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TGIC Test Plan Summary

Test Plan Summary:

Triglycidylisocyanurate (TG C) is a trifunctional epoxide
resin used primarily as a hardener for polyester-based
powder coatings. TG C is also known by the chem cal nane:
1,3,5-Triazine-2,4,6(1H, 3H,5H)-trione, 1,3, 5-
tris(oxiranylmethyl)-, identified by Chem cal Abstract
Service (CAS) Registry No. 2451-62-09.

The tabl e on page 4 provides an overview of the studies
reviewed for the Robust Summary Docunent. These studies
were generally selected to conformto the data

requi renents described in the EPA's “Draft Gui dance on
Devel opi ng Robust Summaries” (Cctober 22, 1999). The
reference section at the end of this document |ists al

of the reports included in the Robust Summary and al so
descri bes several additional studies for TG C. The
addi ti onal studies were conducted by the sponsors, as
well as other interested parties, in order to evaluate
various health related endpoints associated with the
manuf act ure and occupati onal use of TG C. Sonme of these
studi es may not have been discussed in detail in this
document in an effort to avoid redundancy and to help
mai ntain focus on the requirenents described in the
Robust Summary.

Al'l SIDS Level | endpoints have been adequately
addressed. Definitive devel opnent al
toxicity/teratogenicity studies, conducted in accordance
with OECD gui delines, do not appear to be avail able.
However, the lack of findings in the 13-week reproductive

toxicity screening study provides sufficient data to
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address any concerns on reproductive and devel opnment al
toxicity endpoints. In addition, the negative results in
t he Dom nant Lethal Assay and Mammal i an Spot Test and the
| ack of any significant histopathological findings in the
reproductive organs of the test animals in the two year
chroni c exposure study provide additional scientific
evidence for the lack of reproductive and devel opnent
toxicity fromexposures to TAC. The weight of this
scientific data fully supports the conclusion that TG C
is not likely to be a reproductive/devel opnent al

t oxi cant .

The | ack of carcinogenic responses in the cancer
screeni ng endpoint in a 13 week subchronic study, the 30
week dermal initiation-pronotion study and the two year
cancer bioassay, fully support the position that TAC is

unlikely to be a carcinogen.

Thus, the necessary toxicol ogical endpoints for TG C have
been addressed, and no further study is necessary or
proposed. The HPV testing commtnent for TG Cis
conpl et e.
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SUMMARY FOR TG C TEST PLAN

STUDY Data Available? Data Adequate? Testing Required?

Y/N Y/N Y/N

Physical-Chemical Data

Melting Point Y Y N
Boiling Point Y Y N
Vapor Pressure Y Y N
Partition Coefficient Y Y N
Water Solubility Y Y N
Environmental Fate & Pathway
Photodegradation N Y N
Stability in Water Y Y N
Transport Between Environ. Compartments (Fugacity) Y Y N
Biodegradation Y Y N
Ecotoxicity
Acute Toxicity to Fish Y Y N
Acute Toxicity to Aquatic Plants Y Y N
Acute Toxicity to Aquatic Invertebrates Y Y N
Toxicity to Algae Y Y N
Toxicity
Acute Oral Toxicity Y Y N
Acute Inhalation Toxicity Y Y N
Acute Toxicity to the Eye Y Y N
Acute Dermal Toxicity Y Y N
Genotoxicity in vivo (Chrom. Aberrations) Y Y N
Genotoxicity in vitro (Gene Mutation) Y Y N
Genotoxicity in vitro Y Y N
Repeated Dose Toxicity Y Y N
Reproductive Toxicity Y Y N
Developmental Toxicity/Teratogenicity N Y N
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| NTRODUCTI ON

Triglycidylisocyanurate (TG C) is a trifunctional epoxide
resin used primarily as a hardener for polyester-based
powder coatings. TG C is also known by the chem cal nane:
1,3,5-Triazine-2,4,6(1H, 3H,5H)-trione, 1,3, 5-
tris(oxiranylmethyl)-, identified by Chem cal Abstract
Service (CAS) No. 2451-62-9.

The purpose of this docunment is to describe the avail able
t oxi col ogy data for TG C (which may or may not be
contained in the regulatory files of the OECD nenmber
countries), provide a summary of the potenti al

t oxi col ogi cal effects of TG C, discuss the Use and
Exposure Profile for TG C as it is used in conmerce,
identify what significant toxicology data gaps exist, if
any, and note in the Test Plan the investigations which

t he sponsors are proposing to conduct.

Hi storically, TA C has been safely used in comerce

t hr oughout the world for nore than twenty years. During
this time, nmore than eighty toxicol ogy eval uati ons of
TG C have been conducted. A summary the toxicol ogical
effects is presented bel ow and a nore conprehensive

di scussi on appears at the end of this docunent.

Physi cal - Chem cal Paraneter Sunmmary

The sponsor conpani es have provided nelting point(95°C)
boili ng point (300°C (deconposes)), vapor pressure (9.1 x
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10°* pascal ), partition coefficient (-0.8) and water
solubility (9 g/L) data.

Envi ronmental Fate and Pat hway Sunmary

TG Cwll hydrolyze in water to form1,3,5-tris (2, 3-

di hydroxypropyl)-1,3,5-triazine-2,4,6(1H, 3H, 5H)-tri one.
Typical half-life in water (at roomtenperature) is
approxi mately 160 hours. At higher tenperatures (60°C)
the half-life is approximately 4.5 hours. Fugacity data
(transport between environnmental conpartnments) was
model ed using the EPIWN conputer program Due to the
[imted distribution of unreacted TG C in comerce, its

| ow vapor pressure and its ability to hydrolyze in water,
there is only very limted applicability of the nodel ed
dat a.

