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FROM: Melba S. Morrow, D.V.M.‘?@éﬂ*J'Z/éﬁfqu
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THRU: Karl Baetcke, Ph.D. Wi {<

Chief, Toxicology Branch I
Health Effects Division (H7509C) 3

Sponsor: U.S. Borax
CONCLUSIONS: We have completed our review of the four studies

filed to satisfy the requirements for mutagenicity and have the
following comments:

MRID 420389-01; Salmonella typhimurium/ Mammalian Microsome
Mutagenicity Assay (Ames) ,

Boric acid was neither cytotoxic or genotoxic in S. typhimurium
when tested at concentrations of 10, 50, 100, 500, 1000 and 2500
ug/plate. The study is acceptable and satisfies the requirements
(84--2) for mutagenicity (gene mutation).

MRID 420389-02; Gene Mutations in Cultured Mammalian Cells

Doses of boric acid (1200, 1700, 2450, 3500 and 5000 ug/mL) did
not induce a mutagenic response with or without S9 activation.

The test material was tested over an appropriate concentration
range as evidenced by the marginal cytotoxicity that was observed
at 5000 ug/mL (without S9 activation) and at 3500 to 5000 ug/mL
(with activation). The study is acceptable and satisfies the
guideline criteria (84-2a) for mutagenicity (gene mutation). )
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MRID 420389-03; In vitro Unscheduled DNA synthesis Assay in
Primary Rat Hepatocytes

This study is unacceptable. The study may be upgraded once
primary data (cytoplasmic and gross nuclear grain counts) are
provided to support the study author's conclusions. The author
concluded that the apparent increases in net nuclear grains and
the percent of cells in repair were due to decreased cytoplasmic
grain counts that may have resulted from cytotoxicity and not
from increased DNa repair. Additionally, the author stated that
there was no increase in the level of DNA synhthesis above those
levels that were observed in negative controls. (Guideline 84-4,
other genotoxic effects)

MRID 420389-04; In vivo Micronucleus Assay in Mice

Gavage administration of boric acid to male and female Swiss mice
for two consecutive days did not result in a significant increase
ih the frequency of micronucleated polychromatic erythrocytes in
bone marrow cells. The doses tested were 900, 1800 and 3500
mg/kg. There was no evidence of toxicity tc the animals or of
cytotoxicity to the target tissue. The study is acceptable and

satisfies the guideline requirements (84-2b) for a mutagenicity
(genetic effects) study.

Copies of the DERs are provided for your reference.
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DATA EVALUATION REPORT

STUDY TYPE: Mutagenicity: Salmonella typhimurium/mammalian microsome
mutagenicity assay

EPA IDENTIFICATION Numbers:
Tox Chem. Number:
CASWELL Number: 109
MRID Number: 420389-01
TEST MATERIAL: Boric acid

SYNONYMS/CAS No.: None provided/10043-35-3

SPONSOR: U.S. Borax and Chemical Corp., Anaheim, CA
STUDY NUMBER: 2389-A200-91
TESTING FACILITY: SRI Intermational, Inc., Menlo Park, CA

TITLE OF REPORT: Salmonella/Microsome Plate Incorporation Assay of Boric acid

AUTHOR: K.R. Steward
REPORT ISSUED: August 12, 1991

CONCLUSIONS - -EXECUTIVE SUMMARY: In two independently performed assays, boric
acid over a concentration range of 10 to 2500 pg/plate was neither cytotoxic

nor mutagenic in Salmonella typhimurium strains TA1535, Tal537, TA1538, Ta9s, i
or TAlOO0 in either the absence or presence of 4 and 10% S9 in the S9 cofactor :
mix. The study author reported that the test material was soluble up to

50 mg/mL in distilled water; therefore, the maximum dose recommended by
Guideline for ncncytotoxic, soluble compounds (5000 pg/plate) should have been
tested. However, the results were in good agreement with the published

finding that boric acid, prepared in water up to 1820 pg/plate or prepared in

oo
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SALMONELLA

dimethyl sulfoxide up to 10,000 pg/plate, was not cytotoxic or genotoxic in S.
tvphimurium.! We conclude, therefore, that the study provided acceptabile
evidence that boric acid is negative in this bacterial gene mutation assay.

STUDY CLASSIFICATION: Acceptable. The study satisfies Guideline requirements
(§84.2a) for genetic effects Category I, Gene Mutations.

A. MATERIALS:
1. Test Material: Boric acid (Granular technical)

Description: White crystals

Identification number: Code date: 1D19D

Purity: »99.0%

Receipt date: April 25, 1991

Stability: Stable at room temperature

Contaminants: None listed

Solvent used: Sterile, deionized water (DH,0)

Other provided information: The test material was stored at room
temperature. Test solutions used in the study were prepared
immediately prior to use. The report also indicated that boric acid
was soluble in DH,0 at 50 mg/mL.

2. Control Materials:

Negative: None.

Solvent/concentration: DH,0; not reported but assumed to be
50 uL/plate

Positive:

Nonactivation:

w

Sodium azide pg/plate TAl5333, TALlCC
2-Nitrofluorene 5 ug/plate TA1538, TaA98

9-Amincacridine 50 pg/plate TAl537
Activation:
2-Aminoanthracene 4 pg/plate TA1535, -a1537
2 pg/plate TAL1538, Ta98,
TAL00 i
3. Activation: 59 devived from male Sprague-Dawley
X Aroclor 1254 X induced X rat X liver
phenobarbital noninduced mouse lung
none hamster other
other other

IHaworth, S., Lawlor, T., Mortelmans, X., Speck, W., and Zeiger, E. (19383). Salmonella mutagsmicity
test results for 250 chemicals. Environ. Mutagen 5:3-142.

