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SUMMARY

Epoxy Resin ERL-4206 was evaluated for potential mutagenic activity with a
battery of three in vitro tests, which were: the Chinese Hamster Ovary (CHO)
Mutation test, the Sister Chromatid Exchange (SCE) test and an assay for induc~-
tion of Ihlcheduled DNA Synthesis (UDS) in rat liver cells. The data indicated
that Epoxy Resin ERL-4206 produced significantly positive and dose-related
effects in the SCE test and a significantly positive response at only the high-
est dose level in the CHO test. Although there was no positive effect in the
UDS test at any concentration tested, several concentrations produced numerical
increases above the values for the concurrent solvent control indicating a low
level of activity. Epoxy Resin ERL—4206 was considered an active mutagenic
agent based primarily on the significantly positive response in the SCE test and
the suggestive, statistically significant production of mutants at the top
concentration in the CHO test.

RESULTS AND INTERPRETATION

Epoxy Rasin ERL-4206 was selected for mutagenesis testing to validate the
sensitivity of our in-house battery of mutagenicity tests for detecting
chemicals found to produce a positive effect in lifetime skin carcinogenicity
assays with mice (CBF Report #27-152).

Selection of Test Concentrations - Preliminary experiments were performed to
select an appropriate range of test concentrations which would allow the survi-
val of at least 10X of the treated cells. A maximum concentration of 0.01% (by
volume) was selected as the maximun concentration for testing both with and
without metabolic activation. At slightly higher concentrations (eg. 0.03%)
fever than 11 of the treated cells were capable of producing colonies.

CHO Mutation Test - Epoxy Resin ERL-4206 was active only at the highest dose
level (10 x 10-9%) in producing a statistically significant increase of mutant
cells vhen tested without an §9 metabolic activation system. Although we did
oot observe a dose-related increase in mutants, production of highly statisti-
cally significant incraases in mutants at the highest dose level prompted a
cautious interpretation of the data and the test without §9 activation was con-
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sidered quastionably-to-weakly positive. The test with an S9 metabolic activa-
tion system did not rssult in a significant increase in the mutant frequency,
vhich suggested that the metabolic activation system may have obscured the wesk
response obtained without 89.

SCE Test - Epoxy Resin ERL-4206 produced a significant increase in SCE at
four of the five dose=lavels tested. The observation of a dose-related effect
in the tests without $9 nmetabolic activation provided a clear indication that
Epoxy Resin ERL-4206 was active in stimulating SCE in CHO cells. The test
without a metabolic activation system indicated that Epoxy Resin ERL-4206 did
not require metabolic conversion for activation and the test incorporating an §9
metabolic activation syste: was not performed.

UDS Test - Epoxy Resin ERL~4206 failed to induce dose-related increases in
the UDS detected with either nuclei or DNA. In evalustions over a relatively
wide range of concentrations, no concentration of Epoxy Resin ERL~4206 produced
statistically significant levels of UDS sctivity. Production of numerically ip-
creased levels of UDS by a fev of the concentrations of Epoxy Resin ERL-4206 4
tested for activity might be an indication of a low level of primary DNA damage.
Bowever, the lack of a statistically significant effect indicated that Epoxy
Resin ERL-4206 was not active in the induction of UDS in the present test.

Comparative Mutagenicity = The pattern of responses produced by Epoxy Resin
ERL4325§ in the 3-test battery of mutagenicity assays indicated that the test
agent was highly active in the SCE test and questionably active in the UDS and
CRO tests. Because only the highest concentration of Epoxy Rasin ERL-4206
prédduced a significant effect in the CHO test, additional testing of a narrower
range of concentrations would be necessary for identification of potential for
induction of gene (point) mutations. The definitive production of SCE in a
highly statistically significant, dose~related manner indicated that Epoxy Resin
ERL-4206 could be considered an active mutagenic agent without additional in
vitro testing.

The lack of activity in the UDS test (vhich uses metabolically competent
liver cells) and in the CHO test with liver S9 activation suggested that Epoxy
Resin ERL~4206 may be metabolically couverted to a noo-mutagenic form by the
liver activation systems. The production of positive response in mouse dermal
carcinogenesis studies (CHF Report #27-152) are consistent with the positive
mutagenicity data observed in this study but shov that mouse skin cells are
affected by the test agent and do not inactivate it following in vivo exposures.

SAMPLE {
Quantity: 8 ounces CHF Sample No.: 42-137
Submitted by: W. C. Kuryla, for Date Received: March 15, 1979
UCC Toxicology Advisory
Comnittee
Division: Specialty Chemicals and Identification: Yellow liquid
Plastics

ooy

CAS #: 106-87-6
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BAKELITE® Cycloaliphatic Epoxy Resin ERL~4206

In Vitro Mutagenesis Studies: J3-Test Battery

Sponsor: Union Carbide Corporation
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OBJECTIVE

The purpose of this study was to evaluate the potential of Epoxy Resin ERL-
4206 to induce genetic damage in aanmalian cells at the gene, chromoscme and/or
DNA (deoxyribonucleic acid) level of molecular organization. A battery of three
in vitro, short-tera tests vhich detect each of these genetic endpoints was
employed to evaluate Epoxy Resin ERL-4206 for potential mutagenic activity. A
general description of the theoretical basis for each of thesa three tests is
presented in Appendices I, II and III attached to this report.

SAMPLE CHARACTERISTICS

A typical, commercial sample of Epoxy Resin ERL-6206 was received from UCC
South Charleston, WV for testing on March 15, 1979. The information available
from the Toxicology Data Bank or from "Material Safety Data Sheets” for this
product are attached to this report as Appendix IV.

XETHODS

A description of the technical procedures used in the CHO test, the SCE test
and the UDS assay are presented in greater detail in Appendices I, Il and III,
respectively (attached to the complate report). Testing was parformed as pert
of the development and validation of the in~house battery of mutagenicity tests
at the Bushy Run Research Center. Deviations from current Standard Operating

Procadures and the appendices attached to this report are noted in the indivi-
dual test results.

1.

CHO Test (Dstailed procedures in Appcndix I):

A.

Dose Selection - Epoxy Resin ERL-4206 was tclted for cytotoxicity to CHO
cells at six concentrations from 0.5% to 1 x 10™3Z (by volume) both in the
ptesence and absence of & liver, S9 metabolic activation systam. Selection
of a maximum concentration for testing depended upon an estimate of dose
levels which would permit survival of approximstely 10X of the treated
cells. Glass-distilled dimethylsulfoxide (DMSO) was used as the solvent and
solvent control; sterile, distilled water (H;0) was used as the negative
¢ ntrol.

To simplify tables and to allow comparisons between different tests,
¢ ncentrations of Epoxy Raesin ERL-4206 in the following sections of the

report are given in terms of volume percentages x 1032 to eliuincte 28TOS
in the lower concentration values (eg. 0.000625%=0.625 z 10~32).
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Mutation = CHO cells were exposed for 5 hours to s ainimum of five concen-

trations of Epoxy Resin ERL-4206 with the additior of an S9 metabolie
activation system and to an i{dentical range of concantrations for 16 hours
without $9 activation. Dilutions of Epoxy Resin ERL-4206 for testing were
prepared in DMSO and various aliquots of the test agent were pipetted into
the cell culture media. The surviving fraction was determined at 20 to 24
hours after treatment and the mutant fraction was determined after a 7- to
9~day pariod to allov "expression” of the mutant phenotype.

Only the top five concentrations which allowed sufficient cell survival
were assessed for survival and induction of mutants. The percentage of
cells surviving the trcaenlnt. the frequencies of mutant colonies and the
number of mutants/106 visble cells are presented in tabular form.