TG Cis not readily biodegradabl e when tested under OECD

301 and nodified Sturmtest protocols.

Ecotoxicity Sunnary

In the environnent, TG C has no significant toxicity to
aquatic organi sns. The 96-hour LGy for Zebrafish is
greater than 77 ng/L, 77 mnmg/L being the saturation
concentration. The 24-hour EGCs, for Daphnia magna was

greater than 77 ng/L and the EC, was cal cul ated to be 58
ng/ L.

Mamal i an Toxicity Sunmary
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Six different assays have shown TG C to be of npderate
acute oral toxicity with LDs values ranging from 88 to
1450 ng/ kg, with a nmean value of 391 ny/kg. Four assays
have denonstrated the low dermal toxicity of TGAC wth
results ranging from greater than 2000 ng/kg to greater
t han 3000 ng/ kg. Two acute inhalation studies have shown
TG C to be of noderate toxicity, with LGy val ues greater
than 309 ng/n? air. The intravenous LDs, i s approximately
150 ng/ kg.

In rabbit eye irritation studies, the instillation of
TG C has shown marked to severe irritation of the cornea,
iris and conjunctiva, independent of whether the eye was
rinsed or not. The results of several dermal irritation
studi es using rabbits have shown that TG C has m ni mal
skin irritation potential.

The results of guinea pig studies have denonstrated that
TG Cis a dermal sensitizer. The observed potency of the
sensitization response has been shown to be protocol
dependent.

Repeated exposure to TAC either by the oral or
i ntravenous route caused |ynphoid depletion of spleen and
thynmus, as well as |lynphoid tissues such as |ynph nodes.
Dose-levels of 5-50 nmg/kg were well tolerated by rats
over an extended period of time. During subchronic

exposure, the results of acute studies were confirned.

Chronic exposure to TG C in a 13 week dermal initiation-
pronotion assay and in a two year chronic bioassay
(dietary) did not result in increased tunor frequencies
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in the study aninmals. TG C can be considered as non-

carcinogenic in ani mal studies.

A prelimnary reproductive toxicity study in rats
(effects produced only at the high dose of 7.32
ng/ kg/ day) showed that apart from slightly |ower sperm
counts (without effect on the sperm viability) all
reproductive paraneters were conparable to that of the
controls and no changes in fertility or litter paraneters
were observed. Thirty ppm or 2.08 ng/kg/day was
considered to be the overall NOEL for this study.

At | east eight different in vitro bacterial and manmali an

mut agenicity tests were conducted to evaluate T4A C I n
two Ames Assays, TG C induced increased nunbers of
revertant colonies/plate. These results are observed for
nol ecul es containing reactive epoxide groups and are not
unexpect ed. However, in two cell transformation assays
using Balb 3T3 nmouse fibroblasts, no increases in cell
transformati ons were recorded. A Mouse Lynphoma For ward
Mut ati on Assay showed a slight increase in nutation
frequency conpared to control <cells. Additionally, a
chromosone aberration study conducted wusing 1isolated

human | ynphocytes in vitro did not show any mnutagenic or

cl astogenic activity.

The above assays suggest that humans and rodents nay
respond differently to nolecules containing epoxide
groups, such as TAC. In conparative DNA Repair Assays
using human fibroblasts and rat hepatocytes, the human
fibroblasts were exposed to TG C at concentrations up to

20 times greater than the rat hepatocytes. The human
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fibroblasts did not show any unschedul ed DNA synthesis,
whi | e unschedul ed DNA synthesis was identified in the rat
ti ssue. This conparison clearly denonstrates that rat
cells are nore sensitive to TG C than human cells. Thi s
result may be directly correlated wth rnuch higher
concentrations of epoxide hydrolases in human tissue as
opposed to rat tissue. These data support the negative
result in the two year cancer bioassay in rats.

Fourteen separate in vivo manmmalian genotoxicity studies

have been conducted to evaluate TG C Two Sister
Chromati d Exchange (SCE) studies in Chinese Hanster cells
were conduct ed. The results indicate that TG C can

i nduce SCE at doses of 140 ngy/ kg and hi gher, but wll not
i nduce SCE at doses below 70 ng/kg. A Nucl eus Anomaly
Test offered simlar results. In this test, doses bel ow
140 ng/ kg did not show nucl ear anomalies, whereas, doses
above 280 ng/ kg di d.

Four chronosone aberration tests were perfornmed in mle
m ce. Oral admnistration of TG C resulted in a dose
dependent rate of aberrations, with a NOEL of 5 to 10
mg/ kg. In an inhalation study, the cytotoxicity observed
at 10 and 50 ng/n® rendered analysis of chronpsonm
aberrations inpossible. A dose of 2.5 nmg/n® showed no
increase in chronmobsone aberrations or cytotoxicity. An
addi ti onal chromosone aberration study in mce was
designed to neasure the effect of TG C on primary and
secondary spermatocytes. The study indicated that TAC
was not clastogenic in primary or secondary spernmatocytes
at doses up to 96 ny/kg.
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Three dom nant | et hal st udi es, two oral and one
i nhal ati on, have been conducted using TG C at doses of
137 to 550 ng/kg, or 2.5 to 50 ng/nt. The primry
conclusion from these four studies was that “despite the
t oxi c effects on mat ur e sperm spermati ds and
sper mat ogoni a, there was no increase in enbryonic death,
e.g. no sign of induction of dom nant |ethal nutations.”
This conclusion supports the hypothesis that effects on
t he sper mat ogoni a by TG C duri ng sper mat ogoni al
devel opment may lead to non-viable sperm but not

heritabl e geneti c damage.

