRI Mi L. injecti 500 mglk Number of No nformation | eratogeniclty
ifferent ice ; .p. injection malkg per umber o o information | teratogenicity or
isomers tested: Pregna}nt mice each morning i.p. injection for | implantations, reported on embryolethality
R)-EHXA 93% | Pregnant were killed on and eveningon | both single- embryolethality dams (R)-EHXA: Highly
S)-EHXA 90% females GD 18 and GD 7and8for | doseand (resorptions, live teratogenicand =
Hauck et al +)-EHXA 90% c _ number of ;_R)t-,((s))l-zﬁr;(dA multiple dose End defacti fetuses). embryot%X||c, fgf(V? vlwth bt
' roup size: : . irst (£)- groups iving fetuses exencephaly, | fetal weig
1990 Control: 10 implantations, groups. were weighed and (+)-EHXA:
R)-EHXA: 17 | resorptions, live o Controls examined for Multiple dose -teratogenic,
S)-EHXA: 9 and dead Single i.p. received 3.0 exencephaly 32% with exencephaly;
+)-EHXA: 20 | foiuses injection on GD | mmol NaCl/kg Single dose — 5% with
+)-EHXA: 14 . 8 for second (z)- exencephaly and no effect
examined. EHXA group. on fetal weight
ACGIH TLV DART Chemicals 25 Office of Environmental
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2-Ethylhexanoic Acid (EHXA) (continued)

Experimental Parameters Results (Effects/INOEL/LOEL)
Chemical Animal Model Exposure Endpoi C t
; ; Doses/ ndpoints omments
Reference (Source/ (Species/ Study Design (Route/Period/ | 0o, Assessed Parents Offspring
Purity/ Strain/Sex/Age) Frequency/ trations
Preparation) N Vehicle)
EHXA SWV mice Pregnant Single 807, 864, or Maternal 1 Maternal Low incidence of exencephaly (about | Dilution
administered no controls, females dosed 1037 mgg/kg lethality, lethality at = | 10%) on GD8 at 807 and 864 mg/kg details of
as sodium 2- 19 litters for 4 on specific subcutaneous on GD embryolethality, | 864 mg/kg racemic
ethylhexanoate | dose groups days of (s.c.) injection malformations _ solutions
(Na EHA) gestation to Na () EHA 39.5% resorptions on GD 8.5 at 864 provided
Investigate onGD8or85 | 864 mg/kg on ma/kg
Na () EHA neural tube GD 8.5.
>99% pure closureand | vehicle:
exencephaly in | physiological
offspring. saline (0.9%
NacCl)
EHXA SWV mice. Pregnant Multiple i.p. SWV & Maternal No SWV: 1% dead or resorbed (21%); SWV more
administered Untreated females of two | injections given | C57BL: lethality, information texencephaly (49%) statistically sensitive
as sodium 2- Controls: 19 strains were at various one- embryolethality, | reported on | significant strain than
ethylhexanoate | litters; dosed on half da?/ . 576 mglkg x 4 | malformations dams C57BL for
(Na EHA) specific days of | intervals durm_(7; gon GD 75,8, C57BL: 1% dead or resorbed fetuses; | induction of
Collins et al. Treated: 10 gestation to some of GDs 7- 5,9) 1 exencephaly (7.3%), though not
1992 Na () EHA litters Investigate the | 10 (presumptive statistically significant. exencephaly
>99% pure . induction of time of neural
C57BL mice exencephaly tube closure) Resorption rate was 21%
Untreated and _
Controls: 22 embryolethality | Vehicle:
litters Physiological
Treated: 11 saline (0.9%
litters NaCl)
EHXA SWV mice Pregnant Multiple i.p. SWV: Maternal No . The most sensitive time for induction GD 8.0, 8.5,
administered No Controls females dosed | injections at 576 mﬁ/kg x 3 | lethality, information of exencephaly was GDs 8.0, 8.5and | and 9.0 most
as sodium 2- 7-10 on specific various one-half gion either GD | embryolethality, | reportedon | 9.0 sensitive
ethylhexanoate | litters/group days of day intervals , 1.5,80r malformations dams Incidence of exencephaly was 44% period.
(Na EHA) gestation to during GDs 7-10 | 75 g 8.5 or Resorption rate was 14%
Investigate the | (presumptive 885 9or
Na () EHA most sensitive | time of neural 859 9.5 or
>99% pure gestational tube closure) 995 1'0)
times to induce | Vehicle: Physio- | = =
exencephaly logical saline
(0.9% NacCl)
ACGIH TLV DART Chemicals 26 Office of Environmental
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2-Ethylhexanoic Acid (EHXA) (continued)

Comments
; Results
Experimental Parameters (Effects/NOEL/LOEL)
Chemical Animal Model Exposure Endpoints
Reference
(Source/ (Species/ . (Route/Period/F Doses/ Assessed .
. ; Study Design Concen- Parents Offspring
Purity/ Strain/Sex/Age) requency/ trations
Preparation) N Vehicle)
EHXA SWV mice Pregnant I.P injectionsat | Na gt) EHA; | Maternal Maternal Na (+) EHA;
administered No Controls females dosed | various doses at | 3X 576 mg/kg | lethality, lethality at Resorptions -14% R-
as sodium 2- 6-10 to investigate 3 gestational embryolethality, | 3X 86 Exencephaly- 44% enantiomer
ethylhexanoate | litters/group the most times- GD 8.0, Na gS)-EHA; malformations mg/kg most potent
(Na EHA) sensitive 8.5and 9.0 3X 864 mglkg Na (S)-EHA;
enantiomer to ) 3X 576 mg/kg Resorptlons -12.5%
Na () EHA induce Vehicle: Exencephaly- 0%
Na (S)-EHA exencephaly Physiological Na (R)-EHA;
Collins et al. Ngg/R -EHA an aalglt)e (0.9% g§ 5% mg;tg Na (R}-EHA
>99% pure ' a mglkg a (R)-EHA;
1992 embryolethality 3X 576 mg/kg Resorptions — 9-20%
(continued) Exencephaly - 0 - 50%
Highest incidence of exencephaly
(50%) noted in Na (R)-EHA group
EHXA Wistar rats Developmental | In drinking water | 0, 100, 300 or | Maternal BW, Marginally Fetotoxic at 600 mg/kg/d with a 5-8%
administered toxicity study. | on GD 6-19 600 mg/kg/d | fetuses toxic to the | fetal BW in males and females. According
as Na EHA 20-21 pregnant examined for dams at 600 | No effect on number of implantations | to the
pPennanen et | 99-5% pure females/dose Fetuses Controls external, mg/kg/d with | or live fetuses. authors,
group examined on received de- visceral, and body weight | Dose dependent ; in variations the
al. 1992 GD 20 ionized water skeletal 1by11% Saffecte fetuses:2.4%,4.9%, 8.9% and | skeleton
malformations 5.3%). . appears to
and variations. 1skeletal malformations > 100 mg/kg/d | be the main
target
ACGIH TLV DART Chemicals 27 Office of Environmental
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2-Ethylhexanoic Acid (EHXA) (continued)

Experimental Parameters (EffectsR/eN%JlgE/LOEL)
Animal
Chemical Model Exposure
Reference (Source/ (Species/ Study Desi (RouFe/Period/ CDOSGS/ Endpoints Assessed 5 Offsor Comments
Purity/ Strain/Sex/ tudy Design Frequency/ trc;rt]i((:)?lr; arents spring
Preparation) A,%e) Vehicle)
Wistar rats, | Preconception, | In drinkin 0, 100, 300, or | Examined for external, No information Average litter size | by
males and gestational, water. Male 600 mg/kg/d. visceral, and skeletal reported 16% at 600 mg/kg/d.
females and lactational | rats were malformations and Birth weights of the
exposure. exposed for 10 | Controls variations. pups unaifected but BW
24 rats/sex/ weeks and received plain gain was transiently
rats/sex femalesfor2 | water. slower durmg lactation
dose group weeks prior to at 600 mg/kg
mating, both Several puEs appeared
EHXA sexes durlng abnormal (kinky tall,
administered the mating lethargic, shghty
Na EHA eriod and paralyzed legs) and the
as Na emales during physical development
99.5% pure the entire assessed by several
estation and landmarks (opening of
act_atcllon ﬁyes erupﬁlon c(ij teeth,
period. air growth) an
Pennanen et reflexes (gr)|p reflex, cliff
al. 1993 avoidance) was delayed
at 300 and 600
mag/kg/d.
As ab Wistar rats, | Prenatal Single gavage | 0, 600 mg/kg Examined for external, No information DeIaYed postnatal
S above malesand | dosing. on either GD 4, visceral, and skeletal reported development in puP .
females 5,6,0r7. Controls malformations and GD 6 most critical for
received plain | variations. implantation, with
Group size: Water vehicle | water. _ . resorptions in 80% of
GD4 -4 Number of |mBIantat|ons Eregnant animals (4/5)
GD5 - 6 counted on G ess severe effects
GD6-6 seen with exposure on
GD7-12 GD7
ACGIH TLV DART Chemicals 28 Office of Environmental
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2-Ethylhexanoic Acid (EHXA) (continued)

Experimental Parameters Results
P (Effects/NOEL/LOEL)
hemical Animal Model c ‘
Reference Chemica (Species/ Exposure Doses/ Endpoints Assessed omments
(Source/ Strain/Sex/ Study (Route/Period/ .
) rain/sex ) Concen- Parents Offspring
Purity/ Age) Design Frequency/ .
! . trations
Preparation) N Vehicle)
. Parents L e
EHXA Fischer Development- | Oral gavage 0, 100, 250, | Clinical signs, mortality; Clinical signs of ossification in
99.4% pure F344/Crl/Brrat | al toxicity GD 6-15 500 mg/kg-d | maternal BW' ’ toxicity & ocular etuses at 250 mg/kg-
P Sty Corn oil vehicl dlsgggrge;g dgmsl ’ fetal body weight at
regnant orn oil vehicle i at 500 mg/kg-d only etal body weight a
females Food consumption. %OO mg/kg-d
- Gross examination of -
(147-1749) Dams killed reproductive oraans. coroora Maternal LOEL =
on GD 21 o s, Pt 500 mg/kg-d; Fetal LOEL = 250
i g 1 - .
25/dose group _ number fetuses live/dead. NOEL = 250 mg/kg- mg/kg-g,
tgti%}/vas the resorption sites, maternal liver | @ NOEL =100 mgfkg-d
comparison weight
Offspring o
Fetall exterr]nal lf)}aminat:?n,
; etal weight, skeletal an
Hendrickx et visceral examination of fetuses
al. 1993 (half of the offspring in each
category)
New Zealand | Devel Oral 250 mahkad | Cinieals [ htgain at250 | N i
ew Zealan evelopment ral gavage mg/kg- inical signs, mortality; lweight gain a 0 teratogenic
As above White rabbits | al toxicft)y GD 6-18 Maternal BW (GD 0, 6, 9, 12, | mg/kg-d %after effects
study o 15,18 and 29); , treatment period). Some | fetal BW at
Pregnant Corn oil vehicle Food consumption daily. 250 mg/kP-d_(nqt
females , Gross examination of Maternal LOEL = statistically signifi-
(2.5-3.5kg) Does killed on reproductive organs, cqrﬁora 125 mg/kg-d (death | cant)
GD 29 lutea count, uterine weight, and abortion)
15/dose group _ number fetuses live/dead, NOEL = 25 mg/kg-d | Developmental
Litter was the resorption sites, maternal liver NOEL = 250 mg/kg-d
unit of weight
comparison
Offspring o
Fetal external examination,
fetal weight, skeletal and
visceral examination of fetuses
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2-Ethylhexanoic Acid (EHXA) (continued)

