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SUMMARY

Epoxy Resin ERL-2774 was evalusted for potential mutagenic activity with a
battery of thres in vitro tests, which were: the Chinese Hamster Ovary (CHO)
Mutation test, the Sister Chromatid Exchange (SCE) test and an assay for
induction of Uhucheduled DNA Synthesis (UDS) in rat liver cells. The results
indicated that Epoxy Resin ERL-2774 produced & statistically significant and
dose-related effect in the SCE test with CHO cells and additional (but less
definitive) positive effects in the CHO mutation test and the UDS test with
hepatocytes. Epoxy Resin ERL-2774 wss considered a probable positive mutagenic
agent based on the suggestive pattern of activity in the 3 tests. Because
definitive positive mutagenic activity was observed in only the SCE test,
additional studies would be necessary to confirm this resulc.
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RESULTS AND INTERPRETATION

Selection of Test Concentrations - Preliminary experiments were performed to
selact an appropriate range of test concentrations in which the maximum
concentration would allow aurvivnl of approximately 10% of the treated cells. A
paximum concentration of 30 x 10™4% (by weight) was chosen for the highest
dose=level in the first experiment and a total of five concentrations of Epoxy
Resin ERL-2774 was tested. In a second repeat test with higher concentrations,
100 x 10°4Z was used as the highest dose level.

CHO Mutation Tast ~ Epoxy Resin ERL-2774 produced a statistically signifi-
cant effect on the frequency of mutations of CHQ cells at only one concentration
in tests with the incorporation of a liver 59 metabolic activation system. The
lack of a dose-related effect on the mutation frequency complicated the
definitive classification of the test chemical as mutagenic or non-mutagenic.
However, the highly statistically significant increase in mutants obtained in
the test with metabolic activation was clearly outside our historical control
range of variation for this test. Bacauss the data were aquivocal, and further
testing would be necessary to establish the existence of a dose-response
relationship, the results from this test could not be used to classify the test
cheaical as either active or inactive. However, literature referances
concerning similar studies suggest that this single positive valus wmay be a2
biologically significant effect.
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SCE Test - Epoxy Resin ERL-2774 produced & dose-related and highly
statisticaily significant effect on the frequency of SCE in CHO cells in tests
without the incorporation of an S9 metabolic activation system. An overall
range of concentrations between 120 x 104% to 7.5 x 10™+% (by weight) was
used. All five of the concentrations teated produced a highly staciscically
significant effsct on the SCE frequency. This result prompted an umequivocal
consideration of Epoxy Resin ERL-2774 as a highly active mutagenic chemical in
this test.

UDS Teast - Epoxy Resin ERL-2774 produced statistically siguificanc effects
on UDS activity at two of eight concentrations between 1000 x 1074Z to 3 x
10742 (by weight). Epoxy Resin ERL<2774 was considered to be active in the
present test with the hepatocyte test system because of the high degree of
statistical asignificance of the increases in UDS produced by apparencly
non-cytotoxic doses of the test chemical.

Comparative Mutagenicity -~ The pattern of responses produced by Epoxy Resin
ERL-2774 in the 3~test battery to determine potentisl mutagenicity indicated
that Epoxy Resin ERL-2774 was an active mutagenic agent. In the SCE test, Epoxy
Rasin ERL-2774 was comparable in activity to the historicsl dats obtained with
the positive control (EMS), a known mutagen and carcinogen.

Contradictory reports exist im the literaturs on the potential
carcinogenicity of Epoxy Resin ERL-2774 (references 2, 3 and 4) but there is
cousistent agreement that this chemical poaseases mutagenic potential in in

vitro tests (references 2, 4 and this report). A comparison of data for the CEO

mutation test from this study and a previous study performed at the Oak Ridge
National Laboratory (referenca 4) indicated that the weak positive resulce
obtained iz the CHO test with 59 matabolic activation was a reproducible effect

in two laboratories. Thus, all the test results in this study would be

consistent with the identification of Epoxy Resin ERL-2774 as an active mutagen.
SAMPLE

Quantity: 8 ounces CHF Sample No.: 42-138

Submitted by: W. C. RKuryla, for Date Received: March 15, 1979
Toxicology Advisory Group

Division: Specialty Chemicale and Plastics Identification: Yellow, viscous
Union Carbide Corporation liquid
South Charleston, WV 25303

CAS#: 1675-54-3 .
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BAKELITE® Epoxy Resin ERL-2774

In Vitro Mutagenesis Studies: 3-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~2774 to induce genetic damage in mammalian cells at the gens, chromosome
and/or DNA (deoxyribonucleic acid) level of molecular organization. A battery
of three in vitro, short—-term tests which detect each of these genetic endpoints
was employed to evaluate Epoxy Resin FRL-2774 for potential mutagenic activity.
A general description of the theoretical basis of these three tests is presented
in Appendices I, II and III attached to the complete report.

SAMPLE CHARACTERISTICS

A commercial sample of Epoxy Resin ERL-2774 wss received for testing on
March 15, 1979 and it was assigned sample number 42-138. The physical and
chemical information available from the Toxicology Data Bank or from "Material
Safety Data Sheeats” for this product are attached to this report as Appendix IV.

METHODS

A description of the tecimical procedures used in the CHO test, the SCE
test and the UDS assay are presented in greater detail in Appendices I, II and
III, respectively (attached to the complete report). Testing was performed as
part of the development and validation of the in-house hattery of mutagenicity
assays at the Bushy Run Research Center and deviations from current standard
operating procedures are noted in the individual test results.

l. CHO Test (Detailed procedures in Appendix I):

A. Dose Selection - Appropriate concentrations of Epoxy Resin ERL-2774 for
testing were determined by measurements of cytotoxicity to CHO cells of six
concentrations tested both in the presence and absence of a liver S9
metabolic activation system. Selection of a maximum concentration for
testing depended upon an eatimate of a dose level which would permit
survival of at least 10X of the treated cells. Glass-distilled
dimethylsulfox{de (DMSO) was used as the solvent and solvent control.

To simplify tables and to allow comparisons batween different tests,
concentrations of Epoxy Resin ERL-2774 in the following sections of the
report are given in terms of weight/volumeé percentages x 1074% to
clfzinatc zeros in the lower concentration valuss (eg. 0.00075 X = 7.5 x
10747y,
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Mutation = CHO cells ware sxposad for 5 hours to a ninimum of five concen~

trations of Epoxy Resin ERL-2774 both with and without the addition of am 59

matabolic activation system. Two separate experiments were performed to
insure that an adequate range of doses of the test agent were tested.
Dilutions of Epoxy Resin ERL-2774 for testing were prepared by weighing the
test material in a sterile tuba, preparing a stock solution for the highest
coacentration using DMSO as a solvent and then by making saquential one-halt
dilutions froam the stock solution using DMSO as the diluent. The surviving
fraction was determined at 20 to 24 hours after trsatment and the autant
fraction wvas determined after a 7-day period to allow "expression” of the
mutant phenotype. Only the data from the top five concentratioas which
allowed sufficient cell survival for assessaent of survival and indyction of
mutants are ususlly presented in the tables. The percentage of cells sur-
viving the treatmeant, the frequencies of mutant colonies and the number of
mutants/100 viable cells are preseated in tabular form.

SCE Test (Detailed procedures in Appendix I1I):

Production of SCE's following exposurs to various concentrations of
Epoxy Resin ERL-2774 was studied in CHO cells without the incorporation
of an S9 matabolic activation system. Selection of a maximum dose level
which would permit survival of at least 502 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-2774 for testing were prepared
by weighing the test chemical in a sterile tube, making a stock solution for
the highest concentration using DMSO as a solvent and then making sequential
one~half dilutions of the stock solution using DMSO as the diluent. For
determination of direct mutagenic action, CHO cells were exposed to Epoxy
Resin ERL-2774 and appropriate controls for 5 hours without $9 activation.
Indirect autagenic action, requiring metabolic activation by liver 3S9
homogenate, was not studied because the highly significant positive responge
obtained in the test without metabolic activation indicated that the test
chemical was highly active without metabolic conversion. Bromodeoxyuridine
(BrdU) required to differentiate between the individual “sister” chromatids
by SCE staining, was present at a concentration of 3 ug/ml in the growth
medium during treatment and during the culture period following exposure. A
total of 15 cells/dose level and 5 dose levels, tested without metabolic
activation, were examined. The number of SCE/cell, mean number of

" SCE/chromosoae and the level of statistical significance of the increases

above the concurrent solvent control values are presented in tabular form.

