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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

~ FILE ogpy

~ CGFFICE OF
PESTICIDES AND TOXIL SUBSTANCES

AR T T 1989

MEMORANDUM
SUBJECT: Third Peer Review of Benomyl/MBC

FROM: John A. Quest, Ph.D., Head VA% 2/,;/5,7
Science Support Staff
Science Analysis and Coordination Branch
tlealth Effects Division (TS-7683C) —

TO: Jane Mitchell, PM Team 21
Fungicide-Herbicide Branch
Registration Division (TS-767C)

The Health Effects Division Peer Review Committee met on
January 25, 1989 to discuss whether or not the tumor data on
Benomyl/MBC necessitated a guantification of oncogenic risk.

A. Individuals in Attendance

1. Peer Review Committee: ({Signature indicates
concurrence with peer review unless otherwise
stated.)

Robert Beliles:

William Burnam:

Marion P. Copley:

Bernice Fisher:

Marcia van Gemert-

Judith W. HaUSerth.‘é¥$£LgL&¢ & -

John A, Quest:

. LA -
William Sette: o . O AU
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2. Peer Review Committoe Members in Absentia:
(Committee members who were not able to attend the
discussion; signature indicates concurrence with the
overall conclusions of €he co

Reto Engler: /{;4>(<:f /1/7\*//
Richard N. Hill: . //

Diane Beal: "’”

Kerry Dearfield: 'L?%QK&M/Q&Q

Lynnard Slaughter. @

Esther Rinde:

Richard tevy: / \,JL__J AL

3. Interested Observers: _/

o) ' “
Albin Kocialski: CA- kLMCAi e A

Phil Hu..demann:

B. Material Reviewed:

This material available for review by the Committee was
a package prepared by Dr. Copley containing information on
most of the major scientific and regqulatory activities
conducted by the OPP over the past several years.

C. Background

Background information on Benomyl/MBC is comprehensively
provided in Dr. Copley’s memorandum of January 20, 1989
(attached). 1In brief, at the Peer Review Committee nmeeting
of January 7, 1986, 1t was determined that Benomyl/MBC met
some of the crlterla for both the B2 and C categories of
carcinogen classification. In support of a B2 category
classification, both Benomyl and MBC produced an increased
incidence of malignant or combined malignant and benign
tumors of the liver. 1In the case of MBC, tumors were
produced in multiple strains of mice (closely reiated CD-1
and Swiss SPF strains) ard in multiple experiments.
Furthermore, MBC produced an unusual type of hepatocellular
tumor (hepatoblastoma) in male Swiss SPF mice. 1In support of
ac category classification, it was noted that: 1) the
oncogenic responses cbserved with Benomyl! and MBC were
confined solely to the mouse liver, even with repeated
experiments; 2) the liver tumors produced by Benomyl and MEC
were observed in two related strains of mice (CD-1 and Swiss
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SPF) known to have high background incidence rates of liver
tumors whereas no liver tumors were produced by MBC in
another strain of mice [HOE NMRKf (SPF 71)] known to have a
low background incidence rate of liver tumors; and 3) Benomyl
and MBC produced weak mutagenic effects consistent with
spindle poison activity rather than gene mutation or DNA
repair activity.

Based on the above information, the Peer Review
Committee decided that there was insufficient evidence for
the B2 category and classified Benomyl/MBC as a Category C
oncogen. Although there was some discussion by the Committee
of pousible quartification of risk, a formal decision about
whether or not to quantify was not made. A similar situation
prevailed at an SAP meeting on Benomyl/MBC held May 21, 1986.
It should be noted that at that time, HED had calculated
interin e§timates of cancer potency for both Begomyl {Q1l* =
5.9 x 10 “;human risk) and MBC (Ql1* = 3.9 x 10 ~;human risk)
using tumor information from the female mouse portion of an
MBC study where the incidence of liver tumor bearing animals
(adenomas, carcinomas, and hepatoblastomas was 1/79 at 0 ppm,
9/78 at 500 ppm, 21/80 at 1500 ppm, and 15/78 at 7500 ppm.

To resolve the outstanding issue of whether the group C
categorization of Benomyl/MBC is appropriate for
quantification of risk using the Ql1*, the Registration
Division requested that the present Peer Review Committee be
convened.

D. Conclusion of the Peer Review Committee on Risk

The Committee determined that quantification of risk was
warranted for Benomyl/MBC in view of the above described
biological data supportive of the category B2 classification.
In particular, this data included the occurrence of a mostly
malignant hepatocellular tumor response with MBC in two
s«..rains of mice (and with Benomyl in one strain of mouse),
vhe fact that the malignant response was generally seen in
both sexes of mice, and the presence of the unusually
occurring and malignant hepatoblastomas with MBC in male SPF
Swiss mice. In addition, mutagenicity information was
provided by Dr. Dearfield indicating that the aneuploidy
(i.e., loas of chromosome material} known to be produced by
Benomyl could theoretically result in a loss of tumor
suppressor genes and a potential oncogenic effect (see Cancer
Research 48:1623-1632, 1988).

- - -The assignment of a Q1#* value for human risk to
Benomyl/MBC was temporarlly deferred until a brief review of
the incidence data for MBC-induced liver tumors in femzle
mice is conducted to check for numerical accuracy of
numerator and derominator values. In all probkability, the
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Q1% value cited above in this document for MBC will be
employed for MBC and Benomyl.

Other Deliberations of the Committee

The Committee also briefly considered wrether a
quantitative risk assessment should be performed on
Thiophanate Methyl, another pesticide that, like Benomyl, is
metabolized to MBC in both animals and plants. It was
decided that the Ql*%* value derived for MBC from Benomyl
metabolism could now be used to characterize the Qi* for MBC
derived from Thiophanate-Methyl metabelism, provided that the
latter agent results in MBC residues on plants. This issue
can be considereda further in the future when Thiophanate
Methyl per se is peer reviewed. At present, a chronic mouse
study on Thiophanate methyl is outstanding and the Committee
could not comment further on this parent cowpound.

) In view of the Agency’s issue paper on mouse livex
tumors and the recent workshop held in Virginia Beach,
Virginia, both of which discussed the relevance of thess
tumors to humans, the Committee considered that the need for .
quantitative risk assessment on Benomyl/MBC could be
modified. Further information on Benomyl/MBC that could
influence this decisioun would include data on comparative
metabolism, peroxisome proliferation, hepatic microsomal drug
metabolism, and hepatocytotoxicity in mice. The Committee
will schedule a separate meeting to discuss these generic
issues.

Attachment
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TOXICOLOGY SUMMARY FOR, THE THIRD PEER REVIEW OF BENOMYI, AND MBC

Data Evaluation Report for the
Third Meeting of the
, Peer Review Committees for Benomyl and MBC

1. IsSsSues . .« v v v e s e e e

2. Background . . . . . . . . . . .

Pt

3. Summary Weight-of-the-Evidence . . . .

4. AppendicCes . . . . . L v h v e e e e e e e e e
. Preliminary Peer Review of Benomyl JER (10/3/85) . .
. Second Peer Review of Benomyl -~ DER (12/20/8%) . . . . .
. Peer Review of Benomyl and MBC document (3/31/86)
. Statistics memos . . . . . . . . . ..
. Appropriate Study DERs nct included in previous packages.