Reference

Experimental Parameters

Chemical
(Source/
Purity/
Preparation)

Animal Model
(Species/
Strain/Sex/
Age)

N

Study Design

Exposure
(Route/Period/
Frequency/
Vehicle)

Doses/
Concen-
trations

Endpoints Assessed

Results
(Effects/NOEL/LOEL)

Parents

Offspring

Comments

Narotskg etal.
1994

EHXA
99+% pure

Sprague-
Dawley rats

Pregnant
females

Control: 20

Treated:15/
dose group

Chernoff/
Kavlock assay.
Dams allowed
to deliver and
the pups
examined
postnatally

Oral gavage,
once daily on
days 6-15 of
gestation

Corn oil vehicle

0, 900, 1200
mg/kg/d

Mortality, clinical signs
(rales, yspnea motor
depression), BW

TMortality in treated
grou S (27% and
0%

tmotor depression

| Number of live
pups on PND 1
(p<0.05 at 900
mg/kg/d; not
assessed in 1200
mg/kg/d grp)

| Number of live
pups on PND 6
(p<0.01 at 900

mg/kg/d; /E<0 .001at

1200 mg/kg/d)

perinatal loss
Ip<0.01 at 900

mg/kg/d; /E<0 .001at

1200 mg/kg/d)

ll\PUp weight on

(p<0.001 at 900
mg/kg/d; not
assessed in 1200

mg/kg/d grp)
& pup weight on

(p<0 001 at 900
mg/kg/d; not
stat|st|cally
significant at 1200

mg/kg/d)

According to
authors,
maternal
effects not
responsible for
developmental
effects.
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2-Ethylhexanoic Acid (EHXA) (continued)

Experimental Parameters

Animal Model

Results (Effects/NOEL/LOEL)

Chemical k Exposure Endooints
Reference Source/ (Species/ Studv Desian (Route/Period/ Doses/ Assgssed Parents Offsorin Comments
Purity/ Str%n/Sex/ y Lesig Frequency/ Concentrations pring
Preparation ,%,e) Vehicle)
Dams dosed at Single gavage 0,3.13,6.25,9.38 or Maternal food Maternal food At the higher doses, | %Zn | EHXA-
Sprague- 1400 hr on GD dose at 1400 hr 12.5 mmol/kg (0, 451, intake, maternal | intake not retained in embryos. associated
Dawley rats 11.5, followed by | on GD 11.5, 902, 1355 or 1804 liver Zn, 85Zn affected. : changes in
32 uCi 65Zn at followed at 2200 | mg/kg and metallothio- Maternal liver 85Zn distribu-
Pregnant 2200 hr, and hr by gavage with | Controls received 1 nein (MT). n, MT, an tion were
females killed at 0800 hr 32 uCi &5Zn, ml/kg corn oil Fetal weight, 65Zn _ associated
onGD 12.5 crown-rump accumulation, with
N=7-10 length, dose-related. increased
encephalocele maternal
As above Dams fed diets Zn administered | 0, 3.5 mmol EHXA/kg/d; | Maternal BW Lower dietary Zn | 1 encephalocele and tail liver MT.
containing in the diet from Zninthe dietat 1, 25 or | gain, maternal intake | mater- | defects in GD 16 fetuses of ,
various levels of | GD 0-16 and 97 ugZnlg iver Zn and MT. | nal liver MT and | EHXA-treated dams fed low | According to
Zn from GD 0-16, | EHXA Fetal weight, Znand plasma | or adequate Zn diet; the authors,
dosed with EHXA | administered by crown-rump Zn. Lower highest in low Zn group. these results
on GD 8-15, and %avage on GD 8- length, dietary Zn intake | In GD 19 fetuses, 1 tall support the
kiledonGD 16 or | 15 malformations | maternal BW | defects with EHXA; highest | hypothesis
19 o gain in EHXA- incidence in the low Zn that EHXA,
Corn oil vehicle treated and EHXA group. which
control groups. | Encephalocele only induces
Bui et al. Adequate and observed in the low Zn maternal
1998 EHXA supplemental Zn | EHXA-treated group. toxicity, may
99.4% pure intake | | Fetal weight and crown- influence
maternal BW rump lengths by EHXA and | embryonic
gain in EHXA- low dietary Zn. Zn .
treated group 1 incidence of rib metabolism
but not controls | anomalies in EHXA-groups | and trigger
As above in vitro in vitro Serum from males Crown-rump Embryodevelopmental abnormal
GD 10.5 embryos | Embryos exposed | treated with 0 or 9.38 length, head toxicity effects. Embryos development
collected from in culture to mmol EHXA/kg fed length, number cultured in serum from
control dams serum from male | diets containing 4.5 or of somites, males with either low Zn
cultured for 48 hr | rats fed diets with | 25 pg Zn/g developmental diets or treatment with
in serum from various levels of | Zn added to cultures score EHXA exhibited delayed

control or EHXA-

treated (9.38

mmol EHXA/kg)

male rats fed

diets containing

\éarious levels of
n.

Zn and treated
with EHXA.
Supplemental Zn
was added to
some cultures.

yielded Marginal (10.4
UM Zn); Adequate (20.1
MM Zn).(Sera
measured for Zn before
and after culture.

EHXA conditioned: 10.5
MM; Marginal Zn + Zn
repletion: 19.4 uM;
EHXA conditioned + Zn
repletion: 19.8 uM

development; addition of Zn
to these sera eliminated the
developmental toxicity
effects.
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2-Ethylhexanoic Acid (EHXA) (continued)

Experimental Parameters (EffectsR/le\I%JIIEtE/LOEL)
Chemical Animal c
emica Model Xposure Endpoints
Reference . ; Doses/ P Comments
(Source/ (Species/ Study Design (Route/Period/ | = oo, Assessed Parents Offspring
Purity/ Strain/Sex/ Frequency/ trati
; . rations
Preparation) A%‘e) Vehicle)
EHXA Invitro study | cells from anterior Cell culture 0,1puM LH released by N/A EHXA enhanced by 30% | EHXA can
obtained from | using primary | pituitary glands of 20- media, 24 hr EHXAin cultured pituitar (p= 0.05) the GnRH- directly
_ Sigma, cultures of da?/—old amale rats were | plus 3 hr culture cells into the cell stimulated production of enhance the
Svechnikova | purity not pituitary cells | cuftured with EHXA for medium culture medium LH by cultures of pituitary | sensitivity of
etal. 2007 | Stated 24 hr at 37 °C, and then cells isolated from gonadotropes
for an addmonaj 3 hr in untreated 20'day'0|d to GnRH
fErIe_|s>?Ame%|u1m c?n}ammg fEeﬂwf'Le r{g(t'jsho effect on
GnRHlan ngim basal production of LH.
Xenopus ifi FETAX 0,22, 44, Number and type of | N/A Number of survivors
EHXOA embryos éﬁ"ﬁ%‘%‘l&%’ﬁ,ﬁég@°g solution, 96 hr | 55, 66 or 88 | malformations were malformed:
298% pure Assay: Xenopus) assay. | exposure mg/L noted for each dish 5 (7%) in controls
75 embI‘yOS/ Embryos were ex Osed 8 110/%) at 22 mg/L
group in covered glass Petri 28 (37%) at 44 mg/L

Dawson 1991

dishes (25 embyos/dish;
3 replicates per
treatment) containing 10
ml of solution for 96
hours, with solution
renewal every 24 hours.
Embryos were then fixed
and evaluated for gross
malformations

49 (66%) at 55 mg/L
63 (84%) at 66 mg/L
75 (100%) at 83 mg/L
ECs0 = 47.9 mg/L

Malformations induced
included: microcephaly,
abnormal gut coiling, eye
edema, skeletal kinking
and general edema
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Ethyl-tert-Butyl Ether (ETBE)

CH,

Molecular Formula: CgH120

Ethyl-tert-Butyl Ether is an oxygenate gasoline fuel additive.
Relevant Studies

Asano, Y., T. Ishikura, K. Kudoh, R. Haneda and T. Endoh (2011). "Prenatal developmental
toxicity study of ethyl tertiary-butyl ether in rabbits". Drug Chem Toxicol 34(3): 311-7.

de Peyster, A., B. Stanard and C. Westover (2009). "Effect of ETBE on reproductive steroids in
male rats and rat Leydig cell cultures”. Toxicol Lett 190(1): 74-80.

Fujii, S., K. Yabe, M. Furukawa, M. Matsuura and H. Aoyama (2010). "A one-generation
reproductive toxicity study of ethyl tertiary butyl ether in rats". Reprod Toxicol 30(3):
414-21.

Gaoua, W. (2004). "Ethyl tertiary butyl ether (ETBE) CAS No. 637-92-3: Prenatal
developmental toxicity study by the oral route (gavage) in rat". [Evreux], France, IFM
Recherche.

Medinsky, M. A., D. C. Wolf, R. C. Cattley, B. Wong, D. B. Janszen, G. M. Farris, G. A. Wright
and J. A. Bond (1999). "Effects of a thirteen-week inhalation exposure to ethyl tertiary
butyl ether on fischer-344 rats and CD-1 mice". Toxicol Sci 51(1): 108-18.
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Ethyl-tert-Butyl Ether (ETBE)