SCE Test (Detailed procedures in Appendix II):

Production of SCE's by exposure to various concentrations of Epoxy
Resin ERL-4206 was studied in CHO cells without the incorporation of an S9
metabolic activation system. Selection of dose levels which would permit
survival of at least 50% of the treated cells was based on the prescreening
test for cytotoxicity performed as part of the CHO Mutation test. Dilutions
of Epoxy Resin ERL-4206 for testing were prepared by direct addition int
the culture medium of various aliquots of the test sample diluted in DMSO.
For determination of direct mutagenic action, CHO cells were exposed to
Epoxy Resin ERL-4206 and appropriate controls for 5 hours without $9 acti-
vation. Indirect mutagenic action, requiring metabolic sctivation by liver
59 homogenate, was not studied because the highly significant responses
obtained {n the test without metabolic activation indicated metabolic con-
version vas not required to detect the sction of the test agent. Bromo-
deoxyuridine (BrdU) required to differentiate between the individual "sis-
ter” chromatids by SCE staining, was present at a concentration of 3 ug/ml
in the growth medium during treatment and during the culture period follow—
ing exposure. A total of 15 cells/dose lavel and 5 dose levels, tested
without metabolic activation, were examined. The number of SCE/cell, mean
number of SCE/chromosome and the level of statistical significance of the
increases above concurrent solvent control values are presented in tabular
form.

UDS Test (Detailed procedures in Appendix III):

Induction of primary DNA damage in rat liver cells (hepatocytes) was
studied at a minimum of six dose levels which spanned a 1000-fold range of
concentrations. Cslls were treated wvith Epoxy Resin ERL-4206 for 2 hours in
culture medium containing JH-thymidine, hydroxyurea and sppropriate dilu-
tions of the test agent prepared in DMSO. Determination of UDS activity was
performed by analyses of radicactive incorporation into isolated hepatocyte
nuclei or i{n DNA (precipitated from aliquots of the isolated nuclei) using a
Searle Analytic Model 81 or Packard Model 2650 scintillacion spectrometer.
Data are presented in tabular form with an indication of the level of sta-
tistical significance above the concurrent solvent control values.

08263
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C ntrols - Positive, negative and solvent controls were tested concurrently

with the test sample to assure the sensitivity of the test system and the

concurrence of the results to previous test performance. For tha CRO and
SCE assays, dimethylnitrosamine (DMN) and ethylmethanesulfonate (EMS) were
used as positive control agents to assure the sensitivity of the test systea
£ r detecting indirect- and direct-acting mutagens, respectively. Deionized
wvater, sterilized by nembrane filtration and glass-distilled dimethylsulf-
oxide (DMSO) were used as the negative and solvent controls, respectively.

In the UDS assay, DMN and 4-nitroquinoline oxide (4~NQO) were used as
positive controls representing indirect or direct-acting mutagens, respec-
tively.. DMSO was used as the solvent and the solvent control.

Metabolic Activation = $9 liver homogenate, prepared from Arochlor 1254-

induced, Sprague-Davley male rats, was purchased from Litton Bionetics. The
$9 preparation used for the CHO test contained 38.5 mg/ml protein and had a
benzo(a)pyrene hydroxylase activity of 21.6 mmol hydroxybenzpyrene/20 min/mg
protein, (assayed by Litton). A concentration of 2400 ug of S9 protein was
added to 5 ml of culture media.

Statistical Analyses - Data from the SCE and UDS tests were analyzed by

appropriate parametric tests following Standard Operating Procedures for
statistical analyses at the Bushy Run Research Center. Data from the CHO
test do not follow a normal distribution according to experience with
historical controls. Thus, the Student's t-test was used after suitable
transformation of the mutation frequencies (MF) following the procedure of
Irr and Snea: (MF + 1)0.13 (Irr, J. D. and R. Snee, Proceedings of the
Cold Spring Harbor-Banbury Conference, II (1979), 263-274).

Rounding of data to either two decimal places or to the appropriate
number of significant figures was parformed for presentation on tables.
Although statistically significant decreases in mutation indices can occur
bacause of cytotoxic responses, only statistically significant increases in
responses above control values are indicated on Tables for simplicity. The
degree of statistical significance is denoted by: a: 0.05 > p > 0.01, b:
0.01 > p > 0.001, or ¢t p < 0.00l. No suparscript (or NS) indicates p >
0.05.

Raw Data Storage ~ Copies of the final report, statistical analyses, avail-

able analytical data and data used to prepare the final report are stored in
the BRRC Archives. Slides are stored in the Genetic Toxicology slide
storage area. : _

RESULTS
SECTION I -~ CHO MUTATION TEST - Epoxy Resin ERL~4206 :

Test Dates ~ Initiated: May 11, 1979
T  Complated: April 28, 1980

082647
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B. Selection of Test Concentration (Data not shown in tables)

CHO cells were saxposed to six concentrations of Epoxy Resin ERL-4206
which spanned a concentration range from 500 x 1073% to 1 x 10™3X by
volume. The exposure pariod was for 5 hours with metabolic activation and
for 16 hours without metabolic activation. The percentage of cells which
survived the exposure, either in the presence or absence of an $9 metabolic
activation system, vas determined by counting the number of colonies pro-
duced by the survivors after a 3 to 7 day incubation period. A concentra-
tion of 10 x 1073 vas selacted as the maximm concentration for testing
with and without S9 sctivation; a higher concentration (30 x 10-3%)
alloved survival of fewer than 11 of the cells treated vith the test agent
sither in the presence or absence of a metabolic activation systeam.

C. Determination of Mutation Induction

1. Survival (Cytotoxicity)

Table 1 presents the cytotoxicity data for CHO cells treated with Epoxy
Resin ERL-4206 in the presence or absence of a liver 59 metabolic activation
system. A suggestive dose-related effect with the test agent was apparent
for the cytotoxicity values observed for the tests both with or without §9
activation. Although the tests with 59 metabolic activation could have en-
ployed slightly higher concentrations, it is likely (based on the test with-
out S9 and from the prescreening data for dose selection) that the highest
concentration tested was near the uppar limit wvhich would allow sufficient
cell survival. Cytotoxicity of Epoxy Resin ERL-6206 was greater in the
absence of the $9 matabolic activation system than the response obtained for
identical concentrations in the test with §9 activation. The greater toxi-
city in the absence of S9 was likely due to the longer period of exposure in
the test without $9 activation in comparison to the test with 89 [16 hours
(-59) and 5 hours (+59)); metabolic inactivation or conversion of the test
agent by the S9 homogenate is a possibility which can not be excluded with
the present data.

2. Mutation

Table 2 presents the data for induction of mutants by Epoxy Resin
ERL-4206 and control agents. No definitive evidence was obtained to indi-
cate the preseunce of a dose-related increase in the frequency of mutants/
106 viable cells over the l6-fold range of concentrations tested for
potential mutagenic action either with or without the presence of an S9
metabolic activation system. However, a single, highly statistically
significant increase in the frequency of mutants was produced by 10 x
10732 of Epoxy Resin FRL-4206, the highest concentration tested for direct
activity without S9 activation. Also, there wvas a progressive increase in
the numerical frequency of mutants produced by three of four of the test
concentrations between 1.25 x 10™3% and 10 x 10~3%. These data

08%6%
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suggested the existence of a dose-related effect of exposure vhich progress-
ed to e statistically significant level of response only at the top dose
level. This single response in the test without S9 complicated the inter-
pretation of the results as clearly positive or negative. Purther studies
of the existence of a biologically significant effect would require testing
at higher doses which would produce very high cytotoxicity levels and
lurvival of substantially less than 10X of the exposed cell population (10 x
10~37 sllowed only 8.5% cell survival as a percentage of the control).

Data produced from testing of dose-levels vhich produce substantially more
than 90X cell killing may also ba equivocal unless a comprehensive study
over a narrov, effective dose-range can verify the presence or absence of a
response.

In considerstion of the equivocal and wesk respongses obtained in this
test, the data suggested that this chemical produced a positive mutagenic
effect only at high dose-levels vhich ware highly cytotoxic to the target
cells. Epoxy Resin ERL-4206 was classified, conservatively, as a
quastionable-to~weakly active mutagenic agent in the test for direct
mutagenic action in the CHO test system.

Mutation frequencies for the solvent controls for tests both with and
wvithout S9 activation were in sn acceptable and low range based upon
experience with historical control values. Highly statistically significant
mutation frequencies obtained for the DMN and EMS positive controls for both
experigents were within the normally expected range of values observed {n
historical control data and were indicative of an acceptable test.

