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-Compound: Maneb

Action Requested:

The Toxicology Branch has been asked to review eight muta-
genicity studies and comment as to their acceptability in satis-
fying a series of € data gaps specified in the Maneb Data Call- S
in Notice of January 17, 1983. This memorandum covers two muta-
genicity studies reviewed June 6, 1986, as well as the six re-
maining studies from the submitted material. :

Comments and Recommendations:

1. The first mutagenicity study requirement specified in the
Data Call-in Notice of January 17, 1983 was for an asgsay
for gene mutation in Salmonella typhimurium (TA strains),
or Escherichia coli WP2, performed with and without the
use of S9 mammalian metabolic activation from Arochlor
1254 induced liver microsomes from both mouse (B6C3Fl}
-=d rat (Fisher 344) strains.
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This data requirement has not been satisfied.

The study by Loveday entitled *salmonella/microscme muta-
genesis assay on technical grade Maneb”™ conducted by Bio-
assay Systems Corporation has been classified as unaccep-
table. '

under the conditions of the assay, Maneb, tested at six
doses ranging from 1 to 20 ug/plate, did not cause a muta-
genic response in Salmonella typhimurium strains TA98,
TA100, TA1535, 1A1537 or TA1538 without S9 activation or
in the presence of rat or mouse S9. However, the range-
finding study defining the toxicity of the test material
(and highest dose used in the assay) was conducted only
in the absence of S9 frzction (or under non-activated
conditions). There is no indication that cytotoxicity
occurred with strains TA98, TA100, TA1535 or TA1538 (and
possibly TA1537 either) in the rat s9 part of this study.
From this it appears that higher dosage levels of Maneb
should have been tested. ,

Also, there is no indication (reduction in number of re-
vertants/plate) of any cytotoxicity for TA1535 in the
assay with mouse S9.

Based on numbers of mean revertants/plate, there were no
indications of cytotoxicity for TA98, TAl00 or TAl537 in
the nonactivated assay conducted concurrently with the
rat liver S9 assay. From these results, Maneb should
have been tested even in the nonactivated assay at addi-
tional dose levels higher than 20 ug/plate demonstrating
cytotoxicity.

The second requirement specified a host-mediated assay in
either B6C3F1 mice cr Fisher 344 rats, by the oral route
of administration, with appropriate microbial or mammalian
indicator cells.

This data requirement has been satisfied. ——

The study by McCarroll, N. E., Burlow, P. and Phipps, N.

entitled "Host Mediated Assay in Mice with Compound Maneb !
Technical Study No. 2" conducted by Hazleton Biotechnolo- |
gies Corporation has been classified as acceptable.

under the conditions of this assay, there was nc indication
of a mutagenic response in Salmonella typhimurium strain Ta
1530 when hgst B6C3Fl mice were orally dosed witn Maneb at
0.5, 2.0 and 5.0 gm/kg. )
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In the other host mediated study submitted (McCarroll,
N. E. and Phipps N. Host Mediated Assay in Mice with
Compound Maneb Technical Study No. 1 conducted by
Hazleton Biotechnologies Corporatlon) there was no
indication of a mutagenic effect in §. typhimurium

strain TA1530 when host B6C3Fl mice were orally dosed
with Maneb at 0.5, 2.0 or 5.0 mg/kg.

Because there was no indication of toxicity in the
host mice, or evidence of cytotoxicity to the bacteria,
and the highest dosage level administered was under 5
gm/kg, this particular study was considered unaccep-
table. (However, as noted above, the data requirement
was satisfied by the second host-mediated assay).

The third assay specified was an in vitro mammalian gene
mutation assay, using the mouse lymphoma cell line
L5178Y (for TK) or Chinese Hamster Ovary Cells (CRHO) for
HGPRT, performed with and without the use of mammalian
metabolic activation systems (S$-9) derived from Arochlor
1254 induced liver microsomes from both Fisher 344 and
B6C3Fl1 mice.

This requirement” has been satisfied.

The study by Thomas, M. and Loveday, K. S. entitled
"CHO/HGPRT In vitro mammalian cell mutation assay on
technical grade Maneb®™ conducted by Bioassay Systems
Corporation has been classifieC as marginally acceptable.

Under the conditions of this assay, exposure to Maneb at
concentrations ranging from 0.5 to 10 ug/ml in the ab-
sence of S9 activation, at 1 to 30 ug/ml in the presence
of rat S9 and from 1 to 20 ug/ml in the presence of mouse
$9, did not result in an increased incidence of forward
mutations at the HGPRT locus in CHO cells,

The reviewer is of the opinion that the data from this
study should have included presentation of a statistital
analysis; also, there are no values reported relating to
normal variability (either from the laboratory historical
data base or from referenced sources) in this assay. This
is particularly relevant because on p. 7 of the report it
is stated that one test sample at 1 ug/ml without activa-
tion had a mutation frequency noticeably (significantly?)
higher than that of the negative controls, but the mutant
frequency in the duplicate flask was much lower. Accor-
ding tc 11he report: "This response 1is considered to be
within the variability of the assay.”

Also, there were some differences between runs with re-
spect to relative survivals at what were ostensibly
identical dose levels with no explanation as to why this
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may have happened. However, the results are sufficiently
‘unequivocal in indicating a lack of mutagenic response at
dosage levels at or near cytotoxicity that the study is
marginally acceptable.

The fourth specification was for at least two studies
consisting of in vitro and/or in vivo assays for both
gross chromosome aberrations (clastngenesis) and for
'sister-chromatid exchanges (SCEs); with the stipulation
that in vitro assays could be conducted with any recog—
nized, estaolished mammalian cell line or primary cell
str-° - but had to be performed both with and without
th of metabolic activation from induced strains or
mi and rats.

The requirement for a clastogenic assay has been satis-
fied by the study of Ivett and Lebowitz titled “Clasto-
genic evaluation of Maned tecanical lot MT 01 (88.1% a.i.)"
conducted by Litton Bionetics Inc. ‘
Under the conditions of this assay, acute (one dose) oral
ingestion of 4.9 g/kg and subacute (daily x 5 days) expo-
sure to 1.64 g/kg in male rats did not cause a significant
increase in chromosomal aberrations in bone marrow cells
sampled over a complete mitotic cycle.

This study was classified as acceptable.

The requirement for a sister chromatid exchange assay has
not been satisfied.

The study by Thomas, M. and Loveday, K. S. "In vitro sister
chromatid exchange assay on technical grade Maneb"” conducted
by Bioassay Systems Corporation has been classified as unac-
ceptable, and a full repeat assay is necessary.

While there was no indication or evidence of an increase in
SCE as a result of nonactivated or S9 (both rat and mouse)
activated exposure to Maneb in CHO cells, this study was
deficient in a number of respects, including the following:

i. Most of this study wes run with no duplication. 1In the g
actual assays exposure to the test material at a specific i
concentration involved only contents of a single flask.
Also, most of the work was done with no concurrent or

subsequent confirmatory assays. It was therefore not
demonstrated that the findings of this assay were repro-
duciple.

Where there were duplicate runs (mouse $9 activation
assay) there was a striking "anomaly" in that cells at 40
and 60 ug/ml could be analyzed in the first run, but in
the second run 7.5 ug/ml was the highest concentration
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iv.

vi.
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from which cells could be analyzed. This "anomaly”

does not inspire confidence in the reproducibility
of this study.

L '

All values for SCE/cell per dosage level are simply
presented as means, with no further statistical infor-
mation (standard deviation and/or standard error of
the mean). In order to evaluate a study of this type,
we should have some information as to the level of in-
herent variability associated with the data as presen-
ted. There is always the possibility that the lack of
a statistically significant difference between values
associated with a dosage level and those of a negative
contro’ may be due to a high level of variability.
Another problem is that there was an insufficient num-
ber of cells scored (30) at each dosage level in each
assay run.

In the reporting of the nonactivated SCE assay it is
indicated (p. 10) that, at 1 ug/ml Maneb, 28 cells were
in M1 and 72 were in M2. On p. 11 'the respective values
are 4 and 96. A clarification as to why these values
(and others at diff.rent dose levels) are not the same
or similar should be made. A simiiar situation exists
with respeét to some of the numbers of cells in M1 and
M2 as given on pages 12 and 13.

From the data on p. 11 it is noted that at 1 ug/ml in
the nonactivated study there was still a considerable
level of mitotic activity (mitotic index = 0.036, or
about 50% that of 0.070 for solvent control). Accor-
ding to the data on p. 11 96% of the metaphases were
M2. From this it appears that the test material 'should
have been further evaluated for cytotoxicity at concen-
trations between 1 and 5 ug/ml.

In the initial mouse S9 activation assay, there is no
information reported for dosages between 5 and 40 ug/ml.
Also, what exactly is meant by "a cell between first and
second metaphase"? e

While not something that can be readily linked to a spe-
cific protocol or set of guidelines for the conduct of
this type of assay, this reviewer does not feel that the
preliminary work adequately defined the cytotoxicity of
the test material, or conditions (including concentrations
of, and length of exposure to the test material) appropri-
ate.- for +esting, particularly in the nonactivated part of
thel assay. As an example of this, on p. 10 it is indica-
ted that no metaphase cells were present at any of the
doses (15 to 1500 ug/ml) of the initial range-finding
study. The second run ("experiment no. 2") is identified
as the nonactivated SCE assay, with no irndications of any
attempt to resolve cytotoxicity in a seccnd preliminary
assay.

———n
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. exposure to Maneb at concentrations ranging from 0.15 to

With respect to the protocols used in this study,
the Agency has accepted nonactivated SCF assays in -
which exposure to the test material was :or 2 to 4 -
hours, followed by ~ell washing, suspencion in *
fresh/ medium containing BrdU, and subsec:ent 25 to
28 hour incubation. If the test materiail causes
mitcecic delay it is sometimes appropriate to extend
the post-exposure incubation period. .

vii. Additionally (but not so critically) the types of
chromosomal- aberrations reported as hawving occurred
in M1l cells at 50 and 60 ug/ml in the rat 89 activa-
tion assay, and at 60 ug/ml in the first mouse S9
study, were not specified. Also, instead of doses
such as 0.5, 1, 5 and 10 ug/ml it would have been
more appropriate to test values corresponding to
half-log increments (i.e., something like 0.3, 1,
3 and 10 ug/ml). .