. Results
Experimental Parameters (Effects/INOEL/LOEL)
Animal Endpoints
Reference Chemical Model Exposure Doses/ Assessed Comments
(Source/ (Species/ (Route/Period/ . - . .
. . . Concen- Systemic Toxicity Reproductive Toxicity
Purity/ Strain/Sex/ | Study Design Frequency/ trations
Preparation) Age) Vehicle)
N
Fischer 344 | Gross Body weight (BW) No effect on mortality. 25% Testes were the “only
rats, males pathology/ an d)::Iinich Sians decrease in BW gain for males tissues with significant
and females, | histopathology : g and females at 1750 and 5000 microscopic findings”.
prior to treatment and o :
5weeksold | study ppm. Significantly increased Increased percentage
weekly through the . S bul
_ Inhalation: exposure period BW in female r_at_s at 5000 ppm. of seminiferous tubules
10-15 rats/ Euthanized/ 6h/da for, 5 ' Transient ataxia in male rats at | with spermatocyte
ETBE (ARCO | sex/grcoup necropsied on conse%:utive davs/ Tissues of relevance 5000 ppm degeneration at 1750
Chemical Co. day after last Sl g (filtered air), , and 5000 ppm.
week for at least were:
Newtown exposure. All 13 weeks: total of 500, 1750, Pituitary. testes Decreased
Square, PA) retained tissues 65 ex osﬁre 5000 ppm enidid )r/ﬁis roétate spermatocytes in
97.5% pure fixed in 10% o el it tubules of stage I-VIII.
Medinsky formalin. ys. ovaries. vagina ’ No treatment effect at
etal. 1999 Tissues were uterus » vagina, 500 ppm (=NOEL).
embedded in '
%z?(r:?(f)ﬁsr;;or Testes examined in
evaluatioﬁy all dosed males.
CD-1 mice, No effect on mortality or BW. No reported effects.
males and As above As above As above As above Transient ataxia in male and
As above females, female mice at 5000 ppm
5 weeks old
10-15 mice/
sex/group
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Ethyl-tert-Butyl Ether (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal Endpoints
Reference Chemical Model Exposure b | Assessed Comments
(Source/ (Species/ (Route/Period/ 0S€S . - . -
. ) . Concen- Systemic Toxicity Reproductive Toxicity
Purity/ Strain/Sex/ | Study Design Frequency/ trations
Preparation) Age) Vehicle)
N
F344rats, | 14-Day in vivo Gavage 0 (vehicle), Plasma All rats were lethargic for up to Testosterone reduced The study
Adult males | experiment daily for 14 days | 600, 1200, or | concentrations of 30 min after dosing. Threerats | to 66% of control at report
1800 mg/kg/ | testosterone and died: 1 on treatment day (TD) 10 | 1800 mg/kg (NS). stated that
12/group Animals Corn oil vehicle day estradiol (assessed in the 1200 mg/kg and 2 on TD “gavage
ETBE from euthanizgd _by by radioimmuno- 13-14 in the 1800 mg/kg group. Estrg_diol was errors
Lyondel carbop dioxide assay). _ Depressed mean group BW at glgnlflcantly increased could not
Chemical sedation Organ weights 1200 and 1800 mg/kg/day in both the 1200 and be ruled
Company followgd k_)y (testes, accessory (p< 0.95). o 1800 mg/kg_dose out as the
(Houston, TX). decapitation sex.organs), Np statlstlca_llly S|gn|f|cant groups relative to cause of
The puritgl of 1 h after the last tgsus fixed for differences in organ weights. control (p < 0.05). de_ath" fqr
the individual dose on day 14. histopathology. animals in
de Peyster NOEL = 600 mg/kg/day | the
etal. 2009 batch tested treatment
' was not
provided. The groups
iﬂcscgmigéng Isolated In vitro: isolated | Direct exposure 0, 50, 100 Testosterone release 50 mM ETBE inhibited
ETBE Leydig cells qud@g cells into RPMI culture | mM into t_he culture testosterone production
composition as from adult (V|§b|||ty >90%; | medium for 3 h. medium. to 67% of control
90-98% Sprague- | purity >85%) (p<0.05) (LOEL).
Dawley rats | incubated in the

presence of
hCG (2.0 IU/ml)
to stimulate
testosterone
production
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Ethyl-tert-Butyl Ether (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal
Chemical Model Exposure Endpoints Assessed
Reference (Source/ (Species/ (Route/Period/ Doses/ Parents/ Offspring . Comments
. . . Concen- Parents Offspring
Purity/ Strain/Sex/ | Study Design Frequency/ trations
Preparation) Age) Vehicle)
N
m ltjen;bﬁ\r/:ffg& rsp;ern q Four dams aborted: One on
embrl o-fetal deaths as No deaths among GD 28 in the control group; 2 in
well gs their stage were dams. the 300 mg/kg/day group (one
counted and recorded each on GD 19 and 26) and 1
after the Mean BW of dams in on GD 25 in the 1000
weighing of gravid the 1,000 mg/kg/day mg/kg/day group.
group was slightly
Pregnant uterus — .
New Zealand . ’ lower than that of No significant differences were
white rabbits rgbblts were . , controls; the difference | noted in the number of corpora
ETBE (Tokyo killed on GD Oral (by : Live fetuses and their L : :
. . 0 (vehicle), was statistically lutea or implantations.
Chemical 28. catheter), daily placentas were 0
Pregnant . 100, 300, or significant on GDs 12,
Asano et Industry Co., Ovaries, uterus | from observed for external i . .
females . 1,000 mg/kg/ : 14 and 16. No No significant differences in the
al. 2011 Ltd. Tokyo, and live GD6to 27 , malformations and . , . .
14 weeks old dayin 1.67 o differences in BW at index of external malformations
Japan), 99% fetuses were M gross abnormalities. | q incid f skeletal
ure , evaluated at Olive oil vehicle mlkg BW OWer doses. orincidence of skeletal
P 24 copulating . No differences in food | malformations or variations
females/ necropsy. Live fetuses were i
emales/group weighed and observed consumption.
macroscooically for At necropsy on GD 28 | External observation of
oraan abn%rma){ities and | © abnormalities were | fetuses revealed 1 fetus with
sk?aletal malformations observed in the main acephaly and gastroschisis at
" | organs or tissues of 100 mg/kg/day and 1 fetus with
Bodv weight and food the thoracic or brachyury at 1,000 mg/kg/day.
congumpgon was abdominal cavities.
measured in parents
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Ethyl-tert-Butyl Ether (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal
Reference Chemical Mod_el Exposure Doses/ Endpoints Assessed Comments
(Source/ (Species/ (Route/Period/ . - . -
. . . Concen- Systemic Toxicity Reproductive Toxicity
Purity/ Strain/Sex/ | Study Design Frequency/ trations
Preparation) Age) Vehicle)
N
One generation No changes in .BW or Gestation length significantly
reproduction food consumption. No .
study Oral treatment-related prolonged by 0.4 days in the
FO: BW and food S - 1000 mg/kg group (p=0.05)
FO males and consumption. At clinical signs of toxicity No differences were found in
Animals females dosed ption. in any FO rats during .
. . necropsy, recorded the , . any of the studied parameters
pretreated daily | daily for 10 weeks : . the dosing period. .
. . number of implantation . for the F1 generation.
for 10 weeks, prior to mating. . . 2 FO females in the - S
. sites. Examined for No statistically significant
mated and then | After mating, FO 1000 mg/kg group were | . . -
sperm parameters. . differences in the indices of
) treated for an males and moribund and . - )
SD rats; o . . copulation, fertility, gestation
additional 16 females treated A , .| euthanized on lactation .
males and . . F1: During lactation, daily and delivery.
, weeks (males) daily for 0 (vehicle), - L day (LD) 2 and LD 4 (all o
ETBE (Tokyo, | females; 5 . examination for clinical . . Normal estrous cyclicity in all
or 17 weeks approximately 16 | 100, 300, or ; . their pups died).
Fujii et al. Japan) lot no. | weeks old signs and mortality. groups.
(females). and 17 weeks, 1,000 mg/kg/ . .
2010 2ZGTA, 99% d food el davi / 1 animal/sex/litter was
urity 24 BW and foo respectively. ayin 5 ml. selected to observe i
P . consumption for | F1 weanling kg BW Parents Offspring
animals/sex/ sexual development
group FO. males and (preputial separation or
Ell\l 892C£°p5y at ger_r;alfes dosed vaginal opening), one No significant difference in the
, except | dally for testis and epididymis per number of pups delivered.
for 1 F1 approximately 4 . )
weanling/sex/ and 2 weeks, g:&?n\ga:oﬁﬁgn\/\g;hd One full litter died from one
liter selected for | respectively. preserved in 70% As above animal in the FO females 1000
observation of o ethanol. mg/kg group without clinical
sexual Oive oil vehicle signs
development.
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Ethyl-tert-Butyl Ether (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal .
Chemical Model Exposure Endpoints
Reference : ; Doses/ Assessed Comments
(Source/ (Species/ (Route/Period/ . .
) ) . Concen- Parents/ Offspring Parents Offspring
Purity/ Strain/Sex/ | Study Design Frequency/ trations
Preparation) Age) Vehicle)
N
Clinical signs and
mortality. Body
weight and food
consumption.
Develobmetnal Litter parameters:
toxicit pstu d weight of gravid
ETBE y study uterus, number of At 1000 mg/kg/day
(TOTAL Animals treated corpora lutea, significantly lower maternal BW
France S.A., | Sprague- ) o Gavage, implantation sites, gain (-11%, p<0.05) and net BW | No treatment-related
. daily, sacrificed ) . X
Paris-la- Dawley once/day; from . early and late gain (-17%, p<0.01) were effects on gestational
p at day 20 post 0 (vehicle), :
G Défense, female rats, . day 5 to 19 after resorptions, dead recorded over the treatment parameters or fetuses.
doua France) 11 weeks- mating. mating 250, 500 or and live fetuses period
2004 ’ Macroscopic 1000 mg/kg/ ) '
batch Nos. old examination of da The fetuses were The NOEL for embryo-
S02-08-159- dams and Corn oil vehicle y weighed, sexed. NOEL for maternal toxicity is fetal development is
I3 and S02- 24/group fetuses Half of the fetuses 500 mg/kg/day. 1000 mg/kg/day.
08-159-13/2, Litter ' from each treatment
Purity >98% arameters group were subjected
P to a detailed
recorded

examination of soft
tissue, while the
remainder underwent
a detailed skeletal
examination.
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p,p’-Oxybis(benzenesulfonyl hydrazide)

H.N
2" \NH

0=5=0

‘Rz/@/ D

HN \'D
H-

Molecular Formula: C1oH14N4O5S,

p,p’-Oxybis(benzenesulfonyl hydrazide) is a blowing agent for sponge rubber and expanded
plastics.

Relevant Studies

None identified
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1,3,5-Triglycidyl-s-triazinetrione

0o

OTNYO

N

LT A

Molecular Formula: C;12H15N3Og
1,3,5-Triglycidyl-s-triazinetrione is a curing agent used in powder coatings.

Synonyms: TGIC; Triglycidyl isocyanurate; 1,3,5-Triglycidyl-s-triazinetrione. There are two
main technical grades of TGIC used in the manufacture of powder coatings worldwide. These
are 'Araldite PT 810’ (also known as 'TK 10622") manufactured by Ciba-Geigy Ltd, Switzerland,
with purity > 97% TGIC and 'TEPIC', manufactured by Nissan Chemical Industries Pty Ltd,
Japan with purity of approximately 90% TGIC (NICNAS., 1994).

Relevant Studies

Bushy Run Research Center (1992a)., "Dominant Lethal Assay of Inhaled Ph 90-810 Dust in

CD-1 Mice (No. 54-515), BRRC"., [Export], Pennsylvania, USA

Bushy Run Research Center (992b)., "Dominant Lethal Assay of Inhaled PL90-810PC Dust
in CD-l Mice (No. 54-540), BRRC"., [Export], Pennsylvania, USA.

Ciba-Geigy Ltd. (1986)., "Chromosome Studies on Male Germinal Epithelium of Mouse,
Spermatogonia (No. 850067)"., Ciba-Geigy Ltd, Basel, Switzerland.

Centre International de Toxicologie (CIT) (1995). "13-Week Toxicology and Fertility Study by
Oral Route (Dietary Admixture) of PT 810- TGIC in Male Rats".

Hazleton Laboratories America Inc. (1989a)., "Mutagenicity Test on PL88-810 in the Mouse
Spermatogonial Cell Cytogenetic Assay (No. 10386-0-474)". Hazleton Laboratories
America Inc, USA.

Hazleton Laboratories America Inc. (1989b)., "Mutagenicity Test on PL88-810 in the
Dominant Lethal Assay (No. 10386-0-471)". Hazleton Laboratories America Inc, USA.