Deviations from Standard Procedures — Epoxy resin ERL-4206 was tested as a

part of the in-house program for development and validation of the battery
of mutagenicity assays at our laboratory. Although several ainor deviations
from the current procedures used for these tests in our laboratory (Appeandix
1I) exist ia the Methods section for this test, the single major deviation
vas the 16-hour exposure period for the test of direct action without §9,
rather than 5 hour as stated in the Appendix. A l6-hour exposure was used
in the early stages of development of this assay and exposure periods from 2
to 24 hours appear to be acceptable if proper dose ranges are selected for
testing .

Unusual differences in the values for the plating efficiencies in
single plates from the 5 x 10~3% and 0.625 x 1037 (without S9 acti-
vation; Table 2) were not included in the calculation of average plating
efficiency. The lack of growth in only one of the four petri dishes was
considered atypical and its inclusion would have biased the results toward
greater nutants/108 gurvivors after correction for plating efficiency.
Inclusion of this bias would make the results even more highly significant,
thus a consarvative intarpretation of the results was employed to indicate a
questionable, but positive effect.

Conclusions

Zpoxy Resin ERL~4206 produced a questionable-t -weak response as a
autagenic agent f r CHO cells when tested for direct acti n without an S9
metad lic activati n system. Statistically significant increases in the
numerical frequency £ mutants were btained at only the highest t“%%
0 9
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concentration of Epoxy Resin ERL~4206 tested without $9 activation.
Although & similar positive result was not observed at any other doses, an
evaluation of these data in comparison to historical experiences with this
test indicated that the data should be considered as a suggestive, weak-
positive effect. Other mutation values were not statistically significant
from the concurrent solvent control and values were within the expected
variation in mutant frequencies observed in historical control dats.

SECTION II - SCE TEST - Epoxy Resin ERL-4$206

Test Dates - Initiated: January 3, 1980

Completed: March 24, 1980

Selection of Test Concentrations

A naximum concentration of 10 x 10~3% was chosen as the top dose
levels for testing without S9 activation based on cytotoxicity data from the
CHO mutation test. Higher concentrations were expeacted to produce delays in
the mitotic cycle and to decresse the number of cells with SCE staining,

A 16-fold range of Epoxy Resin ERL-4206 concentrations from 10 x 10~3% to
0.625 x 10-3% by volume was tested. No experiments with $9 activation
were performed because the highly statistically sipnificant responses
produced in the test for direct action of the test agent indicated that
metabolic conversion was not required for expression of mutagenicity.

Determinations of SCE Induction

The data for SCE induction in CHO cells trested with various dose
levels of Epoxy Resin ERL-4206 or with appropriate positive, negative or
solvent control agents are summarized in Table 3. A highly statistically
significant increase in the SCE frequency was produced by four of the five
dose-lavels of Epoxy Resin ERL-~4206 tested for direct action in the absence
of a metabolic sctivation system. Also, the production of SCE by Epoxy
Resin ERL-4206 was related in a direct manner to the treatment dose, which
is generally considered a definitive indication of mutagenic potential. The
test without S9 activation vas considered a significant indicatfon of
potential direct mutagenic action of the test agent and Epoxy Resin ERL-4206
vas classified as s positive mutagenic agent in the SCE test.

Induction of SCE by the concurrent EMS positive control was highly
statistically significant from the concurrent solvent control and these data
indicated an appropriate sensitivity of the test system comparable to our
historical positive control data. The nuabers of SCE obtained with the
H70 solvent and DMSO controls were also in an acceptable range of values
included in the variability encountered in our historical countrol values for
this test. '

Deviations from Standard Procedures =~ None

0b2840
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Conclusions

Epoxy Resin ERL-4206 produced a significant incresse in the frequency
of SCE in CHO cells in tests wvithout addition of an §89 metabolic activation
system. Evidence of highly statistically significant and dose-related
effacts of Epoxy Resin ERL~4206 exposure on the SCE frequency indicated that
the test agent was highly active in the present in vitro sssay.

SECTION III -~ UDS TEST ~ Epoxy Resin ERL-4206

Test Dates - Initiated: August 10, 1979
Coapleted: August 25, 1980

‘ Selection of Test Concentrations

Standard procedures were followed and Epoxy Resin ERL~4206 was tested
over a 3-log range of concentrations from 100 x 10-3% to 0.1 x 10-3% by
volume. The maximum dose-level was selected with consideration of the cyto-
toxicity data obtained in the CHO Mutation test which indicated that higher
values would result in axcessive cell killing. These dose levels were con-
sidered to be appropriate for testing because uptake and incorporation of
3B-thyn1d1nc into hepatocytes are generally even mors sensitive to chemi-
cal effects than survival measurements with CHO cells (in which cytotoxicity
is seasured after & 24 hour recovery period following treatment).

Determination of UDS Induction

Nuclear-Bound Radioactive Label (Data in Table &)

The positive control agents, NQO and DMN, induced numerically alevated
and highly statistically significant incresses in UDS over valuss obtained
with tha solvent control. With both positive controls an increass in the
smount of UDS in relation to increasing concentration indicated the respon-
siveness of the tast systen with measurements using nuclel. However, this
response vas not linear and not all concentrations of the positive controls
produced a response which was statistically significant from the concurrent .
solvent control. This finding may suggest that the present test with nuclei
wvas less sensitive than necessary to datect waak mutagenic activity.

Induction of "unscheduled” incorporation of radicactive thymidine into
nuclei of hepatocytes axposad to Epoxy Resin ERL-4206 or to appropriate
positive and negative controls is presented in Table 4. In hepatocytes

. treated with Epoxy Resin ERL-4206, no concentration tested for potential
activity induced a statistically significant increase in the smounts of
3H—:hyn1d1nc incorporation. A fev numerically elevatad incraases in the
amounts of radiosctive incorporation, particularly for concentrations
betwaen 1 x 10732 to 10 x 10"3%, was s possible indication for a veak
level of mutagenic action of the test sgent. Hovever, these responsas were
not statistically above the solvent control valuss and the test was
considered a negative indication of mutagenic action.

082641
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2. DNA-Bound Rsdiocactive Label (Data in Table 5)

Analyses of DNA, from aliquots of hepatocyte nuclei used for the UDS
studies presented on Table 4, were performed as a second assessaeunt of
"unscheduled” incorporation of radioactive thymidine. Values for radio-
activity incorporated into the DNA of these hepatocyte nuclei are presented
in Table 5.

For hepatocytes treated with Epoxy Resin ERL-4206, none of the test
concentrations induced levels of UDS which were statistically significant
from the solvent control. More criticslly, we did not observe a dose~
related increase in the levals of UDS; a result consistent with the pattern
of negative responses obtained in the assessaent of nuclel from cells
treated with the same range of concentrations. Moderate mumerical increases
in the levels of UDS at the 3 x 10-3% and 10 x 103X dose levels
suggested the possibility of a positive response, but these values were
belov the levels necessary to demonstrate statisticel significance. These
several considerations were consistent in the classification of Epoxy Resin
ERL~4206 as an inactive agent in the induction of DNA damage discernable by
UDS activity.

For the positive control agents NQO and DMN, relativaly large numerical
increases above the concurrent solvent control were produced by the highest
concentration of both agents. However, the lowest concentration of NQO and
two of three concentrations of IMN did not produce a sufficient response for
statistical significance from the solvent comntrol. This result indicated
the responsiveness of the test system but suggested that the level of
sensitivity of this particular test could be less than necessary to detect
weak mutagenic agents.

Deviations from Standard Procedures - Testing of Epoxy Resin ERL-4206 was

performed as part of the in~house development and validation of the
mutagenicity test battery. Ome previous experiment using an older,
less-sensitive method wvas performed but was not reported because the level
of response with the positive controls was not acceptable for a valid test.