The fifth specification was for a primary hepatocyte

repair assay for unscheduled DNA synthesis (UDS).

This requirement was not satisfied.

The study by Thomas and Loveday titled "In Vitro Unsche-
duled DNA synthesis assay in rat hepatocytes using techni-
cal grade Maneb" conducted by Bioassay Systems Corporation
has been classified as unacceptable. ’

While there was no indication, under the conditions of this
assay, of any increased incidence of UDS as a result of

15 ug/ml, based on netc nuclear counts, there was no quanti-
tative assessment of cytotoxicity at these dose levels, no
statistical analysis of the data, and no additional criteria
for UDS (such as number of nuclei per exposure level showing
6 or more net nuclear grains; number of nuclei per ex«posure
level with 20 or more net nuclear grains) were used in the
evaluation of the findings. Also, the reproducibility of
this assay should have been demonstrated in a repeat assay,
particularly as negative results were obtained.

The sixth requirement was for a mammalian cell transforma-
tion assay on Maneb, with and withovt metabolic activation
(as appropriate) in a cell system capable of detecting ini-
tiation, as well as in one capable of detecting enhancement
of transFormation by chemicals {(promotion),.

The study by Tu, Sivak, Hatch and Breen titled "Evaluation

of Maneb in the C3H~10T 1/2 cell transformation assay”

conducted by Arthur D, Lictle Inc. has been classified as - 6
acceptable for nonactivated conditions.
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under the conditions of this cell transformation assay Maneb
at five concentrations ranging from 0.05 to 0.20 ug/ml did
not induce neoplastic transformation in C3E-10T 1/2 cells

in the absence of metabolic (S9) activation.

"l.

while the C3H-10T 1/2 cell transformation assay is often per-
formed without S¢ activation because this cell line can meta-
bolize certain chemicals to active carcinogens, it has not

‘been demonstrated that C3H-10T 1/2 cells are capable of
‘metabolizing Maneb to any significant extent, or that the

metabolites (if any) are the same as those which might be
formed under S9-activated conditions. Therefore, a data gap
remaing for a cell transfcrmation assay in the presence of
metabolic activation.

Additionally, Maneb was not tested under a protocol for de-
tecting enhancement of transformation (promotion), so this
requirement has not been satisfied. Although there are no
established guidelines for promotion assays, the use of at
least five different dose levels is recommended, since promo-
tors may induce erratic and non-dose effects.

Data Evaluation Reports (attached)

re
Tu, A. S., Sivak, A., Hatch, K. and Breen, P. Evaluation
of Maneb in the C3H-10T 1/2 cell transformation assay
(unpublished study no. ADL 88720-44 (1-0860) prepared by
Arthur D. Little, Inc., Cambridge, MA for the Maneb Task
Force; dated July 31, 1985). Acc. no. 259073.

Thomas, M. and Loveday, K. S. CHO/HGPRT In vitro mammalian
cell mutation assay on technical grade Maneb (unpublished
study no. 8400i4-10 prepared by Bioassay Systems Corpora-
tion for George Pazianos; dated July 31, 1985). Acc. no.
259070.

Thomas, M. and Loveday, K. S. 1In vitro unscheduled DNA
synthesis assay in rat hepatocytes using technical grade
Maneb (unpublished study project no. 840014-30 prepared by
Bioassay Systems Corporation for George Pazianos; dated
August 5, 1985). Acc. no. 259072.

Thomas, M. and Loveday, K. S. 1In vitro sister chromatid-
exchange assay on technical grade Maneb (unpublished study
prcject no. 840014-20 prepared by Bioassay Systems Corpora-
tion for George Pazianos; dated July 33, 1985 with revision
of August 22, 1985). Acc. no. 259327.

McCa:roil, N. E. and Phipps, N. Host-mediated assay in mice
with compound Maneb technical study no. 1 (unpublished

studv project no. 2325-100 prepared by Hazleton Biotechnolo-
gies Corp. for Pazianos Asso~iates; dated June 14, 1985).
Acc. no. 259019.
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8. McCarroll, N. E. and Phipps, N. Host-mediated assay in mice
with compound Maneb technical study no. 2 (unpublished
study project no. 2325-100 prepared by Hazleton Biotechnolo-
gies Corp. for Pazianos Associates; dated June 14, 1985).

Acc. no. 259020.
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: Data Evaluation Report (III)

CHEMICAL: Maneb

TEST MATERIAL: Maneb technical, lot MT 01, 88.1% 2.i., described as
an off-white powder.

/ .
STUDY/ACTION TYPE: Mutagenicity--Transformation assay in C3H-10T 1/2
cells.

STUDY IDENTIFICATION: m’ A So, Sivak, Ao, Hatch' Ko alﬁ Bteen, P.
Evaluation of Maneb in the C3H-10T 1/2 cell transformation assay
(unpubl ished study no. ADL 88720-44 (1-0860) prepared by Arthur D.
Little, Tnc., Cambridge, MA for the Maneb Task FPorce; dated July 31,
1985). Acc. no. 259073.

REVIEWED BY:

Byron T. Backus, M.S. ﬂ T. /;._.ﬁv—,

Toxicologist } dndi -§C
Toxicology Branch, HED o6 - e '
APPROVED BY:

Marcia van Gemert, gb.D.
Section Head, Review Section IIT

Toxicology Branch, HED ”’% 6.23.8¢C

CONCLUSIONS AND RECOMMENDATIONS:

A. Under the conditions of the cell traansformatioa assay Maneb at
five concentrations ranginy from 0.05 to 0.20 ng/ml did not
induce neoplastic transformatioa in C33-107 1/2 cells in the
absence of metabolic activation. '

B. The study is acceptadble for nonactivated conditions.

MATERIALS AND METHODS (PROTOCOLS):
A. Materials:

l. Test Material: Maneb, lot # MT 01, described as an off-white
powder. HWhile no percentage of active ingredient is given in

this report, other studies utilizing Maneb from this lot number

have reported it as containing 3%.1% a.i.

2. Indicator Cells: Mouse embryo fibroblast C33-10T 1/2 {(clone 8)
cells, obtained from Dr. Charles Heidelberger, University of
California Comprehensive Cancer Center, Los Angeles. ' These
'za& been expanded in culture, frozen and stored in liquid N,
in sealed ampules at approxizately 196 calls/ampule. They wers
cultured in Basal Medium Eagle supple.ented with 10% heat

005229
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inactivated fetal calf serum. Stock cells were grown in the . 0 5 229
©  absence of antibiotics at 37° C, >90% relative humidity, and \Y
5% COp in air atmosphere.

3. éositive Control: 3-methylcholanthrene (MCA) was used at a -
concentration of 5 ug/ml. ;

B. Mathods:

1. Range-Finding Cytotoxicity Tests: Cytotoxicity was determined |
by reduction in cloning efficiency after a 24-hr exposure of !
200 cells/plate to 9 doses (in triplicate) of the test material
at half-log increments of from 0.l to 1000 ug/ml. An untreated
control was also evaluated. After exposure, the cells were
incubated for approximately 10 days to allow colonies to de-
velop. The plates were then fixed in methanol, stained with
Giemsa, and the mmber of cclonies counted. Percent survival
was calculated by comparing clomning efficiency of treated cells
to that of the untreated control.

cells svrvived. In a repeat assay, Maneb was less cytotoxic

at this concentration, with 76% cell survival. Based on the

results of the cytotoxicity range-finding assays, six levels

(0.01, 0.025, 0.05, 0.075, 0.1 and 0.25 ug/ml) of Maneb were :
evaluated .in the first experiment, and five (0.05, 0.075, 0.10,

0.15 and 0.20 ug/ml) in the second.

At 0.1 ug/ml, the lowest concentration, less than 10% of the {.
|
]

2. Cell Transformation Assay: 20 - or in some cases, 2 - (60 mm)

plates were each seeded with 2000 C3H-10T 1/2 cells from

frozen stock. Approximately 24 hrs later the appropriate

amount of test compound was added to each plate; 24 hrs later

the test material was removed, the plates were rinsed and

fresh medium was added. The plates were incubated for approxi-

mately 6 weeks, with the medium changed twice a week during

the first 2 weeks, ard weekly thereafter. At the end of the ’
incubation period, plates were fixed in methanol and stained

with 2-3% Giemsa.

The positive control was 3-methylcholanthrene (MCa). In the ,
first experimeat it was tested at 5 ug/ml; in the second it was__ .
tested at 2 and 5 ug/ml. ) }

3. Scoring of Transformed Foci: Foci were scored and classified |
into three types as described by Reznikoff, Brankow and o
Heidelberger (Cancer Res. 33 [1972]:3231-3239). Types II and
IIT foci were recorded separately. Any plates with foci too
numerous to count were included in calculation of plates with
foci but not in the calculation of foci/plate.

4. ' Evaluation Criteria: According the report: "A test compound
is considered positive if:

a) a minimum of 5 plates in the 4 test concentractions contain
Type II or Type III foci; and

10 -7
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b) Type II or Type III foci are present in more than one test
concentration.

These criteria are not absolutes; other extenuating factors may
enter in the final interpretation of the results.”

5. Statistical Analysis: There were no statistical tests for sig-
nificance, although there were calculations of the standard
error of the mean for foci/plate/dose level.

REPORTED RESULTS:

A. Cytotoxicity Test:

1. Initial Assay: At 0.1 ug/ml (lowest dose tested) Maneb there
were l.6 + 1.5 (S.D.) colonies/plate, compared to 22.8 + 4.5
colonies/plate for untreated contrnls. No colonies were presant
at concentrations of the test material of 0.3 ug/ml or more.