Hazleton Microtest (1991a)., "Study to evaluate the Chromosome damaging Potential of
TK 10622 (PT810 [TGIC, 97%)]) by its effects on the Spermatogonial Cells of Treated
Mice"., Hazleton Microtest, Heslington, York, United Kingdom.

Hazleton Microtest (1991b)., "Study to evaluate the Chromosome damaging Potential of
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TK 10622/2, a Polyester Formulation Containing 60.2 per cent Polyester (P 2400, DSM
Resins), 4.8 per cent TGIC and 35 per cent TiO2 (CL 2310, Kronos) by its Effects on
the Spermatogonial Cells of Treated Mice". Hazleton Microtest, Heslington, York, United
Kingdom.

Hazleton Microtest (1991c)., "Study to evaluate the Chromosome damaging Potential of
TK 10622/1, a Polyester Formulation Containing 91 per cent Polyester (E2514, UCB)
and 8.92 per cent TGIC by its Effects on the Spermatogonial Cells of Treated Mice".
Hazleton Microtest, Heslington, York, United Kingdom.

NICNAS. (1994). "Priority existing chemical no 1 — triglycidyl isocyanurate (TGIC), full public
Report". National Industrial Chemicals Notification and Assessment Scheme. Australian
Government Publishing Service, Canberra.

Studies reviewed in NICNAS., 1994

Ciba-Geigy Ltd (1986)., “Chromosome Studies on Male Epithelium of Mouse
Spermatocytes (No. 850068) with TK 10622". Ciba-Geigy Ltd, Basel,
Switzerland.

Ciba-Geigy Ltd (1986)., "Dominant Lethal Test, Mouse, Three Weeks (No
850069)". Ciba-Geigy Ltd, Basel, Switzerland.

Bushy Run Research Center (1991)., "PL90-810PC: Chromosomal Aberrations
Assay in Mouse Spermatogonial Cells (No. 54-562)"., BRRC, Export,
Pennsylvania, USA.

Safepharm Laboratories Ltd (1992)., "TGIC Technical and TGIC ten percent
Powder:Chromosome Analysis in Mouse Spermatogonial Cells.,
Comparative Inhalation Study (No.14/75) (Draft)"., Safepharm
Laboratories Ltd, Derby, United Kingdom.

Bushy Run Research Center (1992c)., "PL90-810: Chromosomal Aberrations
Assay in Mouse Spermatogonial Cells, Project no. 54-520"., BRRC,
Export, Pennsylvania, USA.

Hazelton Microtest,(1993)., "Study to Evaluate the Chromosome Damaging
Potential of U.60092.100 G by its Effect on the Spermatogonial Cells of
Treated Mice (No. CGP 7/SGC)". Hazelton Microtest, Harrogate, England.
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1,3,5-Triglycidyl-s-triazinetrione (TGIC)

. Results
Experimental Parameters (EffectsINOEL/LOEL)
Animal Model Exposure :
Reference Chemical (Species/ (Route/ Doses/ EAr;iEg!;tj Comments
(Source/ Purity/ Strain/Sex/ Study Design Period/ Concen- Systemic Toxicity | Reproductive toxicity
Preparation) Age) Frequency/ trations
N Vehicle)
TK10622 Tif MAGF Chromosome studies Oral 0,43,128 Chromosomal Cytotoxicity observed | Statistical
. (SPF) Mouse on male germinal o mg/kg Aberrations Not reported at 128 mg/kg. analysis was not
Ciba-Gei (Commercial epithelium Avrachis oil carried out on the
1986 9 | grade Araldit PT | N= 15/dose (spermatogonia) Chromosomal data
No 850067 109 ?roup; Male mice were dosed aberrations induced
>97% TGIC 2/control on 5 consecutive days.
pure Killed on the day
following the final
treatment.
TK 10622 Tif MAGf Chromosome studies Oral gavage | 0, 32 or 96 Chromosomal N/A Authors of review Primary source
Ciba-Geigy >97% TGIC (SPF) Mouse on‘nﬁall_e germinal 8n5day?j % 2, | mglkg Aberratlon% in c?nﬁludeddthe results P:Qt ?jv'a"lill?cl:eNAS
pure epithelium ,5and9.in primary an of this study were ited in
Noli%%%GS 12/Negative (spermatocytes) arachid oil secondary negative. 1994
contro _ spermatocytes
Killed 3 days after the
final dose
TK 10622 Tif MAGf Dominant Lethal Assay | Single oral 0, 160, or 480 | Females killed on i Primary source
>97% TGIC (SPF) Mouse Mice mated over 3 gavage in mg/kg GDl4and Parents Offspring not available
_ _ pure eriods of 6 days arachid oil numbers of live Cited in NICNAS
Ciba-Geigy 20 males &40 | Females killed on GD and dead fetal No information Significant 7in number | 1994
1986 females/dose 14 to determine number resorptions noted | Provided of embryonic deaths
No 850069 group of live and dead fetal compared to control at
mating period but not
in the second and third
mating periods
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1,3,5-Triglycidyl-s-triazinetrione (TGIC) (continued)

Experimental Parameters

Res

ults

(Effects/NOEL/LOEL)
Animal Model ExpOSUre Endpoints
Reference Chemical (Species/ posurs Doses/ Assessed Comments
. . : (Route/Period/ . - .
(Source/ Purity/ Strain/Sex/ Study Design Erequency/ Concen- Systemic Toxicity Reproductive
Preparation) Age) Vghicle)y trations Toxicity
N
Hazelton PL88-810 ICR mice Cytogenetics assay- | Oral gavage (in | 030, 125 or _ No toxic effects were | 1 Frequencies of
1989a >97% TGIC utagenicity test in eanut oil), for | 350 mg/kg; Body weightand | noted chromosomal
(James pure 10/group stermatogomaI cells consecutive | Positive control | weight change; aberrant cells at 125
Ivett illed 6 hours after | days (triethylene- Chromosomal and 350 mg/kg.
No 10386-0- the final dosing for melamine, 1.3 | aberrations
474 extraction of testes mg/kg via (simple, not
intraperitoneal | computed,
injection) complex) in
spermatogonia
PL88-810 ICR mice Dominant Lethal Oral gavage (in | 0137.5, 275 or . . . Positive control
>97% TGIC Assay eanut oH?, 550 mg/kg Mortality, toxic Parents Offspring treatment induced
pure 20/group 18 hours after riethylene- effects in males large and
aeton pipesle Tdeice. | melaring, 0.3 Fomals ete ot afeds | NoSgacantfees | Sgfantfecs
19890 two females (forup | positive control days after males after dosing ?etrﬁlri]ty dt%?g %rsjmber examined.
(James to 5 days) and (intra- copulation. At ofim yléntations
lvett similarly mated to peritoneal necropsy uteri fre ure):nc of dead
No 10386-0- different females for | Injection). examined for the imqlanta%ilons
471 a total of 3 weeks. number of live or p tion of femal
Females killed dead praportion ot Temales

around 14 days after
copulation and uteri
examined for
implantations.

implantations
(early or late).

with either one or
more or two or more
dead implantations,
or frequency of dead
implants relative to
total implants/female.
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1,3,5-Triglycidyl-s-triazinetrione (TGIC) (continued)

. Results
Experimental Parameters (Effects/NOEL/LOEL)
Animal Model i
. . Exposure Endpoints
Reference Chemical (Species/ : (Route/Period/ Doses/ Assessed Systemic Reproductive Comments
(Source/ Purity/ Strain/Sex/ Study Design Concen- . .
: Frequency/ . Toxicity Toxicity
Preparation) Age) . trations
N Vehicle)
TK10622 (PT B6D2F1 male mice | In vivo cytogenetics Oral for 5 28.75,57.50r _ No deaths or | Significant 1 numbers | Chromosomal
810 [TGIC, 97% ?3/3_r0up in range assay - consecutive 115 mg/kg Slides from all dose | toxic effects | of chromosomal aberrations and
pure]) inding study); 5in | Chromosome days; _ , ?rouEs examined were aberrant cells at 28.5 | the frequency of
control group damaging potential on | Vehicle control | Mitomycin C or chromosomal observed and 115 mg/kg; aberrant cells in
Hazelton spermatogonial cells. - 0.5% (whv) at0.3mg/kg | aberrations several chromatid the positive
1991a 5/group reated animals killed carboxymethyl | was positive exchanges (rarel control group
R. _ and sampled 6 hours cellulose control (intra- seen in untreate were significantly
Marshall) 10/group for h|9h after final dose. peritoneal) animals) observed at | greater than that
dose of 115 mg/kg | Positive control animals the mid-dose of 57.5 In concurrent
in case killed 24 hours after ma/kg. controls.
replacements were | treatment.
needed Where possible, = 50
metaphases from each
testis were analyzed
TK10622, a In vivo cytogenetics Oral for5 185.2, 555.6, . No deaths or | No significant 1 The positive
olyester _ assay - consecutive 1667 or 5000 | Slides from all dose | toxic effects | numbers of control induced a
ormulation B6D2F1 male mice | Chromosome da}r/]s mg/kg roups examined were chromosomal aberrant | clear increase in
containing 60.2 damaging potential on | Vehicle control _ , or chromosomal observed compared to vehicle the incidence of
Hazelton | 2 olyester (P 5/group; spermatogonial cells. - 0.5% (wiv) Mitomycin C | aberrations. control. cells with
1991b 2400 DSM , reated animals killed | carboxymethyl | at 0.4 mglkg NOEL = 5000 mg/kg structural
R Resins) [4.8% 10 for high dose and sampled 6 hours cellulose was positive aberrations.
Marshall) TGIC, and 35% | (5000 mg/kg) in after final dose control (intra-
TiO2 (CL 2310, case replacements | Positive control animals peritoneal).
KRONOS) were needed killed 24 hours after
treatment.
Where possible, 50
metaphases from each
testis were analyzed.
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1,3,5-Triglycidyl-s-triazinetrione (TGIC) (continued)

Experimental Parameters (EffectsR/eN%JlgE/LOEL)
Animal Model ;
. . Exposure Endpoints
Reference Chemical (Species/ posurt Doses/ Assessed - Comments
. ) . (Route/Period/ . . Reproductive
(Source/ Purity/ Strain/Sex/ Study Design Concen- Systemic Toxicity L
. Frequency/ . Toxicity
Preparation) Age) . trations
N Vehicle)
In vivo
TK10622/1, a cytogenetics assay | Oral for 5 29.63, 88.89, ; No deaths were Significant 1in The positive control
olyester consecutive 266.7 or 800 Slides from all observed in animals | frequency of induced a clear
ormulation B6D2F1 male Chromosome . mg/kg dose groups chromosomal aberrant | increase in the
containing 91% | mice damaging potential | days; _ examined for cells compared to incidence of cells
Hazelton p@é%elsie{JCB S/group; 10 for ggnsspermatogomal " VEhI|C|% 50 chromosomal \égglé: l(()af%%n()trr(r)1I 7&3 I%h \élvkl)tgrf;%%gral
! . ! ' control - 0.5% b tions . A '
1991c 58.92% TGICf high dose of 800 aberrations. two animals. This
(R. mg/kg in case | Treated animals (wiv) effect was onserved at
Marshall) replacements killed and sampled | carboxymethylc Where possible, a dose which caused a
were needed 6 hours after final | ellulose; > 50 metapases large decrease in cell
dose. Mitomycin C at from each testis Eg;’ti'i‘?ra“"” inthe
Positive control 0.4 mg/kg was were analyzed.
ﬁnimalsﬁkilled 24 positive control
ours arer intra-peritoneal
treatment. (intra-pe )
_ _ 1 number of animals
PL90-810 | CD-1male mice | Chromosomal Inhalation 0, 100,1000, Slides from all No information % aberrant cells in with 250 scorable
Test article purity Aberrations Assay 1700 mg/m3 provided animals with >50 cells at low dose -
10% TGIC 10/group . . 6hrs/day for 5 dose groups scorable cells: possibly because of
powder coating Animals killed 6 consecutive examined for 0.3,0.3,1.6 and 2.5 for | cytotoxicity
hours after end of | days chromosomal increasing doses with .
Bushy Run last exposure or 30 berrati 6.9 for the positive Primary source not
1991 hours after Cyclo- aberrations. control available. Cited in
rece|V||ng positive ggosp/rllamde NICNAS 1994
control. mglkg was
posit?ve control Large quantity of
(intraperitoneal) dust deposited on
chamber wall -
grooming may have
affected dose.
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1,3,5-Triglycidyl-s-triazinetrione (continued)