A. Mouse oncogenicity - Swiss Random

b. Mouse oncogenicity - NMRKf(SPF71)
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Data Evaluation Report for the Third Meeting of the
Peer Review Committee for Benomyl and "“BC

Submitted by Marion P. Copley, D.V.M., Sect.2, Tox. Br.l, HED
Through Judith Hauswirth, Ph.D., Branch Chief
Toxicology Branch 1 (IRS), Hazard Evaluation Division

1. Issues

The Hazard Evaluation Division (EzD) Peer Review Commit-es
{(formerly the Toxicology Branch (TB) Peer Review Committee)
is requested to:

a) reevaluate whether Benomyl and MBC should be evaluated
using the multistage model of risk quantification. This
should take into consideration that this Committee already
classified Benomyl and MBC as C oncogens based on liver
tamors.

b) If a Q1* is deemed appropriate, to determine whether
the previous calculations are adequate or whether they
should be redone.

2. Background

a) Benomyl produces liver tumors, both hepatocellular
adenomas and hepatocellular carcinomas in two cliosely
related strains of mice (males and females) but not in an
unrelated strain of mice or in rats.

Benomyl and MBC were discussed by the Peer Review Committee
first on 10/3/85. At that time additional information wasg
requested from the reviewer. No Peer Review Document
resulted from that preliminary meeting. 0On 12/19/85 the
Committee reconvened and following review of tumor data,
metabolism and structure-activity information, historical
control information, mutagenicity data and a listing of one-~
liner material, classified both fungicides as Category C
{possible human) carcinogens.

Althoudg.-it was discussed at scme length, the Committee did
not est&blish whether this compound was suitable for risk
quantification by the standard procedures.

b) Benomyl has undergone a complete Special Review cycle,
The result of the ?D4 (10/1/82) was to regulate e:posure by
requiring dust masks. } —

A risk guantification was conducted for the PD4 with the Ql=
of 2.065x1073 (mg/kg/day) . This was based on a benomyl
chronic/oncogenicity study that has since been core-graded as
supplementary for oncogenicity. Since that time & new value
for the human Ql* was calculated : 3.9x1073 {mg/kg/day) "+
{see appendix 4 for statistical memos). This used data from
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an MBC study which was core-graded minimum for oncogenicirty.

NOTE: As stated in the PD4. beromyl rapidly hydrolyses to
MBC in an aqueous environment. MBC also appears to be the
initial metabolite in mammalian systems. It has similar or
increased toxicity, both acute and chronic, to benomyl. For
these reasons MBC data has been used to confirm and
supplement benomyl data where applicable.

c) Benomyl was presented to the Scientific Advisory Panel in
5/21,/86. They agreed with the classification of Benomyl and
MBC as class C (possible human) carcinogens. No comment was
given to the qguestion of when to quantify using the
multistage model. However the panel stated that,
" ., Benomyl and its major metabolite ... MBC produce
tumors in livers of two genetically related strains of
mice. It does not produce tumors in a genetically
unrelated mouse strain nor dees it produce tumers in two-
vear rat study. Both benomyl and MBC produce weak
mutagenic¢ effects consistent with spindle poison activity
rather than gene damage and DNA repair activity. Ia view
of these species differences in oncogenic activity and™lack
of evidence of any direct action on DNA, there are
reasonable grounds for doubt that benomyl and its major
metabolite MBC arve human oncogens. The Panel believes that
the classificatior. C seems appropriate.®

d) There have been two MBC studies reviewed since the
previous peer review. They were discussed and World Health
Organization summaries of these studies were included with
the previous peer review. Attached in Appencuix 5 are
completed DERs for:

1) Repeated-dose (24-month) feeding study for determination
of the cancerogenic effect of HOE 17411 O F AT204

{rarpendazim) in mice. (NMRKf(SPF71) strain)
and .
2} Ca@éinoqenicity study with Carbendazim in mice. (Swiss

random strain)

[R8]
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3. Summary Weight-of-the-Evidence

Category C oncogen (possible human oncogen) £nar Benomyl and

MBC

1.

2.

Tumors in one specie {(mouse)

Tumors in two strains of mouse ( CD-1 and Swiss random)
a. Tumors in two sexes (of above studies)

b. Both benign and malignant hepatocellulzr tumors

c¢. Genetically related - both are outbred derivitaves of
the Swiss strain

d. Both strains have high historical control values for
liver tumors in male mice

e. Tumors limited to one organ (liver)

£. Tumors only at end of study -
g. Tumors primarily only at high doses

h. No evidence for metastases or invasion

i. VNo evidence for decreased time to occurrance of tumors.
Tumors not in one (genetically unrelated) strain

a. NMRKf strain;

b. Low historical contrel valuves for liver tumors.

c. Evidence fcor hepatotoxicity is present

Mutagenicity - weak

a. Genotoxicity - equivocal: DNA repair, gene mutation

b. Cytotoxicity - Spindle inhibition

Teratogenic (microphthalmia in mice)
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YEMORANDUM oFFIcE OF
B PESTICIDES AND TOXIC SUIBSTANCES
SUBJECT: Peer Review of Benomyl and HMBC
TROM: John A. Quest, Ph.D.
ream Leader, Scientific Mission Support Staff
Toxicololgy Branch/HED (TS-769)
ro:. Henry Jacoby
Product Manager #21
Fungiciue-Herbicide Branch
Registration Division (TS-767C)

The Toxicology Branch Peer Review

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

Committee met an January

~ 7, 1986 to discuss and evaluate the data base on Benomyl and

its primary metabolite, MBC, with par
oncogenic potential of the chemical.
vas held on October 3, 1985 on Benomy
nation that would be required to hold
>n this compound.

A, Individuals in Attendance:

1. Peer Review Committee: {5ign
with peer review unless otherwise

Theodore M. Farber

William Burnam

ticular reference to the
A preliminary meeting

1 to determine the infor-
an in-depth-discussion

atures indicate cor- virrence
stated). ;

~Theediew ol /tm/

O”’i// o

- Anne Barton

Reto Engler
R. Bruce Jaeger

Bertram Litt

4 =

/vaJOhn A, Quest

/m Z/ /L«

S e ,,. e M,},{ﬂ/tt//)

2. Reviewers: (Non-panel members responsible for data
presentation; signatures indicate technical accuracy of
panel report.)

: . -~ e AT e A

Marion Copley e ”-;/;2‘~___;
Jane E. Harris ~ié:&i-_fi< frfﬁt4/14La
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Material Reviewed:

The material available for review consisted of a
comprehensive summary of toxicology intormation on Benomyl
(Copley/Harris memorandum dated 12/19/85), including tumor
data on Benomyl and its major metabolite MBC, metabolism
and structure-activity information, historical control
information, mutagenicity data, and a listing of one-liner
material on the Benomyl/MBC data base. A copy of the
information reviewed is appended to this panel report.

Background Information:

Benomyl is a benzimidazole carbamate compound (methyl-
1(Butylcarbamoyl)-2-penzimidazolecarbamate) that is metabolized
under aqueous conditions both in vivo and in vitro to its
major metabolite MBC (methyl 2<benzimidazole carbamate).

Both compounds are systemic fungicides and both are associated
with hepatocellular tumors in certain strains of mice but
not in rats.