2. Second Assay:
_ Mean colonies/ Relative

Chemical ug/ml Clonal Counts . Plate + S.D. Survival
Control - 30,38,37,57,30  38.4 + 11.1 -
Maneb 0.001 33,40.40,33,34  36.0 + 3.7 0.94

- 0.0025 39,3.,28,25,32  31.4 + 5.3 0.82
0.005 27,27,44,39,36  34.6 + 7.5 0..0
0.01  28,35,33,30,37  32.6 + 3.6 0.85
0.025 33,39,27,34,47  36.0 + 7.5 0.94
0.05 32,38,34,41,28  34.6 + 5.1 0.90
0.10 27,25,38,25,t 28.8 + 6.2 0.75

1+ contaminated

According to the report: "The variability in cytotoxicity may
have resulted from the limited solubility of the test chemical
and from the different primary stock concentrations used in the
two assays (20 mg/ml and 50 ug/ml respectively).”

B. Cell Transformation Assays:

l. First Assay: There were no Type II or Type IIT foci on any of -

the Maneb-exposed or negative control plates. By contrast,
7/23 MCA-exposed (5 ug/ml) plates showed Type III foci (with a

total of 10 Type III foci on these plates), and 14/23 positive i

control plates showed Type II and/or Type III foci. Relative
survival at 0.1 ug/ml Maneb was 0.85; at the next higher dose
(0.25 ug/ml) it was 0.005.

{ This assay was judged unacceptable by the laboratory because

' many plates of the assay (including negative and positive con-
trols) showed small areas without cells. Although the reason
for this was not known, it can be prevented by substituting
Eagle Minimal Essential Medium (MEM) for the BEagle Basal
Medium (BME), which was done in the second assay.

"I'
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2. Second Assay: Maneb exhibited no transformation activity
under the conditions of this assay. From Table 3, p. 9: .

| Chemical & Concentration (ug/ml) N '
Control' Maneb MCA - |
- 0.05 0.075 0.19 C.15 0.20 2.0 5.0 - ’

; B
| P
~sne@ III foci/ 0/23 . 0/19 0/29 0/18 0/17 0/23 3/20 8/18 . 5"
. plates | e

i LT

Foci/plate + S.E.M. 0 0 0 0 0 0 0.1540.08 0,44+G.12 s

Type II + III foci/ 0723 0/19 0720 0718 9717 0/23  7/20 12/18 nr
total plates ‘

Foci/plate + S.E.M. 0 0 [} Q g g 0.35#0.11 0.7240.19

Colonies/plate + S.E.M. 32+2.0 23+1.3 23+1.1 22+42.5 7+2.2 2+40.7 32+1.8 26+1.1

Survival - 4:72 0.72 0.69 0.22 0.06 1.50 0.81 ‘.‘g
i

S.E.M. = standard ersor of the mean. J

10. Srupy AUTHORS® CONCLUSION/QUALITY ASSURANCE MEALSTIRES: ‘ -

A. The authors concluded that "The test compound, Maneb, procduced no >
transformation response in the C3H-10T 1/2 cells under the con- T
ditions of the assay. The test compound was quite cytotoxic to e
the C3H=10T 1/2 cells despite a limited solubility in water.”

B. A quality assurance statement was signed and dated July 31, 1985.

il. REVIEWER'S DISCUSSION AND INTERPRETATION QF STUDY RESULTS:

Under the conditions of this study (which did not imwolve activatioz) o
¥aneb did not cause an increase in the number of craasformed foci. -
The highest dose levels (0.15 and 0.20 ug/ml) resulted in cytotoxiciiy, ’

so that the dose range was adequate. The positive control, MCA at 2.0 . g
and 5.0 ug/ml, demonstrated the sensitivity of the assay to detect z - .
genotoxic effect. -
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Data Evaluation Report (IV)

CHPMICAL: Maneb

[EST MATERIAL: Maneb technical, lot MT 01, 88.1% "technical grade |
Maneb” (presumably active ingredient, as it is stated that there
was 11.9% inerts), described as a yellow powder.

STUDY/ACTIOR TYPE: Mutagenicity-~Chinese hamster ovary (CHO)
HGPRT forward mutation assay.

\

STUDY IDENTIPICATION: Thomas, M. and Loveday, K. S. CHO/HGPRT
In vitro mammal ian cell mutation assay on. technical grade Maneb.
(unpublished study no. 840014~10 ptepared’bioassag Sytems Corpora-
tion for George Pazianos; dated July 31, 1985). Acc. no. 253070.

s s

REVIEWED BY:

- é “
Byron T. Backus, M.S. ﬂ"l"‘“ (. ﬂ \
Toxicologist ol - 'S -F ¢ )
Toxicology Branch, HED ' i
APPROVED BY:
Marcia van Gemert, Ph.D. M
Section Head, Review Section IIZ MWW 6.23 LA

Toxicology Branch, HED

CONCLUSIONS AND RECOMMENDATIONS:

A. Under ihe conditions of this assay, exposure to Maneb at ccncen-
trations ranging from 0.5 to 10 ug/mi in the absence of S9 acti-
vation, at 1 to 30 ug/ml in the presence of rat $9 and from 1 tc
20 ug/ml in the presence ‘of mouse S9 4id not result in an in-
creased incidence of forward mutatioms at the IGPRT locus in CHO
cells.

B. The study is marginally acceptable.

MATERIALS AND METHODS (PROTOCOLS):

A. Materials:

l. Test Material: Maneb, BSC No. 85-11, lot/bat no. M7 01, de-
scribed as a yellow powder. While the statement is made tha:
the purity was "88.1% Technical Grade Maned” other studies
atilizing Maneb from this lot number have reported it as con~
taining 88.1% active ingredient. The test sample was assayed

in DMSO solution. "Concentrations were based on the weight sf

the test sample as received; no zorrectioas were maie using
the purity of the active ingredient.”
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2. Positive Controls: Ethylmethane suifonate (EMS) at 234 ug/ml

was used in the assays without S9 activation, and 9,10-dimethyl-
1,2 benzanthracene (DMBA) at 15 ug/ml was used in assays with
rat or mouse S9.

3. Cell line: CHO cells, obtained from Dr. Samuel Latt at the
Children's Hospital Medical School, Boston, MA., which in turn
had been obtained from Dr. Arthur Pardee at the Sydney Farber
Cancer Center, Boston, MA., Master vials were stored in liquid
nitrogen or in a freezer at -70® C. Stock cultures wers :
replaced from frozen vials. ®All the frozen cultures have d
been presecreened for mycoplasna\contamination and the
spontaneous background mutant frequency is acceptably low.”
Working cultures were maintained in incubators in F12 me-
dium without hypoxanthine containing 5% dialyzed calf
serum. The exposure medium was supplemented with HEPES 20
mM buffer.

LA I

4. S9 Practions: The activated assay was performed with S9 frac-
tions prepared from livers of Sprague-Dawley rats and B6C3Fl1 "
mice (sexes unspecified in both cases) induced with Arochlor
1254 at 500 mg/kg. Both were cosmerical preparations as the i
rat liver S9 was from Litton Bionetics, Kensington, MD and !
the mouse S9 was from Microbiological Associates, Bethesda, MD.

B. Methods:
rd

1. Range-finding Cytotoxicity Tests: Cultures seeded at 5 x 105
cells/flask were exposed 24 hours later to different Maneb
concentrations. Exposure without $9 (ranmge of 0.5 to 200
ug/ml Maneb) was for 16 hrs; witd activation (range of 10 to
100 ug/ml Maneb) was 4 hrs. Ceontrols (with and without 59)
were exposed to 1% DMSO. Only the rat 59 was tested in the
range-finding study; concentrations used with mouse S9 were
based on information from an in vitro CHO SCE assay condrcted
at about the same time in this laboratory. Immediately after
exposure in nonactivated assays and the day following exposure
in activated assays 200 cells were seeded in duplicate petri
dishes. "After at least one week of incubation the cells were
fixed, stained and scored.”

2. H#utation Acsay: Based on the cptotoxicity results, at least
seven dose levels were selected for both of the activated
assays (1 to 50 ug/ml in the first experiment, and 0.1 to 30
ug/ml iIn the second experiment), and the non-activated assay
(range of 0.5 to 25 ug/ml). 1 '

4. ‘re:'ment: Cultures were seeded at about 1.5 x 106 cells
per “lask and were exposed to the appropriate concentra-
tion of Maneb (or crntrol material) 24 hrs later. Expo-

1’ sure times were 4 hrs with $9 and 16 hrs without. Maneb
concentrations and the positive control were tested in
dupl icate; negative controls were run using two sets of
dupl icate flasks. JImmediately after exposure in the non-
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activated assay and the day following exposure in the

activated assay cells were replated for toxicity and ex-

pression time. "Due to the large number of flasks used

in the nonactivated assays, all of the flasks were not

trypsinized immediately after chemical removal ,” but in - !
some cases were seeded six hours later. Expression ST ]
flasks were replated (usually every 2-3 days) to maintain T
maximum growth rate.

b. Mutant Selection: After 7 days 2 x 105 cells were plated
; per dish (usuwally six dishes/flask) into medium containing
2 ug/ml 6-thioguanine (6TG). Cell survival at selection
for each treatment group was measured by plating 200 cells
. from each flask into duplicate petri dishes without 6TG.
Incubation was for at least 7 days; survival and selection
plates were then fixed, stained and colonies counted.

3. Calculations: The following were calculated:

PE (plating efficiency) = Avg. No. colonies K

No. of plated cells "

: {

Mutant Frequency = Number' of Mutants _ :
No. of cells plated in selective medium x FE

Relatz.ve Percent Survivors = Avg. No. Colonies of Sample X 190
Avg. No. Colonies in Negative Cont:al

, 4. EBvaluation Criteria: HNot directly stated; from the way the ro-
‘ port is presented the implication is that a positive response
would consist of a mutant frequency significantly different
from (and presumably higher than) negative controls. although
whether this could be at any dose level or would have to be in
a dose-response fashion is not certain.