: Results
Experimental Parameters (Effects/NOEL/LOEL)
Animal Model ;
. . Exposure Endpoints
Reference Chemical (Species/ e Doses/ Assessed - Comments
. ) . (Route/Period/ . - Reproductive
(Source/ Purity/ Strain/Sex/ Study Design Concen- Systemic Toxicity L
. Frequency/ : Toxicity
Preparation) Age) . trations
N Vehicle)
Inhaled dust CD-1 mouse Dominant Lethal Inhalation of 0,25, 100r50 - General toxicity at | Male fertility for first 3
>97% TGIC Assay PL90-810 dust mg/m3 Male fertility, high dose weeks and week 6 at | Sperm and
pure 30 males /group sperm-positive high dose; at 10 spermatid stages
article size 2.5- About 24 hours 6hrs/day for 5 6hrs/day for5 | and pregnant NOEL =10 mg/m3 | mg/m3 for the 3 week | (weeks 1, 2 and 3
S5 um after last exposure | consecutive consecutive females lsperm-positive of mating) were
males bred to days. days. | pregnant females most sensitive to
naive females ﬁlM: NOAEL for fertili effects of positive
2 F?, with females Positive control effects =2.5 mg/m3 control TEM
replaced every [(triethylene-
week for 8 weeks melamine Effects on mature Spermatocyte
(TEM), 0.3 sperm, maturing and .
mg/kg via spermatids and Type | spermatogonial
intraperitoneal B spermatogonia at 50 | stages were
injection] mg/m?3 and early hilg ly resistant to
Bushy Run spermatids at 10 TEM'induced
May) mg/m?3 dominant-lethal
9923 mutations
PL 90-810
Parents Offspring
As above No effect on number of

resorptions/litter, total

number of implants,

number of viable

implants or %
ostimplantation loss.
0 dominant-lethal

effects.

NOEL =50 mg/m3
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1,3,5-Triglycidyl-s-triazinetrione (TGIC) (continued)

: Results
Experimental Parameters (Effects/NOEL/LOEL)
Animal Model ;
. . Exposure Endpoints
Reference Chemical (Species/ (RouFe/Period/ Doses/ Assessed Comments
(Source/ Purity/ Strain/Sex/ Study Design Frequency/ Concen- Parents Offspring
Preparation) Age) quency trations
N Vehicle)
_ Inhalation of 0, 100, 1000 or | Body weight | | Body No effect on male fertility, on number | Sperm and
PL 90-810PC Mouse Dominant Lethal PL90-810 dust 1700 mg/m3 and general | weight on of resorptions/litter, total number of spermatid
CD-1 Assay 6hrs/day for5 | toxic effects | males at implants, number of viable implants stages éweeks
Inhaled dust About 24 hours consecutive N 1000 and or % postimplantation loss. 1, 2and 3 of
purity not stated, | 30 males/group | after last exposure days. Male fertility, | 1700 mg/m3 | No dominant-lethal effects. mating) were
resumed > 97% males bred to B sperm- NOEL for NOEL = 1700 mg/m3 most sensitive
GIC naive females Positive control | positive, and | general to effects of
Bushv Run article size 2.5- ElM: 2 F), with (triethylene- regnant toxicity = prosmve control
Ju¥1e) S um emales replaced melamine, 0.3 emales 100 mg/m3 EM;
899% every week for 8 mo/kg via spermatocyte
weeks. intraperitoneal and .
injection) spermatogonia
I sta?es were
high g/ resistant
to TEM
induced
dominant-
lethal
mutations
PL90-810 Mouse Chromosomal Inhalation; 0,2.5,10,0r50 | Slides from Systemic i ici Large quantity
$es}1 articlle pudrity L0/ Q_kl)leréagiﬂns Assaé/ gytglgphc;iphami 6mh /r}1d3 or'5 all dose oxicity Reproductive Toxicity gf ust y
echnical grade group illed 6 hours en e 50mglkg was rs/day for groups eposited on
TGIC of last exposure or | positive control | consecutive examined for |\ oo Os/?:gr%%rlgagéﬁg"s in animals with >50 | cramber wall -
Bushy Run prresumed >97% 30 hours after (intra-peritoneal) | days chromosoma | -5~ 47 51 2.1and 8.3 for dose levels 0 groommg ma
1992¢ cIC given positive laberrations | ciical'signs | 2510 or 50 mg/m?® with 12.7 for the | Nave affecte
control s : dose
observed ositive ck())ntrofl ble cells at 10
ow number of scorable cells at ;
and 50 mg/mé dose groups and Egtn;%gﬁlgg%ce
mean number of aberrant cells in Cited in '
control group was higher than NICNAS 1994

expected
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1,3,5-Triglycidyl-s-triazinetrione (TGIC) (continued)

Experimental Parameters (EffectsR/?\ISOuIIEtI?/LOEL)
Chemical Ar}?ilcl:/:;(/jel Exposure Endpoints
Reference (Source/ P . (Route/Period/ Doses/ Assessed o Reproductive Comments
: Strain/Sex/ Study Design : Systemic Toxicity L
Purity/ Frequency/ Concentrations Toxicity
. Age) .
Preparation) N Vehicle)
TEPIC CD-1 mouse Chromosomal Nose-only 0, 7.8 (TEPIC), . Hunched posture Slight cytotoxicity in Primary source not
technical 10/group for analysisin Inhalation study | 95.3, 255.3 mg/mg, Body weight and | and piloerection one animal at 255.3 | available Cited in
ga proximately | groups 1-5; spermatogonia. (as 10% powder) clinical signs noted on day 5 at (10% TEPIC). NICNAS 1994
% TGIC) or roup 6&7 was Oral a 115 mg/kg. No significant 1 in
10% powder positive control | Animals killed 6 | administration of | 115 mg/kg - oral Cytotoxicity, chromosomal Cyclo-
coating with 5/group hours after last | TEPIC included | (TEPIC) for 5 mortality damage in phosphamide
Safepharm exposure or 24 | for comparison | consecutive days. spermatogonia noted | positive control did
1992 hours after at any of the not 1 chromosomal
exposure to 50 mg/kg cyclo- inhalation dose damage.
positive control phosphamide (oral) roups. According to
and 3.0 mg/k ignificantly 1 in authors effects of
mitomycin C ?mtra— cytotoxicity and cyclophoshamide
peritoneal) chromosomal cannot be detected
aberrations at 115 at a 24 hour kill-
ma/kg. time.
4.6% TGIC B6D2F1 Chromosome Inhalation 0, 250, 500, 1000 or | Slides from all Body weights of Significant 1 Primary source not
powder Mice damaging 2000 mg/m3; Positive | dose groups animals exposed to | numbers of available Cited in
coatin potential on control was 0.3 examined for powder coating spermatogonial cells | NICNAS 1994
Hazleton | U.60092.100G | 6 males/group | spermatogonial mg/kg mitomycin C chromosomal remained the same | with chromosomal
Microtest cells. (intra-peritoneal) aberrations or| slightly during aberrations (mainly The positive control
Laboratory Killed 6 hours the period of due to chromosome | showed a
1993 after last exposure. damage in one significant 1 in
exposure or 24 animal) at 2000 number of cells
hours after mg/m3 with chromosomal
exposure to aberrations.
positive control
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1,3,5-Triglycidyl-s-triazinetrione (TGIC) (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
. Animal Model Endpoints
Reference Chemical (Species/ Exposure Doses/ Assessed . Comments
(Source/ ) . (Route/Perio . - Reproductive
. Strain/Sex/ Study Design Concen- Systemic Toxicity .
Purity/ Age) d/Frequency/ trations Toxicity
Preparation) ’% Vehicle)
T N S Toxicity & 13 weeks | CI|n|Cf|;1I Si n%, Sihtlv 1bod ot
est article prague- Fertility Stud weeks in mortality, body ightly |body weig .
urit Dawley rats i dietat0, 10, | 0,0.7, 2.1, weight ga|gn in first 6 weeks iIZr)]osspee;ﬁqlaégSndte(ﬁ;ee%sre For the treated
Gl . , 30 or 100 7.3 mglk at 100 ppm group. d test p=0.015)- groups; the
Toxicity study: 9/kg gl trend test p=0.015);
10 treated males killed after 13 | PPM 1 Mean spermatozoa | Male NOEL= 30 ppm mean number of
Egglo/o TGIC males /group | \yeeks of exposure, viability (2.1 molkg-day) {Mean number of spermatozoa
ure 20 untreated selected organs " spermatozoa (5, 13 was lower than
E)concentration females per weighed, sperm Fertilty outcome and 23% compared 10 | e joyest value
in dietary aroup sampling performed | controls), e owes
mixture on day of sacrifice Embryonic/pup . ) of controls as
rovided) for concentration development No impact on fertility | follows: 1/10,
Centre P and V|att)|||ty of Pre and post 2/10 and 4/10
i spermatozoa. - :
Interréaenonal p impl%ntatigp loss, animals
Toxicologie Fertility study: number of live
1 959 Female rats fetuses, fetal body Parents Offsorin
received untreated weight, sex ratio, pring
Study No. d}et. After 64 dayis] \r)llérglﬁglr g;’% ﬁ%”k and
of treatment, eac .
HO% male was placed PND 21, external As above No impact on
with 2 untreated anc?fmahe?_, i embryonic or pup
females for mating. maliormations, refiex development
On day 19 females development P
were allocated to )
hysterectomy or Females: Bodyweight
delivery subgroup ondays0, 6, 9, 12,
15 or 20 of
pregnancy and Day
1,7,14, 21 post-
partum (delivery
group)
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4-Vinyl-Cyclohexene (VCH)

/Hz

Molecular Formula: CgH1»

4-Vinyl-cyclohexene has been used as a solvent and in the production of flame retardants,
polyolefins and vinylcyclohexene dioxide.

Relevant Studies

A relatively large body of relevant data was identified because the compound is a model
compound for ovotoxicity. There are fewer publications on male reproductive and
developmental toxicity for VCH. Below, the publications on male reproductive and
developmental toxicity are listed first, followed by tabulations of study design parameters and
results for those studies. Then the publications on female reproductive toxicity are listed.
Because of the large number of studies, a recent review of female reproductive toxicity of VCH
published in a peer-reviewed scientific journal is provided (in Appendix B), rather than data
tabulations. All listed publications on the compound have been provided on CD to the DART
IC and are available to the public upon request.