0= (;»"NH (CH;_):.) QQB

N cH ) N N coch
O y-msonss LK Dmwgoer
N o H 0

BENOMYL .MBC

The Review Committee evaluated oncogenicity data on thess
chemicals from 4 studies performed in mice and from 2 ,
studgies pertformed in rats. The oncogenicity data are
summarized below:

Evaluation of Oncogenicity Evidence tor Benomyl and HBC:

1. Mouse Oncogenicity Study of Benomyl: .

Haskell Laboratory administered BenSmyl if the giet’ T
to groups of 80U male and 8!V female Charles River CD-l mice a:z
concentrations of J, 50U, 150U or 75uU/50Ud0 ‘ppm for 2 T
sears. The high dose of 7500 ppm was reduced to 5000 ppm
at 37 weeks in males and females due to weigat lonss. The
tollowing inciagence patterns OL tumors suggestive ot a
compcun. ©2lic2d SLLRCT Were ousSarvad.
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Tumor >1te Dose (ppm)
and Type Sex U 500 1500 7500/5300
Lung: v
Alveologenic it 13/79(16%) 24/73(3U%)* 23/79(29%)* 16/80(20%)
~carcinoma P 16/77(21%) 7/73{9%) 4/78(5%) 6/74(8%)
Liver:
Adenoma ot 3/77(12%) 3/80(11%) 11/79(14%) 10/80(12%)
Carcinoma M 16/77(21%) 26/80(32%)* 41/79(52%) * 17/30(21%)
Combined M 25/77(32%) 35/80(44%)%* 52/79({66%)* 27/80(34%)
Adenoma F 2/77(2.5%) 2/80(2%) 7/79(3%) 7/77(9%)
Carcinoma F 2/77(2.5%) 7/80(9%)* 6/79(7%) 14/77{18%)* -
Combined F 4/77(5%) 9/80(11%) 13/79(16%)* 21/77(27%)*

*= p<V.05 compared tc controls

Pulmonary carcinomas were significantly elevated in
male mice {(low and mid doses). The effect did not appear
to be compound related however, since a dose-resporse
effect was not observed in the Cochran-Armitage tesc for
trend; the observed incidences were within the range of
historical control rates for this tumor in other studies
conducted at Haskell Labs (i.e., 16% to 36%); and the MBC
metabolite did not produce an increase in pulmonary
tumors in other studies performed in CD-1 mice.

Hlepatocellular carcinomas were significantly elevated
ia male (low and mid doses) and female (low and high
doses) mice. In addition, adenomas and carcincmas combined
were siygnificantly elevated in males {low and mid doses})
and females (mid and high doses). The tumorigenic responses
appeared to be compound related; e.g., they occurred with
significant positive trends, and the elevated incidences
exceeded historical rates for these tumor responses in 2
other studies (an "unnamed" study, and the MBC study cited
below under No. Z2) conducted at the registrant's laboratory
(see Copley/Harris memorandum of 12/1%9/85, page 10 for
data). Furthermore, similar liver tumorigenic responses-
were produced by the MBC metabolite in othsr studies
performed in CD-1 mice (see below). The oncogenic ’ : T
responses that were produced by Benomyl in treated mice
-~ Were not accompanied by increased incidernc®&s. of hepato- ’ T
cellular adenomas or nyperplasia.
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" benomyl to be metabolized to MBC).

The highest dose of benomyl tested in male mice in
this study probably exceeded a 4TD level. This dose in
males produced a decreased weilgiat gain (approximately =93},
hepatocelliular toxicity (e.g., foci of cellular alteration,
cytomegaly, and foci of degeneration), and degenerative
changes in the testes (e.g., atrophy, seminiferous =ubule

_degeneration, and interstitial cell hyperplasia) and in

the epididymis (aspermia). This dose did not produce

liver tumors in males, possibly because of the hepato-
cellular toxic changes that were observed (e.g., the
observed liver toxicity may have alteved the ability of

The low and mid dose
levels of benomyl did produce liver tumors in males, but
these doses were not associated with any other toxic effects
and thus did not approximate a MTD level.

‘The highest dose of benomyl tested in females probably
approximated a MTD level as evidenced by findings of decreased
weight gain (approximately -9%;, elevated liver weights,
reduced kidney weight, and spleen hemosidercsis. This dose
in females did produce liver tumors, as did lower doses
of the compound. Benomyl did not produce rhe exaggerated
liver toxic changes in female mice that were observed in
male mice.

2. Mouse OUnccgenicity Study of MBC:

daskell Laboratory administered MBC in the diet to
groups of 80 male and 30 female Ch S _River CD-l mice at
concentrations of O, 500, 1500, 7500 (females) ot 7500/3750
(males) ppm for 2 years. The high dose of 7500 ppm was
reduced to 3750 ppm at 66 weeks in males due to increased
mortality, and all males were ultimately sacrificed at 73
weeks. The2 tfollowing incidence pattern of liver tumors
was observed.

Liver Dose (ppm) .

Tumor Type Sex 0 50u 1500 7500%*
Adenoma q 11/80(143%) 153/89(193) 14/80(17%) 3/80043%)
Carcinoma “ 2/80(2%} 5/80(6%) S/80{1i%)* 4/80(0%)
Combined @ 13/80(16%) 20/80(25%) 23/80(28%)* 3/780(4%)

A
Adenoma . F\ 0/79(3%) 5/73(6%)* 5/80 (6% )™ 3/78(4%)
Carcinoma F j 1/79(1%) 4/78(5%) 15/80(18%)* 12/78(15%)*
- £ T J7TI(d% U/73(J%) . 1/80(1%) 0/79(J2)

debatovlastoma
( Tocal ‘7

h3

L/79013, 3/78{11%)* 21/80(26%)*  15/78(19%;)*

x
*

BoH

Jompdrel "o Iontools
o 2754 H0m o in nales at 9o
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depatocellular carcinomas, and adenomas and carcinomas

combpined, were significantly elevated in male mice {mid
dose level); no increase in adenomas occurred in. males.
The lack of oncogenic response in high dose males is
likely to be explained by their early deaths and sacrifice
at 73 weeks. In female mice there were significant in-
creases in adenomas {low and nid doses), carcinomas {mid
and high doses), and adenomas and carcinomas {(all 3 dose
level tested). The Committee noted that this profile cf
liver tumors resembled that described above for benomyl
in CD~1 mice. No increased incidence of liver hyperplasia
occurred in treated mice. A comparison of the MBC liver
tumor data with historical control data Erom 2 other
" studies cond..ted at Haskell Laboratory {the "unnamed"
study and the benomyl mouse study in CD-1 mice; see
Copley/Harris memorandum of 12/19/85, page 10) indicated
that only the carcinomas (mid and high dose levels) and
the adenomas/carcinomas combined (all 3 dose levels
.tested) in female mice exceeded the control response

rates in the other studies.

The high dose level of MBC testa2d in male mice
clearly exceeded a MTD level because of excessive
mortality. The mid dose level appeared to approximate
a MTID level. Both of these doses in males caused reduced
weight gain, hepatocellular toxicity (e.g., pigmented
macrophages, hypertrophy, and centrilobular necrosis),
renal tubular pigmentation, thymic lymphoid depletion,
and sperm stasis. The changes however were more severe
at the high dose level.

The highest dose of benomyl tested in females appeared to
approach but did not exceed the MTD level. This dose caused
increased liver weight and foci of eosinophilic hepatocellular
alteration, renal tubular pigmentation, and thymic lymphoid
depletion.