- o~
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The S9 liver homogenate (lot number 0327) was purchased from Molecular
Toxicology, Inc., Annapolis, MD and was checked for sterility, protein
content, and the ability to metabolize a known promutagen. The
protein content was reported to be 37.8 mg/mL. The S9 cofactor mix
was prepared to contain 4 or 10% S$9; components are listed below:

S9 mix composition:

Component Amount/50 mlL
4% S%9-mix 10%Z S9-mix
0.4 M MgCl, 1.65 M KC1 1.00 mL 1.00 oL
1 M Glucose 6-phosphate 0.25 mL 0.25 oL
0.1 M NADP 2.00 mL 2.00 =L
0.2 M Sodium phosphate buffer, pH 7.4 25.00 mL 25.00 =L
Sterile H,0 19.75 mL 16.75 =L
S9 2.00 mL 5.00 mL

Test Organism Used: S. typhimurium strains

TA97 x___ TA98 X TA100 TA102 TAl1C4
X TAl535 x__ TAlS537 X TA1538

list any others:

Test organisms were properly maintained: Yes.
Checked for appropriate genetic markers (rfa mutation, R factor):

Yes.
Test Compound Concentrations Used:

{a) Preliminary cvtotoxicity assayv: Six doses (10, 50, 100, 500,
1000, and 2500 pg/ml) were evaluated in the absence and presence
of 4% S9 using strain TAlO0. Three plates were prepared per
dose, per condition; positive and negative controls were also
assayed.

b, Mutation assay:

(1) 1Initial: Six doses (10, 50, 100, 500, 1000. and

2500 ag/plate +/-4% S59): triplicate plates were prepared per
dose, per condition.

(2) Confirmatory assay: As above; however, the percentage of S9

in the cofactor mix was increased to 10%. i

B. TEST PEZRFORMANCE:

1.

Zvpe of Salmor=lla Assavy: X Standard plate test

Pre-incubation ( )} minutes
"Prival”® modification

Spot test

Other (describe)

il
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Cytotoxicitv/Mutaticn Assay: Similar procedures were used for the
preliminary cytotoxicity and mutation assays. Mixtures containing
2-mL volumes of molten top agar, 0.05 mlL of an overnight broth culture
of the appropriate tester strain, 0.5 mL of buffer, and the appropri-
ate volume of the solvent, nositive control, or test dose were poured
over minimal glucose agar plates. For the S9-activated test, 0.5 mL
of the appropriate S9 cofactor mix replaced the phosphate buffer;
tester strains and test and control solutions were added as described
and mixtures were poured over minimal medium. Plates were incubated
at 37°C for ~48 hours and were either immediately scored for revertan:
colonies or were refrigerated and subsequently counted. Means and
standard deviations were calculated and the condition of che back-
ground lawn of growth was reported. Compounds testing negative in the
presence of 4% 59 were reevaluated in the confirmatory assay using 102
S9. The sterility of the test material, $9 mix. and buffer were
determined.

Evaluation Criteria:

(a) Assav acceptability: The assay was considered valid if the
following criteria were met: (1) the mutant colony ccunts for
the solvent control were within unspecified acceptable limits;
(2) the positive controls induced a positive response; (3) the
presence of the appropriate genetic markers was verified for each
strain; and (%) a sufficient number of noncvtotoxic doses were
tested.

(b) Positive response: The test material was considered positive if
it caused a reproducible and dose-related increase in the mutant
colony counts of one or more strains over at least three
consecutive doses.

Protocol: See Appendix A

C. REPORTED RESULTS:

P

(%]

Preliminarv Cvtotoxicitv Assav: Results of the creliminary
cytotoxicity assay indicated that boric acid was not cvtctoxic in
strain TAILOO at any dose in either the presence or absence of 4% S9.
Based on these findings, the mutation assay was zonducted with a dose
range of 10 zo 2500 pg/mL.

Mutation Assav: Representative results from the inirial and !
confirmatory mutation assays conducted with boric acid are presented
in Tables 1 and 2. respectively. As shown, the cest material was
neither cytotoxic nor mutagenic at any dose in anv strain without

S9 activation or with 4 or 10% S9 in the S9 cofacrtor mix. By contrasc
the positive controls induced the expected response in the apprnpriats
tester strains without and with the two ccncentrzzions of S9.

Based on the overall results, the study author concluded <hat boric
acid was not mutagenic in this bacterial test syscem.

Page _5 of 3
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SALMONELLA

REVIEWERS'’ DISCUSSION/CONCLUSIONS: We assess that over the range of doses
selected for study (10 to 2500 ug/mlL +/- 4 or 10% S9), boric acid was
neither cytotoxic nor mutagenic. No rationale was presented for limiting
the highest dose to 2500 pg/plate. Since the test material was reported
to be soluble in DH,0 up to 50 mg/mL, the high dose recommended by
Guideline for noncytotoxic soluble compounds (5000 pg/plate) could have
been easily tested. Yewvertheless, the results of this study are in good
agreement with the published finding of an interlaboratory investigation
showing that boric acid prepared in H,0 up to 1820 pg/plate or prepared in
DMSO up to 10,000 pg/plate was not cytotoxic or genotoxic inm S. typhimu-
rium strains TA1535, TAl537, TA98, or TAl00.? We conclude, therefore,
that the study provided acceptable evidence that boric acid is not a
mutagen in the S. tvphimurium/mammalian microsome plate incorporation
assay. In addition. the sensitivity of the test system to detect muta-
genesis was adequatelwv demonstrated by the responses induced by the
positive controls both with and without S9 activation.