1. Male Reproductive and Developmental Toxicity (Summarized in Table®)

Bevan, C., J. C. Stadler, G. S. Elliott, S. R. Frame, J. K. Baldwin, H. W. Leung, E. Moran and
A. S. Panepinto (1996). "Subchronic toxicity of 4-vinylcyclohexene in rats and mice by
inhalation exposure”. Fundam Appl Toxicol 32(1):1-10.

* Some of these papers also provide data on female reproductive toxicity of 4-vinyl-cyclohexene (VCH) (see
Relevant Studies 2. Female Reproductive Toxicity); however, only data relevant to male reproductive and
developmental toxicity are summarized in the table.
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George, J. D., P. A. Fail, T. B. Grizzle, J. J. Heindel and R. E. Chapin (1991). "Final report on
the reproductive toxicity of 4-vinylcyclohexene (CAS no. 100-40-3) in CD-1-Swiss mice:
final study report and appendices I-1I". NTIS Technical Report 211250(155).

Grizzle, T. B., J. D. George, P. A. Fail, J. C. Seely and J. J. Heindel (1994). "Reproductive
effects of 4-vinylcyclohexene in Swiss mice assessed by a continuous breeding
protocol”. Fundam Appl Toxicol 22(1): 122-9.

Hooser, S. B., D. G. DeMerell, D. A. Douds, P. Hoyer and I. G. Sipes (1995). "Testicular germ
cell toxicity caused by vinylcyclohexene diepoxide in mice". Reprod Toxicol 9(4): 359-

67.
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4-Vinyl-Cyclohexene (VCH) : Studies Reporting on Male Reproductive or
Developmental Effects

Experimental Parameters Results
(Effects/NOEL/LOEL)
Animal
Chemical Model Exposure Endpoints
Reference (Source/ (Species/ (Route/Period/ Doses/ Assessed . - : - Comments
: . Study Concen- Systemic Toxicity Reproductive Toxicity
Purity/ Strain/Sex/ Design Frequency/ trations
Preparation) Age) Vehicle)
N
VCH>99% | CD-1(Swiss) | Reproductive | Gavage, daily | 0 (corn oil), FO: No effect on mortality or FO: No effects on mating index,
pure mice, Assessment 100,250, | Fo:BW, food | food and water intake. fertility index, or pregnancy
maleand | py FO dosing: 15 | 500 mg/kg-d | and water 8% decrease in BW of 500 outcome endpoints.
female, Continuous weeks (males); intake, fertility | M9/kg/d females at conclusion | F1 (500 mg/kg-d): No effects on
11 weeksold | Breeding 18 weeks measures per | of dosing. mating index, fertility index or
(RACB) study (females) pair; pregnancy pregnancy outcome endpoints.
Control: 40 outcome and F1 (500 mg/kg-d males and
mice/sex/ | Fo: Both F1 dosing: pup growth per | female): Decreased BW post | F1 females: No effects on estrous
group; sexes treated weaning litter weaning. Sporadic increased | cycle. Reduced numbers of ovarian
Treated: 20 | 1 week then through 74 food and water intake post primordial, growing and antral
. mice/sex/ | cohabited for days of age F1 (control and | Weaning. Increased liver follicles at conclusion of dosing.
Grizzle et group 14 weeks: plus 1 week high-dose weights at conclusion of
al. 1994; ' mating and 3 only): BW, liver | dosing. F1 males: No effect on weights of
George et F1: control weeks weight foé)d testis, epididymis, or prostate.
al. 1991 and high dose | gestation and water Reduced absolute weight of
offspring of intake, fertility, seminal vesicles and counts of
both sexes Corn oil pregnancy spermatid heads per mg of
treated from outcome, testicular tissue.
weaning to 74 estrus cyclicity,
days of age, sperm
mated fqr one evaluations, Parents Offspring
week, with ovarian cell
necropsy after counts,
birth of F2 histopathology | As above No developmental effects reported
litters.
ACGIH TLV DART Chemicals 52 Office of Environmental

for Reconsideration

Health Hazard Assessment
September 2013




4-Vinyl-Cyclohexene (VCH): Studies Reporting on Male Reproductive or
Developmental Effects (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal
Reference Chemical Model Exposure Doses/ Endpoints
(Source/ (Species/ dv Desi (Route/Period/ Concen- Assessed Svstemic Toxicit Reproductive Toxicit Comments
Purity/ Strain/Sex/ Study Design Frequency/ . Y y P y
. . trations
Preparation) Age) Vehicle)
N
VCH purity | B6C3F1 Subchronic Inhalation; 0, 50, 250, 1000 | BW, clinical, 1000 ppm: 10/10 males and | No effect on relative testis
99.6% mice, male toxicity study éh/day, 5 days/ | ppm hematological, and | 5/10 females died on Test | weight or histopathology.
and female, Week, for 13 serum/urine days 11 or 12.
7-8 weeks Clinical, weeks (65 total parameters No treatment-related No data on ovarian weight.
old hematological, exposure days) mortality in other groups.
Bevan et serum/urine Relative organ (Ovarian atrophy in 5/10
al. 1996 10 mice/sex/ | analysis, and weights, routine No effects on BW, organ females at 1000 ppm)
group necropsy. histopathological weights, or hematological,

evaluation of all
major organs.

serum, or urine parameters.
Ovarian atrophy in 1000
ppm females. No other
histopathological findings in
any dose groups.
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4-Vinyl-Cyclohexene (VCH): Studies Reporting on Male Reproductive or
Developmental Effects (continued)

Experimental Parameters Results
(Effects/INOEL/LOEL)
Animal
Chemical Model Exposure .
Reference (Source/ (Species/ . (Rout%/Period/ Doses/ Endpoints Assessed . - . - Comments
Purity/ Strain/Sex/ Study Design Erequency/ Con_cen- Systemic Toxicity Reproductive Toxicity
y guency trations
Preparation) Age) Vehicle)
N
B6C3F1 VCH, VCD, and | Intraperitoneal 0 (sesame oil), | Weights of testis, seminal | No data reported VCH: No effect on
male mice, VCM testicular (i.p.) injection vesicles weights of testis or
4 weeks old | toxicity VCH: 800 mg/ seminal vesicles
comparison daily for 30 days | kg-d Necropsy of testis,
8-10 per epididymis VCD: Reduced weights
VCH 99% group sesame oil VCD: 160 or of testis and seminal
pure 320 mglkg-d vesicles in both dose
, groups.
Vinylcyclo- VCM: 200 mg/
hexene kg-d VCM: No effect on
diepoxide weights of testis or
Hooser et (VCD) 97% seminal vesicles
al. 1995 pure B6C3F1 VCD time- i.p.injection 0 (sesame oil), | As above No data reported VCD: dosing for 2 5
. male mice, course study 320 mg/kg-d days caused reduced
Vinylcyclo- 4 weeks old daily for 5, 10, 15, testis weight and
hexene 1,2- 20, 25, or 30 days testicular degeneration.
monoepoxide | g icq per
(VCM) 98% group sesame oil
pure B6C3F1 VCD dose- i.p. injection 0 (sesame oil), | As above No data reported VCD: dosing at = 80
male mice, response 40, 80, 160 or mg/kg-d for 30 days
4 weeksold | testicular toxicity | daily for 30 days | 320 mg/kg-d caused reduced testis
study weight and testicular
10 mice per sesame oil degeneration.
group
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2. Female Reproductive Toxicity

The scientific literature on the female reproductive toxicity of 4-vinyl cyclohexene (VCH) and its
primary bioactive metabolite 4-vinyl-1-cyclohexene diepoxide (vinyl cyclohexane dioxide; VCD)
are extensive. Studies have established that bioactivation of VCH to epoxides is required for
its ovotoxicity, with VCD being the most potent epoxide of VCH in terms of follicular depletion.
A literature search conducted by OEHHA resulted in 147 unique references on the topic of
female reproductive toxicity to VCH and VCD. Of those 147 references, there are 21 female
reproductive toxicity references on VCH, and 56 female reproductive toxicity references on
VCD. VCD is a model chemical used to induce perimenopause in rodents (Frye et al., 2012).
The remaining references resulting from the literature search are abstracts, reviews, theses,
and grants on VCH and VCD.

Due to the extensive literature available on female reproductive toxicity, a recent review of female
reproductive toxicity of VCH published in a peer-reviewed scientific journal is provided (in Appendix
B), rather than data tabulations. Citations for the review and studies are provided below, and the full
publications have been provided on CD to the DART IC and are available to the public upon request.

Review (provided in Appendix B)

Hoyer, P. B. and I. G. Sipes (2007). "Development of an animal model for ovotoxicity using 4-
vinylcyclohexene: a case study". Birth Defects Research. Part B, Developmental
Reprod Toxicol 80(2): 113-25.

Studies of Female Reproductive Toxicity of VCH

Anonymous (1991). "Final report on the reproductive toxicity of 4-vinylcyclohexene (CAS no.
100-40-3) in CD-1-Swiss mice: laboratory supplement”. NTIS Technical Report
211268(315).

Bevan, C., J. C. Stadler, G. S. Elliott, S. R. Frame, J. K. Baldwin, H. W. Leung, E. Moran and
A. S. Panepinto (1996). "Subchronic toxicity of 4-vinylcyclohexene in rats and mice by
inhalation exposure". Fundam Appl Toxicol 32(1): 1-10.

Borman, S. M., P. J. Christian, I. G. Sipes and P. B. Hoyer (2000). "Ovotoxicity in female
Fischer rats and B6 mice induced by low-dose exposure to three polycyclic aromatic
hydrocarbons: comparison through calculation of an ovotoxic index”. Toxicol Appl
Pharmacol 167(3): 191-8.

Cannady, E. A., C. A. Dyer, P. J. Christian, I. G. Sipes and P. B. Hoyer (2002). "Expression
and activity of microsomal epoxide hydrolase in follicles isolated from mouse ovaries".
Toxicol Sci 68(1): 24-31.

Cannady, E. A., C. A. Dyer, P. J. Christian, I. G. Sipes and P. B. Hoyer (2003). "Expression
and activity of cytochromes P450 2E1, 2A, and 2B in the mouse ovary: the effect of 4-
vinylcyclohexene and its diepoxide metabolite". Toxicol Sci 73(2): 423-30.
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Collins, J. J. and A. G. Manus (1987). "Toxicological evaluation of 4-vinylcyclohexene. I.
Prechronic (14-day) and subchronic (13-week) gavage studies in Fischer 344 rats and
B6C3F1 mice". J Toxicol Environ Health 21(4): 493-505.

Collins, J. J., R. J. Montali and A. G. Manus (1987). "Toxicological evaluation of 4-
vinylcyclohexene. Il. Induction of ovarian tumors in female B6C3F1 mice by chronic oral
administration of 4-vinylcyclohexene". J Toxicol Environ Health 21(4): 507-24.