A mammal i an spot test in mce did not induce somatic cell
recessive gene nmutations. A study designed to measure
the pH dependent alkylation potential of TG C indicated
that TG C can be hydrolyzed or inactivated with regard to

its mutagenic potential when passing through the stonmach.

A study to evaluate the DNA-binding potential of TG C was
al so perforned. Results of this study indicate that at a
dose of 5 ng/kg or less, no neasurable interaction of
TG C wth testis DNA occurred. VWile in liver DNA at
the sane dose and in testis DNA and |liver DNA at higher
doses, neasurabl e DNA adduct formation were identified.

Species Differences in Epoxide Hydrol ase Activity

The data provided in the TG C Toxi col ogy Review at the
end of the docunment summari ze species differences in
epoxi de hydrol ase activity. The conclusions fromthe

literature review and the studi es descri bed above are:
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humans net abolize TG C and ot her epoxides nmuch faster
than m ce,

the nouse is the standard ani mal nodel for the Dom nant
Let hal, Manmalian Spot Test and chronosomal aberration
st udi es, and

the nouse is the common | aboratory species with the

| owest | evel of epoxide hydrol ase.

Therefore, the nouse is the nost sensitive species with

respect to the toxic effects of epoxides.

Concl usi ons of the Toxi col ogy Summary

The significance of these data in establishing

occupational health standards is as follows:

The nmouse is the nost sensitive species with respect to
the toxic effects of epoxides and nolecules with
epoxi de groups;

I nhal ation is the nost |ikely and nost toxicologically
significant route of occupational exposure;

The inhalation NOELs for TA C in chronosone aberrations
and domi nant |ethal studies were 2.5 ng/nt;

The acceptable threshold |imt value (TLV) established
by the American Conference of Governnmental |ndustrial
Hygi enists (ACGH for TG Cis 0.05 ng/n?, (50 tinmes

| ower than the | owest NOEL in an ani mal bioassay); and
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The |l ack of findings in the 13-week reproductive
toxicity screening study provides sufficient data to
address any concerns on reproductive and devel opnment al
toxicity endpoints. This data is supported by the
negative results in the Dom nant Lethal Assay and
Manmmal i an Spot Test and the | ack of any significant
hi st opat hol ogi cal findings in the reproductive organs
of the test animals in the two year chronic exposure
study provide.
In a two year cancer bioassay, TG C was non-
carcinogenic at the maxi numtol erated dose (MID) of 100
ppmin rats (a species which is approximately 2 tines
nore sensitive to the toxic effects of TG C than
humans.
Finally, these data suggest that if appropriate
engi neering controls and industrial hygi ene practices
are followed, TG C can be safely used in comrerce
wi t hout undesirable health effects.

USE AND EXPOSURE INFORMATION

Recently, in a letter to EPA, the two | argest
inporters of TACinto the United States (US) provided
the follow ng information:

There are no TG C manufacturers in the US and only
three major inporters.

Two i nporters account for approxi mtely 80% of the
TG C used in the US.

There are essentially no exposures to TG C during
the inport/distribution process because TG C is
transported directly fromthe overseas

manuf acturer to the powder coating manufacturer
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The use, and therefore exposure, to TAC is
limted al nost entirely (greater than 95% to the
powder coating industry.

There are a relatively small nunber (perhaps 50 to
60) of powder coating manufacturers in the US and
a very small nunber of workers are potentially
exposed to TG C at these manufacturing | ocations.
The number of custom coaters, which use the powder
coating formulations in the US, has been esti nated
to be approximately 1000, with a potentially
exposed popul ati on of perhaps 10, 000 enpl oyees.

Powder coatings containing TG C represent |ess
than 20% of the total powder coating materials
manuf actured in the US.

TG Cis typically used at a concentration of 4.5
to 5% in powder coatings as a hardener for

pol yester resins. Upon bl ending and extrusion of
the TAC into the powder coating by the

manuf acturer, there is essentially no free TG C
avail abl e for exposure to downstream users of the
fini shed powder coati ng.

At the custom coaters’ facilities, powder coatings
are applied to metal parts and cured at
tenperatures of approximtely 200° C. Under these
conditions, TG C reacts conpletely with the

pol yester, and no free TA C exi sts.

Therefore, potential exposure exists al nost
exclusively within the powder coating
manuf act uri ng operations, and users/consumers of
powder coating products are rarely, if ever
exposed to free TA C.
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Acute Toxicity Studies in Rodents

a) Oal
Acute toxicity is expressed as the dose killing 50

percent of the animals under test (= LDgg). The sane

applies for inhalation studies with the exception that
the LGs (lethal concentration) instead of the LDgg

(l ethal dose) is neasured.

Six different acute oral toxicity studies with rats were
perfornmed. Individual values varied between 1450 and 188
mg/ kg bodywei ght with an average val ue of 391 ny/kg
(1,2,3,5,6,21). Males were slightly nore sensitive than
femal es (294 ng/ kg versus 439 ng/ kg) but no obvious sex
specificity was observed. In case of death all animls
died within 6 days. At necropsy henorrhagic |ungs and
dilated intestinal tract regions were the only substance-

rel ated effects observed.