QUALITY ASSURANCE MEASURES: Was test performed under GLPs? Yes. (A
quality assurance statement was signed and dated August 9, 1991).

CBI APPENDIX: Appendix A, Protocol, CBI Appendix pp. 2-8; Appendix B,
Materials and Methods, CBI pp. 8-16.

CORE CLASSIFICATION: Acceptable. The study satisfies Guideline requirements

(§84.2a) for genetic effects Category I, Gene Mutations.

%Haworth. et al. (1983). GZoviron. Mutagen. 5:3.142.
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Pages _]727 through 2 ¥ are not included.

The material not included contains the following type of
information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the produét manufacturing process.
Description of quality control procedures. ; 8
Identity of the source of product ingredients.

Sales or other commercial/financial information.

A draft product label.
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the individual who prepared the response to your request.
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GUIDELINE § 84: MUTAGERICITY

MAMMALIAN CELLS IN CULTURE GERE MUTATION

MUTAGENICITY STUDIES

61 .
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Review Section II, Date: 'Z/Liy/ ¥ =
Toxicology Branch I/HED (H-7509C)
£
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Toxicology Branch I/HED (H-7509C)

DATA EVALUATION REPORT

STUDY TYPE: Mutagenicity: Gemne mutation in cultured mammalian cells (mouse
lymphoma cells)

EPA IDENTIFICATION Numbers:
Tox Chem. Number:
Caswell Number: 109
MRID Number: 420389-02
TEST MATERIAL: Boric acid

SYNONYMS /CAS _No.: None proviced/10043-35-3

SPONSOR: U.S. Borax and Chemical Corp., Anaheim, CA
STUDY NUMBER: 2389-G300-91

TESTING FACILITY: SRI International., Menlo Park, CA

TITLE JF REPORT: Mouse Lymphoma Cell Mutagenesis Assav (tk*”" '=k™’") of Boric

acid
AUTHOR: C.J. Rudd

REPORT TSSUED: August 23, 1931

CONCLUSIONS--EXECUTIVE SUMMARY: Doses of boric acid ranging from 1100 o
5000 pg/mL with and without S$ activation did not induce a mutagenic response
in two independently performed mouse lvmphoma forward mutation assavs Joses
of 5000 ug/mL -S9 and 3500 and 5000 pg/ml +S9 were marginallv zw=atox:c The
findings indicated, therefore. that boric acid was tesced over an appropriate
concencration range and found to be nonmutagenic in this test sivstem

STUDY CTASSTFICATION: Acceptable. The studv satisfies Suidel.~e -=;..r -me: -
.384.Za" for genetic effects Zategorw I Gene H4utai:ions
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MAMMALIAN CELLS IN CULTURE GENE MUTATION
It is, however, recommended that in the future, either primary data or

sufficient survival data be provided to allow verification of the reported
results.

A. MATERIALS:

1. Test Material: 3Boric acid (Granular technical)

Description: White c¢rystals

Identification Number: Code date: 1D19D

Purity: »>99%

Receipt date: April 25, 1991

Stability: Stable at room temperature

Contaminants: None listed

Solvent used: RPMI - 1640 supplemented with 0.1% pluronic F68,
0.22 mg/mL sodium pyruvate, and antibiotics (R,p) or Ry, + 5% horse
serum (Rsp).

Other provided information: The test material was stored at room
temperature. Test solutions used in the study were prepared
immediately prior to use.

2. Control Materials:

Negative: None ‘

Solvent/final comcentration: Ry, or Ry

Positive:

Nonactivation: (Concentrations, solvent): Hycanthone methane

sulfonate (HMS) was prepared in dimethyl sulfoxide (DMSO) to vield
final concentracions of either 6.25 or 5 pg/mL.

Activation: (Concentration, solvent): 3-Methylcholanthrene (3-MC)
was prepared in DMSO to yield a final concentration of 5 pg/mL.

3. Activation: §S$9 derived from adult male Fischer-344

X Aroclor 123a,/1242 X induced X rat X liver
phenobarbical noninduced mouse lurg
none hamster other
other other ;
The 39 liver homczenate ' .ot number 1001) was purchased from Molecular
Toxicologv Inc snnapolis. MD: the protein content was listed as
. 2g =L

t

nl RE-3eRy] - b

SApLTens . soventration ml sf lulture Mediugs
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MAMMALIAN CELLS IN CULTURE GEME MUTATION

4. Test Cells: Mammalian cells in culture

X

mouse lymphoma L3178Y cells

Chinese hamster ovary (CHO) cells

V79 cells (Chinese hamster lung fibroblasts)
other (list):

Properly maintained? Yes.

Periodically checked for mycoplasma contamination? Yes.
Periodically checked for karyotype stability? Identity of the cell
line was confirmed by cytogenetic analysis.

Periodically "cleansed" against high spontaneous background? Yes.

5. Locus

X

6. Test

Examined:

thymidine kinase (TK)

selection agent: bromodoxyuridine (BxrdU)

(give concentration) fluorodeoxyuridine {FdU)
ggg trifluorothymidine {TFT)

hypoxanthine-guanine-phosphoribosyl transferase (HGPRT)

Selection agent: 8-azaguanine (8-AG)
(gilve concentration) . 6-thioguanine (6-TG)
Na+/K+ATPase

Selection agent: ouabain

(give concentration)

other (locus and/or selection agent; give details):

Compound Concentration Used:

(a) Cvtotoxicity assav: The report indicated that a cytotoxicity

assay was performed with test doses up to 5 mg/mL.