Doerr, J. K., S. B. Hooser, B. J. Smith and I. G. Sipes (1995). "Ovarian toxicity of 4-
vinylcyclohexene and related olefins in B6C3F1 mice: role of diepoxides”. Chem Res
Toxicol 8(7): 963-9.
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Vinyl Cyclohexene Dioxide
(4-Vinyl-1-Cyclohexene Diepoxide; VCD)

Molecular Formula: CgH1,0-

4-Vinyl-1-cyclohexene diepoxide is used as a reactive diluent for other diepoxides and for
epoxy resins derived from bisphenol A and epichlorohydrin.

Relevant Studies

A relatively large body of relevant data was identified because the compound is a model
compound for ovotoxicity. There is one publication on male reproductive and there are no
publications on developmental toxicity. Below the publication on male reproductive toxicity is
provided first, followed by the tabulation of that study’s design parameters and results. Then
the publications on female reproductive toxicity are listed. Because of the large number of
studies, a recent review of female reproductive toxicity of VCD published in a peer-reviewed
scientific journal is provided (in Appendix B), rather than data tabulations. Citations for the
review and studies are provided below, and the full publications have been provided on CD to
the DART IC and are available to the public upon request.

1. Male Reproductive Toxicity (Summarized in Table)

Hooser, S. B., D. G. DeMerell, D. A. Douds, P. Hoyer and I. G. Sipes (1995). "Testicular germ cell
toxicity caused by vinylcyclohexene diepoxide in mice". Reprod Toxicol 9(4): 359-67.

ACGIH TLV DART Chemicals 58 Office of Environmental
for Reconsideration Health Hazard Assessment
September 2013


javascript:openWindow('/ImageView.aspx?id=7545',%20'zoom',%20500,%20550,%20'toolbar=no,menubar=no,resizable=no');%20void%200;

Vinyl Cyclohexene Dioxide (VCD) : Study Reporting on Male Reproductive Effects

Experimental Parameters

Results
(Effects/INOEL/LOEL)
Animal
Reference Chemical Model Exposure Endpoints Assessed
(Source/ (Species/ . (Route/Period/ Doses/ . - . - Comments
. . Study Design Concen- Systemic Toxicity Reproductive Toxicity
Purity/ Strain/Sex/ Frequency/ .
X . trations
Preparation) Age) Vehicle)
N
B6C3F1 VCH, VCD, and | Intraperitoneal 0 (sesame oil), | Weights of testis, seminal | No data reported VCH: No effect on weights
male mice, VCM testicular (i.p.) injection vesicles of testis or seminal
4 weeksold | toxicity VCH: 800 mg/ vesicles
comparison daily for 30 days | kg-d Necropsy of testis,
VCH 99% 8-10 per epididymis VCD: Reduced weights of
pure group sesame oil VCD: 160 or testis and seminal vesicles
320 mg/kg-d in both dose groups.
Xler:(yelﬁ)édo VCM: 200 mg/ VCM: No effect on
diepoxide kg-d weights of testis or
(VCD) 97% seminal vesicles
;?i;%gm pure B6C3F1 VCD time- i.p.injection 0 (sesame oil), | As above No data reported VCD: dosing for = 5 days
male mice, course study 320 mg/kg-d caused reduced testis
Vinylcyclo- 4 weeks old daily for 5, 10, 15, weight and testicular
hexene 1,2- 20, 25, or 30 days degeneration.
monoepoxide | 5 mice per
(VCM) 98% group sesame oil
pure B6C3F1 VCD dose- i.p. injection 0 (sesame oil), | As above No data reported VCD: dosing at = 80
male mice, response 40, 80, 160 or mg/kg-d for 30 days
4 weeksold | testicular toxicity | daily for 30 days | 320 mg/kg-d caused reduced testis
study weight and testicular
10 mice per sesame oil degeneration.
group
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2. Female Reproductive Toxicity

The scientific literature on the female reproductive toxicity of 4-vinyl-1-cyclohexene diepoxide
(vinyl cyclohexane dioxide; VCD), the primary bioactive metabolite of 4-vinyl cyclohexene
(VCH), is extensive. Studies have established that bioactivation of VCH to epoxides is
required for its ovotoxicity, with VCD being the most potent epoxide of VCH in terms of
follicular depletion. VCD is a model chemical used to induce perimenopause in rodents (Frye
et al., 2012). A literature search conducted by OEHHA identified 55 female reproductive
toxicity studies on VCD. Seven abstracts regarding female reproductive toxicity of VCD were
also identified.

Due to the extensive literature available on female reproductive toxicity, a recent review of female
reproductive toxicity of VCD published in a peer-reviewed scientific journal is provided (in Appendix
B), rather than data tabulations. Citations for the review and studies are provided below, and the full
publications have been provided on CD to the DART IC and are available to the public upon request.

Review (provided in Appendix B)

Kappeler, C. J. and P. B. Hoyer (2012). "4-vinylcyclohexene diepoxide: a model chemical for
ovotoxicity". Sys Biol in Reprod Med 58(1): 57-62.

Studies of Female Reproductive Toxicity of VCD

Acosta, J. I., L. Mayer, J. S. Talboom, C. W. Tsang, C. J. Smith, C. K. Enders and H. A.
Bimonte-Nelson (2009). "Transitional versus surgical menopause in a rodent model:
etiology of ovarian hormone loss impacts memory and the acetylcholine system".
Endocrinol 150(9): 4248-59.

Appt, S. E., T. B. Clarkson, P. B. Hoyer, N. D. Kock, A. K. Goode, M. C. May, J. T. Persyn, N.
K. Vail, K. F. Ethun, H. Chen, N. Sen and J. R. Kaplan (2010). "Experimental Induction
of Reduced Ovarian Reserve in a Nonhuman Primate Model (Macaca fascicularis)".
Comp Med 60(5): 380-8.

Appt, S. E., J. R. Kaplan, T. B. Clarkson, J. M. Cline, P. J. Christian and P. B. Hoyer (2006).
"Destruction of primordial ovarian follicles in adult cynomolgus macaques after
exposure to 4-vinylcyclohexene diepoxide: a nonhuman primate model of the
menopausal transition”. Fert Steril 86(4 Suppl): 1210-6.

Berger, T. and C. M. Horner (2003). "In vivo exposure of female rats to toxicants may
affect oocyte quality". Reprod Toxicol 17(3): 273-81.

Bhattacharya, P., J. A. Madden, N. Sen, P. B. Hoyer and A. F. Keating (2013). "Glutathione
S-transferase class &mu; regulation of apoptosis signal-regulating kinase 1 protein
during VCD-induced ovotoxicity in neonatal rat ovaries”. Toxicol Appl Pharmacol
267(1): 49-56.

Bhattacharya, P., N. Sen, P. B. Hoyer and A. F. Keating (2012). "Ovarian expressed
microsomal epoxide hydrolase: role in detoxification of 4-vinylcyclohexene diepoxide
and regulation by phosphatidylinositol-3 kinase signaling”. Toxicol Appl Pharmacol
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258(1): 118-23.

Borman, S. M., B. J. VanDePol, S. Kao, K. E. Thompson, I. G. Sipes and P. B. Hoyer (1999).
"A single dose of the ovotoxicant 4-vinylcyclohexene diepoxide is protective in rat
primary ovarian follicles". Toxicol Appl Pharmacol 158(3): 244-52.

Craig, Z. R., J. R. Davis, S. L. Marion, J. K. Barton and P. B. Hoyer (2010).
"7,12-dimethylbenz[a]anthracene induces sertoli-leydig-cell tumors in the follicle-
depleted ovaries of mice treated with 4-vinylcyclohexene diepoxide". Comp Med
60(1): 10-7.

Devine, P. J., I. G. Sipes and P. B. Hoyer (2001). "Effect of 4-vinylcyclohexene diepoxide
dosing in rats on GSH levels in liver and ovaries". Toxicol Sci 62(2): 315-20.

Devine, P. J., I. G. Sipes and P. B. Hoyer (2004). "Initiation of delayed ovotoxicity by in
vitro and in vivo exposures of rat ovaries to 4-vinylcyclohexene diepoxide”. Reprod
Toxicol 19(1): 71-7.

Devine, P. J., I. G. Sipes, M. K. Skinner and P. B. Hoyer (2002). "Characterization of a rat in
vitro ovarian culture system to study the ovarian toxicant 4-vinylcyclohexene
diepoxide". Toxicol Appl Pharmacol 184(2): 107-15.

Fernandez, S. M., A. F. Keating, P. J. Christian, N. Sen, J. B. Hoying, H. L. Brooks and P. B.
Hoyer (2008). "Involvement of the KIT/KITL signaling pathway in 4-vinylcyclohexene
diepoxide-induced ovarian follicle loss in rats". Biol Reprod 79(2): 318-27.

Flaws, J. A., K. L. Salyers, I. G. Sipes and P. B. Hoyer (1994). "Reduced ability of rat
preantral ovarian follicles to metabolize 4-vinyl-1-cyclohexene diepoxide in vitro".
Toxicol Appl Pharmacol 126(2): 286-94.

Frye, J. B., A. L. Lukefahr, L. E. Wright, S. L. Marion, P. B. Hoyer and J. L. Funk (2012). "Modeling
perimenopause in Sprague-Dawley rats by chemical manipulation of the transition to ovarian
failure”. Comp Med 62(3): 193-202.

Haas, J. R., P. J. Christian and P. B. Hoyer (2007). "Effects of impending ovarian failure
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Comp Med 57(5): 443-9.
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Hoyer, P. B., J. R. Davis, J. B. Bedrnicek, S. L. Marion, P. J. Christian, J. K. Barton and M. A.
Brewer (2009). "Ovarian neoplasm development by 7,12-dimethylbenz[a]anthracene
(DMBA) in a chemically-induced rat model of ovarian failure". Gyn Oncol 112(3): 610-5.

Hoyer, P. B., P. J. Devine, X. Hu, K. E. Thompson and I. G. Sipes (2001). "Ovarian toxicity of
4-vinylcyclohexene diepoxide: a mechanistic model". Toxicol Path 29(1): 91-9.

Hu, X., P. Christian, I. G. Sipes and P. B. Hoyer (2001). "Expression and redistribution of
cellular Bad, Bax, and Bcl-X(L) protein is associated with VCD-induced ovotoxicity in
rats". Biol Reprod 65(5): 1489-95.

Hu, X., P. J. Christian, K. E. Thompson, |. G. Sipes and P. B. Hoyer (2001). "Apoptosis
induced in rats by 4-vinylcyclohexene diepoxide is associated with activation of the
caspase cascades". Biol Reprod 65(1): 87-93.

Hu, X., J. A. Flaws, I. G. Sipes and P. B. Hoyer (2002). "Activation of mitogen-activated
protein kinases and AP-1 transcription factor in ovotoxicity induced by 4-
vinylcyclohexene diepoxide in rats". Biol Reprod 67(3): 718-24.
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Lohff, J. C., P. J. Christian, S. L. Marion, A. Arrandale and P. B. Hoyer (2005).
"Characterization of cyclicity and hormonal profile with impending ovarian failure in a
novel chemical-induced mouse model of perimenopause”. Comp Med 55(6): 523-7.

Lohff, J. C., P. J. Christian, S. L. Marion and P. B. Hoyer (2006). "Effect of duration of dosing on onset
of ovarian failure in a chemical-induced mouse model of perimenopause". Menopause 13(3):
482-8.