CDS Test (Detailed procedures in Appendix IIl):

Induction of primary DNA damage in rat liver cells (hepatocytes) was
studied with eight dose levels which spanned a 333-fold range of concentra-
tions. Calls were treated with Epoxy Resin ERL-2774 for 2 hours in cultura
mediua containing 3H—thyu1d1nc, hydroxyurea and appropriate dilutions of
Epoxy Resin EBL-2774 preparad in DMSO. Datermination of UDS activity vas
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performed by analyses of incorporation of 3g-thysidine into isolated hepa~-
tocyte nuclei or in DNA (precipitated from aliquots of the {solated nuclei)
using a Searle Analytic Model 81 or Packard Model 2650 scintillation spec~
trometer. Data are presented in tabular form with an indication of the
level of statistical significance above the concurrent solvent control

values.

Controls - Positive, negative and solvent controls were tested concurrently

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

concurrence of the results to previous test parformance. For the CBO and
SCE assays, dimethylanitrosamine (DMN) and ethylmethanesulfonate (EMS) were
used as positive control agents to assure the sensitivity of the test syscem
for detecting indirect and direct-acting mutagens, respectively. Delonized
vater, sterilized by membrane filtration, and glass~distilled dimethylsulf-
oxide (DMSO) were used as the negative and solvent coatrols, respectively.

In the UDS assay, DMN and ethylmethanesulfonate (EMS) were used as
positive controls representing indirect- and direct-acting mutagens,
respectively. DMSO was used as the solvent and the solvent control.

Metabolic Activatiom - 39 liver homogenate, prepared from Arochlor 1254-

induced, Spragus-Dawley male rats, was purchased from Litton Bilonetics. The
S9 preparation used for the CHO test in the first test contained 38.5 ag/ml
protein and had a benzo(a)pyrene hydroxylase (BFH) activity of 21.6 nmol of
hydroxybenzpyrene/20 ain/mg protein, (assayed by Litton). A final concentra~
tion of 480 ug/ml of S9 protein was used in the culture media. In experi-
went #2, the same lot of 59 homogenate was used and 360 ug/al of 9 protein
was used as the final concentration in the culturs medias.

For the SCE test, the same lot of S9 homogenste, was used at a final
concentration of 360 ug/ml of S9 protein in the 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 his~
torical controls. Thus, the Student's t-test was used after transformation
of the mutation frequencies (MF) according to the method of Irr and Snee (MF
+1)0-15 (1rr, 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
aumber of significant figures was performed for presentation on tables.
Although statistically significant decreases in mutation indices can occur
becausa of cytotoxic responsas, only statistically significant increases in
responses above control valuss 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 ¢: p € 0.001. No superscript (or NS) indicates p >
OIOSO
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Raw Data Storage - Copies of the final report, statistical analysas,

analytical data and data used to prepare the final report are stored {n the
BRRC Archives. Slides are stored in the Genetic Toxicology slide storage

area.

RESULTS

SECTION I - CHO MUTATION TEST - BARELITE® Epoxy Resin ERL~2774

A.

Test Dates - Initiated: June l4, 1979

Completed: September 11, 1980

Selection of Test Concentration (Data not shown in tables)

CHO cells were exposed for five lwurs to concentrations of Epoxy Resin
ERL-2774 which spanned a concentration range from 1000 x 1074% to 3 x
10742 by weight. The parcentage of cells which survived the exposure,
both in the presence and absence of an S9 metabolic activation system, was
determined by counting the number of colonies produced by the survivors
after a 5~ to 7-day incubation period. A concentration of 30 x 1042 vas
selected as the maximua councentration for testing with and without $9 acti-
vation. A total of five concentrations were tested in the later mutation
tests and the prescreening results indicated that moderately higher concen-
trations (100 x 1074%) would produce excessive cytotoxicity.

Determination of Mutation Induction

Survival (Cytotoxicity)

Table 1 presents the cytotoxicity data for CHO cells treated with Epoxy
Resin ERL-2774 in the presence and absence of a liver 59 metabolic activa-
tion system. Only a moderate cytotoxic effect with the test agent was
observed following exposure in tests with or without $9 activation. A
second test, at higher concentrations, was performed to assure that adequate
dose lavels of tha test chemical were tested and these results are shown io
Table 3. In this repsat experiment, dose-related cytotoxic effects were
obtained for tests both with and without S9 metabolic activation.

Mutation

Table 2 presents the data for i{ndiuction of mutants by Epoxy Resin
ERL~2774 and control agents. Epoxy Resin ERL-2774 did not produce a dose-
related effect on the frequency of mutants/106 viable cells over the
16~fold range of Epoxy Rasin ERL-2774 concentrations tested both with and
without the presence of an 59 metabolic activation system. No concentration
of Epoxy Resin ERL~2774 produced an increase in the mutation frequency which
vas statistically significant from the concurrent solvant comtrol. Samall
numerical increases in the autant frequancy obtained at some dose levels
ware not considered to be biologically significsnt because occasional
increases of similar magnitude have bdeen obtained in previous tests with
solvent or negative controls. However, relatively low autation values were
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obtained with both positive controls and che absence of cytotoxicity at che
highest dose leval suggested that higher concentrations should ba tested to
assure the reproducibility of the data. In the repeat experiment, summariz-
ed on Table 4, a single, highly stacistically significant increass in the
mutation frequency was obtained in the test whicl {necluded addition of a
metabolic activation system. This result was definitely outside the range
of the historical control values for this test but no dose-related effact
was observed. Also, the induction of mutants at this same concentration in
experiment #1 (Table 2) did not demonstrate this mutagenic effect. No
definitive classification of the test agent was possible following these
equivocal responses and the results of the other mutagenicity tests were
used to discern the existence of a possible pattern of mutagenic potential.

In experiment #1, mutation fraquencies for the solvent controls for
tests both with and without S9 activation were in an acceptable and low
range based upon experience with historical control values. In the repeat
experiment (Table 4), the valua for the DMSO solvent control was abuormally
high in the test without 39 activation. The lack of significant numbers of
mutants induced by the test chemical indicated that this high result for the
solvent control probably did not influence the statistical evaluation of the
test chemical data. Statistically significant increases in the mutation
frequencies were obtained for the DMN and EMS positive controls for both
experiments #1 and #2 and these values were within the expacted range of
valuas observed in historical coantrol data.

D. Deviations from Standard Procedures

Experiment #1. A dilution error for the DMSO-treated cells was made
during the survival determination and comparisons to the negative (H;0)
control were used to calculate relative differences. Only 0.9 x 106 cells
(total) were plated for the determination of mutation induction by DMN
because calls treated with DMN grew poorly and not enough cells wers
available to assess the usual number of 1.0 x 106

Experiment #2. Aliquots of the diluted test sample were reduced in
this second experiment in camparison to experiment #1 because a different
dilution series was used. Thus, the volume of the solvent control wvas
reduced from 20 ul/ml to 10 ul/ml. An extended l13-day expression period was
used for this experiment to attempt to improve the sensitivity of the assay
when we noted that a high degree of cytotoxicity was retarding the growth
rate of the treated cells.

E. Conclusions

Epoxy Resin ERL-2774 was apparently inactive as a mutagenic agent for
CHO cells vhen tested with and without the {ncorporation of an S9 metab lic
activation system over a wide range of concentrations. Only one statisti-
cally significant increase above the concurrent solvent control was produced
at the lowest dose level (30 x 10~%) tested with metzbolic activation in
the repeat test. The high degree of statistical significance of this single
result, in comparison to the concurrent control, was also outside the range
of historical control valuss for this test, and preventad a definitive
classification of positive or negative mutagenic potential.

cC
6%2669
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SECTION II - SCE TEST - BAKELITE® Epoxy Resin ERL-2774

A. Tast Dates - Initiated: December 5, 1979
T " Completed: March 24, 1980

B. Selaction of Test Concentrations

A maximum concentration of 120 x 10™4% of Epoxy Resin ERL-2774 was
chosen as the top dose level for testing with and without $9 activation
respectively, based on cytotoxicity data from the CHO autation test. Higher
concentrations were expected to produce delays {n the mitotic cyecle and ro
decrease the number of calls with SCE staining. A 16-fold range of Epoxy
Resin ERL-2774 concentrations from 120 x 10742 to 7.5 x 107*% was
examiged in the SCE experiment without $9 activation. Testing with the
addition of a metabolic activation was not performed because the results of
this f{rst study cléarly indicated that the test chemical was highly active
without metaboliec couversion.