Conclusion

Epoxy Resin ERL-4206 failed to stimulate significantly the
incorporation of radioactive thymidine in cells treated over a 1000-fold
range of test concentrations. Although valuss for the positive controls
were low, in the assessment of UDS with precipitated DNA and nuclei, the
highest concentrations demonstrated the sctivity of the positive control
agents. Epoxy Rasin ERL-4206 wvas considered inactive in the tests with
hepatocytes.
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Table 1
Chinese Hamster Ovary (CHO) Mutation Assay:
Determination of Toxic Effects of Chemical Treatment

Total # Total # 4
Test Chemicals . Colonies Cells Plated Survival

Without S9 Activation~16 hr exposure

(Epoxy Resin (ERL-4206] (X, v/v)

10.0 x 10-3 : 800
5.0 x 1073 800
2.5 x 1073 800
1.25 x 1073 800
0.625 x 1073 800

trols

0 (20 ul/ml) ~ Solvent 80O
H20 (20 ul/ml) - 800
EMS (200 ug/ml) -~ 800

With 8§89 Activation-5 hr exposure

[Epoxy Resin (ERL-3208)] (X, v/v) )
10.0 x 1073 ot 800
5.0 x 1073 424 800
2.5 x 1073 $01 800
1.25 x 10~3 509 800
0.625 x 103 483 800

539 800
528 800
423 800

Abbreviati ns: H20 - water; 59 - liver homogenate; DMSO - dlnethyllﬁIfaiide
EMS - ethylmethanesulfonate; DMN ~ dimethylnitrosamine

WPC/1055-5
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Table 2
Chinese Hamster Ovary (CHO) Mutation Assay:
Results on Evaluation of Mutant Induction by Epoxy Resin ERL-4206

20T

rﬁ Plating Efficlency Mutation Induction
Total #
Test Chemicals Total # Total # Viable Mutant Total # Mutants!
Colonies Cells Plated Praction Colonies Cells Plated 105 Viable Celles
_ Without S9 Activation
{Epoxy Resin (ERL-4206) (X, v/v)
10.0 x 10-3 144 400 0.360 14 1 x 106 8.9 b
5.0 x 10~3 73 200 0.365 S 1 x 106 13.7
2.5 x 10~3 © 136 400 0.408 2 1 x 106 4.9
1.25 x 103 < 210 400 0.525 0 1 x 106 0
0.625 x 10™3 153 300 0.510 12 1 x 106 23.5
|Controls:

DMSO (20 ul/ml) ~ Solveat 238 400 0.595 0 1 x 106 0
H0 (20 ul/ml) - 225 400 0.562 | 1 x 106 1.8
EMS (200 ug/ml) ~ 187 400 0.468 92 1 x 106 196.8 ¢

d
_ With S9 Activation o
[Epoxy Resin (ERL-4206)] (X, v/v)
10.0 x 1073 358 400 0.895 6 1 x 106 6.7
5.0 x 10~3 405 400 1.012 0 1 x 106 0 .
2.5 x 1073 378 400 0.945 0 1 x 106 0
1.25 x 10-3 296 400 0.740 1 1 x 106 1.4
0.625 x 1073 296 400 0.740 1 1 x 106 1.4
5(101:::01::
DMSO (20 ul/ml) - Solvent 3i4 400 ©.785 2 1 x 106 2.5
Hy0 (26 ul/ml) -~ 272 300 0.907 0 1 x 106 o
DMN (3700 ug/ml) - 299 400 0.748 39 1 x 106 52.2 ¢

Ho superscript indicates p > 0.05.

1Total # mutant colonies per 106 cells plated divided by viable fractionm.
Statistical significance above solvent coatrol: b: 0.01 > p > 0.001:

Data analyzed by Student's t~test.

c: p < 0.001.

Abbreviations: Hz0 - water; S-9 - liver homogenate; DMSO - dimethylsulfoxide; EMS -~ ethylmethanesulfonate;

> WPC/1055-5

DMN ~ dimethylnitrosamine.
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Sister Chromatid Exchange (SCE) Assay:
Induction of SCE's by Epoxy Resin (ERL-4206) Without S9 Metabolic Activation

Table 3

S—-Hour Treatament

Total # Total # Mean Number Significance
of of SCE/Chromo- Above Solvent
. Test Chemicals Chromosomes - SCE SCE/Celll some? + 8.D. Contr 13
1
[Epoxy Resin (ERL—4206)] (X, v/v)
10.0 x 1073 299 833 55.53 2.786 + 0.633 c
5.0 x 1073 289 639 42.60 2.206 + 0.492 c
2.5 x 1073 294 387 25.80 1.329 ¥ 0.418 c
1.25 x 103 300 293 19.53 0.975 + 0.283 b
0.625 x 1073 29 227 15.13 0.768 + 0.207 NS
) tr ls
! DMSO (5 ul/ml) - Solvent 288 190 12.67 0.665 + 0.212 -
H20 (5 ul/ml) - 296 143 9.53 0.485 + 0.186 NS
EMS (100 ug/ml) - 292 395 26.33 1.347 + 0.284 c
1pifteen cells examined per dose level.
2Mesn value of SCE/chromosome determined from the values of the individual cells examined.
1 3Statistical significance above solvent control: c: p < 0.001
NS: p > 0.05. Data analyzed by Student's t-test.
Abbreviations: M0 ~ water; S9 - liver homogenate; DMSO - dimethylsulfoxide;
EMS - ethylmethanesulfonate; S.D. - standard deviation
WPC/1055-5
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Table 4 _ L
Unscheduled DNA Synthesis in Hepatocytes from Rat Liver . N
Nuclear-bound label: all DPM values are calculated from nuclei per 106 viable 8
hepatocytes. Each average is calculated from duplicate samples, except for DMSO which ey
was done in quadruplicate.
Radioactivity X of Solvent Significance
in Nuclet Control Above Solvent|
Test Chemical Concentration Avg. DPM + S.D. + S.D. Controll
Solvent - DHSO 14 ' 2670 ¥ 256 100.0% ¥ 12.3% =
Positive Controls:
& - NQO 3.0 ug/ml 19743 + 1572 953.8X + 75.92 c
1.0 ug/ml 2951 + 430 142.6X + 20.82 RS
0.3 ug/ml 3704 + 791 179.0% + 38.2% a -’
DMN 1000 ug/ml 9079 + 1341 438.7X + 64.8X c
300 ug/ml 2397 + 311 115.8% + 15.0% NS
100  ug/ml 2297 + 162 111.02 + 7.8X NS
Test Chemical:
[Epoxy Resin ERL-4206] (X v/v) 100 x 10~3% 1670 + 338 80.7X + 16.3% RS
30 x 1073 2230 F 98 107.72 ¥ 4.7X NS
10 x 10-32 3004 + 203 145.1X1+ 9.8% NS
3 x 10732 2579 ¥ 6l 124.62 ¥ 2.92 s
1 x 10-3% 2688 + 225 129.92 + 10.92 NS
‘ 0.1 x 10732 2135 ¥ % 103.2X ¥ 4.5% NS
I
lgtattstical significance above solvent control: a: 0.05 > p>0.01; c: p < 0.0t; NS: p > 0.05.
Data snalyzed by Duncan's Multiple Range analysis. f
4
Abbreviations: DMSO - dimethylsulfoxide; 4-NQO ~ 4-nitroquinoline oxide; DMN - dimethylnitrosamine; 28
DPM ~ disintegrations per minute; S.D. - atandard deviation '_‘g
S
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DNA~bound label:

..

Unscheduled DNA Synthesis in Hepatocytes from Rat Liver

hepatocytes.
was done in quadruplicate.

all DPM values are calculated from DNA precipitated per 106 viable
Each average is calculated from duplicate samples, except for DMSO which

Abbreviations:

WPC/1055-5

DMSO ~ dimethylsulfoxide;
DPM ~ disintegrations per minute; S.D. - standard deviation

“4-nitroquinoline oxide; DMN

Radioactivity X of Solvent Significance
in DNA Control Above Solvent
Test Chemical Concentration Avg. DPM + S.D. + S.D. Controll
Solvent - DMSO b 4 1a87 + 152 100.07 + 10.2X -
Positive Controle:
4 - Mo 3.0 ug/ml 19886 + 1510 1337.0% +101.5% c
1.0 ug/ml 8929 ¥ 1076 600.4% ¥ 72.3% c
0.3 ug/al 2264 + 337 152.2% ¥ 22.6% NS
DMN 1000 ug/ml 2908 + 783 195.5% + 52.6% a
300 ug/ml 1770 ¥ 366 119.0% ¥ 24.6% NS
100 ug/ml 1897 + 79 127.5% + 5.3% NS
Test Chemical:
[Epoxy Resin ERL-4206] (X, v/v) 100 x 10732 1241 + 373 83.4% + 25.1% NS
30 x 1073% 1568 + 72 105.43 + 4.8% s
10 x 10732 2049 ¥ 155 137.7% + 10.5% NS
3 x 10732 1994 + 270 134.12 + 18.2% NS
1 x 10732 1735 + 128 116.7T + B8.6% NS
0.1 x 10732 1402 + 438 34.2% + 29.4% NS -
LStatistical significance above solvent control: a: 0.05 > p>0.01; c: p <0.001; NS: p > 0.05.
Data analyzed by Duncan's Multiple Range analysis