(b} Mutation assavy:

{1) Initial test: 1200, 1700, 2450, 3500, and 5000 pg/mL +/-S53

+

‘2) Confirmatorv test: As above

B. TEST PERTORMANCE:

Treatment:

Cells exposed to test compound for:

o8

3 hours (nonactivated) 4 hours (activated)

le..s oxposed to positive controls for:

B nours .nonactivated) & hours (activated)

o
O
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HKHHALIAN CELLS IN CULTURE G!ﬁ! MUTATION

(¢) Cells exposed to negative and/or solvent controls for:
4 hours (nonactivated) 4 hours (activated)

(d) After washing, cells cultured for 2 days (expression period)
before cell selection

(e) After expression, 3x10¢ cells/culture were incubated for _ll1 to
12 days in selection medium to determine numbers of mutants and
600 cells/culture were incubated for _1l1 to 12 days in
nonselective cloning medium to determine cloning efficiency.

[

Statistical Methods: The data were not evaluated for statistical
significance.

3. Evaluation Criteria:

(a) Assay validity: For the assay to be considered valid, the
following criteria must be satisfied: (1) the average cloning
efficiency (CE) of the solvent control must exceed 50Z; (2) the
mutation frequency (MF) of the solvent control must be between 20
and 100x107%; (3) the MF of the positive controls must be 3-fold
higher than the corresponding solvent control value; (4) and the
test substance must be evaluated to a cytotoxic level, the limict
of solubility, or a maximum applied concentration of 5000 pg/ml.

(b) Positive response: The test material was considered positive if
it induced a reproducible, dose-related increase in the MF that
exceeded 2 times the MF of the solvent control at one or more
doses with 210X total survival.

+. Protocol: See Appendix A

REPORTED RESULTS: The outcome of the preliminary cytotoxicity assay was
not reported. Representative results from the summarized data presented
for the two independently performed mouse lymphoma forward mutation assays
with boric acid are present in Table 1. The findings from the two trials
were in good agreement and indicated that nonactivared 3000 ug/mL and,
S5%-activated 3500 and 500C pg/mlL were marginally cytotoxic. Without S9
activation, there was no evidence of a mutagenic response at any dose.
Although a doubling of the background MF occurred at 5600 ug/mL +S9 in the
initial trial, the 2-fold increase was confined to this dose and not
reproduced in the confirmatory trial. The finding is, therefore,
insuffiicient to conclude that boric acid was mutagenic. We were, however,
unable to verify any of the summarized results or recalculate the MFs
since the survival data (i.e., viable colonies) necessary to perform these
calculations were not furnished.

3ased on the overall results, the study author concluded that boric acid
“as not mutagenic in this test system.

~
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MAMMALIAN CELLS IN CULTURE GERE MUTATION

REVIEWERS’ DISCUSSION/CONCLUSIONS: We assess, in agreement with the study
author, that boric acid was mnot mutagenic in this test system. In all
trials, the test material was assayed to levels that were marginally *
cytotoxic but failed to induce a reproducible mutagenic response. As '
previously stated, we were unable to verify the reported values; however,
the overall results suggest that the study was properly conducted and well
controlled. In addition, the sensitivitv of the test system to detect
mutagenesis was adequately demonstrated by the response of the target cell
to the nonactivated (6.25 and 5 pg/ml HMS) ana S9-activated (5 pg/mL 3-MC)
positive controls. We conclude, therefore, that the study provided
acceptable evidence that boric acid was not mutagenic in this cultured
mammalian cell system.

QUALITY ASSURANCE MEASURES: Was the test performed under GLPs? Yes. (A |
quality assurance statement was signed and dated August 23, 1991).

CBI APPENDICES: Appendix A, Protocol, CBI Appendix pp. 2-7: aAppendix B,
Macterials and Methods, CBI pp. 8-15.

CORE CIASSIFICATION: Acceptahle; The study satisfies Guideline requirements

-

(§84.2a) for genetic effects Category I, Gene Mutations,

Page _7 of _7
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Page is not included in this copy.

Pages™~ i ] _through 5”1 are not included.

The material not included contains the following type of
information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality control procedures. L
Identity of the source of product ingredients.

Sales or other commercial/financial information.

A draft product label.

The product confidential statement of forfiula.
Information about a pending registration action.

v’ FIFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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Review Section II, Dace: 7 L;!t;;f
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: /
Acting EPA Section Head: Jovcelyn Stewart, Ph.D. Signature: é .
Review Section II, Date: 4y

Toxicology Branch I/HED (H-7509C) i .

DATA EVALUATION REPORT

STUDY TYPE: Mutagenicizy: In vitro unscheduled DNA synthesis assay in
primary rat hepatocytes.

A
EPA IDENTIFICATION Numbers: !

Caswell. Number: 109
MRID Number: 420389-03

TEST MATERIAL: Boric acid

SYNONYMS /CAS _NUMBER: None provided/10043-35-3

SPONSOR: U.S. Borax and Chemical Corp., Anaheim, CA
STUDY NUMBER: 2389-V500-91

TESTING FACILITY: SRI International, Menlo Park, CA‘

IITLE OF REPORT: Evaluation of the Potential of Boric acid to Induce
Unscheduled DNA Synthesis in In Vitro Hepatocyte DNA Repair Assay Using the
Male F-344 Rat

AUTHCR: J. P. Bakke

REPCRT ISSUED: aAugust 23, 19961 !