Lukefahr, A. L., J. B. Frye, L. E. Wright, S. L. Marion, P. B. Hoyer and J. L. Funk (2012).
"Decreased bone mineral density in rats rendered follicle-deplete by an ovotoxic
chemical correlates with changes in follicle-stimulating hormone and inhibin A".
Calcified Tissue International 90(3): 239-49.

Mark-Kappeler, C. J., N. Sen, A. F. Keating, I. G. Sipes and P. B. Hoyer (2010).

ACGIH TLV DART Chemicals 62 Office of Environmental
for Reconsideration Health Hazard Assessment
September 2013



"Distribution and responsiveness of rat anti-Mllerian hormone during ovarian
development and VCD-induced ovotoxicity". Toxicol Appl Pharmacol 249(1): 1-7.

Mark-Kappeler, C. J., N. Sen, A. Lukefahr, L. McKee, I. G. Sipes, J. Konhilas and P. B. Hoyer
(2011). "Inhibition of ovarian KIT phosphorylation by the ovotoxicant 4-
vinylcyclohexene diepoxide in rats". Biol Reprod 85(4): 755-62.

Mayer, L. P., P. J. Devine, C. A. Dyer and P. B. Hoyer (2004). "The follicle-deplete mouse ovary
produces androgen”. Biol Reprod 71(1): 130-8.

Mayer, L. P., C. A. Dyer, R. L. Eastgard, P. B. Hoyer and C. L. Banka (2005). "Atherosclerotic lesion
development in a novel ovary-intact mouse model of perimenopause”. Arteriosclerosis
Thrombosis Vascular Biol 25(9): 1910-6.

Mayer, L. P., N. A. Pearsall, P. J. Christian, P. J. Devine, C. M. Payne, M. K. McCuskey, S. L. Marion,
I. G. Sipes and P. B. Hoyer (2002). "Long-term effects of ovarian follicular depletion in rats by
4-vinylcyclohexene diepoxide". Reprod Toxicol 16(6): 775-81.

Muhammad, F. S., A. K. Goode, N. D. Kock, E. A. Arifin, J. M. Cline, M. R. Adams, P. B.

Hoyer, P. J. Christian, S. Isom, J. R. Kaplan and S. E. Appt (2009). "Effects of 4-
vinylcyclohexene diepoxide on peripubertal and adult Sprague-Dawley rats: ovarian,
clinical, and pathologic outcomes". Comp Med 59(1): 46-59.

Rivera, Z., P. J. Christian, S. L. Marion, H. L. Brooks and P. B. Hoyer (2009).

"Steroidogenic capacity of residual ovarian tissue in 4-vinylcyclohexene diepoxide-treated
mice". Biol Reprod 80(2): 328-36.

Romero-Aleshire, M. J., M. K. Diamond-Stanic, A. H. Hasty, P. B. Hoyer and H. L. Brooks
(2009). "Loss of ovarian function in the VCD mouse-model of menopause leads to
insulin resistance and a rapid progression into the metabolic syndrome". American
Journal of Physiology - Requlatory, Integrative and Comparative Physiology 297(3):
R587-92.

Sahambi, S. K., J. A. Visser, A. P. Themmen, L. P. Mayer and P. J. Devine (2008).

"Correlation of serum anti-Mllerian hormone with accelerated follicle loss following 4-
vinylcyclohexene diepoxide-induced follicle loss in mice". Reprod Toxicol 26(2): 116-
22.

Schauwecker, P. E., R. . Wood and A. Lorenzana (2009). "Neuroprotection against excitotoxic
brain injury in mice after ovarian steroid depletion”. Brain Res 1265: 37-46.

Sobinoff, A. P., V. Pye, B. Nixon, S. D. Roman and E. A. McLaughlin (2010). "Adding
insult to injury: effects of xenobiotic-induced preantral ovotoxicity on ovarian
development and oocyte fusibility”. Toxicol Sci 118(2): 653-66.

Springer, L. N., J. A. Flaws, I. G. Sipes and P. B. Hoyer (1996). "Follicular mechanisms
associated with 4-vinylcyclohexene diepoxide-induced ovotoxicity in rats". Reprod
Toxicol 10(2): 137-43.

Springer, L. N., M. E. McAsey, J. A. Flaws, J. L. Tilly, I. G. Sipes and P. B. Hoyer (1996).
"Involvement of apoptosis in 4-vinylcyclohexene diepoxide-induced ovotoxicity in
rats". Toxicol Appl Pharmacol 139(2): 394-401.

Springer, L. N., J. L. Tilly, I. G. Sipes and P. B. Hoyer (1996). "Enhanced expression of bax
in small preantral follicles during 4-vinylcyclohexene diepoxide-induced ovotoxicity in
the rat". Toxicol Appl Pharmacol 139(2): 402-10.

Takai, Y., J. Canning, G. |. Perez, J. K. Pru, J. J. Schlezinger, D. H. Sherr, R. N. Kolesnick,

J. Yuan, R. A. Flavell, S. J. Korsmeyer and J. L. Tilly (2003). "Bax, caspase-2, and

ACGIH TLV DART Chemicals 63 Office of Environmental
for Reconsideration Health Hazard Assessment
September 2013



caspase-3 are required for ovarian follicle loss caused by 4-vinylcyclohexene
diepoxide exposure of female mice in vivo". Endocrinol 144(1): 69-74.

Thompson, K. E., S. M. Bourguet, P. J. Christian, J. C. Benedict, I. G. Sipes, J. A.
Flaws and P. B. Hoyer (2005). "Differences between rats and mice in the involvement of the
aryl hydrocarbon receptor in 4-vinylcyclohexene diepoxide-induced ovarian follicle loss".
Toxicol Appl Pharmacol 203(2): 114-23.

Thompson, K. E., I. G. Sipes, B. D. Greenstein and P. B. Hoyer (2002). "17beta-estradiol
affords protection against 4-vinylcyclohexene diepoxide-induced ovarian follicle loss in
Fischer-344 rats". Endocrinol 143(3): 1058-65.

Van Kempen, T. A., T. A. Milner and E. M. Waters (2011). "Accelerated Ovarian Failure: A
novel, chemically induced animal model of menopause". Brain Res 1379: 176-87.

Wright, L. E., P. J. Christian, Z. Rivera, A. W. G. Van, J. L. Funk, M. L. Bouxsein and P.
B. Hoyer (2008). "Comparison of skeletal effects of ovariectomy versus
chemically induced ovarian failure in mice". J Bone Mineral Res 23(8): 1296-303.

Wright, L. E., J. B. Frye, A. L. Lukefahr, S. L. Marion, P. B. Hoyer, D. G. Besselsen and J. L. Funk
(2011). "4-Vinylcyclohexene diepoxide (VCD) inhibits mammary epithelial differentiation and
induces fibroadenoma formation in female Sprague Dawley rats". Reprod Toxicol 32(1): 26-

32.
ACGIH TLV DART Chemicals 64 Office of Environmental
for Reconsideration Health Hazard Assessment

September 2013



Appendix A

Parameters for Computerized Literature Searches on the Reproductive Toxicity of
Chemicals

Searches of the literature on the reproductive and developmental toxicity of the chemicals in
Table 1 were conducted under contract by the University of California at Berkeley (Charleen
Kubota, M.L.1.S.). The goal was to identify peer-reviewed open source and proprietary journal
articles, print and digital books, reports and gray literature that potentially reported relevant
toxicological and epidemiological information on the reproductive toxicity of the chemicals.
The search sought to specifically identify all literature relevant to the assessment of evidence
on male reproductive, female reproductive and developmental toxicity.

Databases

The literature search utilized following search platforms/database vendors:
ChemSpider (Royal Society of Chemistry)

MeSH (Medical Subject Headings) (National Library of Medicine)

Developmental and Reproductive Toxicology Database (DART/ETIC ) (National Library
of Medicine)

EMBASE® (Elsevier)

Environmental Sciences and Pollution Management (Proquest)

PubMed (National Library of Medicine)

National Technical Research Library (NTRL v3.0) (National Technical Information
Service)

ReproRisk® System: REPROTEXT® Reproductive Hazard Reference, REPROTOX®
Reproductive Hazard Information, Shepard’s Catalog of Teratogenic Agents, TERIS
Teratogen Information System (RightAnswer® Knowledge Solutions OnSite™
Applications)

Scifinder®: CAS (Chemical Abstracts Service)

TOXLINE (National Library of Medicine)

Web of Knowledge: BIOSIS Previews®, Web of Science® (Thomson-Reuters, Inc.)

Search Process

ChemSpider was searched first to gather chemical names, synonyms, CAS registry numbers,
MeSH and Chemical Abstracts Service headings for each substance before searching
bibliographic databases. The MeSH database was used to identify relevant subject headings
for reproductive and developmental toxicology endpoints. Relevant subject terms were
entered into the PubMed Search Builder to execute a PubMed search.

The following is a typical DART chemical search strategy used to search PubMed:
(“chemical name” [MeSh] OR CAS registry number[RN]) AND ("Congenital
Abnormalities"[MeSh] OR "Preghancy Complications"[MeSh] OR "Reproductive
Physiological Phenomena"[MeSh] OR "Embryonic and Fetal Development"[MeSH])

ACGIH TLV DART Chemicals 65 Office of Environmental
for Reconsideration Health Hazard Assessment
September 2013


http://www.chemspider.com/
http://www.ncbi.nlm.nih.gov/mesh
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?DARTETIC.htm
http://www.elsevier.com/online-tools/embase
http://proquest.libguides.com/espm
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ntis.gov/products/ntrl.aspx
http://www.rightanswer.com/index.php?option=com_content&view=article&id=19&Itemid=47
http://www.cas.org/
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?TOXLINE
http://wokinfo.com/

In PubMed, MeSH (Medical Subject Headings) terms at the top of hierarchical lists of subject
headings are automatically “exploded” in a search to retrieve citations with more specific
MeSH terms. For example, the heading “congenital abnormalities” includes numerous specific
conditions such as spina bifida and congenital heart defects. The broad subject heading
“Pregnancy Complications” encompasses multiple conditions or pathological processes
associated with pregnancy. Spontaneous abortion and many fetal diseases are listed under
this term.

Additional databases listed above were then searched for each chemical. The search
strategies were tailored according to the search features unique to each database. Web of
Science, for example, was searched by entering chemical terms and refining the search by
applying Web of Science categories Developmental Biology, Toxicology and/or Public,
Environmental and Occupational Health. Sometimes other databases not listed here were
searched as needed. For example, if there is a known behavioral endpoint linked to chemical
exposure, a social science database such as PsycINFO® would be searched.
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http://www.apa.org/pubs/databases/psycinfo/index.aspx

Appendix B

Reviews of the Female Reproductive Toxicity of 4-Vinyl-Cyclohexene and its Metabolite,
Vinyl Cyclohexene Dioxide

The DART IC has been provided in this appendix the published reviews listed below. The
public will be provided these reviews upon request.

Hoyer, P. B. and I. G. Sipes (2007). "Development of an animal model for ovotoxicity using 4-
vinylcyclohexene: a case study". Birth Defects Research. Part B, Developmental and
Reproductive Toxicology 80(2): 113-25.

Kappeler, C. J. and P. B. Hoyer (2012). "4-vinylcyclohexene diepoxide: a model chemical for
ovotoxicity". Systems Biology in Reproductive Medicine 58(1): 57-62.
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