3. Mouse Oncogenicity Study of Carbendazim (99% MBC):

In a study performed by the Central Institute for
Nutrition and Food Research, TNO, and reviewed in summary
form by the WHO (see Copley/Harris memorandum of 12/19/85,
page 7), MBC was administered in the diet to groups uf
100 male and 10U female SPF Swiss mice at concentrations
of 0, 150, 300 or 1000/5000 ppm for 8U weeks. The 1000
ppm concentration was_increased to 5000 ppm in males and
fenales at week 8. Data were presented in summarv form

only. The following incidence pattern of liver tumors
was observed (Wote: In this study thz term “neoplastic
nodule®™ was used in place of the term Yagdeanoma”; the term
"hepatoplastoma" r2fers to a mora uncommon and malignant
—ype ot livsr tumor :than nepatoc2lliular carcinoma).

15
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Liver Tumor Dose {ppm)

Type Sex 0 150 300 1000/5G00
Neoplastic Nodule M 9/100(9%) 7/98(7%) 14/100(14%) 15/100(16%) |
Carcinoma M 1/100(1%) 1/98(1%) 9/100(2%) 3/100(3%)
Hepatoblastoma M 0/100(0%) 1/98(1%) 1/100(1%) 7/100(7%)*
Total M 10/100(10%) 8/98(8%) 16/100(16%) 17/100(17%)
Neoplastic Nodule F 0/97(0%) 1/99(1%) 1/98(1%) 9/97(9%)*
{Carcinoma F 1/97(1%) 0/99(0%) 0/98(0%) 86/97{(0%)
Hepatoblastomna F 0/97(0%) 0/99(0%) 0/98(0%) 0/97(0%)
Total F 1/97{1%) 1/99(1%) 1/98(1%) 9/97(9%)

*= p<0.01 compared to controls, Exact test.

]

Hepatoblastomas were significantly elevated in male
mice (high dose level), and neoplastic nodules (i.e.,
adenomas) were significantly elevated in female mice
{high dose level). The Committee noted that the Swiss SPF
strain of mouse used in this study is similar to the Ch~1
strain of mouse in which benomyl and MBC were tested;
both strains are Swiss derived and tend to exhibit a high
background incidence of liver tumors in male mice.

Based on the summary information available for this
study, the highest dose level of MBC tested did not appear
to exceed a MTD level. The HDT caused increased relative
liver weights and clear cell and/or mixed hepatic cell
foci in males and females.

4. HMouse Oncogenicity Study of Carbendazim (MBC):

In another study reviewed by the WHO (see Copley/Harris
memorandum of 12/19/85, page 8), MBC was administered in
the diet to groups of 100 male and 100 female HOE NMRKE
{SPF 71) mice at concentrations of 0, 50, 150, 300 or
1000/5000 ppm for 22 months. The 1000 ppm concentration
was increased to 5000 ppm at week 8. No evidence of an
oncogenic response in the liver or at any other site was
observaed. The Committee noted that the NMRRf strain of
mouse, in contrast to Charles River (D=1 and Swiss SPF

... mice, normally exhibits a low background incidence of
liver tumors. . "“"‘

The highest dose of #MBC tested in this study appcared
to be close to a MTD level as indicated by findings of
liver toxicity in both male and female aics (2.q., liver
<211 hypertrophy, clear c211 foci, liver cells in mitosis,
pigmented Ruptisr cells, anlarged cell auclei, and multiple
cell necrosis). {7
¢
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3. kat Oncogenicity Studies ot Benomyl and MBC:

Benomyl was studied in a 2-year dietary study (0,
100, 500 or 2500 ppm) in Charles River CD rats; the highest
concentration was a systemic NOEL and no oncogenic effects
occurred. MBC was also studied in a 2 year dietary study (0,
100, 500, 2500/10,000 or 5000 ppm) in Charles River (D rats;
on oncogenic effacts occurred. In this study, the highest
dose level was a MTD level as evidence by findings of weight
loss in males and females (10%-20% less than controls)
and hepatic pericholangitis. Both of the above studies

* were performed by Haskell Laboratory.

Additional Toxicology Data on Benocmyl and MBC:

1. Metabolism:

Limited studies conducted in mice indicate that
benomyl is primarily metabolized to MBC, which in turn is
converted to 2-aminobenzamidole (2-AB) and aisc to S5~OH-
MBC and 5-0OH~2-AB. The latter 2 metabolites undergo
sul.fate and glucuronide conjugation. Elimination of
metabolites occurs rapidly in urine and feces (e.g., 94%
of an orally administered radiolabelled dose was excreted
in 96 hours in mice as the metabolites, with no parent
compound detected). No unusual localization of benomyl
or its metabolites has been found in animal tissues.

2. Teratologz:

Benomyl has been demonstrated to be teratogenic in
several oral (gavage) studies conducted in both Wistar
and Charles River  CD rats at doses ranging from 62.5 to 125
mg/kg/day. The most common apnormality in these studies
was microphthalmia. In most of these studies, fetotoxic
and embryotoxic effects were also observed at similar or
greater dose levels. Benomyl was also reported to be
teratogenic in one study in Charles River CD-1 mice at oral
(gavage) doses of 1U0 mg/kg or more. The major ancmalies
noted were cleft palate, supernumerary ribs, and subnormal
verterbral centrum (no compound-related microphthalmia
was reported).

3. Mutagenicity:

Data provided in the Position Document 4 on Benomyl
and YM3C indicated that botH compounas are srindle poisons.

for example, nondisjunction was veported in i, nidulans
and many other test systems ~ith Dot agents. The compoundas
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also proauced positive erfects in tests to assess structural
chromosome abperations which were consistent with a
spindle erffect; e.g., benomyl was weakly positive for
sister chromatid exchange in vitro in Chinese hamster
ovary cells with and without activation, and both benomyl
and MBC caused increased incidences of micronuclei in
polychromatic erythrocytes in mice bone marrow. In other
studies performed to assess gene mutations, equivocal
results were obtained. That is, MBC was weakly positive
in one mouse lymphoma test (LS5178Y TK*/-) but was negative
in a second test, Benomyl and MBC produced both positive
and negative results in different Ames tests, and both
compounds produced negative results in Chinese hamster
ovary cells (HGPRT). Finally, negative results were
obtained tor DNA repair with Benomyl and #BC in several
studies in primary mouse and rat hepatocyte cultures.

The Peer Review Committee was of the opinion that

these results, when taken together, indicated that both
Benomyl and MBC have weak mutagenic activity that is
primarily attributable to adverse effects on the cellular
spindle apparatus. The pattern of results observed did
not appear to correlate with heritable desease or
oncogenic effects, but may relate to the teratogenic
effects observed with Benomyls.

4., Structure-Activity Correlations:

Both Benomyl and MBC bear a close structural resemblance
to several other benzimidazole compounds that are suspect
oncogens (e.g., fenbendazole and albendazole). The
potential oncogenic effects of these compounds are currenly
under review by the Center for Veterinary Medicine, Food
and Drug Administration and were recently discussed in a
Congressional Subcommittee Hearing (reference: Human Food
Safety and the Regulation of Animal Drugs; 27th Report by
the Committee on Government Operations, December 31, 1985.
Union Calendar, No. 274. Intergovernmental Relations and
Human Resources Subcommittee. Ted Weiss, New York, Chair-
man; pps 1-115}). In the case of fenbendazole, a high
incidence of liver nodular hyperplasia and low in..dences
of liver neoplastic nodules, adenomas and carcinomas were
observed in rats. In the case of albendazole, histiocytic
sarcomas were observed in rats and uterine polyps were
observed in rats and mice. The Committee was aware that

—final-decisicons regarding the -classification of these -
chemicals as oncegens had not yet been made by the FDA.