MN - dimethylnitrosamine;

ZTT=F» 330dew
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APPENDIX T
Chinese Haaster Ovary (CHO) Mutation Asssy

Theoraticsl Basis

Mutation is a heritable alteration {n s cell in which a gene specifying the
genatic code for a specific protein 4is aodified in structurs and/or function.
Mutations, induced by cheaical or physical ageats, of the HGPRT (hypoxasnthina=
quanine phosphoribosyltransfarase) gene asy be detected by the growth of
colouies of "autant” calls which are resistant to the purine analogs
f-thioguanine (TG) or 8-azaguanine. Normal cells contain a fynetional BGPRT
edzyae vhich phosphorylates TG and allows its incorporation imto DNA causing the
calls to die. Mutant cells with s con~functionsl EGPRT enzyaes ars unable to
ph sphorylate or incorporate TG, thus survive aad grow in its presence.

The 'CHO autation test is au assay which datects “forwvard gutations™ froam
TG-s asitivity to TG-resistance caused by a direct loss of the sctivicy of the
HGFRT enzyms (HGPRT* + HGFRT"). An assessasut of the ability of several
hundred agents to cause gene autations in vitro indicates that the CHO autation
assay provides a Teasonable estizate of the potencial genetic activicy of the
tast chemical.

Mathods

Cell Culture Procedures: CHO cells usad in these studies were obtained from
Abrahaa Hsie at Oak Ridge Vational Laboratory with the designation CBO<K1-BH4<Dl
(or siaply CHO for report purposes). Calls are saintained in active growch by
subeulturing 2 to 3 tises/veek in antidiotic-free, Ham's Modified Fl2 Mediua
supplesented with 10Z (v/v) heat-inactivated, fetal bovine sara (F12-10), and
lacking in hypoxanthine. For trsatmzent of cells without aetabolic activation,
F12 aediva with 50 unics/al of panicillia, 50 ug/al streptoaycin and 5 (v/v) of
dialyzed bovine serum (Fl2-DS) 1is used. For treataencs incorporating am 59
astabolic activation systas, identical aediua, but without serum, is employed.
Tor deteraination of mutant frequenciles, Fl12-D5 asdiua contaising 2.0 ug/al TG
(6=thioguanine) is used as & "selective aediua.” Call munbers are detarained
rtoutinely wich a Coulter Model ¥ electronic ceall counter which is standardized
periodically with a pre-counted suspension of latex beads. Presence of
Mycoplasaa cell contaminants is datermiznad by a aicroscopic fluorescence assay
«@ploying Hoechst 33258 dys. All culture procedures and treataeats with test
cheaicals are parforaed under aseptic conditions in & laminar~-flow, biobazard
hood

Positive and Negative Coutrols: Sterile vater or glass-distilled dizethyl-
sulfoxide (DM50) are tha usual solvents for tast chemicals and the respective
solvent {s tested as a control at the maxizum concentration used to add the cest
agent. Diagchylaitrssasine (DMN) or ethylaechanesulfoaate (IMS) are used as
positive control autagens for tssts with or without an 59 metabolic activation
systez, respectively. Mutation frequancies obtained with concurrent positive
tud negative concrols are used as the basis for acnitoring the sensitivicy and
stability of che CHO autation tast systea. Caaparison of concurrent coucrol
valuss with historical controls is used to delineate the range of accaptable
variations in the tast systaa.
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Metabolic Activation: Rat liver, 39 homogenate prepared froa A:oehlor-lZSA
taduced, S razul-ﬁiwlcy. aale rets is purchased from Litton Bionetics,
Kensington, MD. [Each lat of liver homogenata is prescreened for metabalic
capability to sctivats DMN in our laborstory before use in the testing program,
The complete 39 aetabolic activation systeam contains the following: 8 umoles/ml
MgCly, 33 umoles/al KCl, 5 umoles/ml glucose=-6-phosphate, ¢ umoles/al

NADP-oxidized (nicotinamide adenine dinucleotide phosphats), 100 umoles/ml
NagHPO,, and betveen 500 to 4000 ug/ml of 89 protein (depending on metabolic !

activity); a volume of 1.0 al of the complete mixture of the above reagents is
added to each 4.0 al of culture mediunm.

Dose Selection: Toxicity of the tast chemical {s determined prior to
assessaent of sutagenic potantial to salect doses which produce a maximum of 80
to 902 cell killing. Cyctotoxiecity Ls detarmised by either of the following two
methods:

(1) Clonal assay =~ 200 co 400 CHO calls are exposed to s aminiaum of five dose
levels of the tast agent at concentrations from 0.1% to 3 x 10 ~y (dy
waight or volune, as appropriate) with and without the presenca of a
matabolic activation system. The oumber of calls which survive the
treatment is deternined by counting the mumbaer of coloaias producad after a
7+ to 8=day incubation pariod (37°C) in comparison with the colonias formed
by cells treated only with appropriate conceantrations of solvent (generally.
20 ul/ml).

(2) Croweth Inhibition = $ = 105 cells in 25 cm? culture flasks are crested
for 3 houry with a ainimum of five test concentrations hoth with and
without 59 metabolic activation. Following treatment the calls are rinsed,
fresh F12-DS oediua is added and the flasks are incubated for sn additional
18 to 24 hours. Cytotoxicity ia determined by comparing the relative
oumber of cells in c¢ontrol (untreated cells) and in cells treated with
varicus concantrations of the test agent.

If no cytoctoxicity is evident ac the highest conceuntrations in the
eytotoxicity tests, the test i3 either repeated at higher concentratioans, or
mutacion testisg is performed vith & greatar number of treatment flasks starting
at higher dose levels. If aarkad toxicity i{s evident even at the louns: dose,
ghq Egtocoxicicy test {3 repeated at a concentration raoge of 3x10~¢ ¢

x10

percant by weight or volume, as appropriate.

.

Dose levels which are moderataly toxic but parmit survival of at least 10 to
202 of the cells, in compariscn to the solvent contrel, ars selected as the
maximum dose, and at least four additional cma-half dilutions are tastad for
induction of mutations. If cytotoxicity data are equivocal, & total of S to 8
one~half dilutions of the salectad, maximum conceatration are used to treat
calls; but only the highest five concentrations which permit survival of a
sufficient number of cells are assessed for mutation inductioa.

odsEn
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Cheaicsl sazples are sterilized by membrane filtration when asicrobiologicsl
tests indicate this is required to assurs sterility. Liquid tesz agents are
tested on a percentage by volume basie. Solid chesicels are dissolved in an
appropriate solvent by making a 10 to 20% scock solution (by weight) and
subsequant dilutions are aade from this stock on s voluse/volume basis.

Treatment with Tast Chemicals: PFor tssts of chemicals wvhich a@ay act
directly without incorporation of an S9 metsbolic activation system, 5x103
cells are isoculated 20 to 24 hours prior to treatment into 25 cal culture
flasks containing F12+D3 mediua and incubated at 37°C in a 3 to 6% COy
atmosphers. Appropriata concentrations of the test agent or control chemicals
ara added to the calls and cultures are treated for 5 hr at 37°C. Tha medium
and test agents are temcved by suction, calls are rinsed once or twice and fresh
F12+DS sediun is added. The calls are allowed & period of 20 to 24 hours f
recovery from treatment before survival is determined. Treatment of cells for
testiog of chemicals vhich require metabolic sctivation for sutagenic capacity
is performed identically with the procedure asbove, with the exception that P12
medium without serum and contalsing 1.0 ml of 39 activacion mixture per 4.0 al
of sediun is employnd.