Although it is stated (p. 8) that the positive contro.s EMS
(without S9) and DMBA (with rat or mouse 59} induced signifi-
cant increases in mutant frequency, no values for pcobability
associated with these increases, or even indications that sta-
tistical significances were calculated, are given.

e

9. REPORTED RESULTS:

A. Cytotoxicity Test:

1. Initial Range~-finding without S9: Thei. was no eviderce ;urL
toxic affect of Maneb at concentrations 2f 0.5 or 1.7 uz/nl.
At 5 ug/ml survival was slightly reduced (89.1% of control value)
and at 10 ug/ml it was reduced to 7.5% of the control lcvzi. At
higher concentrations of test material (7 uz/ml and above) no
colonies were formmed.
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Range-finding with Rat Liver S9: At 10 and 20 ug/ml there was
71.5 and 35.8% relative survi.il respectively in terms of the
control level. At 40 ug/ml there was 0.58% relative survival
and at 60, 80 and 100 ug/ml there were no colonies.

Range-finding with Mouse S59: According to the report (p. 7)
"concentrations used in the activated assay using mouse liver
59 were based on the results of the activated . . . assay
using rat liver S9 and information obtained using Maneb in a
Sister Chromatid Exchanje Assay with mouse liver S9 (BSC
Project No. 8400014-20)." An check of the latter report (in
Acc. no. 259069) indicates that the source of the CHO cells
in the SCE assay was different from that of the HGPRT study
and that, in the presence of mouse S9, some survival occurred
in one run at 60 ug/ml of Maneb.

Mutation Assay without S9: There was no indication of either
signif . rant differences in mutation frequencies between cells
exposec to any of the different concentrations of Maneb and
the negative controls, or of a trend involving an increase in
mutation frequency with higher doses of Maneb. Exposure to

005229

the positive control (EMS) resulted in a 240x and 400x increase

in mutation incidence at the HGPRT locus relative to DMSO con-
trols:

TABLE 1. Representative Replicate Results from CHO Assay with
- Maneb without S§9 activation

"Relative 66T
Survival Mutant
after FPraquency
Dose Dosing per 106
I (ug/ml } Run (% survival) survivors
Solvent Control
1% DMSO - 1 100 1.6
- 2 100 2.2
Positive Control
EMS 234 1 62.6 383.7 ~ —-
” 2 57.9 886.£
Test Material '
i
Maneb 10 1 17.3 <l.2
10 2 0.2 <l.2
" 7.5 1 57.6 1.4
7.5 2 4.8 1.5
" 5 1 76.8 2.9
2 50.4 3.9

"l.
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Wﬁa: There was no indication of either 005229

significant differences in mutation frequencies between the
negative controls and cells exposed to any concentration of
Maneb, or of a tread involving higher incidences in mutation
fregquency at increased dose levels of Maneb. Exposure to the
positive control (DMBA) at 15 ug/ml with rat S9 resulted in
52r and 42x the mean incidence of mutation at the HGPRT locus
observed in solvent control cells.

L Y

TABLE 2. Represemtative Replicate Results from CHO Assay with
Maneb in the Presence of Rat S9
\

Relative 6TGE
“ Survival Mutant
after Frequency
Dose Dosing per 106
_(ug/ml) Run (% survival) survivors
Solvent Control
1% DMSO + rat S9 - 1 100 4.3
- 2 100 4.7
Positive Control
DMBA + rat S9 15 1 62.6 233.9
ol 2 57.9 192.4
Test Material
Maneb + rat S9 30 2 0.6 3.1
i ” 20 1 2.0 <l.7
20 2 C13.1 ‘6.8
- " 15 1 31.4 2.5
15 2 24.6 l.6
- » 10 1 60.2 1.0
10 2 58.7 <1.3

Mutation Assay with Mouse S9: There appeared to be (in the -
absence of calculations) no significantly increasel in auta-

tion frequency in cells exposed to any concentration of Maneb

with respect to tleir negative controls; also, there was no . |
consistent indication of a trend of increased incidences in }
mutation fraquency correlating with increased dose levels of

Maneb. Exposure o DMBA at 15 ug/ml in the presence of mouse

S9 resulted in a 28x and 45x higher incidence of the mean

muration rate occarring at the HGPRT locus in solvent controls:
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PABLE 3. Representative Replicate Results from CHO Assay with
: Maneb in the Presence of Mouse S9

Relative TSt -
Survival Mutant -
after Frequency . -
Dose Dosing per 106
(ug/ml) Run (% survival) survivors
Solvent Control
i
1% DMSO + mouse S9 - 1 100 Y37
- 2 100 5.1
Positive Control
DMBA + mouse S9 15 1 62.6 167.8
i 2 46.0 199.2
Test Material
Maneb + mouse S9 20 2 7.6‘ 7.3
" " 10 1 39.0 <l.7
10 2 6.1 12.7
e
" " 5 1 77.8 1.8
5 2 52.4 11.9
" ” 3 1 111.3 1.9
3 2 148.5 2.7

10. STUDY AUTHORS' CONCLUSION/QUALITY ASSURANCE MEASURES:

A. The authors concluded that "'laneb is non-mutagenic under the
concitions of the CHO/HGPRT . . . mutagenesis assay.”

B. A quality assurance statement was signed and dated July 31, 1985.

11. REVIEWER'S DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

Under the conditions of this study, Maneb did not cause an increased
incidence in mutations at the HGPRT locus in CHO cells. This re-
viewer is of the opinion that the data from this study should have
been presentad to include statistical analysis; also, there are no 1
values reported relating to normal variability (either from the

laboratory historical data base or from referenced sources) in this

assay. on p. 7 it is stated that one test sample at ! ug/ml without

activation had a simels—petBw=ritiza mutation frequency noticeably

[significantlyp] higher than tnat of the negative controls, but the

mitant frequency in the duplicate flask was much lower. "This

response is considered to be within the variability of the assay.”




In the non-activated part of the study the positive control (EMS)
was used at a concentration (234 ug/ml; no rationale or reference
for this dose was given) considerably above that of the test sub-
stance (maximum concentration for which results were obtained for
Maneb: 10 ug/ml). However, in the activated assays the positive
control (DMBA) was used at 15 ug/ml, a concentration within the

same range as that forl. Maneb.

Also, there were some differences between runs with respect to
relative survivals at what were ostensibly identical dose levels
with no explanation as to why this may have happenad. However,
the results are sufficiently unequivocal in indicating a lack of
mutagenic response at levels at or near cytotoxicity that the
study is marginally acceptable.

.
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. Data Evaluation Report (V)

CHEMICAL: Maneb

L I

TEST MATERIAL: Maneb technical, lot MT 01, BSC No. 85-11A, described
ag a yellow powder.

STUDY/ACTION TYPE: Mutagenicity=-Unscheduled DNA Synthesis Assay in
Rat Hepatocytes.

STUDY IDENTIFICATION: Thomas, M. and Loveday, K. S. In Vitro Un- \
scheduled DNA Synthesis Assay in Rat Hepatocytes Using Technical

Grade Maneb (unpublished study project no. 340014-30 prepared by Bio-
assay Systems Corporation, 225 wildwood Ave., Woburn, MA 01801 for
George Pazianos, 211 Ninth St. NE, Washington, D.C.; dated August 5,
1985). Acc. no. 259072,

REVIEWED BY:

T —ﬂ"“"
Byron T. Backus, M.S. ﬂ cfﬁ" f- q
Toxicologist 06 1 -¥ .
Toxicology Branch, HED ;

APPROVED BY:

e

Marcia van Gemert, Ph.D.

Section Head, Review Section III i @t Laz ¢
Toxicology Branch, HED

CONCLUSIONS AND RECOMMENDATIONS:

A. While there was no indication, under the conditions of this
assay, of any increased incidence of UDS as a result of expo-
sure to Maneb at coucentrations ranging from 0.15 to 15 ug/al,
based on net nuclear grain counts, there was no quantitative
assessment of cytotoxicity at these dose levels, no statisti-
cal analysis of the data, and no additional criteria for UDS
(such as mmber of nuclei per exposure level showing 6 or more
net nuclear grains; number of nuclei per exposure level with
20 or more net nuclear grains) were usad ia the evaluation of
the findings. Also, the reproducibility of an assay of this
type should be demonstrated in a repeat assay, particularly as
negative results have been obtained.

B. The study is not acceptable.

MATERIALS AND METHODS (PROTOCOLS):

A. Materials: .

}

1. Test Material: Maneb, BSC No. 85-11, '5t/batch no. MT 01, de-~
scribed as a yellow powder. While the statement i1s made that




2.

B. BMethods: !

1‘

3.

4.

. | SR 005229
the purity was "88.1% Technical Grade Maneb” other studies
utilizing Maneb from this lot number have reported it as con~
taining 88.1% active ingredient. The test sample was assayed
in IMSO solution. "Concentrations were based on the weight of
the test sample as received; no corrections were made using
the purity of the active ingredient.”

Hepatéqgte Source: An 8-week old male Sprague-Dawley rat
was obtained from Charles River Breeding Laboratories, Wil-
mington, MA. and used for this purpose.

4

Hepatocyte Culture Preparation: The rat liver was perfused
with modified Hanks' balanced salt solution containing 0.5 mM
Ethyleneglycol-bis (B-aminoethylether), N,N-tetraacetic acid
and 10 mM Hepes Buffer, followed by Williams' Medium E (WME).
The liver was dissected out, trimmed of fat and connective
tissue, and the capsule was peeled away. Hepatocytes were
put into suspension using a stainless steel comb. The sus~
pension was centrifuged, and cells were resuspended in WME
supplemented with 10% fetal bovine serum (WMES). A viability
count was taken using trypan blue; aliquots of 5 x 105 viable
cells were seeded onto 25 ma round coverslips in WMES and in-
cubated at 37° C. Two hours after seeding cells were washed
leaving only attached viable c;-.lls on the coverslips.

Exposure to Maneb: Cells were exposed to Maneb at 12 differ-
ent concentrations (while not all levels were reported, they
were probably 0.005, 0.015, 0.05, 0.15, 0.5, 1.5, 5, 15, 50,
150, 500 and 1510 ug/ml) for 18 hrs. Negative controls were
exposed to 1% IMSO for 18 hrs; positive controls were exposed
to 9,10~-dimethyl-1,2-benzanthracen2 (DYBA) at 0.125 mg/ml for
an unspecified period of time. Six coverslips were used for
each concentration of Maneb aad each control. The exposure
medium included tritiated thymidine at 4 uCi/ml.