ONCLUSIONS- -EXECUTIVE SUMMARY: No conclusions can be reachec from the two
independently performed primary rat hepatocvyze unschec.iled DNa svnthesis
assavs conducted with doses of boric acid ranging from 5 to 230 pg,mL. we
are unable to determine the relevance of the dose-related incrzases in net
nuclear grains and/or percentages of cells with 25 net nuclear grains (i.e..
cells in repair) observed at 1000 and 5000 pug/mL in Trial 1 ard over the
narrower range of concentrations examined in Trial 2 230, 5CG. 1000, 2300,
3800, and 5000 pg/mL). Although the net nuclear grains counts at these levels
were negative values, the extremely low background counts (-12.35 and -13.7 net
auclear grains in Trials 1 and 2. respectively) for the solver:z conzrol
cultures (Williams’ Medium E) confounded the interpretation of the findings.

The study author claimed that the apparent increases in net nmuclear grains and
percentage of cells in repair was due to decreased cytoplasmiz grain counts,

Page _2 of 3



which he speculated was a result of cytotoxicity and fiot increased DNA repair.
The primary data (cyteplasmic and gross nuclear grain. counts) necessary to
support this statement were not provided. We assess, therefore, that without
these data, the studv results can not be fully assessed.

STUDY CLASSIFICATION: Unacceptable. The study does not satisfy Guideline
requirements (§84.4) for genetic effects Category 111, Other Mutagenic
Mechanisms. However. the study may be upgraded if the primarv data are
submitted and the independent evaluation of this data!supports the study
author’s conclusions.

A. MATERTALS:
1. Test Materjal: Boric acid (Granular technical)

Description: White crystalline solid

Identification no.: Code date: 1D19D

Purity: »99.02

Receipt date: April 25, 1991

Stability: Not reported

Contaminants: None listed

Solvent used: Culture mr~dium: Williams’ Medium E (WME) supplemented
with 2 mM giutamine and antibiotics.

Other provided information: The test material was stored at room tem-
perature. Test solutions were prepared immediately before use.

2. Indicator Cel’s: Primary rat hepatocytes were obtained by the in sic_
perfusion of the livers of male Fischer-344 rats purchased from Harlam
Sprague Dawlew. Inc., Indianapolis, IN.

3. Control Substances: WME served as the solvent control. 2-Acetyl-
aminofluorene {2-AAF) at 3.0 and 0.5 ug/ml was used as the positive
control: hepatocvtes exposed to 0.3 pg/mL were scored.

<. Medium: WME: WME+: WME with 10% fetal >Sovine serum.

Test compounc Zoncentrations Used:!

v

(a) rial 1: The ten doses initiallvy ewvalua-»d were 2.3, 1, 35, 10,

i

0. 100, 230, 300, 1000, and 3000 ugsmL. Hepatocwvtes exposed o
levels vanging from 10 cto 5000 ug/mL were scored.

ORI |

(b) Izial 2: Ten levels were assaved (3, 10, 30, 100, 230, 500,
1000, 25C0O. 3800, and 5000 pug/mL); cells treated with all doses
were scorad.

4



B. STUDY DESIGN:

1. Cell Preparation: ;

(a) Perfusion technigues: Rats (one/experiment) were anesthetized
with sodium pentobarbital and the livers were perfused with an
unspecified collagenase solution. Livers were combed to release
hepatocx»ztes: no further details were provided.

(b) Hepatocvte harvest/culture preparation: Recovered cells
(6x10° cells/mlL) were seeded onto coverslips in 6-well culture
dishes containing WME+, and allowed to attach for 1.5-2 hours in
a 37°C, CO, incubator. Unattached cells were removed; viable
cells were fed WME containing 10 uCi/mL :°H] thymidine.

2. UDS Assav:

(a) Treatment: Triplicate cultu%es were exposed to each of the se-
lected test material doses, the solvent control (culture medium),
or the positive control (2-AAF), for =19 hours. Treated hepato-
cytes, attached to coverslips, were washed, exposed to 1% sodium
citrate, fixed in glacial acetic acid:ethanol (1:3), and mounted.

(b) Preparation of autoradiographs/grain development: Slides were
coated with Kodak NTB-2 emulsion, exposed for 7 days at -20°C,

developed, and stained with 1% methyl-green pyronin Y.

(c) Grain counting: Slides were visually evaluated for cytotoxicicy
(dead or morphologically altered cells) before coding and
counting. The nuclear grains of at least 90 morphologically
normal cells (30/coverslip} from a randomly selected area of each
slide were counted. Cytoplasmic background counts were deter-
mined by counting two nuclear-sized areas over the most heavily
labeled areas adjacent to the nucleus. Xet nuclear grain counts
were determined by subtracting the higher cytoplasmic background
count from the nuclear grain count. The percentage of cells in
repair (cells with >5 net nuclear grains; was also calculated.

3. Evaluation Criteria:

i

‘a) Assav vatiditv: The assay was considered valid if the solvent
control data were within unspecified historical ranges, and if
the positive control had >5 net nuclear grain counts and a
significant increase in the percent of cells with 25 net nuclear
grains. The definition of significance was not reported; no

P

statistical methods were used.

(b) Positive response: The test material was considered positive if

it induced a mean net nuclear grain count of >5 grains/nucleus ar
any dose.