The acute oral toxicity in Chinese Hansters was 1672
mg/ kg, the femal es (800 ng/kg) being nore susceptible
than the males (2200 ng/kg) (7).

b) Der nal

The acute dermal toxicity was neasured in rats in 4

di fferent assays. The val ues ranged from >2000 to >3000
mg/ kg (8,9, 10), whereby in an additional study of

doubt ful quality and w t hout any nethodol ogi cal
information a value of 185 ng/kg was reported (21). In
all three studies no nortality occurred and no substance-

rel ated effects were noti ced.
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c) Inhal ation
Two acute inhalation studies with rats were perfornmed

applying TG C dust of an average particle size of 2-3

m crons. LCgqg val ues of 650 nmg/ m (18) and >309 ng/ md
(19) were neasured. In a simlar test using mce instead
of rats a LCgg of 2000 nmg/ m3 was neasured (57). In this

study, the nmean dianeter of the dust particles was 3.2 -
3.9 mcrons. |In all three studies, discoloration of the
l ung and swol | en periocular tissues were the only

subst ance-rel ated effects observed.

d) Intravenous

The acute toxicity of TG Cin nmice after intravenous
injection was calculated to be 148.7 ng/ kg (4). All
animals died within 6 days foll owi ng injection.
Substance-rel ated toxic effects were recorded in the
surviving animals after 29 days. Besi des dose-dependent

| oss of body wei ght, henmatopoietic hypoplasia of the bone
marrow, |ynmphoi d depletion of the thynus and ovari an
atrophy was observed. No sex difference in the toxicity
was recorded.

e) Eye Irritation

Four different eye irritation studies in rabbits were
performed with TG C. While one study (15) showed no
reaction after rinsing the eye and only m ni nal
irritation without rinsing the eye, the three remining
studies (16, 17, 58) showed marked to severe irritation

of cornea, iris and conjunctiva, independent of whether
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the eye was rinsed or not. Therefore, it can be concl uded

that TG Cis extrenely irritating, but not corrosive.

f) Skin Irritation

In five different rabbit skin irritation tests, using
either 0.25 or 0.5 g of TG C in suspension, results
varied fromno reaction to mnimal irritation.
(3,11,12,13,14). It can therefore be concluded that TAC
has only a mnimal skin irritation potential.

g) Skin Sensitization

Whi l e one sensitization study in Guinea pigs showed
strong sensitization (59), two nore recent maxim zation
studies in Guinea pigs resulted only in weak
sensitization, e.g. only 20 to 25% of the animals were
sensitized (3, 20).

Subacute Toxicity

Groups of 10 rats dosed orally with 54 / 43 ng/ kg/day and
216 / 172 ng/ kg/day (male / female) for seven consecutive
days and term nated on day 8 showed no overt signs of
toxicity (21). Upon histopathol ogi cal exam nati on,
necrosis of the distal convol uted kidney tubul es as well
as henorrhage of the gastric and duodenal nucosa was seen

in several high dose animals.

In a percutaneous toxicity study in rats (21), groups of
10 rats (5 nmales and 5 femal es each) were dosed with 26
and 130 ng/ kg/ day by dernmal application of the wet

substance for 7 consecutive days. No overt signs of
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toxicity were observed. At necropsy on day 8, npderate
skin ulceration and necrosis at the application site and
gastrointestinal and kidney |esions (henorrhage) were

observed in the high dose ani nal s.

A single-dose toxicity study in mce was performed using
the intravenous route (4). Doses of 60, 120 and 149 ny/ kg
were injected to groups of 20 animals (10 nal es and 10
femal es each). After 33 days the aninmals were sacrificed
and prepared for histopathol ogical investigations. No
nortality occurred, but body weight |oss was observed
most prom nent between day 4 and 8 at all doses. A
decrease of the nunber of reticulocytes, white bl ood
cells and platelets as well as hemat opoi etic depl etion of
the bone marrow returned to normal by day 29. Lynphoid
depl eti on of the thymus, spleen and | ynph nodes as wel |l
as necrosis of the gastric nmucosa and atrophy of the

ovary was observed over 33 days.

In a repeated-dose study in mce (5 consecutive daily

i njections) doses of 27, 53 and 62 ngy/ kg were
intravenously injected to groups of 20 animals (10 mal es
and 10 fenmal es each) (4). No nortality occurred, but
decreased body wei ghts, reduced nunbers of red and white
bl ood cells and platelets, as well as |ynphopenia and
neutropenia were recorded in all dose groups, but
returned to normal by the end of the observation period
(day 65). Histopathol ogical findings were simlar to

those found in the single-dose toxicity study.

Two studies with Beagle dogs, a single-dose toxicity
study with dose-levels of 1.8, 18 and 36 ng/kg and a
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repeat ed- dose study (5 consecutive daily doses) with
dose-levels of 0.8, 8 and 16 ng/ kg/ day, were perfornmed by
the intravenous route on groups of 4 dogs (2 males and 2
femal es each). No deaths were observed until the final
necropsy on day 65. A dose-dependent reduction of red and
white blood cells as well as platelets, and noderate to
severe | eucopeni a and neutropenia recovered in the | ow
and m d-dose and partially recovered in the high dose.
Renal inpairnment (blood creatine and bl ood urea nitrogen)
conpletely recovered by day 65. hematopoietic hypopl asi a
of the bone-marrow and | ynphoid depletion were stil

mar ked at day 65, and necrosis of the nesenteric |ynph
nodes, tonsils, spleen, liver, lung and gastric tract

were frequently observed in a dose dependent manner.

In a repeated-dose |ocal tissue reaction assay in guinea
pigs (4), 5 daily doses of 0.5 m of either 1.8 or 3.6
nmg/ kg were subcut aneously injected. Besides noderate
necrosis at the injection site no other substance rel ated

signs of toxicity were observed.