Post-exposure Treatment: Cells were washed 3X with WME
and treated for 15 minutes with 1% sodium citrate solation.
Cells were fixed in 3:1 ethanol-glacial acetic acid, and
coversl ips wera mounted (presumably cell side up) on glass
slides. Three of the six slides from each Maneb and con-
trol concentration were dipped in Kodak NTB-2 emulsion and
stored at 4° C in a light-proof box. After 7 days slides
were photographically developed and fixed, followad by
staining in Harris' hematoxylin.

Analysis: Fifty cells (no indication these were randomly
selected) from each of two slides of the negative control,
the 0.125 mg/ml DMBA, and from four Maneb concentrations
ranging from 0.15 td 15 ug/ml were analyzed. (At a fifth
Maneb concentration, 1.5 ug/ml, only one coverslip was
suitable for analysis, and so 100 cells were examined from
this coverslip). Nuclear grains were counted using a Bio-
tran III automatic colony counter with a microscope and

21
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P.V. screen attachment. Background counts were obtained from 005229
three nuclear sized areas adjacent to each nucleus (counted?) .
Net grain counts were calculated by subtacting the average
backyround count from the nuclear count.

5. Statistical Analysis: Although it is stated (p. 7) that the
positive control induced a significant increase in average net
grains/nucleus, no indication is given as to how this calcula-
tion was made or what specific probability value ig associated
with the increase.

® vy

6. Evaluation Criteria: Not given.

9. REPORTED RESULTS:

A. Cgtatoxicitg :

No quantitative measurements of cytotoxicity are given. It is

simply stated (p. 7) that nsigns of toxicity (no cytoplasm sur-
rounding the nucleus) were observed at concentrations higher than

15 ug/ml” and that, based on this "cytotoxicity”, only the data

from 0.15, 0.5, 1.5, 5 and 15 ug/ml were analyzed. '

B. UDS Stugg:
The data, as reported (p. 8) are the fo/llowing:

Concentration Average Average Average
Material ({ug/ml) Grains/Nucleus Background Net Grains/Nucleus
Maneb 0.15 8.02 6.11 1.9
7.28 5.26 2.0
0.5 5.80 4.85 1.0
5.84 5.08 0.2
1.5t 9.46 6.59 2.9
5.0 5.58 3.65 1.9
4.80 4.21 0.6
15.0 2.92° l.47 1.5
2.04 l.41 0.6
1% DMSO - 4.42 3.67 0.8
(negat ive control) 5.356 4.60 0.8
DMBA 125.0 18.42 4.74 13.7
(positive control) 13.60 2.83 10.8

t only one slide suitable for aaalysis
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STUDY AUTHORS' CONCLUSICN/QUALITY ASSURANCE MEASURES:

A. The authors concluded that "Technical grade Maneb does not have
the potential to induce unscheduled DNA Synthesis in rodent -
hepatocytes.”

»
1

B. A quality assurance statement was signéd and dated August 5,
1985.

REVIEWER'S DISCUSSION AND INTERPRETATION OF STUDY RE&IIJ'S:

There are a number of serious problems involving both the conduct
and presentation of this study. b

Foremost of these is the lack of gquantitative cytotoxicity data.
In studies of this type relative survival indices are usually
calculated from preliminarg and/or concurrent (parallel to the
UDS assay) runs. Normally, the dosage levels of test compound
should be associated with at least a 10-50% range of relative
survival indices, but from the presentation of this report I have
no idea whether this was true in this case.

I am also concerned about the way in which the average net
grains/nucleus values were calculated, and the absence of statis-
tical measurements associated with these given values. A net
grain count is usually calculated for each evaluated nucleus by
subtracting the mean count of 3 adjacent nuclear-sized areas
from the count obtained for ta2 nucleus. Many laboratories
consider the lowest possible value for any one nucleus then to
be zero (even when the 3 adjacent nuclear-sized areas have a
greater mean number of grains than the nucleus). Average net
nuclear grain counts of six or more above control average are
usually assumed to constitute a positive response in this type
of assay, since six is normally wore than twice the standard
deviation associated with the control count. However, in
this case no standard deviation is reported for the negative
control {or any other exposure group either). In any cas2, the
statistical resulation of the data should be such that definita
conclusions can be drawn.

No additional criteria for UDS were utilized {number of nuclei
per exposure level showing € or more net nuclear grains; number
of nuclei/exposure level showing 20 or more net nuclear grainsj.
These are indicated in Brusick, D. Principles of Genetic Toxi-
cology, Plenum Press, 1980, where it is stated (p. 227):

The test article should be considered a.tive in the UDS
assay at appl ied concentrations that cause (1) an increase
in the mean nuclear grain count to af least six grains per
nuclaus in excess of the concurrent negative contrsl;

23
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and/or (2) the percentage of nuclei with six or more grains
to increase above 10% of the examined ' population, in
excess of the concurrent negative control; and/or (3) the
percentage of nuclei with 20 or more grains to reach or
exceed 2% of the examined population.

This reference continues:
I
Generally, if the first condition is satisfied, the secord
and often the third condition will also be met. However,
satisfaction of only the second or third condition can also

indicate UDS activity...all three of the above conditions
should be considered in the evaluation.

Additionally, the reproducibility of an assayg of this type should

be demonstratel, particularly if negative results have been
obtained.

For these reasons, the study, as reported, is classified as un-
acceptable.

005229
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Data Evaluation Report (VI)
CHEMICAL: Maneb

TEST MATERIAL: Maneb technical, lot MT Ol, BSC No. 85-11A, described
as a yellow powder.

STUDY/ACTION TYPE: Mutagenicity--In Vitro Sister Chromatid Exchange
Assay (CHO Cells).

STUDY IDERTIFICATION: Thomas, M. and Loveday, K. S. In Vitro Sister
Chroratid Exchange Assay on Technical Grade Maneb (unpublished study
project no. 840014-20 prepared by Bicassay Systems Corporation, 225
Wildwood Ave., Woburn, MA 01801 for George Pazianos, 211 Ninth St.
NE, Washington, D.C.; dated July 30, 1985 with revision of August 22,

1985). Acec. no. 259327T.
REVIEWED BY:

1. (} =

Byron T. Backus, M.S. Yw
ﬂ 1L §C

Toxicologist
Toxicology Bramch, HED
APPROVED BY:

Marcia van Gemert, Ph.D.

Section Head, Review Section III %Ww L 2;3_ ¢
Toxicology Branch, HED

CONCLUSIONS AKD RECOMMENDATIONS:

A. The study is unacceptable. The ‘major noteworthy finding was
the occurrence of "chromosomal aberrations™ at 50 and 60 ug/ml
Maneb in the presence of rat S9 and at 60 ug/ml with mouse S9.
A full repeat assay is necessary.

B. While there was no indication or evidence of an increase in SCE
as a result of nonactivated or S9 (both rat and mouse) activated
exposure tc Maneb in CHO cells, this study was deficient in a
number of respects, including the following:

1. Most of this study was run with no concurrent or subsequent
confirmatory assays. Exposure to the test material at a
specific concentration involved only contents of a single
flask. It was therefore not demonstrated that most of the
findings of this study were reproducible.

In the cne run which was duplicated (mouse S9 activation
assay) there was a striking "anomaly" in that cells at 40
and 60 vz/ml could be analyzed in the first run, but in the
second mun 7.5 ug/ml was the highest concentration from
which ceils could be analyzed. This "anomaiy"™ does not in-
spire ccnfidence in the reproducibility of this study.




2.

3.

Ail values for SCE/cell per dosage level are simply presented
as means, with no further statistical information (standard

‘deviation and/or standard error of the mean). In order t>

evaluate a study of this type, we should have some informa-
tion as to the level of inherent wvariability associated with
the data as presented. There is always the possibility that
the lack of a statistically significant difference between
veiues of a dosage level and those of negative controls may
be due to a high level of variability. Anot.er problem is
that there was an insufficient number of cells scored (30)
in each assay run.

In the reporting of the nonactivated SCE assay it is indi-
cated {p. 10) that, at 1 ug/ml Maneb, 28 cells were in M1
and T2 were in M2. On p. 11 the respective values for the
same dose are 4 and 96. A clarification as to why these
values (and others at different dose levels) are not the
same or similar should be made. A similar discrepancy
exists with respect to some of the numbers of cells ia M1
and M2 as given on pages 12 and 13.

From the data on p. 11 it is noted that at 1 ug/ml in the
nonactivated study there was still a considerable level of
mitotic activity (mitotic index = 0.036, or about 50% that
of 0.070 for solvent control). According to the data on
p. 11 96% of the metaphases were M2. From this, it appears
that the test material should have Been further evaluated
for cytotoxicity at concentrations between 1 and 5 ug/ml.

In the initial mouse S9 activation assar, there is no in-
formation reported for dosages between 5 and 40 ug/ml {or
whether there were even dosages between these values).
Also, vwhat exactly iz meant by "a cell etween first and
second metaphase™?

'While not something that can be readily iinked to a specific

protocol or set of guidelines for the conduct of ihis type
of assay, this reviewer does not feel that the preliminary
work adequately defined the cytotoxicity of the test mater-
ial, or conditions (including concentrations of, and length
of exposure to the test material) apprepriate for testing,
particularly in the nonactivated part o2 the assay. As an
example of this, on p. 10 it is indicated that no metaphase
ceils were present at any of the doses [15 to 1500 ug/ml)
of the initial range-finding study. The second run ("experi-
ment no. 2") is identified as the nonaczivated SCE assay,
with no indications or any attempt to resolve cytotoxicity
in a second preliminary assay. l‘.

Wizh respect to the conduct of this stuiy, the Agency has
accepted nonactivated SCE assays in whizh exposure to the
test material was for 2 to U4t hours, foiowed by cell wash-
ing, suspension in fresh medium containing BrdU, and subse~
quent 25 to 28 hour incubation. I2 the -est material
causes mitotic delay it is sometimes arsropriate to extend
the post-exposure incubation period.