C. Determinations of SCE Induction

The data for SCE {induction in CHO cells treated with various dose levels
of Epoxy Resin ERL-2774 or with positive, negative or solvent control agents
without an 39 metabolic activation system are summarized in Table 5. Highly
statistically significant iocreases in the SCE frequency were producaed by
all five of five dose levels of Epoxy Resin ERL-2774 tesated for direct
action in the absence of a metabolic activation system. Also, the dose-
related effect of the test chemical on the frequency of SCE was considered a
definitive indication of a biologically significant effect and an indication
of the direct action of Epoxy Rasin ERL-2774,

The oumber of SCE produced by the concurrent EMS positive control was
highly statistically significant from the concurrent solvent control and
these data indicatad an appropriate sensitivity of the test systea compar—
able to our historical positive control data. The numbers of SCE obtained
with the solvent and controls were also in an acceptable range of values
included in the variability encountered in our historical control values for
this test. .

D. Deviations from Standard Procedures ~ Two prior experiments were performed
but are not reported because cytotoxicity of the test chemical reduced the
mitotic index and the chromosomes could not be acored for SCE.

E. Conclusions

Epoxy Resin ERL-2774 produced highly statistically significant
increases in the frequancy of SCE over the 16—-fold range of concentratious
tested without additioun of an $9 matabolic accivation system. Definite and
dose-related effects of Epoxy Rasin ERL-2774 exposure on the SCE frequency
were evident and the test agent was considered to be highly active in the
present in vitro assay.

uce -
062670
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SECTION III - UDS TEST ~ Epoxy Resin ERL~2774

A.

BI

c.

Dl

Test Dates - Initiated: August 23, 1979
Completed: March 31, 1980

Selection of Teat Concentrations

Epoxy Resin ERL-2774 was tested over a wide range of concentrations
from 1000 x 107X to 3 x 10™4% by weight. The maximum dose-level was
selected with consideration of the cytotoxicity data obtained in the CHO
Mutation test which indicated that higher values would result in excessive
cell killing.

Determination of UDS Induction

Values for "unscheduled”™ incorporation of 3H-thyn1d1no into the DNA
of hepatocytes exposed to Epoxy Resin ERL-2774 or to appropriate positive
and negative controls are presented in Tables 6 and 7. In hepatocytes
treated with Epoxy Resin ERL-2774, two concentrations tested for potential
activity induced a statistically significant increase in the amount of 3p-
thymidine incorporation when UDS was assessed by measuring incorporation in
whole cell lysates (Table 6). The stimulation of the UDS values was also
observed wvhen the amounts of INA in the lysates were determined and valuas
were expressed as radioactivity per microgram of DNA; but the increases
were not statistically significant by this second method of measurement.
The degree of statistical significance of the UDS induced by the test
chemical and the similarity of the increasas to values observed with the
concurrent positive controls indicated that Epoxy Resin ERL-+2774 produced a
probable, biologicallg significant effect in the hepatocyte UDS test.
Decreased values for -H-thymidine incorporation at dose levels of 30 x
1042 or above are a probable indication of the cytotoxic effacts of the
test chemical.

Both of the positive control agents, NQO and DMN, induced numerically
elevated and statistically significant increases in UDS over values obtained
with the solvent control. Recent improvements in this test system have
increased the sensitivity of measurements but this study was not repeated
because the results of this test vere considered wmequivocal for evaluating
the significance of the data.

Deviations from Standard Procedures ~ One previous test was performed but

was not reported because the positive controls did not produce a significant
response for an acceptable test. Testing of Epoxy Resin ERL~2774 was per—
formed during the development of this procedure and an older, less—sensitive
procedure was employed which differed from the current method described in
Appendix III. The new procedures (not used for the test reported) involve
incubating hepatocytes in suspension vs. in patri plates and isolating
nuclei prior to DNA precipitation. A repeat test with this newer mathod
wuld presumably detect even higher levels of activity which would not
affect the positive conclusions from these test results.

oB3s 71
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E. Conclusion

Epoxy Resin ERL-2774 stimulated a highly significant increase in the
incorporation of radicactive thymidine in hepatocytas treated with 2 of 8 ctest
concentrations which did not produce overt cytotoxicity. Epoxy Resin FRL-2774
was considered to be active in the present test with the hepatocyte test system.

L]

062672




Reviewad and Approved by:

Contributors:

Chinese Hamster Ovary test

Sister Chromatid Exchange test

Unascheduled DNA Synthesis Assay

WPC/1125-4

Raport 43-129
Page 11

Rovald S. Slesinsgki, Ph.D.
Study Director ,
Manager, Ganetic Toxicology

Associate Director, Toxicology

FTEd R‘ Fl‘ank, Ph-D.
Director

Peggy J. Guzzie, B.S.
Master Technologist

Michelle W. Gauntc, B.S.
Master Technologist

W. Christopher Hangler, M.S.
Assistant Scientist




%238

Report 43-129
Page 12

REFERENCES

A search of the major computer data files concerning potential nutagenicity/
carcinogenicity of Epoxy Resin ERL~2774 produced only one pertinent reference.

Andersen, et al., (see reference #1 below) reported that Epikote resin 848
(Shell Chemicals), the diglycidylether of bisphenol A, was the “most active
compourxd of the resins tested, and . . . more mutagenic than the positive
control, ECH (epichlorohydrin)™ in tests with the Salmonells Ames Test. In
those studies, Epikote resin 848 was mutagenic both with and without S9

" metaboli{c activation, but mutagenic effects were more definitive and greater

when 59 metabelic activation was present. 7This report quoted other studies
demonstrating positive carcinogenic potential for additional epoxy resins (2)
and a negative dermal carcinogenicity study (3) reportad by our laboratory on
Epoxy Resin ERL-2774. Positive dermal carcinmogenicity and mutagenicity were
observed in a study on this chemical performed st Oak Ridge National Laboratory
(4).

1. Andersen, M., Kiel, P, Larsen, H. and Maxild, J. (1978). Mutagenic gction
of epoxy resins. Nature 276, 391-392.

2. FKotin, P. and Falk, H. L. (cited in reference above) (1963). Radiat. Res.
Suppl. 3, 193-211.

3. Weil, C. S., Condra, N., Haun, C. and Striegal, J. A. (cited in #1) (1963).
An. Ind. Hyg. Assoc. J., 24, 305-325 (from data in CHF Report #23-99 and
#27-152).

4. Holland, J. M., Gosslee, D. G., Gipson, L. C. and Whitaker, M. J. Epidermal

carcinogenicity of bin[zz3-egogzczclog¢ntzl]ctherzz,Z-bil (p-glyeidyloxy-
phenyl)propane, and m-phenylenediamine in C3H and C57BL/6 male and female
mice. Oak Ridge National Laboratory Report, March 1978, Contract
TW~7405-eng-26.

Tahle 1
Chinese Hamster Ovary (CHO) Mutation Asesay:

Determination of Toxic Effects of Chemical Treatment During 5 Hr Mutation Inducthn Period




Lusucte aamsrer Uvary (CliO) Mutation Asasay:
Determination of Yoxic Effecta of Chemical Treatment During 5 Hr Mutation Induction Perfod
Experiment #1

Total # Total # X X of Solvent
Taeat Chemicals Colonies Cells Plated Survival Control
Without 59 Activation
{Epoxy Resin ERL-2774} (X, w/v)
30.0 x 1074 429 800 53.6 48.3
15.0 x 1074 500 800 62.5 56.2
7.5 x 104 8 800 1.0 0.9
3.75 x 1074 390 800 48.8 43.9
1.875 x 10~% 520 800 65.0 58.5
Controls -
DMSO (20 ul/ml) - Solveat 889 800 111.1 100.0
U0 (20 ul/al) 543 800 67.9 61.1
EMS (200 ug/ml) - 445 800 55.6 50.1
With 89 Activation See Footnote 1
{Epoxy Resln ERL-2774) (X, w/v)
30.0 x 10~4 393 800 49.1 85.2
15.0 x 1074 534 800 66.8 115.8
7.5 x 1074 425 800 53.1 92.2
3.75 x 1074 470 800 58.8 102.0
1.875 x 1074 502 80O 62.8 108.9
Controls
DMSO (20 ul/al) - Solvent! - - - -
H20 (20 ul/wl) 461 800 57.6 100.0
DN (3700 ug/ml) 368 800 46.0 79.8

1A dilution ercor was made at this step and valuea lu last column were calculated as a percentage of the negative

control.