Welght of Eviaence Considerations:

he commitctee considered the tollowing faccs garding

ra2gar
toxicology laza >n dBenomyl and MBC to oe »f importance in a
ot=

we'gnt Of the evidzancz determinaction oI Jncoqenic 5
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3enomyl {(methyl=l(butylcarbamoyl)-2-benzimidazole caroanmate?
and MBC (methyl-2-benzimidazole carpamate) are structurally
related compounds. Pharmacokinetic studies in mice have
demonstrated that Benomyl is rapidly metabolized to MBC

in vivo, and that MBC is the primary metabolite of Benomyl.
The toxicity of Benomyl may be primarily due to the forma-

- tion of the MBC metabolite.

doth Benomyl and MBC produced significantly elevated
incidences of liver tumors (e.g., carcinomas, and carcinomas
and adenomas combimed) in male and female Charles River CD-~1
mice, a non-inbred strain of Swiss mouse known to exhibit

a high background incidence of liver tumors in males.,.

(see Sher; Toxicol. Appl. Pharmacol. 30: 337, 1974; and
historical control data in Copley/Harris memo of 12/13/85,
page 10). The tumors were observed at similar dose levels
for Benomyl and MBC, and were also similar in both incidence
and type. No hepatocellular hyperplasia was observed in
Charles River CD~1l mice exposed toc eitherxr chemical, but
there were increases in foci of cellular alteration.

MBC also produced a significantly elevated incidence of
liver tumors {(i.e., hepatoblastoma - a wmore unccmmon and
malignant tumor than hepatocellular carcinoma) in male
Swiss SPF mice and a significantly elevated incidence of
liver neoplastic nodules (i.e., adenomas) in female mice

of the same strain. The CD-l1 strain of mouse is similar

to the Swiss SPF strain of mice in that it is Swiss-derived
and also exhibits a high background incidence of liver
tumors in males (Sher, 1974).

The tumorigenic responses observed with both Benomyl arg
MBC in Charles River CD-1 mice (e.g., carcinomas, and
carcinomas and adenomas combined) and those opserved with
MBC in Swiss 3PF mice (i.e., hepatoblastomas and neoplastic
nodules) generally occurred at doses which were either
lower than or approximately near maximum tslerated dos=
(MTD) levels. (See discussions of MTD levels Zor each
study in sections D.l., D.2., and D.3.).

Oncogenic responses to Benomyl and MBC in Charles River

CDb-1 mice and Swiss SPF Swiss mice occurred only in the liver:
no other type of organ or tissue exhibited an onccgenic
response.

i

MBC was not oncogenic in ©ZOE NMRKE (3

L2 of |
]

p 1) mice. This
strain of mouse differs tvom Charles River CD-1 and Swiss SPF
mice in that it normall; =xnibits a low backgrounc incidence
rate of liver tumors [Wwelisse 2t al., 2. Versuchstierx 17:
31, 19755. In addizion, nsitaer 2=2nomyl nor M3C vera -9
~ ~ 1~ 1 oy 3 - T s = P M = = ,J—
oncngenle in studies 1n Chzrles River 20 rats, -




7. Benomyl and/or 4BC produced positive mutagenic eftects
that were consistent with adverse etfects on the cellular
spindle apparatus. These 1icluded nondisjunction in
A. nidulans, sister chromatid exchange in CHO cells,
and micronuclei formation in mouse bone marrow cells. In
contrast, equivocal results (both positive and negative
findings) for gene mutation were found in Ames tests and
mouse lymphoma tests, and negative results for DNA repair
were found in primary rat and mouse hepatocyte cultures.
The pattern of mutagenicity results appeared to correlate

poorly with heritaple spindle effects or point mutagenicity.

'8. Benomyl was teratogenic following oral (gavage) adminis-
tration in rats (e.g., microphthalmia} and mice (e.g.,
cleft palate, supernumary ribs, subnormal vertebral
centrum), and also evoke! embryotoxic e.fects in these

species. The Committee noted a possible correlation between

these effects and the ability of benomyl to act as a
spindle poison.

Y, Benomyl and MBC are structural congeners of other benz-
imidazole compounds {(e.g., fenbendazocle and albendazole)
that are currently under review by the FDA Center for

Veterinary Medicine; no final determination of oncogenicity

has been made by the FDA at this time for these analogues

G. Classificatinn of Oncogenic Potential:

The Committee concluded that rhe data available for
Benomyl and its primary wmetabolite, MBC, provides limited

evidence of oncogenicity for bcth chemicals in male and female

mice. Criteria cortained in the proposed EPA Guidelines
(CFR, November 23, 1Y84) for classifying a carcinogen in
eithear Category Bo or C were considered. Benomyl and MBC met
gsome of the critéria specified tor the Bj classitication.
That is, both Benomyl and MBC produced an increased incidence
of malignant or combpined malignant and benign tumors of the
liver. 1In the case of MBC, tumors were produced in xultigle
strains of mice (closely related CD-1l anad Swiss SPF strains)
and in multiple experiments. Furthermore, MBC did produce an
unusual type of hepatocellular tumor {(hepatoblastoma) but
only in male Swiss SPF mice.

~ Alternatively, the panel considered the guideline criteri
tor Category C (limited evidence of carcinogenicity), and
classified Benomyl in this category for the following rezasons

3
(1) The oncugenic responses observed ~ith denomyl and MHEC
were confined solely to the mouse liver, even ~ith repeatad

¢}

experianents; (2) tne liver cumocs prouudcesd by 3enomyl and
B Nera ousarved wn 2 orelitea sTralins >E o nice (ID-1 ana
34133 3PF i <noW~n tO 1ave 11311 Dac<arodnd incidenc: rices oL
Llzer —aacrs WSher2as 1o L.y Taa0rs were orodducaa oy st in

i
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another strain of mice [HOE NMRKf (SPF 71)] known to have a
low background incidence rate of liver tumors; (3) Benomyl
and MBC produced weak mutagenic effects consistent with
spindle poison activity rather than gene mutation or DdA
repair activity; the committee considered this pattern of
mutagenic activity to correlate better with the observed
teratogenic effects of Benomyl thaa with the oncogenic
responses to Benomyl and MBC. Because of these tactors the
Committee determined that there was insufficient evidence for
the By category and therefore, in conformity with the EPA
Guidelines noted above, cla~sified both Benomyl and its
primary metabolite, MBC, as Category C (possible human)
carcinogens.

#9 2/6/86
rew: 3/19/86



£

.