~ e 7 7005339
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Additionally (but not so critically) the types of chromoso-

mal aberrations reported as having occurred in M1 celis at

50 and 60 ug/ml in the rat S9 activation essay, and et 60 -
ug/ml in the first mouse S9 study, were not specified.
Also, instead of doses such es 0.5, 1, 5 and 10 ug/mi it
would have been more appropriate to test values corres-
ponding more to helf-log factors (i.e., sometkhing 0.3, 1,
3 and 10 ug/mil).

C. The study should be completely redone in such a way as to
demonstrate reproducibility of the findings, adequate resolu-
tion (either by preliminary or concurrent agssays) of the cyto-
toxicity of the test material, and the appropriate concentra-
tions of (and length of exposure to) thLe test materisl.

8. MATERTALS ARD METHODS (PROTOCOLS):

1

-

© e

2.

A. Materials:

Test Material: Maneb, BSC No. 85-11, lot/batch no. MI 01, de-
scribed as a yellow powder. While the statement is made that
the purity was "88.1% Technical Grade Maneb™ other studies
utilizing Maneb from this lot number have reported it as con-
taining 88.1% active ingrediect. The test sample was assayed
in DMSO solution. "Concentrations were based on the weight of
the test sample as received; no corrections vere made using
the purity of the active ingredient.”

Positive Controls: Cyclophosphamide (CP) at 2.5 ugfzl was
used in the assays with S9 activation, and Mitomycin C at
0.01 ug/ml was used in assa, s without S9 activation.

Cell Line: CHO celis were ovtained from Dr. Sheila Zalioway 2t
Litton Bionetics, Kensington, MD. Master vials vere stored in
iiquid No or at in a freezer at ~70° C. The CHO ceils used In
this assay were maintained in McCoy's SA medium with fetal calf
serum.

39 Fractions® The activated assays were performed with S9 frac-
tions prepared from livers of Sprague-Dawley rats ard B6C3FL
mice induced with Aroclor 1254 at 500 mg/kg. Both were apparent-
iy commercial preparations as the rat liver 59 was Zrom Litton
Bionetics, Kensington MD and the mouse S9 was from ¥icrobiologi-
cal Associates, Bethesda, MD.

B. Methods:

1.

Preiiminary Cytotoxicity Tests Without Activation: CZ0 cells
were seeded at a gensity of 1.5 g 10° in piastic flasks (unner-
rain whether this means 1.5 x 10° celils per Zlask, oz per some
unit area of each flask). One day (24 hrs?-not specifically
gtated) later celils in McCoy's SA Medium suppiemented with

10% fetal calf serum were exposed to concenzrations 2f Maneb
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| the exposure medium and cells were incubated for an additional

. 005229

ranging from 15 to 1500 ug/ml, as well as to positive and

, negative (solvent) controls. Two hrs later BrdU was added (no

indication is given that exposure to the test material ended -
at this time since it is stated on p. 5: "BrdU...was added to

28 hrs."). Vinblastine sulfate (instead of coicemid or colchi-
cine which are usually used as mitotic arresting agents) was
added to the exposure medium 2-2 1/2 hrs before cells were har-
vested. Cells were harvested, treated with hypotonic solution,
fixed in 3:1 methanol:acetic acid and siides were prepared.
Slides were photoactivated by exposure to UV for 30 minutes,
{mmersed owice (15 minute intervals) in 65° C 0.015 M sodium
citrate and 0.15 M NaCl solution, rinsed in distilled water and
stained with 5% Giemsa. One hundred metaphase cells/treatment
were counted, and the numbers of these in Ml and M2 were noted.

Because no metaphase cells were observed in the first range-
finding assay, Maneb was subsequently tested at concentrations
of from 0.01 to 20 ug/ml for both toxicity and evidence of
call cycle delay.

Preliminary Cytotoxicity Tests With Activation: The same pro-
cedure as that for without activation was used with the follow~
ing modifications: exposure time was 2 hrs in serum-free medium.
The test sample was removed, cells were washed with phosphate-
buffered saline, and grown for 28 hrs in mediu=m containing
serum and BrdU. Cells were harvested as in the nonactivated
assay (however, it is not stated when the metaphase arresting
agent was added to the medium).

SCE Assay: The same procedures as indicated above for cyto-
toxicity assays were foilowed. Without activation, eight
concentrations of Maneb ranging from 0.0l to 20 ug/ml vere
tested, and results from four levels (0.05, 0.1, 0.5 and 1
ug/ml) were analyzed in a single assay. With rat 59 activa-
tion, there was a single assay in which eight concentrations
of Maneb ranging from 1 to 80 ug/ml were tested, and four (s,
10, 20 and 40 ug/ml) were analyzed.

The mouse S9 activation study involved two assays. In the
first eight concentrations of Maneb ranging from 1 to 80
ug/ml were tested, and four (1, 5, 40 and 60 ug/mi) were
analyzed. In the second seven concentrations of Maneb
ranging from 1 to 50 ug/ml were tested; four {1, 2.5, S and
7.5 ug/ml) were analyzed.

Evaluation Criteria: WNot stated. The implication from the
summary (p. 1) is that a positive response might consist of a
reproducibly statistically significant lacrease in SCE at a
single dose level. '

Statistical Analysis: The only thing reported is that analy-
sis of variance was performed on the results of the different
23says.
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9. REPORTED RESULIS:
! -
A. Cytctoxieity: -
. -
1. Non-g;ctivationz In the first assay, no metaphase cells were
observed at any concentrations of Maneb (15 to 1500 ug/ml).
At 390 ug/ml and above Maneb precipitated out of solution.
i
In tl’:e second run, which is identified as the nomactivated
SCE assay, no cells in metaphase were obtained at concentra-
tions of 5 ug/mi and above. From Table 1, p. 10:

‘xest material and Cell Cycle
Concentration (ug/mi) M M2
Maneb 20 Ko cells

10 No metaphase cells

5 No metaphase cells
. 1 28 T2
i 0.5 6 9k
! 0.1 12 88
! 0.05 1 99
0.01 0 100
1% DMSO (negative control) /] 100
" 100% 0
0,01 ug/ml Mitomycin C 1% 86
. " 9 100

#Technical error, no BrdU added.

2. Activation - rat S9: In the first (range-finding) assay
no celils in metaphase were found at concentratiozs of 110
ug/ml or more of Maneb. From Table Z. p. 12:

Test material and Celil Cyclie
Concentration (ug/mi) M M2
Maneb + rat S9 110 No metaphase cells
15 Sparse metaphase
30 67 33
. - 15 36 64
1% DMSO + rat SO L 96
1" 1 99
1 In the second experiment (identified as the actirated SCE.
| assay) the following values are given (Table 3, p. 12):
Test material and Ceil Cycie
Concentration (ug/mi) M1 M2
Manet + rat 59 80 No metaphase cells
60 89 11
S0 g0 10
L0 L6 pL
20 9 91
10 1k 86
5 2 98
1 31 €9
1% DMSO + rat S9 28 72
" 0 100 33
2.5 ug/mi CP + S9 9 91
”

12 a3
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3. Activation - mouse S9: o cytotoxicity assays are reported. 005229

B. Sister Chromatid Aasgxg' :

1. Hon-aectivation: BNone of the Maneb concentrations induced a
significant increase in SCE compared to the negative control.
Exposure to Mitomycin C at 0.01 ug/ml caused a significant
jinerease in SCE/cell. From Table 2, p. 11:

vy

Test Material Fumber
and Concentra- Mitotic Cell Cycle of Cells HNumber SCE/
tion (ug/ml) Index ML M2 Scored of SCEs cell
Solvent Control
1% DMSO | 0.070 0 100 30 327  10.9
Positive Control
0.01 ug/ml
Mitomyein C 0.03 0 100 10 kik Li.b
Maneb 1 ug/ml 0.036 4 96 30 357 11.9
Maneb 0.5 ug/ml  0.0kO 2 98 30 266 8.9
]
!
Maneb o.1"i ug/ml  0.056 2 98 30 220 7.3
Maneb 0.05 ug/ml 0.0kl 0 100 30 2k2 8.1

2. Activation - Rat S9: No M2 cells suitable for analysis were
present above 50 ug/ml; chromosomal aberrations were observed
at 50 and 60 ug/ml {on p. 13 it is stated aberrations were

i present in - but it is not stated they were limited to - Ml
cells). There was no evidence of an increase in SCEs as a
result of exposure to lewvels of 40 ug/mi or less of Maneb;

from p. 13:
Test Material Sumber »
end Concentra- Mitotic Cell Cycle of Ceils HNumber SCE/
X tion (ug/mi) Index Ml M2 Scored of SCEs cell
v Solvent Control
1% DMSO + rat S9 0.120 2 98 30 313 10.4

Positive Control
e rat 59 + 2.5 ug/ml

Cyclophosphamide 0.101 4 96 10 379 37.9
Rat S9 + Maneb .
1 4o ug/mi 0.0L46 3b 66 30 301 10.0
20 ug/ml 0.082 19 50 30 312 10.4
10 ug/mi Q.076 2 98 30 264 8.8
5 ug/ml 0.029 0 100 30 222 T.b '

30
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Activetion - Mbuse S9: There were 2 SCE assays.
mitotic indices >5 ug/ml were low.

ol

1:1::M1:M2 cel;ls was obtained. From p. 1k:

Test Material !

‘005229

In the first

At 5 ug/ml a ratio of about

Number
and Concentra- Mitotic Cell Cycle of Cells Number SCEf
tion (ug/mi) | Index ML M2 M1+ Scored of SCEs cell

Solvent Control
1% DMSO + mouse S9 0.092

Pogitive Contrgol
mouse S9 + 2.5 ug/ml
Cyclophosphanp.de 0.097

Mouse S9 + Maneb

602 ug/mi 0.006
40 ug/mi 0.004
5 ug/ml i': 0.010
1 ug/ml : 0.078

8Chromosomal aberrations were observed in some M1l cells.