€1 *S%sg

Abbreviations: 30 - water; 59 - liver homogenate; DMSQ ~ dimethylsulfoxide

ENS - ethylmethanesulfonate; DMN ~ dimethyluniltrosamlue

WPC/1125-2
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Table 3
Chinese Hamster Ovary (Cll0) Mutation Assay:
Deteraination of Toxic Effects of Chemical Treatwent During 5 Hr Mutation Induction Period
Experiment #2

Total # Total # y 4 X of Solvent
Test Chemicals Colonies Cells Plated Survival Control

Without S9 ‘Activation

[Epoxy Resin ERL-2774) (X, w/v)

100.0 x 1074 800
50.0 x 1074 400
25.0 x 1074 400
12.5 x 1074 400
6.25 x 1074 400

Controls

DMS0 {20 ul/ml) - Solvent 400
H20 (20 ul/ml) 400
EMS (200 ug/ml) 400

With §9 Activacion

(Epoxy Resin ERL-2774) (X, w/v)

100.0 x 1074 138 800
60.0 x 104 238 800
30.0 x 1074 295 800

Controls

DMSO (10 ul/ml) - Solvent 221 400
H20 (10 ul/ml) 222 400
DMN (3700 ug/ml) 105 400

Abbreviations: Hy0 - water; 59 - liver homogenate; DMSO - dimethylsulfoxide
EMS - echylmethanesulfonate; DMN - dimethylnltrosamine

6Z1-£% 330dey

WPC/1125-2




Table 2
Chinese Hamster Ovary (CHO) Mutation Assay:
Besults on Evaluation of Mutant Induction by Epoxy Resin ERL-2774
Experiment # 1

Plating Efficiency Mutation Induction
Total # 1
Test Chemicals Total # Total § Viable Hutant Total # Mutanta
Colonies Cells Plated Fraction Colonies Cells Plated 100 Viable Celles
Without 59 Activation
{Bpoxy Resin ERL-2774} (X, w/v)
30.0 x 1074 449 400 1.122 3 1 x 106 2.7
15.0 x 1074 264 400 0.660 o 1 x 106 0
7.5 x 1074 270 400 0.675 1 1 x 106 1.5
3.75 x 1074 310 400 0.775 0 1 x 106 o
1.875 x 104 249 400 0.622 0 1 x 106 0
Controls:
DMSO (20 ul/ml) ~ Solvent 363 400 0.508 0 1 x 100 0
H0 (20 ul/ml) 379 400 06.948 3 1 x 106 3.2
EMS (200 ug/ml) 289 400 0.722 27 t x 106 37.4b
With 89 Activation
fEpoxy Resin ERL-2774} (X, w/v)
30.0 x 107% N4 400 0.785 6 1 x 106 7.6
15.0 x 104 325 400 0.812 2 1 x 106 2.5
7.5 x 1074 395 400 0.988 t 1 x 106 1.0
3.75 x 1074 277 400 0.692 o 1 x 106 o
1.875 x 1074 259 400 0.648 2 b x 106 3.1
Controle:
DNSO (20 ul/ml) ~ Solvent 410 400 1.025 0 1 x 106 o
R0 (20 ul/ml) 336 400 0.840 2 1 x 106 2.4 ey
DMN (3700 ug/ml) 227 400 0.568 9 0.9 x 106 17.68 2 3
= "
1Total # mutant colonies per 106 celle plated divided by visble fraction. 5E
Egc: Statistical significance above solvent contrel: a: 0.05 > p > 0.01; b: 0.01 > p > 0.001; N
Eg() No euperscript indicates p > 0.05.
3 S —

Abbreviations: HN,0 ~ water; S5-9 - 1iver homogenate; DMSO - dim thylsulfoxide; EM3 - ethylmethanesulf:hate{‘
DMN - dimethylnltrosamine.

WeCc/1325~1
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Chinese MNamster Ovary (CUO) Mutation Assay:
Determination of Toxic Effects of Chemical Treatment During 5 Hr Mutation Induction Period

Experiment #2

Total # Total # 4 X of Solvent
Test Chemicals Colonies Cells Plated Survival Control
- Without S9 Activation

{Epoxy Resin ERL-2774] (X, w/v)

100.0 x 107% : 2 800 0.2 0.3
50.0 x 1074 0 400 o o
25.0 x 1074 131 400 32.8 32.9
12.5 x 1074 328 400 82.0 82.4

6.25 x 1074 457 400 114.2 114.8
Controle
DMSO (20 ul/ml) - Solveat 398 400 99.5 100.0
H20 (20 ul/ml) 465 400 116.2 116.8
EMS (200 ug/ml) 424 400 106.0 106.5
With 59 Activacion
[Epoxy Resin ERL-2774] (X, w/v)

100.0 x 1074 138 800 12.2 31.2
60.0 x 1074 238 800 29.8 53.8
30.0 x 1074 295 800 16.9 66.7

Controls

DMSO (10 ul/ml) - Solveant 221 400 55.2 100.0
Hy0 (10 ul/ml) 222 400 55.5 100.5
DMN (3700 ug/ml) 105 400 26.2 47.5

Abbreviations:

WPC/1125-2

H70 - water; §9 - liver homogenate; DHSO - dimethylsulfoxide
EMS -~ ethylmethanesulfonaie; DMN - dimethylaiirosamine

ST oBwg
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Table §

Chinese Hamster Ovary (CNHO) Mutation Assay:

Results on Evaluation of Mutant Induction by Epoxy Reein ERL-2774

Experiment # 2

2522

| Piatiqgﬁifflciency ] Mutation Induction
Total # 1
Test Chemicale Total # Total # Viable Mutant Total # Mutants
Calonies Cells Plated Fraction Colontes Cells Plated 105 Viable Cells

Without 89 Activation

2

TEpoxy Reain !if-i;?&] (X, w/v)
4

100.0 x 10 06 400 1.015 0
50.0 x 104 - - SEE FOOTNOTE #2
25.0 x 104 443 400 1.108 11
12.5 x 10-% 149 " 400 0.372 0
6.25 x 1074 234 400 0.585 * 0
Controle:
DMSO (20 ul/ml) - Solvent 170 400 0.425 11
Hy0 (20 ul/ml) - - SER FOOTNOTE #2 -
BMS (200 ug/ml) 440 400 1.100 | 216

1 x 106 o

1 x 106 9.9
1 x 106 0

1 x 106 0

1 x 106 25.9
1 x106 196.4¢

With 89 Activation

{Epoxy Resin ERL-2774] (X, w/v)

100.0 x 10~4 185 400 0.462 1
60.0 x 104 299 400 0.748 9
30.0 x 10~4 373 400 0.932 17
Controls:
DMSO (10 ul/ml) - Solvent 189 400 0.472 3
Hy0 (10 ul/ml) 232 400 0.580 10 -
DMN (3700 ug/ml) 129 400 0.322 | 178

-

-
oM

106 2.2
106 12.0
10 82.6¢

108, 6.3
106 17.2
106 241.9¢

ITotal # mutant colonies per 106 cells plated divided by viable fraction.
Statfistical eignificance above solvent control: c: p < 0.001
¥o superscript indicates p > 0.05. Dats analyzed by Student's t-test.

2108t during expression period following incubator wmaifunction during routine trypsinization step.

621~y 3a0dey

- Abbreviations: W70 - water; S-9 - 1lver homogenate; DMSO — dimethylsulfoxide; EMS - ethylmethanesul fonate;

DMN - dimethylnitrosamine.
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Sister Chromatid Exchange (SCE) Asaay:
Induction of SCE's by Epoxy Resin (ERL-2774) Without 59 Metabolic Activation
I

5 lour Treatmeat

Total # Total # Mean Number Significance
of of SCE/Chromo- Above Solvent
Test Chemicals Chromosomes SCR SCEICelll some2 + §.D. . Control3d
{Bpoxy Resin ERL-2774] (X, w/v)
120 x 1074 - 309 869 57.93 2.793 + 1.010 c
60 x 104 299 613 40.87 2.049 ¥ 0.256 c
30 x 1074 302 448 29.87 1.490 ¥ 0.344 c
15 x 1074 299 357 23.80 1.193 ¥ 0.249 c
7.5 x 1074 300 306 20.40 1.022 ¥ 0.272 c
Controls
DM50 (5 ul/ml) -Solvent 291 182 12.13 0.628 + 0.214 -
Hy0 (5 ul/ml) 294 200 13.33 0.680 ¥ 0.169 NS
ENS (100 ug/ml) 298 423 28.20 1.417 ¥ 0.242 c

l1¢ifteen cells examined per dose level.
2pcan value of SCE/chromosoae determined from the values of the individual cells examined.

3scatistical significance above solvent control: c: p < 0.001; NS: p > 0.05.

Abbreviationa: H20 - vater; 59 - liver homogenate; DMSO - dimethylsulfoxide;
ENS - ethylaethanesulfonate; §.D. - standard deviation

11 o8wg
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DPM/106 cells: all DPM valuea are calculated from DNA precipitated per 100 viable
hepatocytes. Each average 18 calculated from duplicate samples, except for DMSO which

was done in quadruplicate.