Deatarainstion of Cytotoxicity: The ralative survival of treated cells, in
comparison to solvent controls, is determized one day after the axposurs to the
test agents. The lavel of cytotoxicity is often correlated with che zutation
fraquencies iaduced by known chemical mutagens. Thus, excessive cytotoxicity
may kill both normal cells and mutants and say depress the actual mutatiou fre-
quencies; iosufficient cytotoxicity may indicate an insufficient concentration
of the test agent was smployed. The colony-forming potential of 100 to 200
treated calls is used as tha asasure of treatment-induced cytacoxicity.

Survival valuss which indicate the cytotoxic effects of the test agents are
included in reports in tabular form. Statistical analyses are not performed =n
these dats, since they ara only useful to assess vhether appropriate doses ware
eaployed and are not used to calculate autation frequancies.

Deternination of Mutane Induction: Oun days 1, 3 and § (or alternacively 1,
4 and 6) after treatment vith the various test agents, approximately 5x10°
cells ave subcultured in 100 am tissue cultura dishes {n F12-DS medium and
incubated at 37°C in & 3 go 6% CO2 atmosphears. After s total of 7 days to
allov "expression” of the sutant phenotype, calls are dissociated wich 0.05 to
0.0752 trypsia, counted and plated at a conceatration of 2.5x 105/dish ia four
culture dishes (1x 105 gotal cells) which each contain $ al of F12-D$ (IG)
selective medium. AL this time, calls are diluted and 100 cells/dish are added
to four culture plates containing Fl2-D5 medium (without 1G) to assess viabilicy
(placing efficiency) of the treated call population and to detearaine the
surviving fractioa. All cultures sre then incubated for an additicnal 6§ to 4
days to allow growth of cells; sedium is then discarded and colonies are fixzed
and gtained for counting. The number of colonies in selection plates and in the
viability test are countad by elsctrounic mecthods, checked by amanual counts and
data are recorded both as total mutants, mutants/108 tocal cells and
autants/10% viable cells.

082652
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Statistical Analyses: Uniform statistical procadures to evaluste ia vitro
sutation data heve not been developed. The distribution of msutation frequencies
from historical coatrols in at least two laboratoriss indicates that the fre-
quency diatribution and variances encountersd do oot justify the use of para-
metric analyses unless data is transformed before applicacion of standard para-
metric tests. Analysis of sutation frequencies in the CHO tast follow the pro-
cedure of Irr and Snee (Reference 4) which employs the Box-Cox Transformation
(Refersnce §) to transform data beafore parametric analyses. The mutation fra-
quency for each plate is increased by 1.0 (to eliminate zeros) and vaised to the
0.15 povar. Experience with historical segative control data in our laboratory
indicates that a normal probability distribution of the data suitsble for para-
matric acalyses is achieved by this transformation. Parametric analysis of zu-
tation data by the Studeut's t=tast is psrformed with the trausformed data. The
d gree of statistical significance for the mutstion valuas are indicative of s
differencs from the concurrent solvent control, but these statistical indicators
aust be viewed conservatively umtil sdditional historical control daca ars
available.

Interpratation of Data: The criteris for interpretation of the test results ‘
as a positive or negative response depend upon both the level of statistical
significance from the concurrent control and the evidence of a dose-responss
following treatment. When & definite dose-rasponse relationship is mot evident
but cne or more marginally significant values are obtained, a careful examina-
ti 0o of the data froa the concurreat positive and negative controls and compari-
sons to historical control data aze used to evaluate the possible significance
of the responses. Historical control data indicate that a spontaneous mutation
frequency in CHO cells of approximately & to 5 mutants/10% viable cells, with
a range of O to 25 autants/105 visble cells, can be obtained in the absence of
nutagenic treatment. Statistical cocmparisons against unusually high or low
spoutaneous coantrols are subjectively scrutinized in respect to the above
variabilicy.

|
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APPENDIX II

Detaraination of Sister Chroaatid Exchange (SCE) Prequencies
in Chinese Haaster Ovary (CHO) Cells Ia Vitre

Theoretical Basis

Exchanges of genetic material between the individusl aras of a chroamosoae
(i.a. sister chroaatids) are thought to arise froa breakage and physical inter=~
changas in tha DNA of a call during cell division. An increase in the frequancy
of such intarchanges between sister chromatids can be observed in calls treated
vith physical or chemical autagenic agents, or in calls exposed to aany suspe t
or proven huazan carcinogens. Thus, analysis of SCE frequencies i{n cells treated
with a test agent has been suggested as a sensitive screening test for potential -
autagenic/carcinogenic cheaicals.

The aathod used in our study to visualize SCE's in CHO cells growa in cul~
ture is basad on the procedure described by Perry and Wolff (1974). A standard
concentration of 3.0 ug/al of bromodecxyuridine (BrdlU) was used {n the growth
aedium to allow & visuslization of SCE's after two cell divisions in the pre-
sence of BrdlU. Staining of chromosomes with 5.0 ug/ml of 33258-Hoechst fluore-
scent dye, exposure to light and Glemsa staining was used to differentiate
chromatids for SCE analysis.

Mathods

Call Culture Procedures: Chinese haastar ovary (CHQO) cells were obtained
fros Abrahaa Hsie at Oak Ridge National Laboratory with the designstion CRO-Kl=-
EB4=D]1 (referred to simply as CHO for repert purposes). CHO cells ars saintain-
ed in active growth by 2 to 3 weekly subcultures inco fresh antibiotic-free,
Esa's F12 (modified) mediua fortified with 10Z (v/v) of heat-imactivated fatal
bovine sarua and lacking hypozsuthine and chymidine. Call concantrations are
determined routinely with a Coulter® Model-F electronic cell counter calibrated
with & precoumnted suspension of latex besds. All cell culture procedures prior
to final harvesting of cells for chroacsome prepsrations are parformed under
aseptic conditicns in a laminar flow, bhiohazard hood. Presence of Mycoplasaa
cell contaainants is determined using a fluorescent aicroscopic assay eaploying
Hoechst 33258 dye.

Por trestaants with test chemicals without $9 setabolic agtivation, andified
F12 mediua is used with 50 units/al of penicillin, 50 ug/al streptoayein and 52
(v/v) of heateinactivated, dialyzed facal bovine serua (F12-DS). Identical
aedium but without serua 1- usad for treatzents ineorport:in; an S9 aetabolice
activation system.

Positive and Negative Controla: Sterile vater or glass-distilled diaechyl
sulfoxide (DMSO) are the usual solvents used for test cheaicals and tha
respactive solvant is tasted as a contrel at the saxigun concentration used to
add the test agent. Disethylnitrosaaine (DMN) and athylaethanesulfonate (EMS)
are usad as positive control mutagens for tests with or without the addition of
an S9 astabolic sctivation systea, vaspectively. Results froa treatzents with
councurrent control agents are used as & basis of coaparison and for
demvastrating the sessitivity and stability of the SCE test systaaz.  Coaparison
of concurrent control valuas with historical controls is used to dalineate the
range of scceptable variatioas in the tast systaa.

cC
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Metabolic Activation: Rat liver $9 hosogenata (prepared froa Arochlor 12354
induced, Spragua-Davley, male rats) is purchased froa Litton Bionetics,
Kensington, MD. Each lot of liver homogenate is prescreenad for activity in our
lab ratory before usa in the testing prograa. The coapleta S9 astabolic
activation systea containg the following: 8 uaoles/al MgCl;, 33 usoles/al
KCl, S uacles/al KCl, § uacles/al glucose=6-phosphate, & umcies/al NADP-oxidized
fora (nicotinaaide sdenine dinucleocide phosphate), 100 uanles/al NayHPO,
and batveen 300 to 4000 ug/al of $9 protein (depending on aetabolic activity).
A volune of 1.0 al of the coaplete aixture of the above reagents is added to
sach 4.0 al of culture amediua.

Dose Selection: Toxicity of the test cheaical s determined prior to
assessaent of autagenic potential to select doees vhich produce s aaxiaum of 80

to 902 cell killing. Cytotoxicity is determined by either of the following two
aathods as part of the CHO autation tasting procedure:

(1) Clonal assay =~ 200 to 400 CHO calls are exposed to s ainimua of five dose
avels of the test agent at concentratioms from 0.1Z to 3 x 10742 (by

waight or volume, as appropriate) with and without the prasence of a
astabolic activation systea. The uuaber of cells vhich survive the
tfaataent ie deterained by counting the nuabar of colonies produced aftsr
7= to 8~day incubation period (37°C) in coapariscn with the colonies formed
by cells treated only vith appropriates conceatrations of solvent (generally
20 ul/al).