4. Protoco.: See Appendix A

Page 4 of _8



C. REPORTED RESULTS:

1.. Solubility Determinations: The solubility of the test material was
determined using culture medium, ethanol, and DMSO as the solvents.
The report indicted that boric acid was "most soluble” in culture
medium. Accordingly, culture medium was chosen as the solvent and a
concentration range of 0.5 to 5000 pg/mL of the test material was
evaluated in Trial 1. Neither the pH nor the osmotic pressure of the
treatment medium containing boric acid were determined. Considering
the physical properties of test material (i.e., low pH, low molecular
weight, and dissociation into ionic forms), it is not unreasonable to
have expected these data to be present. However, the study author did
not report a color change in the treatment medium, we assumed, there-
fore, that the addition of boric acid did not alter the pH. Addition-
ally, since 1.9% aqueous boric acid is isotonic,! 5000 pg/mlL would
not increase the osmotic pressure of the treatment medium.

2. UDS Assay: Representative resuits from both trials of the UDS assay
conducted with boric acid are presented in Table 1. As shown, net
nuclear grain counts for the solvent control in both trials were well
below the expected background rates reported by numerous investigators
(overall range for the cited studies was -5 to 1 net nuclear
grains).2:3:* OQur reviewers are, therefore, unable to determine the
relevance of the dose-related decline in the negative net nuclear
grains counts observed in both trials at levels 2250 ug/mL. The study
author stated that the apparent increase in net nuclear grains was due
"solely to decreased cytoplasmic counts, probably as a result of
cytotoxicity, not of increased DNA repair." Cytoplasmic grain counts
were, however, not presented to support this statement. The study
author further stated that there was no absolute cytotoxic effect at
the highest level (5000 upg/mL). We acknowledge that in the absence of
overt morphological changes in the hepatocytes, cytoplasmic grain
counts can decrease as a consequence of cytotoxicity while gross
nuclear counts tend to remain constant or decrease slightly. The
verification that this type of cytotoxic response was produced can
only -e obtained from a full review of the primary dacta.

In addition, our reviewers have concerns regarding the increases in
cells with 25 net nuclear grains that were reported at 1000 and
5000 uyg/mL in Trial 1 and at 250 to 5000 pg/mi in Trial 2, which the

‘Merck Index .289; Elaventh Editiocn.

Zzascianc, D.i., and Gaylor, D.W. (1983). Statistical criteria for evaluating chemicals as positive
or negative in the nepatocyte/DNA repair assay. Mutat. Res. 112:81-86.

Mitchell, A.3., Casciano, D.A., Meltz, M.L., Robinson, D.E., San, R.H.C., Williams, G.M., and Von
dalle, Z.S. (1983). Unscheduled DNA Synthesis Tests. A Report of the U.S. Environmental Protaction Agency
Gene-~Tcx Program. “futat. Res. 223:363-410.

"?:cbst, G.S.. McMahon, R.E., Hill, L.E., Thompson, C.Z., Epp, J.K., and Neal, S.3. (1981).
Chemically-Induced ONA Synthesis in Primary Rat Hepatocyte Culturss: A Comparison With Bacterial
Mutagenicity Using 218 Compounas. Environ. Mutagen. 3:11-32.
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study author also claimed was probably associated with cytotoxicity.
While our reviewers have seen artificial increases in net nuclear
counts as a function of cytotoxicity, an increased rate of cells in
repaft is an unusual finding.

Based on the overall results, thefstudy author concluded, however, that
"boric acid tested negative in the in vitro rat hepatocyte DNA repair
assay."

i
i

REVIEWERS’ DISCUSSION/CONCIUSIONS: We assess that no conclusions can be
reached from the two independently performed primary rat hepatocyte UDS
assays conducted with boric acid. The extremely low net nmuclear grain
counts for the solvent control cultures suggest that cytoplasmic counts
were high probably as a result of technical problems with the staining
procedures or the method used to select cytoplasmic grain counting areas.
A
It was, however, noteworthy that while the net nuclear counts for the
treatment groups were negative values, the overall results for both trials
did suggest a dose-related increase in UDS. Our reviewers have discounted
treatment-condition effects (i.e., pH and osmolality) as a cause for the
increased nuclear grain counts (see Section C.1). It is, therefore, con-
ceivable that boric acid induced a marginal genotoxic response that was
masked by the overall poor quality of the staining procedure. The study
author claimed that the increases in net nuclear grains were associated
with decreases in cytoplasmic background counts resulting from cytotoxic-
ity. These data should, therefore, have been submitted to support this
statement. 3Based on our reviewers’ experience with this test system,
cytotoxicity-related declines in cytoplasmic counts without overt cyto-
toxic effects in the hepatocytes can occur. However, increases in cells
in repair as a function of cytotoxicity is an unusual finding. Even with
adjustments made for decreased cytoplasmic grains, the increasing omumber
of cells in repair, particularly in Trial 2, suggests that a sizable
portion of the nuclei must have been very heavily labeled. If technical
problems with autoradiography resulted in heavily labeled cells, the
ability of the reader to distinguish artifact from nuclear grains is
questionable and raises additional concerns regarding the overall
performance of the study.

Based on the above considerations, we assess that the study is unaccept-
able. It is. nevertheless, possible that submission of the primary data
for review will satisfy the above concerns and allow the study to be
upgraded.

QUALITY ASSURANCE MEASURES: Was the test performed under GLPs? Yes. (A
quality assurance statement was signed and dated August 23, 1991).