L 96

60 280 11b

68c 29¢ 3¢
48 52
Lo 96

30

10

30
a

30

30

265

859

313

80
369
213

bCell cycle stages determined from 4T cells instead of 100.
CCell cycle stages determined from 31 cells instead of 100,
dpecause of the low mitotic index only 7 cells were scored.
Ml+ ~ between first and second metaphase

Anaiysis of variance indicated the number of SCEs (in the
vhole set of concentrations analyzed?) for Maneb with mouse
S9 was statistically "different” from that of negative con-

trols at p = 0.05.

In a repeat assay, no metaphase cells vere obtained at con-
centrations >7T.5 ug/ml. From p. 1h:

8.8

85.9

10.%
11.%

12.3

Test Material Mumber
.. —and Concentra- Mitotic Cell Cycle of Cells " Number SCE/
tion (ug/ml) Index Ml M2  Scored of SCEs cell
Solvent Control
1% DMSO + mouse S9 0.090 ¢ 100 30 233 7.8
i 0.080 0 100 30 237 T.9
Positive Control
mouse S9 + 2.5 ug/ml
Cyclophosphamide 0.032 6 ok 10 508 50.8
0.120 2 98 0 5TT 5T.7
Mouge L' + Maneb
7.5 ug/ml 0.012 30 T0 30 245 8.2
5 ug/mi 0.036 36 64 30 283 9.h
2.5 ug/mi 0.116 0 100 30 2L3 8.1
1 ug/ml . 0.062 L 96 30 211 7.0

'.!.
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"Bone of the test sample concentrations resuited in signifi-
cant increases in the number of SCE/cell when compared to
the negative control. The 19% increase observed at 5 ug/ml
is not high enough tto be significant...”

"Analysis of variance...indicated no statistically signifi-
cant differences between the number of sister chromatid
exchanges induced ’ the test sample and the negative con-
trols.”

STUDY AUTHORS'® COM‘.‘LUSION/Q!}ALIT! ASSURANCE MEASURES:

|
A. The authors concluded that "Under the conditions of the assay
employed, Maneb did not icause a significant increase in sister
sister chromatid exchanges under nonactivated or activated con-
ditions."”

B. A quality assurance statement dated July 30, 1985 was signed.
REVIEWER'S DISCUSSION ARD iMERPRETATIOI OF STUDY RESULTS:

i
This study has been very difficult to interpret, even with the re-
visions of August 22, 1985.

However, it is still difficult to state vhether the major pro-
blems with this report involve its clarity or the protocol used
and/or the data as reported. The following comments relate to
some of the major deficiences of this study: ) -

1. Most of this study was run with no duplication. Exposure to
the test material at a specific concentration involved only
cells within a single flask. Also, most of the runs were
done with no concurrent or subsequent confirmatory assays.
The reproducibility ©bf the findings of this assay was there-
fore not demonstrated.

Where there were duplicate runs (mouse S9 activation assay)
there was a striking "anomaly" in that cells at 4O and 60

ug/ml could be analyzed in the first run, dbut in the second
run T.5ug/ml was the highest concentration from which cells
could be analyzed. This "anomaly™ does not inspire confidence
in the reproducibility of this study.

2. All values ‘for SCE/cell are simply presented as means for each
dosage level (based on values from 30 cells, an insufficient
number) with no further statistical information (standard de-
viation and/or standard error of the mean). In order to evalu-
ate a study of this type, we shounid have some information as
to the level of inherent variability associated with the data.
There is always the possibility that the lack of a statisti-

005229
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eally significant difference ‘between values obtained at 2
dosege level and background (from negative controls) may be due
to a high level of variability.

""

3. In the reporting of the nom?tinted SCE assay, it is indicated
(p. 10) that, at 1 ug/ml Maneb, 28 cells were in Ml and 72 in
M2. On p. 11 the respective/values are 4 and 96. A clarifica-
tion as to why these values {and others at the different dose
levels) are not the same or similar should be made. A similar
discrepancy exists with respfct to some of the numbers of cells
in M1 and M2 as given on pages 12 and 13.

k, From the data on p. 1l it 13’ noted that at 1 ug/ml in the non-
activated study there was still a considerable amount of mitotic
activity (mitotic index = 0.036, or about 50% that of 0.070 for
solvent control). From this, it appears that the test material
should have been further evaluated for cytotoxicity at concentra-
tions between 1 and 5 ug/ml.

S. In the initial mouse S9 ac!:hntion assay, there is no informatiom
reported for dosages betweeh 5 and 40 ug/ml. Also, what exactly
i{s meant by "a cell between first and second metaphase™?

While not something that can be readily linked to a specific pro~
tocol or set of guidelines for the conduct of this type of assay,
this reviewer does not feel that the preliminary work adequately
defined the cytotoxicity of the test material, or conditions
(including concentrations of, and length of exposure to the test
ted part of the assay. As an example of this, on p. 10 it is
indicated that no metaphase cells were present at any of the doses
{15 to 1500 ug/ml) of the initial range-finding assay. The second
run ("experiment no. 2") is idestified as the nonactivated SCE
assay. . ' :
The Agency has accepted nonactivated SCE assays in which exposure
to the test material has been for 2 to s hours, followed by cell
washing, suspension in fresh medlum containing BrdU, and subsequent
25 4o 28 hour incubation. Where the test material causes mitotic
delay it is sometimes appropriate to extend the post-exposure incu-
bation period.

Additionally (but not so eritically) the types of chromosomal aberra-
tions reported as aaving occurred in M1 cells at 50 and 60 ug/ml in
the rat S9 activation assay, and at 40 and 60 ug/ml in the first
mouse S9 study, Were not specified. Also, instead of doses such

as 0.5, 1, 5, then 10 ug/ml it would have been more appropriate

to us= values corresponding to half~log increments {i.e., something
iike 0.3, 1, 3, 10 ug/ml).

Overall, this reviewer considers the.study to be unacceptable as a
SCE assay. The major noteworthy finding of this study was the
occurrence of "chromosomal aberrations™ at S50 and 60 ug/ml Maneb
in the presence of rat S9, and at 60 ug/ml Maneb with mouse S9.

A full repeat assay is necessary.

33




1.

2.

3.

4.

5.

6.

7.

8.

9.

CONCLUSIONS:

005229

-
-
*

Data zvaluationf Report. (VII)
; %
CHEMICAL: Maneb |

TEST MATERIAL: Maneb techpical, lacﬁraz, L No. 21,838A, described

as a pale green (other stulies have entified it as yellow) powder
with a purity of 88%. i

STUDY /ACTION TYPE: uutagenicity’--ﬂo' Mediated Assay in Mice.

STUDY IDENTIFICATIOH: McCarroll, K. ;B. and Phipps, N. Host Mediated
Assay in Mice with Compound Maneb T hnical Study No. 1 (unpublished
study project no. 2325-100 prepared Hazleton Biotechnologies Corp.,
9200 Leesburg Turnpike, Vienna, VA 2?180 for Paziamos Associates, 211
Ninth St. NE, Washington, D.C.; dated June 14, 1985). AcCe no. 259019.

REVIEWED BY:

S ,.J.Lf-—‘)
Byron T. Backus, M.S. ﬂ 1. {)
Toxicologist 06 -4~ ¥
Toxicology Branch, HED Q

H b
APPROVED BY: '

Marcia van Gemert, Ph.D. ‘
Section Head, Review Section III }?4 MW LB -3/ 4

Toxicology Branch, HED

A. While there was no indication of a mutagenic response in
Salmonella typhimurium TA 1530 when host mice were orally
dosed with the test substance at 0.5, 2.0 and 5.0 mg/ky, thare
was no evidence, either from toxic effects in the mice or
cytotoxicity in S. typhimurium, that the test material was
administered at a sufficiently high dosage level.

B. The study is unacceptable.

RECOMMENDATIONS:

——

The study should be repeated with a dose range such that the

highest level is either 5 g/kj, or demonstrates some toxic or
cytotoxic response. l

MATERIALS AND METHODS (PROTOCOLS):

A. Materials:

1. Test Material: Maneb technical, 88% active ingrelient,
described as a pale green powder, stored at room tem—
perature. The test matcrial was suspended in corn oil
for purposes of administration to the host animals.
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4.
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Positive Control Material: Dimethylnitrosamine, with 005"‘29
an assumed purity of l00%, from Aldrich.

Test Animals: Seven to eight week 'old male B6C3Fl mice
were obtained from Charles River Breeding Laboratories,
Inc., Kingston, NY., on February 13, 1985. &Sixty of
these mice (randomly assigned wichjzo per solvent con-
trol group, 10 per each of 3 Maneb -doge groups, and
lo/positive control group) were subsequently used in
the assay 6 days later. i )

0,
+

gndicator Organism: Salmonella typhimurivm LT-2 strain
Ta1530. This strain is unable to synthesize histidine
due to a lesion in the pbosphoriboiayl-—&'l’?—pyrcphospbory—
lase gene in the histidine opetan.' Colonies can be
formed in the absence of exogenous| histidine only through
mutational reversion to a non-histidine-deficient state.

B. Methods:

1.

3.

5.

i

Administration: The test material was administered

at dosage levels of 0.5, 2.0 and {6.0 mg/kg (ian terms
of the active ingredient) as a su&pensian in corn oil;
negative (solvent) control mice wére dosed with vehi-
cle only. In each of these four groups the material
was administered via oral gavage at a dosing volume of
10 ml/kg. Positive control mice received approximately
0.1 ml of a 10% dimethylnitrosamine solution via intra-
muscular injection.

Bacterial Inoculation: Immediately following compound

administration, an aliquot of two mls of a suspension
of Salmonella typhimurium strain TA1530 containing a
total of 7 x 102 cells was administered via a single
IP injection.