Subchronic Toxicity

19-Day Oral (Dietary Adm xture) Range-Finding Study in
Rats with TG C (66)

In this study groups of 6 male and 6 femal e Sprague-

Daw ey rats were exposed to diets containing 0, 10, 40,
160, and 640 ppm of TG C for 19 days (equivalent to O,
1.06, 4.4, 15.9, and 48.6 ng/ kg per day). Clinical signs
were piloerection and curved body position in nost of the
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rats of the high dose group, only. No nortalities
occurred, but |ower food consunption was observed in high
dose animals. Body weight gain was significantly reduced
in high dose animals and femal es of the internmedi ate dose
group. Lower |eucocyte counts and higher erythrocyte
counts were observed in the high dose group ani mals.

Enl arged nesenteric |ynph nodes, | ower absol ute spleen
and thymus wei ght, and | ower wei ghts of ovaries, uterus,
prostate and sem nal vesicles were recorded. M croscopic
exam nati on reveal ed marked sinusoi dal haenorrhage in the
mesenteric | ynph nodes at 160 and nore pronounced at 640
ppm animals. In addition, at 640 ppm | ynphoi d del eti on of
t he spleen and thynus was observed. No effects were

observed in 10 and 40 ppm exposed ani mal s.

13-Week Oral (Dietary Adm nistration) Toxicity and
Fertility Study in Rats with TG C (67)

In this study groups of 10 mal e Sprague-Dawl ey rats were
exposed to diets containing 0, 10, 30, and 100 ppm of
TG C for 13 weeks, corresponding to 0, 0.72, 2.08, and
7.32 mg/ kg/day. In parallel 4 groups of 20 female rats
received a control diet containing no TG C. After 64 days
mal e rats were placed with two female rats in mating
cages. Part of the pregnant fenales were kept isol ated
and on day 19 of pregnancy they were hysterectom zed and
the content of the uteri was anal yzed. Another subgroup
of the pregnant females was allowed to litter and pups
were exam ned during their entire lactating period until
weani ng. No treatment-rel ated synptons were observed
during the entire treatment period and no nortality
occurred. Slightly | ower body weights were recorded for
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t he high dose group nale rats. and slightly |ower

| eucocyte counts were observed at 100 ppm Reddi sh

di scol oration in conbination with henpsiderosis of the
mesenteric |ynph nodes was found at 100 ppm Slightly

| ower sperm counts were recorded for 100 ppm nale rats,
but spermviability was not affected. This effect nmay be
secondary to the reduced body wei ghts observed in this
group. All fertility parameters were conparable to that
of the control aninmals. Pregnancy rates, litter data in
hysterectom zed rats, and litter data of delivered pups
were conparable to controls, and no change in any
fertility paraneter was observed. 30 ppm was consi dered
to be the overall NOEL in this study.

Chronic Toxicity / Carcinogenicity

Carci nogenicity Study in Male Rats with TG C (68)

In this study groups of 50 mal e Sprague-Dawl ey rats were
exposed to diets containing 0, 10, 30, 100, and 300 ppm
of TG C, corresponding to O, 0.43, 1.30, 4.36 and 13.6
ng/ kg per day, for 63 weeks (high dose) and 99 weeks for
all other doses. Additionally, groups of 30 nale rats
wer e exposed to diets containing 0, 100 and 300 ppm of
TG C for 26 weeks. These groups were used for the

anal ysis of sub-chronic effects.

26-week Study: No nortality occurred. However, reduced
food consunption and correspondi ng | ower wei ght gain were
observed in both treated groups in a dose dependent
manner. The efficiency of food conversion was markedly
reduced at 300 ppm Lower |eucocyte counts and | ower
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| ynphocyte counts were recorded in the high dose group,
and | ower globulin as well as protein concentrations were
measured at 300 ppm Enlarged nesenteric |ynph nodes,
associ ated with henosi derosis, plasnocytosis,

mast ocyt osi s and henorrhage were found at 300 ppm Slight
to noderate |ynphoid depletion of spleen and thynus was
al so observed at 300 ppm but not at 100 ppm 100 ppm was
considered to represent the NOAEL, while no NOEL was

det er m ned.

Two year study: Due to the high rate of nortality
occurring at 300 ppm (44% at week 62) and due to the poor
health condition of the remaining animals exposed to 300
ppm it was decided to termnate this group at an early
stage. The MID was definitively exceeded with 300 ppm
The cause of death remains still unsolved, but it is
suggested that histam ne-rel ated hypotensi on nm ght be a
maj or cause of sudden death. At 100 ppm and bel ow no
difference in nortality as conpared to the control group
occurred. At termnation of the study (week 99) a slight
reducti on of body weight at 100 ppm was recorded which
correlates well with the noted reduced food consunpti on.
Bl ood pressure was identical between control and dosed
animals. In the groups exposed to 10, 30 and 100 ppm
there was no difference in hematol ogy and bl ood chem stry
paranmeters observed. There was no statistical difference
in tunor formation anong the treated groups versus
control animals, and there was no reduction of the

| atency period of tunor formation. Differences observed
were a high incidence of mastocytosis, henpbsiderosis, and
si nusoi dal henorrhages in the nesenteric | ynph nodes
conmbi ned with high incidence of |ynphoid depletion in the
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spl een at 300 ppm at 63 weeks. |t can be concluded that
under the conditions of the assay TG C is not
carcinogenic and a NOEL was determ ned at 30 ppm

corresponding to 1.3 ng/kg/ day.