MEMORANDUM

SUBJECT: Definition and Use of the Term "NITD*
(Maximum Tolerated Dose)

FROM: R. Bruce Jaeger, Section Head G Ve
Review Section #1 Y 3%?E/y
Toxicology Branch/HED (TS-769)

My signature acknowledges concurrence with the peer review
on Benomyl/MBC providing the use of the term “MTD" in this
document is consistent with the definition and use as given in:
(1) HED SEP: Oncogenicity Potential (Guidance for Analysis and
Evaluation of Long Term Rodent Studies) (EPA-540/9-85-019, June
1985); (ﬁ) Report of the NTP Ad Hoc Panel on Chemical Carcinogenesis
Testing and Evaluation, DHHS (August 17, 1984):; and (3) Chemical
Carcinogens; A review of the Science and its Associated
Principles, February 1985, Office of Science and Technology

Policy (FR/Vol. 50, No. 50/March 14, 1985),
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF

PESTICIDES AND TOXIC SUBSTANCES

MAY 2 8 1986

MEMORANDUM

SUBJECT: Transmittal of the Final FIFRA Scientific Advisory

TC.

Panel Repor s on the May 21-22, 1986 Meeting

Steven Schatzow, Director
Office of Pesticide Programs (TS-766)

7.2 above : sntioned meeting of the FIFRA Scientific Advisory

Parel (SAP) ‘was an cpen meeting held in Washington, D.C., to
review tie fullowing topics:

{1) Consideration by the Agency of a proposed testing
battery for inerts.

(2) A set of scientific issues being considered by the Agency
in conns~tion with the Special Review of Diazinon.

{3) A set of scientific issues being considered by the Agency
in connection with the Registration Standard for Benomyl.

(4) A set of scientific issues being considered by the Agency
in connection with the Registration Sftandard for Thio-
phanate Methyl.

(5) A set of scientific issues being considered by the Agency
in connection with the Registration Standard for Pronamide.

(6) Presentation of paper on maximum tolerated dose.

(7) Review of a draft paper entitled "Neoplasia Induced by
Inhibition of Thyroid Gland Function {(Guidance for
Analysis and Evaluation)"

(8 }-Review of twelve draft reporting guidelines. o o
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Please find attached the SAP's final reports on the eight
issues discussed at the meeting. ; '

ol :

Stephien L. Johnson, xecutive Secretary
N FIFRA Scientific Adviscry Panel (TS8~769)

Attachments

2c: Panel Members ;
John A. Moore 5
James Lamb
Al Heier
“usan Sherman
John Melone
Douglas Campt .
EPA Participants



FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT

SCIENTIFIC ADVISORY PANEL

A Set of Scientific Issues Being Considered by the Agency in
Connection with the Draft Registration Standard for Benomyl

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
Scientific Advisory Panel (SAP) has completed review of the data
base supporting the Environmental Protection Agency's (EPA) decision
to classify benomyl as a Group C, or possible human oncogen. The
review was conducted in an open meeting held in Washington, D.C.,
on May 21, 1986. All Panel members were present for the reviewv.

Public ~Stice of the meeting was published in the Federal Regis-
ter on Frida,, April 25, 1986,

Oral statements were received from staff of the Environmental
Protection Agency.

In consideration of all matters brought ocut during the mesting
and careful review of all documents presented by the Agency, the
Panel unanimously submits the following report.

~

REPORT OF SAP RECOMMENDATIONS

Risk Assessment Procedures

Several of the EPA documents studied by the Panel in connecticn
with the Registration Standards for pesticides include the folliowing
statement pertaining to the Agency’s risk assessment procedures:

"The usé of the upper 95% bound has been adopted
principally to provide assurance that the esti-
mated risks will not be materially affected by
using the results of any particular positive
study.”

g
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The Parel disagrees with this approach. While it may be mathemati-
cally satisfying, it is biologically irrational and insensitive to
reality. The upper 95% confidence limit represents a linear extrapo-
lation of high dose data, when if fact non-linearities are likely

to be present at lower doses. Thus, it is not scientifically valid
to only present the upper 95% bound.

The Panel reiterates its request that Agency risk assessment
discussions should include not only upper, but also lower 95% con-
fidence bound values, and the MLE (maximum likelihood estimate) in
order to provide information on the degrees of uncertainty involved
in any given risk assessment.

The Panel does not believe that it is justified to make quan-
titative risk assessments for any pesticides classified in Groups
C or D in regards to oncogenicity, unless there are mitigating
circumstances.

Benomyl

The Agency reguested the Panel to focus its attention upon a
set of issues relating to the pesticide benomyl. There follows
a list of the isgues and the Panel's response to the issues.

1. The Agency asks the Panel to consider its analysis of the
weight-of~the-evidence in classifying benomyl as a Group €
oncogen, or possible human oncogen. :

Panel Response:

Benomyl and its major metabolite methyl-z-benzimidazole carha—
mate (MBC) produce tumors in the livers of two genetically related
strains of mice. It does not produce tumors in a genetically unre-
lated mouse strain nor does it produce tumors in a two-year rat
study. Both benomyl and MBC produce weak mutagenic effects consistent
with spindle poison activity rather than gene damage and DNA repair
activity. 1In view of these species differences in oncogenic activity
and lack of evidence of any direct action on DNA, there are reascnable
grounds for doubt that benomyl and its major metabolite MBC are
human oncogens. The Panel helieves that the classification C seems
appropriate.

2. The Agency asks the Panel to consider what weight the Agency
should place on a guantitative risk assessment for benomv],
as a class C oncogen, causing only liver tumors in certain
strains of mice.

9%




Panel Response:

The C classification indicates the possibility that a compound
may be a human oncogen, but it also indicates that there-is some
degree of doubt about human oncogenicity. The doubt may reflect
conflicting evidence or important data gaps. Since quantitative risk
assessment is less than a precise tool, it seems inappropriate to
proceed with a guantitative risk assessment for humans on.such data.

FOR THE CBHAIRMAN

Certified as an accurate report of Findings:

LW

Stephen L.” Joh
Executive Secr ry -
FIFRA Scientific Advisory Panel

Date: 5/53/3&
7 7
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FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT

SCIENTIFIC ADVISORY PANEL

A Set of Scientific Issues Being Considered by the Agency in
Connection with the Draft Registration Standard for
Thiophanate Methyl

The Federal Insecticide, Fungicide, and Rodenticide Ret {(FIFRA)
Scientific Advisory Panel (SAP) has completed rewview of the data
base supporting the Environmental Protection Agency's (EPA} decision
to classify thiophanate methyl as a Group C, or possible human onco~
gen. The review was conducted in an open meeting held in Washington,
D.C., on May 21, 1986. All Panel members were present for the
review.

Public notice of the meeting was published in the Federal Regis-
ter on Friday, April 25, 1986.

Oral statements were received from staff of the Environmental
Protection Agency and from Myr. Joseph Panetta and Dr. Bernalyn D,
McGaughey, Pennwalt Corporation.

In consideration of all matters brought out during the meeting

and careful review of all documents presented by the Agency, the
Panel unanimously submits the following report.

REPORT OF SAP RECOMMENDATIQONS

Risk Assessment Procedures

Several of the EPA documents studied by the Panel in connection
with the Registration Standards for pesticides include the following
statement pertaining to the Agency's risk assessment procedures:

"The use of the upper 95% bound has been adopted
principally to provide assurance that the esti-~
mated risks will not be materially affected by
using the results of any particular positive
study.”

.The Panel disagrees with this approach. While it may be mathemati-
cally satisfying, it is bioclogically irrational and insensitive to
reality. The upper 95% confidence limit represénts a linear extrapo-
lation of high dose data, when if fact non-linearities are likely
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to be present at lower doses. Thus, it is not scientifically valid
to only present the upper 95% bound. -

The Panel reiterates its request that Agency risk assessment
discussions should include not only upper, but also lower 95% con-
fidence bound values, and the MLZ (maximum likelihood estimate) in
order to provide information on the degrees of uncertainty involved
in any given risk assessment.