Table 6
Unacheduled DNA Synthesie ln lepatocytes from Rat Liver

Radioactiviry X of Solvent Significance
in DHA Control Above Solvent
Test Chemical Concentration Avg. DPM + 5.D. + 8.D. Controll
Bolvent - NGO 3.32 72648 + 926 100.02 ¥ 4.1% =
Positive Controls:
ENS 400 ug/ml 28618 + 4161 125.3% + 18.2% b
200 ug/wl 28573 + 3735 125.1 + 16.3% b
100 ug/ml 32107 + 1083 140.52 + 4.7 c
50 ug/ml 26715 ¥ 543 116.93 ¥+ 2.4X s
D 80 ug/ml 28753 + 3744 125.8Z + 16.4% b
40 ug/=l 27290 + 1686 119.4X + 7.4X a
20 ug/ml 30930 + 859 135.4X + 3.81 c
10 ug/ml 24270 + 1468 106.22 ¥+ 6.4% NS
Teat Chemical:
{Epoxy Resin ERL-2774) 1000 x 10742 4100 + 247 17.92 + 1.1 NS
(X, wiv) 600 x 10751 3290 ¥ 27 14.42 ¥ 0.1X NS
300 x 10742 5328 + 126 23.32 ¥ 0.6 NS
100 x 10742 11825 ¥ 1876 51.82 % 8.22 NS
60 x 10741 8956 + 1956 39.2X ¥+ 8.62 NS
30 x 1074x 15371 + 2438 67.3% + 10.7X NS
10 x 1074 38488 + 240 168.5¢ + 1.1X c -
3 x 107%x . 35198 + 2793 154.12 # 12.2% c ¥
.
=
1Stacistical aignificance above solvent control: 0.05 > p > 0.0}; b: 0.0} > p > 0.001; c: p < 0.00);
HS: p > 0.05. Data analyzed by Duncan's Multiple Rauge Analysis.

Abbreviations:

WPC/1125-2

w

DMSO - dimethylsulfoxide; EMS - ethylmethane sulfonate; DMN - dimethylunitrosamine;
DPM -~ disintegrations per winute; S.D. — sgtandard deviation

6Z1~ty 330dwy
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Table 7
Unscheduled DMA Synthesis in Mepatocytes Ffrom Rat Liver

DPM/ug DNA: all DPM values are calculated per DNA precipitated from rat
hepatocytes. Each average is calculated from duplicate samples, except for DMSO which
was done in quadruplicate.

Radioactivity X of Solvent Significance
in DNA Control’ Above Solvent
Test Chemical Concentration Avg. DPM + 5.D. + s.D. Controll
Solvent - DMSO 3.3% 847 + 201 160.0% + 23.7% =
Positive Controls:
] 400 ug/ml _ 1474 + 330 174.0% + 38.9% a
200 ug/ml 1491 + 124 175.9% + 14.6% a
100 ug/ml 120+ 2 142.8% & 0.2% NS
50 ug/al 1157 ¥ 134 136.5% * 15.9% NS
DN 80 ug/ml 1252 + 103 147.8% + 12.2% NS
40 ug/ml 1394 + 20 164.5X + 2.3X a
20 ug/ml 1673 ¥ 351 197.42 ¥ 41.4% c
10 ug/al 1639 + 292 193.4X + 34.42 c
Test Chemical:
{Epoxy Resin ERL-2774] 1000 x 10742 157 + 27 18.6X + 3.2% NS
(X, w/v) 600 x 10742 146+ 20 17.23 +  2.3% NS
' 300 x 10742 206+ 18 2431 F 2.X NS
100 x 1074x 5710 ¥ 135 67.2X ¥ 15.92 NS
60 x 10742 476 ¥ 3 56,1 ¥ 0.3% NS
30 x 10742 809 + 52 95.5% ¥ 6.1% NS
10 x 10742 1282 ¥ 434 151.2% ¥ 51.2% NS
3 x 10792 1220 ¥ 597 143.9% ¥ 70.42 NS

l3catietical significance above solvent control: a: 0.05 > p > 0.01; c: p < 0.001;
NS: p > 0.05. Data analyzed by Duncan’s Mulciple Range Analyais.

e = a——

Abbreviationg: DMSO - dimethylsulfoxide; EMS - ethylmethane sulfonate; DMN - dimethylnitrosamine;
DPH - disintegrations per ainute; S.D. - standard deviation

- uce
WPC/1125-2 062662
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APPENDIX I

Chinese Hamster Ovary (CHO) Mutation Assay

Theoretical Basis

Mytation is a heritable alteration in a cell in which a gene specifying the
genetic code for a specific protein is modified in structure acd/or functionm.
Mutations, induced by chemical or physical agents, of the EGPRT (hypoxanthine~
quanine phosphoribosyltransferase) gens may be detected by the growth of
colonies of "autaat” cells which are resistant to the purine analogs
6-thioguanine (TG) or 8-azaguanine. Normal cells contain a functional HGPRT
enzyae which phosphorylates TG and allows its incorporation into DNA causing the
cells to die. Mutant cells vith a non-functional HGPRT enzyae are unabls to
phosphorylate or lncorparate TG, thus surviva and grov in its presenca.

The CHO mutation test is an assay which detacts “forward autations® froa
TG-sensitivity to TG-resistance caused by a direct loss of the activity of the
HGPRT enzyma (HGPRT® + HGPRT™). An assassment of the ability of several
hundred agents to cause gene autations in vitro indicates that the CHO autation
assay provides a reasonable estimate of the potential genetic activity of the
test cheamical.

Mathods

Cell Culturs Procedures: CHO calls used in these studies were obtained from
Abrahaa Hsie at Oak Ridge National Laboratory with the designation CHO-K]-BE4-D]
(or simply CBO for repeort purposes). Cells ars aaintained in active growth by
subculturing 2 to 3 tines/wesk in antibiotic-frea, Ham's Modified F12 Medium
supplesented with 102 (v/v) heat-inactivated, fetal bovine sera (F12-10), and
lacking in hypoxanthine. For treataent of cells without asetabolic activation,
F12 medium with 50 wmits/al of penicillia, 50 ug/aml streptoayein and 5% (v/v) of
dialyzed bovine serum (F12-D5) is used. For trestasats incorporating an S9
aetabolic activation systea, identical aedium, but without serum, is employed.
For detarainationm of mutant frequanciss, F12-DY zediua containing 2.0 ug/al TG
{6=thioguanine) is used as & "selective mediuam.” Call numbers are determined
routinely with a Coultar Model F alectronic cell counter which is standardized
pariodically with a pra~counted suspension of latax beads. Presence of
Mycoplasaa cell contasinants is determined by a aicroscopic fluoresceance assay
employing Hoechst 33258 dye. All culture proceduras and treatments with tesc
chemicals are parformed under aseptic conditions in a laaipar-flow, bichazard
hood .

Positive and Negative Coutrols: Sterile water or glass-discilled dimathyl~-
sulfoxide (DMS50) are Che usual solvents for tast chemicals and the respective
solvant is teasted as a control at the aaxiaum concentration used to add the tesc
agent. Dizsthylaitrossaine (DMN) or ethylasthanesulfonate (EMS) are used as
positive control autagens for tests wvith or wichout an S9 astabolic activation
systes, raspectively. Mutation frequencies obtained with concurrant positive
and negative controls sre used as the basis for monitoring the sensitivity and
stability of the CHO mutation test systam. Coaparison of coscurrent coatrol
values wvith historical coatrols is used to delineate the range of acceptable
variations in the test systaam.

082663
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Metabolic Activation: Rat liver, S9 homogenate prapared from Arochlor-1254
induced, Spraguc-DavIQy, male rats i{s purchased from Litton Bionetics,
Kensington, MD. Each lot of liver homogenate is prescreened for metabolic
capability to activate DMN in our laboratory befors use in the testing program.
The complete 59 metabolic activation system cootains the following: 8 umoles/ml
MgCly, 33 umoles/ml KC1l, 5 umoles/ml glucose-6-phosphate, 4 umoles/aml
NADP-oxidized (nicotinamide adenine dinucleotide phosphatae), 100 umoles/aml
NagHPOs, and between 500 to 4000 ug/ml of S9 protein (depending on metabolic
activity); a volume of 1.0 ml of the complete mixture of the above reagents is
added to each 4.0 al of culture medium.

Dose Selection: Toxicity of the test chemical ias determined prior to
asseasment of mutageanic potential to select doses which produce a maximum of 80
to 90Z cell killing. Cytotoxicity is determined by either of the following two
methods: .