Animal Sacrifice: All mice were sacrificed by cervical

dislocation. The positive control group was sacrificed

2 hours after bacterial inoculation; the solvent control
and 3 test material groups were sacrificed 4 hours after
inoculation. -

Bacterial Recovery: " Sacrificed mice were cleansed with

70% EtOH and skinned for laparotomy. A minimum of I ml
sterile 0.85% NaCl solution was injected IP through the
abdominal nmsculaturefof each mouse. The peritoneal
cavity was aseptically opened, and the bacterial exudate
was withdrawn.

plating of Bacterial Exudate: For revertant counts, un-

diluted peritoneal fluid was added in triplicate to com-
plete top agar containing histidine and biotin, mixed,
and poured over Vogle-Bonner E minimal agar. Similarly,
for total cell counts, 10-fold dilutions (10~! to 10~8)
of peritoneal fluid were prepared in 0.85% NaCl soluticn
and the three highest dilutions were added to top agar
and poured over Tryptone Say Agar plates in triplicate.
All plates were incubated at 37° C. Colonies were
counted after 48 hrs incubation. !
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6. Calculations: The total number of colony forming units 3035229

(CFU) was calculated using the following formula:

H
H

Number of coloniss/plate

The mutation frequency (MP) for each s: e was calculated
from: aiia
Total Number of Mutant Colo.

My = Total Number of Colonies |

7. Evaluation Criteria: It was not stated what the criteria for
a positive response would be. l

10. REPORTED RESULTS: i

¢linical observations were reported as normal for all animals, and no
deaths occurred during the study.

No increase was observed in the mutation frecfuency of bacterial
colonies from mice that were orally dosed with 0.5, 2.0 or 5.0 mg/kg
of the test material. The overall mutation \erequency in bacterial
colonies from positive control mice (0.1 ml 10% DMN administered

IM) was 24 times that of colonies derived from the solvent (negative)
control animals. .

The follcwing is from Table 3, p. 18: Ratio of MP of
' Dosage group to
. that of the
Test Material and Dosage Level  MF x_1_0_7‘__‘“ negative control -~
Corn oil: 0.1 -
Maneb 0.5 mg/kg 9.1 1.0
Maneb 2.0 mg/kg 0.07 - 0.7
Maneb 5.0 mg/kg 2.1 1.0
DMN - 0.1 ml 10% IM 2.4 24

11. STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A. The authors concluded that "Maneb Technical did not demonstrate
a mutagenic response when tested in the host mediated assay
using Salmonella typhimurium Strain TAl1530 as the indicator
strain and B6C3Fl mice as the host.”

B. A quality assurance statement was signed and dated May 30, 1985.
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REVIEWER®S DISCUSSION: ! {

Administration of the test material by oral gavage to host mice did
pot cause a matagenic response in-S. typhisurium st:}.-ain TAl530.

By contrast, the positive coatrol, administersd by amuscular
injecticn, elicited a 24x increase in mutation frequency over that
of the solvent (negative) control, demonstrating that the assay
system was. capable of detecting a matagenic response. However,
there is no reporting of any preliminary range-find or cytotoxi=

city data supporting the dose range used in this ay, nor whether

the compound was absorbed from the gastrointestinal’ tract and
reached the indicator organism at an effective concemtration. Since
the highast dose tested, 5 mg/ig, did not elicit a toxic effact in
the dosed mice or a cytotoxic response in S. typhimurium TA1530 it
is concluded that the dose range selected was not high enough to

fully assess the mutagenic potential of Maneb in t@tn host-mediated

a’say . ' R i
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Data Evaluation Report (VIII)

CHEMICAL: Maneb . j
TEST MATERIAL: Maneb technical, lot MTOl, LH No. 21,8384, described
as a pale green. (other studies ideptify it as yellow) poTer with a
purity of 98%. ' ! |

STUDY /ACTION TYPE: Mutagenicity~-Host Mediated Assay in !,Mice.
E '

STUDY IDENTIFICATION: McCarroll, N. E., Burlew, P. and Bhipps, N.
Host Mediated Assay in Mice with Cospound ManeD Techn Study No. 2
(unpublished study project no. 2325-100 prepared by Hazleton Biotech-
nologies Corp., 9200 Leesburg Purnpike, Vienna, VA 22180 !for Pazianos
Associates, 211 Ninth St. NE Washington, D.C.; dated June 14, 1985).
Acc. no. 259020,

4

REVIEWED BY: i

———

' I
Byron T. Backu$, M.S. ﬂrn- T. (3~
Toxicologivt 6 -\ -5
Toxicology Branch, HED

P

APPROVED BY:

Marcia van Gemert, Ph.D. '

Saction Head, Review Section III ﬂ( I'L@U-Q}ﬂw‘ éze; X6

Toxicology Branch, HED )

CONCLUSIONS :

A. There was no indication of a mutagenic response in §§1monglla
typhimurium strain TA 1530 when host mice were orally dosed
with Maneb at 0.5, 2.0 and 5.0 gw/kg.

B. The study is acceptable.

MATERIALS AND METHODS (PROTOCOLS):

A. Mater ials:

1. Test Material: Maneb technical, 83% active ingredient,
described as a pale green powder, stpred at room tam-
perature. The test material was suspended in corn oil
for purposes of administration.

2. Positive Control Material: Dimethylaitrosamine, with
an assumed purity of 100%, from Aldrich.

3. Host Animals: Six to seven week old male B6C3F1l mice
were obtained from Charles River Breeding Laboratories,
Inc., Kingston, NY¥., on April 3, 1985. Sixty of these
mice (randomly assigned with 20 per solvent control

(ki
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group, 10 per each of 3 Maneb dose groups, and 10 in ;
the positive control group) were subsequently used in
the assay 9 days later. !

i

4. Indicator Organism: Salmonella typhimurium LT-2 strajin
.TA1530. This strain is unable to synthesize histidine
due to a lesion in the pbosphoribosgl—ATP—pyroPIbsphaEg-
lase gene in the histidine operon. Colonies can be
. formed in the absence of exogenous histidine only thrjpugh
mutational reversion to a non-histidine-deficient state.

Methods :

1. Administration: The test material was administered ‘
at dosage levels of 0.5, 2.0 and 5.0 gm/ky (in terms
of the active ingredient) as a suspension in corn oil;
negative (solvent) control mice were dosed with vehi-
cle only. In each of these four groups the material
was administered via oral gavage at a dosing volume { f
10 ml/kg. Positive control mice received approxima
0.1 ml of a 10% dimethylnitrosamine solution via int:a-
muscular injection.

2. Bacterial Inoculation: FPollowing compound administra-
tion, an aliquot of two mls of a suspension of Salmo-
nella typhimurium strain TAl530 containing a total of
9.6 x 109 cells was administered via a single IP injec-
tion.

3. Animal Sacrifice: All mice were sacrificed by carvical
dislocation. The positive control group was sacrificed
2 hours after bacterial inoculation; the solvent control
and 3 Maneb groups were sacrificed ‘4 hours after inocula-
tion.

4. Bacterial Recovery: Sacrificed mice were cleansed with
70% EtOH and skinned for laparotomy. A minimum of 1 ml
sterile 0.85% NaCl solution was injected IP through the
abdominal musculature of each mouse. The peritoneal
cavity was aseptically opened, and the Dacterial exudate
was withdrawn.

5. Plating of Bacterial Exudate: For revertlmt counts, un-
diluted peritoneal fluid was added in triplicate to com-
plete top agar containing histidine and biotin, mixed,
and poured over Vogle~Bonner E minimal agar. Similarly,
for total cell counts, 10-fold dilutions (101 to 10798)
of peritoneal fluid were prepared in 0.85% NaCl solutioz
and the three highest dilutions were added to top agar
and poured over Tryptone Soy Agar plates in triplicate.
All plates were incubated at 37° C. Colonies were
counted after 48 hrs incubation.
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6. Calculations: The total number of colony forming units ’
(CFU) was calculated using the following formula:z !

}
Number of colonies/plate i
Yomber of plates X dilutioa factor = CFU/ml sample| pl ated

‘ The z-nnt;ation frequency (MF) for each sample was calculated
from: !

Total Number of Mutant Colonies . !

MF = Total Number of Colonies

7.. Bvaluation Criteria: %o specific criteria for a positive
response were reported.

REPORTED RESULTS:

Clinical observations were reportad as aormal for all animals, and
deaths occurred during the study. '

No results were obtained'for one animal in the 2.0 gm/kg group ":fye
to a toxic effect on the bacteria. This effect was not seen on any
other animal in the study...” ’

No increase was observed in the mutation frequency of bacterial
colonies from mice that were orally dosed with 0.5, 2.0 or 5.0 gm/kz
of the test material. The overall mutation frequency in bacterial
colonies from positive control mice (0.1 ml 10% DMN administared '
IM) was 16.6 times that of colonies derived from the solvent (nega-
tive) control animals.

The following is from Table 3, p. 18: Ratio of MF of

. Dosage group to
that of the

Pagt Material and Dosage Level MF x 108 ; nagative control

Corn oil ) 0.7 -

Maneb 0.5 gm/kg 0.4 0.6

Maneb 2.0 gm/ky 0.5 T 2.7

Maneb 5.0 gm/kg 0.5 1 a.7

STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A. The authors cor:luded that "Maneb Technical did not demonstrate
a mutagenic responsa whea tested in the Host Mediated mutation
assay using Salmonella typhimurium Strain TAI530 as the indica-
tor strain and B6C3Fl mice as the host.”

B, & qual ity assurance statement was signed and dated May 30, 1985.
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®  12. REVIEWER'S DISCUSSION:

Administration 'of the test material by oral gavage to host mice did
not cause a mutagenic response in S. typhimirium strain TA1530.

By comtrast, the positive control, administered by intramuscular
injection, elicited a 16.6x increase in motation frequency over that
of the solvent (megative) control, demonstrating that the assay
system was capable of detecting a matagenic response. Since the
test material was administered at a the limit (according to FIFRA
Guidel ines) dosage level of 5 gm/kg (according to the text the oral
LDS? in rats of the test material is 6,739 mg/kg) it is concluded
that the dose range was adequate to assess the matagenic potential
of Maneb in this host-mediated assay. The study is therefore
acceptable for reguldtory purposes.
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