The Panel does not believe that it is justified to make guan-
titative risk assessments for any pesticides classified in Groups
C or D in regards to oncogenicity, unless there are mitigating
circumstances.

Thiophanate Methyl

The Agency reguested the Panel to focus its attention upon a
set of issues relating to the pesticide thiophanate methyl. There
follows a list of the issues and the SAP's response to the issues.
1. The Agency asks the Panel to consider the analysis of the weight-

of-the-evidence in classifying thiophanate methyl as a Group C
oncogen, or possible human onccgen, and what weight the Agency
should place on a quantitative risk assessment for thiophanate
methyl as a class C oncogen based on results with the metabolite
MBC, In addition, the Agency reguests the Panel to consider the
need for a guantitative risk analysis for applicators who are
expected to be exposed primarily to thiophanate methyl, and as
part of sich an assessment, the need for a dermal absorption
study.

Panel Response:

The Panel notes that thiophanate methyl (TPM)} was not oncogenic
in male and female mice fed 0, 10, 40, 160, and 640 ppm for 2 years.
The MTD was not reached in this study and it was concluded that
this study was inadequate. TPM was not oncogenic in male and female
rats at doses of 0, 10, 40, 160, and 640 ppm. The MTD was reached.
TPM was essentially not mutagenic.

Hethyl-z~benzimidazole carbamate (MBC)}, a major metabolite, was
onceogenic in both male and female mice at 500 -~ 1000 ppm in the
diet and the MTD was reached. MBC was not oncogenic in rats at
2500 - 10,000 ppm and the MTD was reached. MBC was weakly mutagenic
in 2 tests and negative in 3 tests.

Recommendation:

1. The Panel believes that the weight-of~the-evidence warrants
classification of TPM in Class D.

povde




3.

4.

5.

L B ,':, ’. 7 7 1

The Panel recommends that the mouse study be redone achieving
an MID.

The Panel recommends that dose-related metabolite-pharmaco~
kinetic studies be performed to further consider the role

of the metabolite, MBC, in evaluating the oncogenicity of
TPM,

The Panel recommends that a quantitative risk assessment
should not be done.

The Panel believes that a dermal absorption study is un~
warranted at the present time,

FOR THE CHAIRMAN

Certified as an accurate report of Findings:

ary
FIFRA Scientific Advisory Panel

Date:

5 /az/a
/ 4

e 32



~ =

179 1/29179 o

Fg- 'T% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Ly @

é WASHINGTON, D.C. 20460
prote®

November 30, 1979

OFFICE OF TOXIC SUBSTANCES

MEMOKANDUM

SUBJECT: Review of FIFRA Section 6(b){1) Action on Bencmyl and
Thiophanate-methyl o/

FROM: Dr. H. Wade Fowler, Jr. éﬁp
Executive Secretary

FIFRA Scientific Advisory Panel (TS-766)

TO: Deputy Assistant Administrator’
for Pesticide Products (TS-766)

The FIFRA Scientific Advisory Panel has completed review of the
Notices of Determination concluding the Rebuttable Presumptions
Against Registration (RPAR's) of pesticide products containing benomyl
and thigphanate-methyl The review was completed during open meetings
held in Arlington, Virginia, during the periods October 9-10, 1979, .
and November 29, 1979.

Attachment

cc: Panel Members
Mr. Conlon
Esther Saito
OPP Division Directors
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FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)
SCIENTIFIC ADVISORY PANEL
Review of Preliminary Notices to

conclude Rebuttable PMresumptions Against Registration
(RPARS) of products containing benomyl and thiophanate-methyl

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
Scientific Advisory Panel has completed review of plans by the
Environmental Protection Agency for initiation of regulatory action
on benomyl and thiophanate-methyl pesticide products under the
Provisions of Section 6{b){1) of FIFRA, as amended. The review

was completed during open meetings in Arlington, Virginia, during
the periods October 9-10, 1979, and November 29, 1979.

Maximum public participation was encouraged for the review. Federal
Register Notices were published on September 21, 1979, November 14,
1979, and November 27, 1979. 1In addition telephonic calls and special
mailings were sent to the general public who had previously expressed
an interest in activities of the Panel.

Written and oral statements were received from representatives of

E. I. DuPont Nemours and Company and Pennwalt .orporation in respect
to proposed regulatory action on benomyl and thiophanate-methyl,
respectively.

In consideration of all matters brought out during the meeting and
-careful review of all documents submitted by the Agency and other
parties, the Panel unanimously submits the following report:

Panel Position on Thiophanate-methyl

The Scientific Advisory Panel concurs with the Agency's position
to terminate the RPAR against thiophanate-methyl.

In regard to the option under consideration by the Agency for
additional gene mutation tests for MBC, a metabolite of
thiophanate-methyl, the Scientific Advisory Panel offars the
following comment:

o
~
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In May 1978, the FIFRA Scientific Advisory Panel issued the
following statement relative to the mutagenesis subsection of
subpart F, Hazard Evaluation: Human and Domestic Animals, of

the Proposed Guidelines for Registering Pesticides in the United
States:

“The Scientific Advisory Panel strongly endorses the

need for mutagenic assays as a survey for potential
environmental hazards and endorses the principles of

the proposed guidelines. Moreover we feel that mutagenesis
and oncogenesis should be considered together as related
rather than isclated phenomena. To these ends, therefore,
and in the interest of simplicity and practicality, the
following core battery of tests selected from the proposed
guidelines is recommended for mutagenicity screening of '
all pesticides.

1. A sophisticated microbiological test such as an
enhanced Ames assay with appropriate dose response.

2. A mammalian cell point mutation assay such as the
hamster embryo or mouse lymphoma.

3. An in vivo cytogenetics assay.

In addition the Panel recommends that a multiple
generation test which is part of the reproductive

study (162.83-4) be modified to provide a statistically
significant assay for dominant lethal mutations. The
Panel also recommends that oncogenicity studies (162.83-2)
be used in the overall evaluation of mutagenicity. Finally
the Panel recommends that both the core battery of tests
outlined in this report and the dominant iethal test be
performed on each pesticide. The results of these tests
will provide the Agency with the information necessary

to estimate the mutagenic potential of pesticides”.

In evaluating the data available on the mutagenicity of MBC,
the Scientific Advisory Panel has also evaluated mutagenicity
studies with benomyl since metabolism studies have shown that at
least 80% of benomyl is metabolized to MBC in vivo. On examinztion
of the mutagenicity tests that have been conducted using MBC, benomyl,
and thiophunate-methyl, the Panel is of the opinion that the requirement

i
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for a sophisticated microbiological test has been met. 1In addition,
the Panel is of the opinion that a suitable in vivo cytogenetics assay
has been completed. However, the Panel does not believe that an
appropriate mammalian cell point-mutation assay has been performed.
Therefore, we recommend that a mammalian cell point mutation assay

be conducted using MBC and a mouse lymphoma or Chinese hamster embryo
cell line or any other equally well validated test for point mutations
in mamnalian cells. If the results of this test are negative, the
Scientific Advisory Panel is of the opinion that the mutagenic potential
of thiophanate-methyl be considered to have been completely rebutted
and no further tests should be required.