(1) Clomal assay =~ 200 to 400 CHO cells are exposed to a minimum of five dose

Tavels of the test agent at concentrations from 0.1% to 3 x 1074% (by
wvalght or volume, as appropriate) with and without the presencs of a
matabolic activationo system. The number of cells which survive the
treatment is determined by counting the number of colounies produced after a
7= to 8-day incubation period (37°C) in comparison with the colonies formed
by ce%ls treated ounly with appropriate concentrations of solvent (generally
20 ul/ml). ’

(2) Growth Inhibition = 5 x 105 cells in 23 cm? culture flasks are treated
for 5 hours with a minimum of five tast concentratious both with and
without S9 metabolic activation. Following treatment the cells are rinsed,
fresh F12=-DS medium is aided and the flasks are incubated for an addicional
18 to 24 hours. Cytotoxicity is determined by comparing the relative
number of cells in control (untreated cells) and in cells treated with
various concentrations of the test agent.

If no cytotoxicity is evident at the highest concencracions in the
cyrtotoxicity tests, the test is either repeated at highar concentrations, or
mutation testing is performed with a greater noumber of treatment flasks starting
at ‘higher dose levels. If marked toxicity is evident even at the lowest dosae,
the Eztotoxicity test is rTepeated at a concentration rauge of 3x10°% to
3x10™ percent by waight or volume, as appropriate.

Dosa lavels which are moderately toxic but permit survival of at least 10 to
20%2 of the cells, in comparison to the solvent control, are selected as the
maxinun dose, sand at least four additional one~-half dilutions are tested for
induction of mutacions. If cytotoxicity data are equivocal, a total of 5t 8
ouns~half dilutions of the selected, maximum concentration are used to treat
calls; but only the highest five concentrations which parmit survival of a
sufficient mumber of cells are assessad for mutation induction.

Ué§€%4
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Chemical samples are sterilized by membrane filtration whenm aicrobiologicsl
tests indicate this is required to assure sterility. Liquid test agents are
tested on a percentage by volume basis. Solid chemicals are dissolved i{n an
appropriate solvent by making a 10 to 202 stock solution (by weight) and
subsequent dilutions are mada from this stock om a volume/volume basis.

Treatment with Test Chemicals: For tescs of chemicals which may act
directly without incorporation of an $9 metabolic activation system, 5x103
cells are inoculated 20 to 24 hours prior to treatment into 25 cmZ culture
flasks containiog F12-D5 medium and incubated at 37°C in a 5 to 61 COy
atmosphera. Appropriate conceutrations of the test ageant or control chemicals
are added to the cells and cultures are treated for 5 hr at 37°C. The mediua
and test agents are removed by suctcion, cells are rinsed once or twice and fresh
F12-D5 medium is added. The cells are allowed a pariod of 20 to 24 hours of
recovery from treatment before survival is determined. Treatment of cells for
tasting of chemicals which require metabolic activation for mutagenic capacity
is performed identicelly with the procedure above, with the exception thac P12
medium without serum and containing 1.0 ml of $9 activation mixture per 4.0 al
of medium is employed.

Datermination of Cytotoxicity: The relative survival of treated calls, in
comaparison to solvent controls, is determined one day after the exposurs to the
tast agents. The lavel of cytotoxicity is often correlated with the nutation
frequencies induced by known chemical mutagens. Thus, excessive cytotoxicity
may kill both normal cells and mutants and may deprass the actusl mutation fra-
quencies; insufficlent cytotoxicity way indicate an insufficlent concentration
of the test agent was employed. The colony=-forming potential of 100 to 200
treated calls i3 used as the messure of treatment-induced cytotoxicity.

Survival values which indicate the cytotoxic effacts of the test agents are
included in reports in tabular form. Statistical analyses are not performed on
thesa data, since they are only useful to assess vhether appropriate dosas were
employed and are not usad to calculate gutation fraquencies.

Datermination of Mutant Induction: On days 1, 3 and § (or altermatively 1,
4 and 6) after treatment with the various test agents, approximately 5x10
cells ares subcultured in 100 om tissue culture dishes in F12-D5 medium and
tncubated at 37°C i{n a 5 to 6% COy atmasphere. After a total of 7 days to
allow "exprassion” of the mutant phenotype, calls are dissociaced with 0.05 to
0.075Z trypsin, counted and plated at a concencration of 2.5x 103/dish in four
culture dishes (1x 106 total cells) which each contain S ml of F12-DS (TG)
selective medium. At this time, cells are diluted and 100 cells/dish are added
to four culture plates containing 712-DS medium (without TG) to assess viability
(plating efficiency) of the treated cell population and to determine the
surviving fraction. All cultures are then incubated for an additional 6 to 8
days to allow growth of cells; medium {s then discarded and colonies are fixed
and stained for counting. The number of colonies in selection plates and in the
viability test are counted by electronic methods, chlckad by manual counts and
data are recorded both as total mutants, mutants/106 tocal cells and
mutants/10% viable cells.
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Statistical Analyses: Uniform statistical procedures to evaluste in vitro
mutation data have not been developed. The distribution of mutatioa frequencies
from historical controls in at least two laboratories indicatas that the fre-
quency discribution and variances encountered do aot justify the use of para-
metric analyses unless data i{s transformed before application of standard para-
metric tests. Analysis of mutation frequencies in the CHO test follow the pro-
cedure of Irr and Snee (Reference 4) which employs the Box~Cox Transformation
(Reference 3) ta transform data before parametric snalyses. The mutation fre=-
quency for each plate is increased by 1.0 (to eliminate zaros) and raised to the
0.15 power. Experience with historical negative control data in our laboratory
indicates that a normal probability distribution of the data suitable for para-
matric analyses is achieved by this transformatioun. Parametric analysis of mu~-
tationo data by the Scudent's t=test is parformed with the transformed data. The
dagree of statistical significance for the mutation valuas are indicative of a
difference from the concurrsnt solvent coatrol, but thess statistical indicators
aust be viswed conservatively until additcional historical control data are
available.

Intarpretation of Data: The criteria for interpretacion of the test results
as a positive or negative response depend upon both the leval of statistical
significance from the concurrent control and the evidence of a dose-rasponse
fqllowing treatment. When a definite dose-response relationship is not evident
but one or more marginally significant values are obtained, a careful examina~-
tion of the data from the concurrent positive and negative controls and compari-
sons to historical coantrol data ares usad to evaluate the possible significance
of the responses. Historical control data indicate that a spontaneous mutation
frequency in CHO cells of approximately 4 ta 5 autants/109 viable cells, with
a range of 0 to 25 mutants/10% viable cells, can be obtained in the absance of
mutagenic treatment. Statistical comparisons against unusually high or low
spontaneous controls are subjectively scrutinized in respect to the above
variability.
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APPENDIX II

Determination of Sister Chromatid Exchange (SCE) Frequencies
in Chinese Haastar Ovary (CHO) Cells In Vitro

%Thnotatical Basis ;
[ ) ‘

; Exchanges of genetic material between the individual arms of a chroaosoae

'(1.e. sister chromatids) are thought to arise from breakage and physical inter- f
‘changes in the DNA of a cell during cell division. An increase in the frequency
,of such interchanges between sister chromatids can ba observed in calls treatead
‘with physical or cheaical asutagenic agents, or in cells exposed to many suspect
,or proven human carcinogens. Thus, analysis of SCE frequencies in calls treated
‘with a test agent has been suggestad as a sensitive screening tast for potential
‘autagenic/carcinogenic cheaicals.

: The aethod used in our study to visualize SCE's ian CHO cells growm in cul- '
ture is based on the procedure described by Perry and Wolff (1974). A standard '
concentration of 3.0 ug/ml of bromodeoxyuridine (BrdU) was used in the growth :

‘sediua to allow a visualization of SCR's after two cell divisions in the pre~-
sence of BrdU. Staining of chromoscmes with 5.0 ug/al of 33258-Hoechst fluore-
scent dye, exposure to light and Giemsa staining wvas used to differentiate
chromatids for SCE analysis.

Methods

Call Cultuyre Procedyres: Chinese hamster ovary (CHO) cells ware obtained
from Abraham Hsie at Oak Ridge National Laboratory with the designation CHO-Kl-
BH4=Dl (referred to simply as CHO for report purposes). CHO cells are maintain-
ed in active growth by 2 to 3 weekly subcultures into frash antibiotic-fraee,
Haa's F12 (podified) aediua fortified with 10% (v/v) of heat-inactivatad fetal
bovine serum and lacking hypoxanthine and thymidine. Cell comncentrations are
determzined routinely with a Coulter® Model«F electronic cell counter calibraced
with a precounted suspension of latex beads. All cell culture procedures prior
to final harvesting of cells for chromcsoma preparstions are perforned under
aseptic conditions in a laminar flow, biohazard hood. Prasence of Mycoplasas
call contaminants is deteruined using a fluorescent aicroscopic assay employing
Boechst 33258 dye.

For treatasnts with test chemicals without S9 matabolic activation, modified i

F12 aedium is used with 50 units/al of penicillin, 50 ug/al streptoaycin and 5% !