In order to investigate the carcinogenic potential of
TG C, a 30-week dermal initiation-pronmotion study in mce
was perforned (22). After an initial dermal application
of 150 mi crograms of Di nmethyl-benzant hracene (DVBA) to

t he abraded skin of groups of 48 mce (24 mal es and
femal es each), which is intended to have a tunor
initiation effect, all animls were caged for 3 weeks

wi t hout any treatnent followed by 26 week treatnent
period. During this treatment period one group of animals
was treated twice weekly topically (to the abraded skin)
with a 2.5% w v solution of TG C in acetone. No skin or
ot her tunors were found at the end of the treatnent

peri od whereas a positive control group treated with a
known carci nogen devel oped a significant nunmber of tunors

during the same period of tine.

In Vitro Bacterial and Mammal i an Mutagenicity Studies

a) Bacterial Systens

Two Ames Tests using Sal nonella and Escherichia col
strains were perfornmed using rat-liver mcrosonal
extracts as netabolizing systens (28, 25). In both Assays
TG C i nduced increased nunbers of revertant col onies
(with and without netabolic enzynmes) at doses of 1.2 to
5000 m crograms/m in strains TA 98, TA 100and TA 1535
but not in strain TA 1537, TA 1538 and E. coli. These

Page 32



TGIC Test Plan Summary

results are observed for nol ecul es containing epoxide

groups and are not unexpect ed.

b) Mammal i an Systens (in vitro)

Bal b 3T3 Mouse fibroblast cells were tested in two
transformati on assays with (43) and w thout (42)

met abol i ¢ activation for the generation of transforned
cells which are no | onger contact inhibited and therefore
formnulti-layered colonies. At dosed of 8.75 to 140

m crograms/ m (wi thout netabolic activation) and 0.3 to
5.0 mcrograns/m (with netabolic activation) no increase
of transformed cells was recorded. This finding reduces

the |ikelihood of a carcinogenic potential of TA C

In a forward nutati on assay using nouse |ynphoma cells
(41) dosed at 0.175 to 6 mcrograns/m in the presence
and absence of netabolic enzynes showed a slight increase
of the mutation frequency as conpared to control cells,
but only at the highest dose tested. Under both
conditions (with or without netabolic activation) the
hi gh dose was characterized by a low relative growhs
rate of no nmore than 10% of control cells which may
render the results equivocal, especially since no dose-

effect relationship was observed.

A chronmosone aberration study on isol ated human

| ynphocytes in vitro (40) did not indicate a nutagenic or
cl astogenic potential of TG C. At doses of 0.0625 to 1.0
m crograms/ m the highest non-toxic concentration
applicable w thout netabolic activation and 0.625 to 10
m crograms/m with nmetabolic enzynes no increased
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aberration frequencies were detected. This test indicates
the different sensitivities between human and rodent

cells, which should be kept in mnd for risk assessnents.

Anot her exanple of the species differences is shown bel ow
by conparing two DNA-repair tests perfornmed in human
fibroblasts and rat hepatocytes the latter representing
in addition a cell type with netabolic activation.

The test in Human fibroblasts (37) dosed at 2.7 to 400

m crogranms/ m (the highest dose applicable) showed no
sings of extra DNA-synthesis nmeasured by incorporation of
3H-Thym di ne into DNA. On the other hand, using rat

hepat ocytes (38) dosed at 0.2 to 20 mcrograns/ m an

i ncrease of 3H- Thim dine incorporation was nmeasured at
doses of 10 and 20 m crograns/ m, indicating sone
unschedul ed DNA-synthesis or, DNA-repair.

This conparison clearly denonstrates that the rat cells
are nore sensitive to TG C, expressed by the nmuch | ower
dosing regi nen, and that human cells, even at 20 tines
hi gher doses, did not show any sings of nutagenicity
whereas rat cells did show DNA damage al ready at nuch

| ower doses. This could well be directly correlated with
t he nmuch hi gher |evels of epoxide hydrolase in human

ti ssue as conpared to rat tissue.

c) In Vivo Mammal i an Genotoxicity Studies

During the past eight years nunmerous in vivo studies with
m ce and hansters have been perforned in order to

eval uate the nutagenic and cl astogenic potential of TG C.
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Four different types of studies have been conducted
measuring different endpoints within the general frame of

what is called genotoxicity:

a) Tests designed to evaluate the potential to induce
structural chronosomal aberrations in manmmalian somatic
cells (clastogenic effects);

b) Tests devel oped to neasure the clastogenic effects in
mal e germecells, e.g. in the reproductive system

c) Tests designed to neasure heritabl e changes of the
genetic material during spermatogenesis and transmtted
to the offspring; and

d) Tests designed to detect the potential to induce

somatic nutations in early enbryos.

(a) Chrompsonmal aberrations in somatic cells

Two Sister Chromatid Exchange (SCE) studies in somatic
Chi nese Hanster Cells were performed. Single doses of 35
and 70 ng/ kg (30) and 140, 280 and 560 nmg/ kg (29) were
adm ni stered by gavage to nale and femal e animals and 24
hours | ater bone-marrow preparati ons were analyzed for
SCEs.

Doses of 35 and 70 ng/ kg (30) were clearly negative with
respect to SCE induction, whereas doses 0f 140, 280 and
560 mg/ kg (29) significantly increased the nunber of SCE
al t hough no cl ear-cut dose response relationship could be
established. It can therefore be concluded that TG C

i nduced SCE is NOT cl astogenic in nouse spernmatocytes at
doses of up to 96 ny/kg.
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I n addition, a Nucleus Anonaly Test was performed in
Chi nese Hansters (39). Male and fenmal e Hansters were
dosed once with 140, 280 and 560 ng/ kg by gavage. 24
hours | ater bone-marrow cells (as a nodel for somatic

i nterphase cells) were prepared and anal yzed for nucl ear
anomal ies. While no differences were observed between
control and | ow-dose aninmals, a significant increase of
nucl ear anomalies, mainly single jolly bodies, was
observed in the internmedi ate and hi gh-dose group.
Therefore, it has to be concluded that TG C i nduced
nucl ear anomal i es at doses of 280 and 560 ng/kg.