CBI APPENDICZS: Appendix A, Protocol, CBI Appendixz pp. 2-6; Appendix B,
Materials and Methods, CBI pp. 8-12.
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CORE CLASSIFICATION: Unacceptable. The study does not satisfy Guideline
requirements (§84.4) for genetic effects Category I11, Other Mutagenic
Mechanisms. :
- . J

o]

Page _8 of



*

APPENDIX A

PROTOCOL
CBI Appendix pp. 2-6

o
-0

<P

Yo

U

5

(%3



RiD s{(7-93 BoRec ACD
To x REVIER] 609 (k]|

Page is not included in this copy.

PageS\vQ( through 1] are not included.

The material not included contains the following type of
information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality control procedures. ;
Identity of the source of product ingredients.

Sales or other commercial/financial information.

A draft product label.

The product confidential statement of fortiula.

Information about a pending registration action.

The document is a duplicate of page(s) .

V// FIFRA registration data.

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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GUIDELINE § 84: MUTAGENICITY
MICRORUCLEUS

MUTAGENICITY STUDIES

O
EPA Reviewer: Melba Morrow, Fh—P Signature: «4*4‘*’)£L"“"“’/’
Review Section II, Date: 7/2?/‘72,r
Toxicology Branch I/HED (H-7509C) /

Acting EPA Section Head: Jovcelvn Stewart, Ph.D. Signature:
Review Section II, Date: RALET
Toxicology Branch I/HED (H-7509C)

DATA EVALUATION REPORT
STUDY TYPE: Mutagenicity: In vivo micronucleus assay in mice
EPA IDENTIFICATION Numbers:
Tox Chem. Number:
Caswell Number: 109
MRID Number: 420389-04

TEST MATERIAL: Boric acid

SYNONYMS/CAS NO.: None provided/1C043-35-3

SPONSOR: U.S. Borax and Chemical Corp., Anaheim, CA
STUDY NUMBER: 2389-C400-91
TESTING FACILITY: SRI International, Menlo Park, CA

IITLE OF REPORT: Bone Marrow Erythrocyte Micronucleus Assay of 3oric Acid in
Swiss-Webster Mice

AUTHOR: K.G. 0’Loughlin
REPORT ISSUED: August 19, 1991

CONCLUSIONS - -EXECUTIVE SUMMARY: The oral gavage administration of 900, 1800,
or 3500 mg/kg boric acid to male or ‘emale mice for 2 consecutive days did not
cause a significant increase in the frequency of micronucleated polychromatic
erythrocytes (MPEs) in bone marrow cells harvested 24 or 48 hours after theg
final dosing. Similarly, there was no evidence of overt toxicity in the
treated animals or cytotoxic effects on the target organ. Based on these
findings, we concluded that boric acid was adequately tested and fourd to be
nongenotoxic in the mouse micronucieus assay.

STUDY CIASSIFICATION: 1cceptable “he study satisfies Guideline requirements
(§84-2b) for genetic effects Categerv II, Structural Chromosome iberrations.

Page _2 of _7
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MICRONUCLEUS

A. MATERIALS:

1. Test Material: Boric acid (Granular technical)

Description: White crystalline solid

Identification number: Code date: 1D19D

Purity: >99.0%

Receipt date: April 25, 1991

Stability: Stable at room temperature

Contaminants: None listed

Solvent used: Sterile deionized water (DH,0)

Other provided information: The test material was stored at room
temperature. Dosing solutions were prepared immediately before use.

2. Control Materials:

Negative/route of administration: Nomne

Vehicle/final concentration/route of administration: DH,0 at a dosing
volume of 10 mL/kg/day was administered by oral gavage for 2 consecu-
tive days.

Positive/final concentration/route of administration: Urethane was

dissolved in DH,0 and administered by oral gavage at 300 mg/kg/day for
2 consecutive dzys to male mice only.

3. Test Compound:

Route of administration: Oral gavage (2 administrations separated by
24 hours)

Dose levels used:

® Range-finding study: 225, 450, 900, 1800, and 3500 mg/kg/day
(3 males and 3 females, per dose)

¢ Micronucleus assay: 900, 1800, and 3500 ag/kg/day (5 males and
5 females, per dose, per sacrifice time)

4, Test Animals:

(a) Species: mouse Strain: Swiss-Webster Age (at dosing):
39 weeks (males):; =13 weeks (females)
Weight range (at dosing): 31.7-34.8 ¢ (males): 24 .4-26.7 &

(females)

Source: Charles River Laboratories, Portage, MI

(b) Number animals used per dose: 10 males; 10 females
(vehicle and treatment groups)

10  males (posizive controi
group)

Note: Dosing was based on individual body weights.

Page _3 of
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MICRONUCLETS

(¢) Properly maintained? Yes.

B. TEST PERFORMANCE:

1. Treatment and Sampling Times:

(a) Test compound:
Dosing: once X twice (24 hr apart)
other (describe):
Sampling (after final dose): 6 hr 12 hr
X 24 hr X 48 hr 72 hr

(b) Venicle control:

Dosing: once X twice (24 hr apart)
_ other (describe):
Sampling (after final dose): X 24 hr X 48 hr
72 nr
(c) Positive control:
Dosing: X once twice (24 hr apart)
other (describe):
Sampling (after final dose): X 24 hr x 48 hr
72 hr

2. Tissues and Cells Examined:

X bone marrow others (list):

Number of polychromatic erythrocytes (PCEs) examined per
animal: 1000

Number of normochromatic erythrocytes (NCEs, more mature
RBCs) examined per animal: 200 (PCEs + NCEs)

3. Details of Slide Preparation: At 24 and 48 hours after the final
administracion of the test material, the appropriate groups of animalsz
were sacrificed by cervical dislocacion.