(v/v) of heatw=inactivated, dialyzed fatal bovine sarum (F12-D5). Identical :

. aadiua but without serum is used for treatments incorporating an S$9 metabolic
activation system. :

Positive and Negative Controls: Sterile water or glass-distilled dimethyl
sulfoxide (DMSO) are the usual solvents used for test chemicals and the

respective solvent is tested as & control at the saxiaua concentration used to

add the test agent. Dimethylnitrosaaine (DMN) and ethylasthanesulfonate (EMS)

are used as positive control mutagens for tests wvith or without the addition of i
an 59 amatabolic sctivation system, respectively. Results froam treataents with

concurrent control agents are used as & basis of coaparison and for :
demonstrating the sensitivity and stability of the SCE test systeam. Coaparison .
of concurrant control valuas with historical controls is used to delineats the |
range of scceptabla variations in the test systea.
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Matabolic Activation: Rat liver S9 hoaogenate (prepared froam Arochlor 1254
induced, Spragus-=Dawley, nale rats) is purchased from Litton Bionatics,
Kensington, MD. Each lot of liver homogenate is prescreened for activity in our
laboratory before use in the testing prograa. The coaplete 59 aetabolic
activation system coatains the following: 8 umoles/al MgCly, 33 umoles/aml
RC1l, 5 umoles/al KCl, 5 umoles/al glucose~6-phosphate, 4 umoles/ml NADP~axidized
fora (nicotinaaide adenine dinucleotide phosphata), 100 uaoles/al NajyHPO,
and betwean 500 to 4000 ug/al of S9 protein (depending on metabolic activity).
A volume of 1.0 @l of the complete aixture of the above reagents is added to
each 4.0 al of culture mediua.

Dose Selection: Toxicity of the test chemical is determined prior to
assessaent of autagenic potential to select dosas which produce a maximus of 80
to 90% cell killing. Cyrotoxicity is determined by either of the following two
methods as part of the CEO autation testing procedure:

(1) Clonsl assay = 200 to 400 CHO cells are exposed to a ainimum of five dose
levels of cﬁn test agent at concentrations froa 0.1% to 3 x 107X (by
weight or voluas, as appropriate) with and without the presance of a
zetabolic sctivation system. The nuaber of cells which survive the
treataent is determined by counting the auaber of colonies produced after a
7= to 8~day incubation period (37°C) in coaparison with the colonies formed
by cells treated only with appropriate concentrations of solvent (generally
20 ul/al).

(2) Growth Inhibition - 5 x 109 calls in 25 ca? culture flasks are treated
for 5 hours with a ainiaum of five test concentrations boch with and
without S9 matabolic activation. Following treatment the cells are rinsed,
frash F12-D5 medium is added and the flasks are incubated for an additional
18 to 24 hours. C(ytotoxicity is datermined by comparing the ralative
nunber of cells in control (untreated cells) and in cells treated with
various concentrations of the tast agent.

If no cytotoxicity is evident at the highest concentratioans in the
cytotoxicity tasts, the test is either tepeated at higher coocentrations, or
autation testing is performad with a greater number of treatmant flasks starting
at higher dosea levals. If amsrked toxicity is evident aven at the lowest dosa,
the Ez:otoxicicy tast is repeaated at a concentration range of 3x10™% ¢o

. 3x10™° percent by volume. .

Dose levels vhich are aoderataly toxic buc permit survival of at least 40 to
502 aof the cells, in comparison to the solvent control, are salected as the
aaximue dose, and at least four additcional one-half dilutions are tasted for
induction of autations. If cytotoxicity data ara equivocal, a total of 5 to 8
one~half dilutions of the selectad, aaximum concentration are usaed to treat
cells; buc only the higheat five concentrations which parmit sutvival of a
sufficient nuaber .of aitotic cells with SC2 staining, are avaluated for SCE
induction.

Chemical samples are starilized by asabrane fileracion when microbiological
tests indicate this is required to assure sterility. Liquid test agents are
tested on a percentage by voluze basis. Solid chemicals are dissolved in an
appropriats solvent by making a 10 to 202 srock solution (by weight) and
subsequent dilutions are aade from this stock on a voluame/voluae basis.
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Treatmeat With Test Chemicals: Testing of chemicals for dirsct autagenie i

action (without 59 aetabollc activation) is performed first. For chemicals with !
clearly positive mutagenic capabilities by diract action, testing with aetabolic

activation is generally oot performed.

For testing direct acting chemicals for SCE induction, between 1 to 2 x
106 cells are plated into 7% cml culture flasks in F12-D5 aedium at least 20
hrs prior to treataent and incubated at 37°C ia a 5 to 62 COy atmosphere.
Appropriate concentrations of the test agent or control chemicals are added to
the cells and 3 ug/ml BrdU is added to all flasks. Cells are treated with test
agents for 5 hrs, oadia i{s then removed by suction, cells are rinsed with
buffered, physiological salt solution and fresh aedium containing 3 ug/al BrdU
is added for at least 24 hrs of additional incubation at 37°C to allow two
rounds of caell division. Calls are harvested and chromosomes are prepared for

SCE staining.

Treataent of calls for testing of chemicals vhich require aecabolic '
activation for autagenic effectiveness 1ls perforzmed similarly as for crsataents
wvithout activation, except for three modifications:

1. Beforas treatment with the test agents, F12-D5 nedium is removed and F12
aedium without serum is added.

2. S9 metabolic activation aixture is added to each flask (including
solvent and positive controls) bhefore addition of test agents.

3, Calls are treated for a total of 2 hrs (rather than 3 hrs) and then
incubated for 38 to 42 additional hours before harvest for chromosomse
praparation.

Preparation of Chromososes: Colcemid® (0.1 ug/ml) or Colchicine (0.2 ug/al)
1s added to culture flasks I to 2 hrs prior to harvesting to arrest cells in
mitosis. Calls are then removed from flasks, after a brief incubation with
0.01X DIFCO trypsin, suspended inm 0.075M KCl (hypotonic) solution and incubated
for 15 to 20 ain at 37°C. Calls are centrifuged, fixed with 3 or 4 changas of
Carnoy's fixative (3:1 aethanol acetic acid) and chromosome spreads are prepared
from cells suspended in a szall volums of fixative. One slide/dose level is
prepared, but fixed cells are saved if needed for preparation of additiomal
slides.

Chromosoaes ars stained for SCE's by treatment with 5.0 ug/al of Hoechst
33258 dye for 20 ain, rinsed in distilled water, izomersed in Sorenson's buffer
and exposed to a high intensity sunlamp for 13 to 30 min., as required. ,
Irradiated chromosomes are stained in Gurr's giemsa (diluted 1:25 with water), |
rinsed in water and dried before application of coverslips.

Exaaination of SCE's: All slides are coded and read in a blind fashion
without indication of the specific treatazent or concentration of the test agent.
The muaber of chromosoaes and the nuaber of SCE's in a ainizum of 15 cells are ih
recorded for each dose lavel. The amean nuaber of SCE/cell and SCE/chromosoae
are calculated and recorded. Slides are decoded only after exaaination of al
slides in the experisent has been completed.
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Statiscical Analyses: Data are analyzed by appropriate parametric statistie
cal procedures which follow BRRC standard operating procedures for analyses of
data. Significance values and the statistical test employed are shawn for darg
sumarized in tabular form.

Incterprectation of Data: The criteria for evaluation of a positive or nega-
tive response depend both on the level of statiscical significance and subjece
tive analyses of concurreant and hisctorical control data. The key determinanc is
whether a dose-dependent increase in SCE's is induced by the test agent. When
10 clear dose-respouse relationship is evident and when one or more responses of
marginal scatistical significance are obcained, a careful examination of the
data in comparison to the concurrent controls and historical data base {s necas~
sary. Testing may be repeated to clarify unusual responses, Lf data for the
concurrent positive or negative controls suggest a defect in the original ex-
periment. Overall assessuent will also rely on corroborating data from the
other tests in the teating battery. Clearly positive responses will include any
of the following: (i) Doubling in the SCE frequancy at a sinimum of two of the
five concentrations teated; (ii) Statistically significant responses of p < 0.05
at three concentrations or at 2 conceatrations 1{f p < 0.01; (ii1) Induction of a
statistically significant, dose-related increase in the number of SCE.
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APPENDIX III

Unschedulad DNA Syuthesis (UDS) ia Hepatocytes from Rat Liver

Th oratical Basis

Chemicals may interact with both the cellular components and the genetic
material of a cell (e.g. DNA and RNA) because of their alectrophilic nature or
by conversion into reactive electrophiles by the metabolic enzymes of the cell.
Damage to the DNA of a cell can result in cell death, mutation or, theoreci-
cally, carcinogenic transformation. Studies of agents which are capable of
reacting and damaging the cellular DNA have suggested that such methods may be
usaful as a sensitive screening test for detecting potential mutagenic/
carcinogenic chemical properties.