(b) Chronmpsonal Aberrations in Muse Spermatogonial Cells
These studies are designed to evaluate the potential of a
chem cal to induce structural aberrations in
sper mat ogoni al cells, an early stage of sperm cel

devel opnent. It is not designed to detect functional
nmutations transmtted to the next generation, although
certain types of chronosonal aberrations such as

i nversi ons, deletions and other rearrangenents can | ead
to heritable nutations. Yet, nost of the structura
abnormalities detectable in such an assay lead to

infertile sperm

Four studies were performed by dosing nale nmice for five
consecutive days with TG C with doses of 29 to 350 ng/kg
(oral gavage application) or 2.5 to 50 ng/n? (inhal ation
study), and analyzing the netaphase chronpbsones of
sper mat ogoni al cells one day after the | ast dosing.

In two of the studies (32, 33) doses of 30 and 43 ny/ kg
did not inpair spermatogoni al devel opnment whereas doses
of 125, 128 and 350 ny/ kg caused increased nunbers of
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chromosonmal aberrations apart from dose-dependent
cytotoxic effects. In the third study (54) at all three
dose-levels tested (29, 57 and 115 ng/ kg) a dose
dependent increase of chronosomal aberrations was
observed including rare chronmosonmal structural
aberrations normally not observed in control
preparations. A NOEL of 5 to 10 ng/ kg was cal cul at ed.

A fourth study (55) was performed according to the sane
protocol except that the test substance was applied as a
fine powder via inhalation at doses of 2.5, 10 and 50
mg/ n? air for five consecutive days (during 6 hours per
day). Wile 10 and 50 ng/n? air caused extensive cytotoxic
effects to male germ nal cells, expressed by a marked
reduction of dividing cells, rendering it inpossible to
eval uate the observed increase of chronosonal
aberrations, the dose of 2.5 ng/nt air showed no increase
in chronosonal aberrations and no cytotoxic effects at

al |

It can therefore be concluded that TG C at concentrations
of 28 nmg/ kg and hi gher (application by gavage) as well as
10 nmg/ n? air and higher (application by inhalation) caused
structural chronmosonmal aberrations in pre-neiotic male

germ nal cells.

An addi ti onal chrompsomal aberration study in mce (31),
desi gned to neasure the effects on primary and secondary
spermat ocytes (nmeiotic and post-neiotic stages of sperm
devel opnent) was perfornmed by applying TG C orally at 32
and 96 ng/ kg to groups of male mce five tinmes over a
period of ten days. Three days | ater netaphase
chromosones were spread and anal yzed for aberration.
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Neither in primary nor in secondary spermtocytes an
i ncrease of chrompbsomal aberrations was found, indicating
that TACis clastogenic in nouse spermtocytes at doses

of up to 96 ny/kg.

(c) Domi nant-lethal effects in mce

In two dom nant-|lethal tests groups of male mice received
a single dose of 137, 275 and 550 ng/kg (34) and 160 and
480 ng/ kg (35), respectively, by oral gavage. One day

| ater, they were mated weekly to virgin female mce for
three consecutive weeks, covering the post-neiotic phase
of sperm cell developnent. The uteri of all the females
were analyzed for lethal nmutants expressed as enbryonic
deat h.

While in the first study (34), no effects on fertility
and enbryoni c devel opnent were observed, a slightly

i ncreased nunber of enbryonic death resulting fromthe
first mating period of the high dose group was observed
in the second study (35). This increase, however, has to
be judged as incidental since it occurred only in females
mated during the first mating period, e.g. with sperm
already fully devel oped, dehydrated, with condensed
chromatin and therefore al nost inaccessible for chem cal
intereaction. Since mature sperm are nore resistant
towards chem cal attack than earlier stages of sperm
devel opnent, one woul d expect to see a nore pronounced
effect in subsequent mating peri ods.

Athird study followed a slightly different dosing
regimen. TG C was applied to male m ce at concentrations
of 2.5, 10 and 50 ng/n? air via inhalation for 5
consecutive days during 6 hours per day (56). Altogether
ei ght weekly mating periods, covering the whole
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sper mat ogonial life-cycle, were analyzed for possible

| ethal nutants, e.g. enbryonic death. Apart from genera
toxicity (10% death anong nmal es of the high dose group)
and reduced mati ng performance during the first three
weeks in the high and occasionally in the internmedi ate
dose groups there was no indication of dom nant-1 et hal
effects. The reduced and transient fertility probably
reflects cytotoxic and clastogenic effects leading to
reduced vi abl e sperm nunbers expressed by the observed
reduced fertility, although general toxicity nmay have
contributed al so the reduced mating activity of the

mal es.

Of prime inportance is the fact that, despite the toxic
effects on mature sperm spermatids and spernmat ogoni a,
there was no increase in enbryonic death, e.g. no sign of
i nducti on of dom nant-Ilethal nutations. This nmay support
t he hypot hesis that any danage to the genetic material by
TG C during spermtogoni al devel opnment may | ead only to

dead sperm but not to heritable genetic damage.