(2) Growth Inhibitien = 5 x 105 cells in 25 ea? culture flasks are treated
for 5 hours vith a ainisuam of five tast concentrations both with and
without $9 aetabolic sctivation. Following treataent the calls are rinsed,
fresh 712-D5 mediua is added and tha flasks are iacubacad for an additiocnmal
18 to 26 hours. Cytotoxicity is deternined by comparing the relative
ouaber of cells in coantrol (untreated cells) and iz calls trestad wich
various concentrations of che test agent.

If no cytotoxicity is evident at the highast concentrations in the
eytotoxicity tests, the tast is aither repeated at higher concentratiouns, or
autation tescing is parformed with a greater tguaber of treataent flasks starting
at higher dose levels. If aarked toxicity is evident even at the lowest dose,
the cztoto:icity test 13 repeated at s concentration range of 3x10™¢ ¢o
3x107° percent by wvoluse.

Dosa lavels which ars sodaratsly toxic but permit survival of at laast 40 to
502 of the cells, in coaparison to the solvent control, ara selected as the
aaxizus dose, and at lsast four additional one-half dilutions ars tested for
induczion of autations. If cytotoxicity data are equivocal, a total of 5 to 8
one-half dilutious of the selected, zaximug conceatration are usad to tTreat
calls; but only the highest five concentrations which parait survival of a
sufficient suaber of aitotic calls with SC¥ scaining, are svaluated for SCT
1““:1“. .

Chemical saaples are starilized by asmbrane filtration vhen aicrobiological
tasts indicate this is required to assure sterility. Liquid test agents aras
- tested ou a parcentage by volums basis. Solid cheaicals are dissolved io an
sppropriate solvent by aaking & 10 to 202 stock solution (by weight) and
subsequent dilutions are aads froa this stock o a voluse/voluas basis.

Ucc
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Treataent With Test Cheaicals: Testing of cheaicals for diract sutagenic
action (vithout 59 metabolle activation) is performed first. For cheaicals with
clearly positiva autagenic capabilitias by direct sction, tasting with metabolic
activation is generally not performed.

Yor tasting direct acting chemicals for SCE i{nduction, between 1 to 2 x
106 cells sre plated into 75 cal culture flasks in F12-DS aedius at least 20
hrs prior to trestsent snd incubsted at 37°C in & 5 to 62 CO; atacaphere.
Appropriate concentrations of the test agent or control chesicals asre added to
the cells and 3 ug/al BrdU is added to all flasks. Cells ars treated with test
agents for 5 hrs, oedis is then resmoved by suction, cells are rinsed with
buffered, physiological salt solution and fresh mediua coutaining 3 ug/ml BrdU
is added for at least 24 hrs of additional incubation at 37°C to allow two
rounds of cell division. Calls are harvasted and chroaosoass ars prepared for
SCE staiping. . :

Treatasnt of cells for testing of cheaicals vhich require ametabolic
activation for autagenic effectiveness is parformed siailarly as for treataents
vithout sctivation, except for three modifications:

1. Before trestazent with the test agents, F12-D5 oediua i{s removed and F12
asdium without serua is added.

2. S§9 aetabolic activation aixture is addad to each flask (including
solvent and positive controls) baefore addition of test agents.

3. Calls are trsated for a total of 2 hrs (rather than $ hrs) and then
incubated for 38 to 42 additional hours before harvest for chromosoxe
preparation.

Preparation of Chromosoaes: Colcemid® (0.1 ug/al) or Colchicine (0.2 ug/al)
is added ts culture flasks 1 to 2 hrs prior to harvesting to arrest cells in
aitosis. Calls are then removed from flasks, after a brief incubation with
0.01Z DIFCY trypsin, suspended in 0.075M KC1l (hypotonic) solution and incubated
£ r 1S to 20 ain at 37°C. Cealls are centrifuged, fixed with 3 or 4 changes of
Carnoy's fixative (3:1 asthanol acetic acid) and chromosome spreads sre preparesd
froa cells suspended in a sasll voluae of fixative. One slide/dose lavel is
prapared, but fixed cells are saved {f needed for preparation of additiocnal
.ud.' [ T )

Chromosoass are stained for SCI's by treataent with 5.0 ug/al of Hoechst
33258 dye for 20 ain, riused in distilled water, iazmersed in Sorenson's buffer
and exposad to & high intensity sunlaap for 15 to 30 ain., as required.
Irradiated chroacsomes sre stained {n Gurr's giemsa (diluted 1:25 with water),
rinsed in water and dried baforas applicatiou of covarslips.

Examination of SCR's: All slides are coded and read iz a blind fashion

vithout indicatiou of the specific treataent or concantration of the test agent.
The muaber of chroaosomes and the pumber of SCZ's in a ainiaum of 15 calls are
recorded for each dose level. The 3 an oumber of SCE/cell and SCE/chroamcscas
are calculated and recorded. $lides are decoded nunly after exaaination of all
slides ia the experiszent has been completad.

UGCC
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Statistical Analyses: Data are anslyzed by appropriaste parametric statisti-
cal procedures which follow BRRC standard oparating procedures for analyses of

data. Significence valuss snd the statistical tast employed ars shown for data
sumaarized {in tabular form.

Interpretation of Data: The criteria for avalustion of a positive or nega-
tive responsq depend GLotR om the level of statistical significance and subjac~
tive analyses of concurrent and historical control data. The kay dsterminant is
vhether a dose<~dependent increase in SCE’s is induced by the test agent. When )
8o clear dose-rasponse relationship is evident and vhen one or more responses of
marginal statistical significance are obtained, a careful examination of the
data iz comparison to the concurrent controls and historical data base is neces-
sary. Testing may be repeated to clarify unusual respousas, if data for the
¢ ncurrent positive or nsgacive controls suggest a defect in the original ex~
perizent. Overall assessment will alse rvely on corroborating data from the
other tasts in the testing battery. Clearly positive responses will include any
of the following: (1) Doubling in the SCE frequancy at a minimum of two of the
five concentrations tasted; (1i) Statistically significanc responses of p < 0.05
at three concentrations or at 2 concentrations if p < 0.01; (1i1) Induction of a
statistically significant, dosa-related increase in the number of 3SCE.
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APPENDIX III

Unscheduled DNA Synthesis (UDS) in Hapatocytes froa Rat Liver

Theoratical Basis

Cheaicals may interact with both the csllular components and the genetic
aaterial of & call (e.g. DNA and RNA) bacause of their electrophilic nature or
by conversion iato reactive electrophiles by the metabolic enzymes of the call.
Damsge to the DNA of a cell can result in cell death, mutations or, theoreti-
cally, casrcinogenic transformation. Studies of agents wvhich are capable of

. rascting and damaging the cellular DNA have suggested that such methods may be
useful as & sansitive screaning test for detecting potential autagenic/
carcinogenic chemical properties.

Detection of the relatively small amounts of DNA damage induced by chemical
treatment requires 4 cellular system is vhich sormal, semi-conservative DNA rep-
lication, vhich occurs during eall divisicn, is inhibited. The system employed
for the present study uses a suspension culture of primary hepatocyte calls iso~
lated from rat liver according to the general mathods of Seglen (1973) and
Williame (1976). Hepatocytas do not normally divide in the ainimal culturs me-
dium employed and stimulation of “unscheduled” incorporation of radioactive DNA
precursors csa be detectad by scintillation spectrometry. The stimulation of
incorporation of tritiated thymidine into both purified hepatocyte nuclei and
DNA is used as the indicator of chemically indyced DNA damage. The amount of
unscheduled DNA synthesis (UDS) following trestment is compared with both con-
current positive and negative controls as well as with historical data for
similar tests.