Detection of the relatively smsll amounts of DNA damage induced by chemical
traatment requires a cellular systea in which normal, semi-couservative DNA rep~
lication, which occurs during cell division, is inhibited. The system employed
for the present study uses a suspeansion culture of primary hepatocyts cells iso~
lated from rat liver according to the general mathods of Seglen (1973) and
Williams (1976). Hepatocytes do not normally divide in the minimal culture me-
dium employed and stimulation of “unscheduled” incorporation of radicactive DNA
precursors can be detected by scintillation spectromatry. The stimulation of
incorporation of tritiated thymidine into both purified hepatocyte nuclei and
DNA is used as the indicator of chemically induced DNA damage. The amount of
unscheduled DNA synthesis (UDS) following treatmant is compared with doth con-
current positive and cegative coutrols as well as with hiastorical daca for
similar tests.

Mathods

Preparation of Hepatocyte Suspensions: Hilltop-Wistar albino rats are
anesthetized with Metafana(R). The abdominal cavity is surgically exposed and
1250 units of heparin is injected intravenously. A catheter 1s inserted into
th portal vein and varm Haoks Balanced Salt Solution (HBSS) is pumped into the
vein and through the liver. This first solution contains heparin and EGTA,
[ethylens glycol-bis=(beta-aminoethyl-ether)N,N-tetracetic acid}, which
prefarentially chelates calcium; the solution contains no magnesium or calcium.
After the liver is blanched,; a second solution of HBSS containing 60 units/ml of
collagenase is perfused. This solution is pumped through the liver until the
liver is digested. The liver is then removed and the calls are freed in cold
medium 199 by combing through the lobes with a sterile metal comb. The cell
suspension is passed through two nylon meshes to remove cell clumps and the
cells are washed once at low centrifugation spsed. After resuspension in medium
199, equal volumes of cells and 0.4% trypan blus ars mixed together and the cell
viability and vumber of visble cells per ml is determined microscopically.

Preincubation of Hepatocytes: Approximstely 2 x 108 viable hepatocytes
are added to § ml medium 199 containing 10 mM hydroxyurea aand 30 aM Hepes
(N=-2-hydroxyethyl piparazine-N-2 aethans sulfonic acid) buffer. After the calls
are dispensed into the tubes, they are placed on s rockar platform and are
incubated at 37°C for 1 hour. Although hepatocytes do not normally divide ia
culturs, medium 199 vhich lacks serum and contains hydroxyurea is used to
further block semi-conservative DNA synthesis. Thus, any radiosctive thymidine
in orporasted into the nucl i {s expected t result froa repair or unscheduled

DNA synthesis.
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Selection of Doses of Test Chemical: Initially, che following concentra-
tions x 10-3% (By volume) are tascted: 100, 30, 10, 3, 1, and 0.1. 1If these
concentrations prove to be cytotoxic, or if additional information 1s available
from other in vitro tests as to the proper dose lavels, then an appropriate
series of conceatrations is used over a 3-log range of concentrations.

Treatment of Hepatocytes: After preincubation, 25 microCuries of tritiaced
thymidine (20 Curies/millimole) is added to aach tube. The test chemical and
positive controls are diluted in an appropriate solvent and they are then added
to each labeled tuba. Ganerally, at least aix concentrations of tha test
chemical aver a 3-log range of concentrations are Cestad and each concentration
is run in duplicate. The tubes are returned to the rockar platform for a 2-hour
axposure at 37°C.

Positive and Negative Controls: 4-nitroquinoline oxide (NQO), a direct-
acting mutagen, vhich induces UV-type DNA repair and dimethylnitrosamine (DMN),
which requires metabolic activation by microsomal enzyaes for activity, are run
in duplicate as positive control chemicals. The solvent control is rum in
quadruplicate and consists of 100 to 150 aicroliters (concentration spacified in
individual reports) of the solvent used to dilute the sample. Dimethyl=-
sulfoxide (DMSQ) or water are the usual solvents for test cheaicals.

Harvest: At the end of incubation with the test agent, the cells are
centrifuged froa the medium at 200 x g at 5°C. The cells are rinsed once in 5
al of cold medium 199 and are resuspended im 0.25Z2 Triton X-100Q, 5% citric acid
and 3 mM MgCly, a lysing solution which liberates the nuclei. The nuclei are
rinsed once in this solution and resuspended in 0.25 M sucrose, 2.57 citric acid
and 3 mM MgCly. The nuclel are then centrifuged at 600 x g for 10 min at 5°C
and resuspended in 2 ml of the lywing solution.

Datermination of Nuclear-Bound Label: To measure the amount of radioactive
thymidine incorporatad into the ouclei, 0.25 al of che nuclear suspension ia
wixed with 1.0 mg of NC3 tissue solubilizer in a scintillation vial. Ten ml of
Dimilume® scintillation cocktail is added and the radicactive disintegrations
per aimite (DFM) are determined by counting twice in a seincillation counter for
ten minutes. The measured DPM are then used to calculate the DPM/109 viable
hepatocytes presanted on tables.

Detsrmination of DNA-Bound Label: The amount of radiosctive thymidine in-
corporated into "DNA is quantitated in DNA {solated and precipitated from 1.00 to
1.25 x 107 viabla hepatocytes. To 1.25 ml of the nuclear suspension, 2.75 ml
of 12 sodium dodecyl sulfate (SDS) and 5 mM Ethylenediaminetetraacetic Acid
(EDTA) is added to lyse the muclei. The DNA is precipitated from this solution
with 4 @l of ice~cold 10% trichlorocacetic acid (TCA) and the sample tubes are
incubated at 0°C for at least 30 minutes. The solution is them poured outo
Vhacman glass fiber filters under vacuum and the tubes and filters are washed
twice with cold 5% TCA. Finally, each filter is rinsed once with methanol,
dried and placed in a scinctillation vial. The filters are incubated at 50°C for
1 hour with 1 al of a dilutad solution of NC8 tissus solubilizer; preparad by
adding 1 part solubilizer to 2 parts of Dimilume® cocktail. Dimilume® is then
added to each vial snd the vials are counted twice i{n a scincillacion coumter
for tan aminutas.

Lic
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© Statistical Analysis: The averags DPM is calculated for each dosse level
and the controls and final results are expressed as DPM/100 viable
hepatocytas. Data are also expressed as a percant of the solvent control for
purposes of comparisou. The original data are statistically acalyzed by the

3 appropriate parametric test, following the BRRC standard procedures for
stacistical analyses and the test(s) employed is indicated on the respective
tables. Comparison betwean the mean for each dose level with the 95% confidence
limits of the historical solvent control may also be used in some cases to
assess the potential biological significance of the data. Testing may be
repeatad to clarify unusual responses, if data with the concurrent coatrols
suggest a defect in the original axperimant.

Interpratation of Results: The classification of a chemical as a positive,
active agent depends upon the production of s statistically siguificant,
dose=related increase in the amount of UDS activity. If a definite
dose-response relatiouship is not evident, or when a few increases with marginal
stacistical significance are obtained, comparison of the responses to historical
control data provides a meaniagful assessment of the possibility for random
variations which may be statistically significant only in relation to the
concurrent control. A kay determinant of the raliability of the UDS data is th
detection of a similar response with both DNA and isolated nuclei determined at
two or three consecutive concentrations.
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APPENDIX IV

Physical and Chemical Characteristics of Test Materiasl

BRRC Chemical No: 42-138

CAS No.: 1675-54-3

Chemical Name: BAKELITE® Liquid Epoxy Resin ERL-2774

Trade Name and/or Synonyms: Diglycidyl Ether of Bisphenol A

Molecular Weight: 340

Formula: 52132404

Specific Gravity (@ 25°C): 1.15 to 1.17

Boiling Point: . Not applicable

Solubility in H20 (R by wt): Insoluble

Purity Not available

Vapor Prassure (@ 20°C): Not available

pH: Not available

Flash Point: 450°F (Cleveland apen cup)

Stability: , Stable

Incompatibility: Avaid high tempesrvatures > 450°F and
contamination with acids, amines and
H20.

Appearance and Qdor: Clear ligquid

Disposal: Incinerate. Spills should be absorbed
and burned.

Protective Measures: Use rubber or plastic gloves, safety glasses and

mechanical ventilation.

Health Bazard: Appearsd to ba relatively non~toxic following acute
animal exposure tests. Repeated or prolonged
contact may cause skin rash. Avoid prolonged or
repeated skin contact and breathing of vapors.
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