(d) Manmalian Spot Test in mce

A manmal i an spot test in mce designed to detect
recessive somatic nutations in nelanocytes induced in the
early enbryol ogi cal stages of devel opment and expressed
after birth. Doses of 13.5, 27 and 54 ng/ kg were injected
intraperitoneally into female mce pregnant for 7 to 9
days. Neither litter size nor survival of the pups was
affected by the applied doses and no increase in nmutant
spots was observed. Up to 54 ng/ kg TG C did not induce

recessive somatic nutations in m ce.
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Bi ochem cal Studies

In a study to nmeasure the pH-dependent al kyl ati on potency
of TG C (44) through its reaction with the nodel

nucl eophil e p-nitrobenzyl -pyridine (NBP), TG C was

hydrol yzed at different pHs and subsequently analyzed for
its nmutagenic potential, e.g. its alkylating potential,
in a Sal monella nmutagenicity test. Preincubation at pH
0.1, 1 and 2 caused 100% 82% and 0% reduction of its

al kyl ati ng and rmut agenic potential, indicating that TG C
can be hydrolyzed or inactivated with respect to its

mut ageni ¢ potential when passing through the stomach.

In a study to measure the DNA-binding potential of TG C

(60), l4C 1 abeled TG C was applied orally to rats at
doses of 5, 17 and 200 ng/ kg. The animals were killed
after 8 hours and DNA fromliver and testis was anal yzed

f or DNA- adducts. The results indicate that at a dose of 5

my/ kg there were |ess than 1 adduct per 108 nucl eoti des,
e.g. no neasurable interaction with testis-DNA was
observed while in liver DNA at the sanme dose and testis
and |liver DNA at higher doses neasurabl e amunts of DNA-
adducts were found. This experinment shows that at a dose
of 5 ng/kg TG Cis not or only to a negligible extent
interacting with testis DNA and therefore unlikely to

i nduce heritable damage to the male reproductive cells.

Species differences of Epoxide Hydrol ase

TG C was hydrolized by m crosomal Epoxi de Hydrol ase (nEH)
of mouse |iver honpgenate to the corresponding diol. The
rate was 15 nnole/ng protein within 30 mn, which is

equi valent to 0.5 nnole/ng protein/mnute. (61)
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Sei degard et al (1986) conpared the mEH activity of
different species (nouse, rat, rabbit, and human) wth
different substrates, but without TG C. The substrates
were styrene oxide (SO, benzo(a)pyrene-4,5-oxide (BPO
and estroxide (EO). The results can be summari zed as
foll ows (62):

activity (nmol/mg protein. min)
Species SO BPO EO
Mouse 4.31+/-0.7 1.08 +/- 0.2 1.76 +/- 0.3
Rat 12.7 +/-1.3 6.9 +/-0.4 12.8 +/-0.6
Rabbit 171 +/-2.7 9.11 +/-1.0 21.3 +/-1.8
Human 48.3 +/-3.3 14.0 +/-1.0 23.1 +/-1.6

The nouse is shown to be the species with the | owest
epoxi de hydrol ase (EH) activity and therefore, is the
nost sensitive species with respect to the toxic effects
of the epoxides.

For all three substrates the activity in Humans was at

| east 12 x higher than that of mce. That means that
humans can oxi di ze epoxi des about 12 tinmes faster than
m ce, the species nost frequently used for genetic in-

Vi vo experiments.

| nt erspecies differences are nuch smaller as shown by
OCesch et. Al .(1983) with 22 strains of rats yielding only
a 3-fold difference between the npst extrene rat strains
(Fischer F344 and DA/ Han) (63). Differences between
organs within the same species were observed in rats

(63). The highest |evels of EH were recorded in liver,
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foll owed by testis, kidney, lung, spleen and cutis. The

di fference between the two extrenes was about 100-f ol d.

The half-life of 14C-labeled TG C, admi nistered
intravenously to rabbits (64), was neasured to be smaller
than 5 m nutes, whereas in humans the half-life of TG C
was in the order of 1.4 mnutes and |larger than 2 m nutes

in mce (65).

From t he above data it can be concluded that humans

nmet abol i ze TGl C (and ot her epoxi des) much faster than

m ce do. The nouse as the standard ani nal species for

dom nant -1 et hal , spermatogoni al and spernmatocyte tests
has been shown to be the species with the | owest |evel of
epoxi de hydrol ases and therefore being the nost sensitive
species with respect to the toxic effects of epoxides.
This will ultimately lead to higher cytotoxicity and
greater chance for chronmpbsomal aberrations in nmice than
in man. Wth this know edge in mnd, it would be
appropriate to use smaller than usual safety or
uncertainty factors to establish an OEL [part of the

saf ety factor accounts for the possible higher

sensitivity of humans versus the ani mal species tested].

Ecot oxi col ogy

The LCgg, nmeasured during a tinme period of 96 hours, for

Zebrafish is >77nmg/L (46), 77 ng/L being the saturation

concentration. The ECgg, neasured during a 24-hour
period, for Daphnia magna is >77 nmg/L, the ECy val ue
being 58 ng/L (47). Therefore TAC has a |low toxic

profile for aquatic organisns.
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In the Modified Sturm Test (48), performed over 28 days,
only 9.1% of the test substance was degraded at an
initial concentration of 10 ng/L, whereas 48% was
degraded at an initial concentration of 20 ng/L.

Therefore TG C is not readily biodegradabl e.

The nelting point of TAC is around 95°C, and the vapor

pressure is as low as 9.1 x 10-4 Pascal at anbient

t enperature (49).

Summary prepared by Dr. H J.Wideli and R J. Papci ak.
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