Peripheral blood smears were made from the animals used in the range-
finding study and bone marrow cells were harvested from the animals in
the preliminary study and the micronucleus test. Bone marrow cells
were aspirated from one femur with fetal calf serum and centrifuged.
Supernatants were discarded and cells were resuspended in the residual
fluid. Slides were prepared, fixed in absolute methanol, stained with
acridine orange, coded and scored. Using this stain, PCEs will
uniformly fluoresce bright orange and are referred to as RNA"
arvthrocytes; NCEs will not take up the acridine orange and are
referred to as RNA"™ erythrocytes; micronucleated PCEs (MPEs) are RNA™
erythrocytes with a visible chromatid structure.

!

4. Statistical Methods: The micronucleus data were evaluated <
statistical significance using the Xruskal-Wallis analvsis 57 -rariancs

Page _4 of 7
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MICRONUCLEUS

and the Cochran-Armitage test. Mean animal body weights were analyzed
using the Student’s t-test.

Evaluation Criteria:

(a) Assay validity: The assay was considered acceptable if (1) the
frequency of MPEs for the vehicle control group was within an
unspecified normal historical range; (2) the positive control
induced a significant positive response; and (3) there were at
least 3 surviving animals per sex with a ratio of RNA" to total
erythrocytes 20.1 in two or more treatment groups.

(b) Positive response: The test material was considered positive if
the frequency of MPEs was significantly (p<0.05) higher than the
vehicle control in two dose groups, or if a dose-related increase
in MPEs was seen.

C. REPORTED RESULTS:

1.

[E*)

Range-finding Studv: Based on the results of a solubility test, the
study author stated that owing to the physical bulk of the test
material, the highest practical dose that could be administered by
gavage was 3500 mg/kg/day. Accordingly, groups of 3 male and 3 female
mice receive two consecutive daily gavage administrations of 225, 450,
900, 1800, or 3500 mg/kg/day boric acid. Animals were observed dailw
for signs of compound toxicity and death. Body weights were deter-
mined prior to dosing and at sacrifice (48 hours after the last
compound administration). At sacrifice, peripheral blood and bone
marrow cell were collected and assessed for cytotoxic effects.

No animals died prior to sacrifice. The report stated that all
animals appeared normal throughout the study. There was also no
adverse effect on body weight or evidence of a cytotoxic respomse in
peripheral erythrocytes or bone marrow cells at any dose in either

sex. Therefore, the doses selected for the micronuclieus assay were
900, 1800, and 3500 mg/kg/day.

Micronucleus Assav:

(a) Animal obserwvations: 1In agreement with the preliminary results.
there was no indication of overt compound toxicity at any dose.
The study author stated that on day 2, 1 male at 1800 ag/kg/day
had rough fur and a humped back and 1 high-dose male had rpugh
fur. Neither the body weights nor body weight gain for the males

and females in the treatment group indicated a compound-related
effect.

(b) Micronucleus assav: Representative results for the micronucleus
assay are presented in Table 1. No significant increase in the
frequency of micronucleus induction was seen in bone marrow cells
of male and female mice sampled 24 and 48 hours after the admin:-

Page _5 of _7
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MICRONUCLEUS

stration of the final dose of 900, 1800, or 3500 mg/kg/day boric
acid. PCE:NCE rarios for all treatment groups at both sacrifice
times were comparable to the vehicle control values, indicating
that boric acid did not suppress hematopoiesis. By contrast, the
frequency of MPEs in male mice receiving the positive control
(300 mg/kg/day urethane) was significantly increased (p<0.0l) at
both sacrifice intervals.

Bas:d on the overall results, the study author concluded that boric
acid was not genotoxic in this in vive test system.

REVIEWERS' DISCUSSION/CONCLUSIONS: We assess that the study was properly
conducted and that the study author correctly interpreted the data. The
high dose selected for study (3500 mg/kg/day) was limited by the physical
properties of the test material; however, the combined dose (7000 =mg/kg)
exceeded the maximum recommended level (5000 mg/kg) for nontoxic sub-
stances in the micronucleus assay. We concluded, therefore, that boric
acid was tested up to an appropriate high concentration with no evidence
of overt toxicity in the treated animals or cytotoxic effects on the
target organ and failed to induce a clastogenic response.

Additionally, the sensitivity of the test system to detect a genotoxic

response was demonstrated by the significant (p<0.0l) results obtained in
male mice exposed to the positive control (300 mg/kg/day urethane).

QUALITY ASSURANCE MEASURES: Was the test performed under GLPs? Yes. (A
quality assurance statement was signed and dated August 19, 1991).

CBI _APPENDIX: Appendix A, Materials and Methods, CBI pp. 11-20;
Appendix B, Protocol and Protecol Amencdments, CBI Appendix pp. B1-B12.

CLASSITICATION: Acceptabla. Tn2 studv satisfies Guideline requirements

(8§84

.2b) for genertic effects Category II. Structural Chromosome Aberracioms.



APPENDIX A

MATERIALS AND METHODS
CBI pp. 11-20
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included in this copy.

Pages~%0 _ through |©2Z are not included.

The material not included contains the following type of
information:

Identity of
Identity of
Description
Description

Identity of

product inert ingredients.

product impurities.

of the product manufacturing process.

of quality control procedures. ;

the source of product ingredients.

Sales or other commercial/financial information.

A draft product label.

The product

Information

confidential statement of fortiula.

about a pending registration action.

v///FIFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.