Methods

Preperation of Hepatocyts Suspensions: Hilltop~Wiscar albing rats are
anesthetized with Matafane(R). & sbdoainal cavity is surgically exposed and
1250 units of hepariz is injectad intraveoously. A catheter is inserted into
tha portal vein and warm Banks Balanced Salt Solution (EBSS) is pumped iacto the
vein and through the liver. This first solution contains heparin and EGTA,
[ethylane glycol-bis-(bata-aminoethyl=-ether)N,N-tetracetic acid], which .
preferentially chelates calcium; the solution contains oo magnesiunm or calcium. |
After the liver is blanched, a second solution of EBSS containing 60 wmits/al of
collagenasa is perfused. This solution is pumped through the liver until the
liver i digested. The liver is then removed and the calls are freed iz cold
madiuzm 199 by combing through the lobes with a sterile aetal ccub. The call
suspension is passed through two nylon mashes to ramove cell clumps aad the
calls are washed ouce at low centrifugation spaed. After resuspension ia medium
199, equal volumes of caells and 0.4% trypsn blus are mixed together and the cell
viabilicy and oumber of viable calls par al is deterained amicroscopically.

Preincubation of Hevatocytes: Approximately 2 x 106 viadle hepatocytas
are added to 5 nl medium 199 containing 10 aM hydroxyurea and 30 aM Hapes
(N-2-hydroxysthyl piperazine-N-2 ethane sulfomic scid) buffer. After the cells
ars dispensed into the tubes, they are placed on a rockar platfora and are
incubated et 37°C for 1 bour. Although hepatocytes do not normally divide iz
culture, aedium 199 vhich lacks serun and contains hydroxyurea is used to
further bl ck sami-consarvative DNA synthesis. Thus, any radioactive thymidice
incorporated into the nuclai is expected to result fro repsir or unscheduled
DNA synthasis.
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Selection of Doses of Test Chemical: Iaitially, the following concentra~
tions x by volume) are tested: 100, 30, 10, 3, 1, and 0.1. If these
concentrations prova to be ecytotoxic, or if addicionsl information i{s available
from other in vitro tests as to the proper dose levels, then an appropriate
serias of concentrations is used over & 3I-log range of comcentrations.

" Treatment of Hapatocytes: After preincubation, 25 microCuries of tritiated
thyaIdine (20 Eurius?iIIiIEEl.) is added to each tube. The tesc chemical and
positive coatrols are diluted i an appropriate solvent and they are then added
to each labeled tube. Gemerally, at least six concentrations of the test
chemical over a 3-log range of concentrations are tested and each concantration
is run in duplicats. The tubes are returned to the rockar platform for a 2-hour
axposure at 37°C.

Positive and Negative Controls: 4-nitroquinoline oxide (NQO), & direct~-
scting mucagen, vhich induces UV-type DHA repair and dimechylnitrosazine (DMN),
vhich requires metabolic activation by microscomal enrymes for sctivity, are run
ia duplicate as positive control chemicals. The solvent coarrol is run in
quadruplicate and cousists of 100 to 1350 microliters (concentration specified in
individual reports) of the solvent used to dilute the sample. Dimethyl-
sulfoxide (DMSO) or water are the ususl solvents for test chemicals.

Earvest: At the end of incubatios with the test sgent, the calls are
centrifuged from the smedium at 200 x g at 5°C. The cells are rinsed once in §
al of cold medium 199 and are resuspended in 0.252 Tritom X-100, SX citric acid
and 3 mM MgCly, & lysing solution which liberates the nuclei. The nuclei are
rinsed once in this solucion and resuspended in 0.25 M sucrose, 2.5% citric acid
and 3 mM MgCly. The auclei are then centrifuged at 600 x g for 10 min at 5°C
and resuspended in 2 21 of the lysing solution.

Determination of Nuclear=-Sound Label: To measure the amount of radicactive
thynidine incorporated iato the nuclei, 0.25 ml of the nuclear suspension is
nixed with 1.0 ag of NCS tissus solubllizer in a scintillation vial. Tan al of
Dimilume® scintillaciou cocktail L{s added and the radicactive disintegrations
per mimute (DFM) are determined by counting twice 4n a scintillation counter for
ten ainutes. The aessured DPM are then used to calculate the DPM/10% viable
hepatocyteas presentsd on tables.

Detarmination of DNA-Bound Label: The amoumt of radicactive thymidine in-
corporated iato DNA is quantitactad in DNA isolated and precipitated from 1.00 co
1.25 z 105 viable hepatocytes. To 1.25 ul of the muclear suspension, 2.75 al
of 11 sodium dodecyl sulfate (SDS) and 5 aM Ethylenadiaminetetraacetic dcid
(EDTA) 1s added to lyse the nuclei. The DNA is precipitated from this solution
with 4 al of ice-cold 10% trichloroacetic acid (7TCA) and the sample tubes are
iacubated at 0°C for st least 30 mimmtes. Ths solution is then poured onto
Whatman glass fiber filters under vacuum and the tubes and filters ars washed
tvice with cold 53 TCA. Finally, each filter is rinsad once with methanol,
dried and placed in a seintillation vial. The filters are incubated at 30°C for
1 hour with |l al of a diluted solucion of XS tissus solubilizer; prepared by
sdding 1 part solubilizer to 2 parts of Dimilume® cogcktail. Dimilume® is then
added to each vial and the vials are counted twice ia & scintillation counter
for tem ainutes.
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Statistical Analysis: The average DPM i{s calculated !or each dose level
and the controls snd final results sre expressad as DPM/106 viable

hepatocytes. Dats are also axpressed as s percent of the solvent control for
purposes of comparison. The original data are statistically anaslyzed by the
appropriate parametric test, followving the BRRC standard procedures for
statistical anzlysves and the test(s) employed i{s indicated on the respective
tables. Comparison between the mesn for sach dose level with the 9352 confidence
limits of the historical solveant control may also be used in some cases to
asaess the potential biological significance of the data. Tescing may be
repaated to clarify unusual respouses, 1f data with the concurreat controls
suggest s defect in tha originsl experimeat.

Interpretation of Results: The classification of a chemical as a positive,
active ageat depecds upon the production of a statistically significant,
dose=ralated increase in the amount of UDS activity. If a definite
dose-response relationship is not evident, or whea a few incressas with marginal
statistical significance are obtained, coaparisaor of the respooses to historical
control data provides a asaningful assessaent of the possibility for random
variacions vhich may be statistically significant only iz crelation to the
concurrant coatrol. A kay determinpanc of the reliabilicy of the UDS data is the
detaction of a similar response with both DNA and 1solaced ouclel decermined at
two or three consecutive concentTations.
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Appendix IV

Physical and Chemical Characteristics of Test Material

CHF Sample No:
! CAS No.:
' Chenical Name:

Trade Name and/or Synonyms:

Molecular Weight:
Formula:

Molecular
Structure:

Specific Gravity (@ 20°C):

Boiling Point:

Solubility im Hp0 (% by wt)

Purity:

Vapor Pressure (@ 20°C):

pH:

Flash Point:

St bilfcy:
Incompatibilicy:

Appearances and Odor:

Disposal:

Protective Mesasures:

Health Bazard:

42-137
106-87~6
3-(epoxyethyl)-7-oxabicyclo(4.1.0)heptane

Bakelite® Cycloaliphatic Epoxy Resin
ERL-4206; vinyl-3-cyclohexene diepoxide;
Epoxyeathyl-3, 4~-epoxy eyclohexane

140.18
Cglly202 /g\
-Cﬂz
Hg

0

1.0986

227°c @ 760m
t 18.3 @ 20°¢c

Approx. 1002

<0.lmm Hg

Not Available

225°F (closed cup)

Unstable, avoid temperatures > 100°F
Avold saines, acids, slkalies

Low viscosity liquid; characteristic odor
Small spills can be flushed with water
Larger quantities can be diluted with

an insert solvent and burned.

Use rubber gloves, goggles and protective
Creams on arus aud face. An eye bath and safety
showar should be available.

A local exhaust ventilation systea is preferable
to reduce exposure. In case of contact flush
eyss or skin with plenty of water.

Prolonged and repeated contact with liquid or
breathing of vapors or mists may cause delayed
and serious injury. Absorption through skin {is
harmful aod the liquid causes eye injury. Skin
psinting tests in animals caused skin cancers,
but no cancers have been reported in humans.
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