In regard to the potential for spindle effects from human exposare
to thiophanate-methyl, the Scientific Advisory Panel offers the folle =g
conclusions: A negative result has been obtained in a multigeneration
reproductive study and a dominant lethal study using thiophanate-methyl.
The Scientific Advisory Panel is of the opinion that these two tests
and an appropriate in vivo cytogenetics test constitute an adequate
measure for adverse health effects in man from spindle poisons.

Having met the proposec requirements the Scientific Advisory Panel
is of the opinion that there is no significant risk from spindie
innibition in man as a result of exposure to thiophanate-methyl in
its normal use in agriculture.

. 30




iy

PANEL POSITION ON BENOMYL

In regard to the specific issues and questions posed by the
Agency to the Panel regarding the benomyl RPAR, the Scientific Advisory
Panel offers the following responses:

Questions from EPA Concerning Its Requlatory Decision.

Question 1.

Answer:

Question 2.

Answer:

Question 3.

Answer:

Question 4.

Answer:

Based on the data avaiiable at this time do you
agree with the agency's conclusion of low risk
from the spindle effects associated with use

of benomyl?

Yes (see Appendix I).

Would you suggest a method of estimating the
mutagenic risk for spindle effects?

See Appendix I.

We proposed to request gene mutation tests in
(1) Drosophila, (2) mammalian somatic cells in
culture, and (3) an appropriate eukaryotic mi-
crogrganism. In your opinion are these tests
aaequate?

See Appendix 1.

During the April 1979 Scientific Advisory Panel meeting
we discussed the DuPont dermal absorption study.

Would you comment on this study and the agency's
conclusion that the dermal component of the total

body dose is extremely low.

We have examineu the data from the study conducted by
DuPont on dermal absarption of 2-l4C-benomyl through
rat skin. We concur with the agency’s position that
it would not be possible to obtain a Tevel of benomyl
in the blood through dermal absorption which would
pose a significant risk.

Panel Comments on Benomyl Requlatory Decision

The EPA has proposed the continued registration of benomyl for all
uses, but with an amendment of the terms and conditions of registration.




These amendments of terms and conditions of registration eptail the
requirement for (1) additional mutation studies, (2) the requirement
for water soluble packaging for benomyl sold in units of 5 pounds or
larger, (3) that a cloth mask be required during mixing and iocading
for aerial application if the product is not packaged in water soluble
bags, (4) that a monitoring study of the fate of benomyl in the envi-
ronment be required for continued registration for rice uses and,

(5) that label changes will be required including a precautionary
statement relative to reproductive hazards.

Mutation Studies (1)

Concerning the reguirement for additional mutation studies
see Appendix 1.

Water Solublr rPackaging and Respiratory Protection (2) and (3)

The FIFRA Scientific Advisory Panel supports the requirement that
a protective mask be worn during the mixing, loading and transfer oper-
ations for aerial application of benomyl. However, the Panel recommends
the use of commercial disposable paper masks, in addition to the cloth
mask specified in the decision document be allowed if, in the opinion
of the agency, they provide sufficient protection against respiratory
exposure to benomyl during these operations. With the recommendation
for use of respiratory protection in mixing, loading and transfer oper-
ations involving benomyl, the Scientific Advisory Panel belisves that
the requirement for water soluble packaging for units of 5 pounds or
larger should not be required.

Monitoring Studies (4)

The Panel supports the requirement for additional monitoring studies
on benomyl for rice use. These studies will allow the EPA to make a more
accurate determination of the potential risks to aquatic organisms of
the use of benomyl on rice.

Label Changes (5)

The Scientific Advisory Panel does not concur in the suggested pre-
cautionary warning statement to be included on the label for benomyl.
The basis for the Panel’s non-concurrence is that if this type of
Tabeling is required for benomyl it should also be reguired for all
other pesticide products which cause adverse health effects in man.
This, of course, would include almost all pesticide products currently
in use. The Panel might favorably consider specific health effects
warning statements on pesticide labels were this requirement uniformly
applied to all pesticide products. However, we are of the opinion that
the selective requirement for this kind of warning label on benomyl is
not appropriate in view of past regulatory decisions that have been
made relative to other pesticide products that have undergone an exam-
ination through the RPAR process.

L




Additional Comments

The no effect level for teratogenesis from benomyl administered by
gavage to rats has not yet been established. Two studies, one by the
Environmental Protection Agency and another by DuPont are currently
underway in which the Scientific Advisory Panel has an interest. Any
conclusions by the Panel favoring continued use of benomyl are contingent
upon a no effect level for reproductive toxicoogy being established
in these studies. Furthermore, the level at which no effect is sewn
should provide a satisfactory margin of safety relative to the excosure
levels which have been calculated from dietary intake and exposure
during mixing, loading, transfer or applicatior &~ denomyl. It should
be noted that dietary studies of the teratogenic properties of both
benomyl and the breakdown proZ ot MBC in rats have been carriea out and
the results of these studies fail to show an effe.* at dose levels of
400 mg/kg/day. Teratogenic studies in rabbits a1 approximately 125 mg/
kg/day in the diet also showed no evidence of compaund related tera-
togenicity. Therefore, it is the opinion of the Scientific Adviscey
Panel that any no effect level established throu~h the gavage me*hod
of administration of benomyl should be qualifiea by the essentially
neoative results obtained in these dietar) studies.

Except as noted above, the Panel concurs with the agency's position
for continued registration of benomyl for all uses.

e
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APPENDIX 1

Mutation Studies

The Scwent1f1c Advisory Panel offers the following comnent in regard
to the agency's request that additional gene mutation tests using benomy1
be carried out in Drosophila, mammalian somatic cells in culture, and ir an
appropriate eukaryotic microorganism.

On May 31, 1978, the FIFRA Scientific Advisory Panel issued the
following statement relative to the mutageresis subsection of subpart F,
Hazard Evaluation: Human and Domestic Animals, of the Proposed Guide-
1ines for Registering Pesticides in the United States:

' “The Scientific Advisory Panel strongly endorses
the need for mutagenic assays as a survey for
potential environmental hazards and endorses the
principles of the proposed guidelines. Moreover, ;
we feel that mutagenesis and oncogenesis should
be considered together as related rather than
isolated phenomena. To these ends therefore, and
in the interest of simplicity and practicality,
the following core battery of tests selected from
the proposed guidelines is recompended for muta-
genicity screening of all pesticides.

1. A sophisticated microbiclogical test such as
an enhanced Ames assay with appropriate dose
response.

2. A mammalian cell point mutation assay such as
the hamster embryo or mouse lymphoma.

3. An jn vivo cytogenetic assay.

In addition the Panel recommends that a multiple
generation test which is part of the reproduction
study (162.83-4), be modified to provide a statis-
tically significant assay for dominant lethal
mutations. The Panel also recommends that onco-
genicity studies (162.83-2) be used in the overall
evaluation of mutagenicity. Finally the Panel
recommends that both the core battery of tests out-
lined in this report and the dominant lethal tests
be pe-formed on each pesticide. The results of
these tests will _provide the_agency with the infor- _ _ _ -
mation necessary to estlnate the mutagenic potential
of pesticides".

i




The Scientific Advisory Panel is of the opinion that the stated
requirement for a sophisticated microbiological test using benomyl
has been met. In addition, the Panal believes that sufficient tests
for in vivo cytogenetics have also been completed. It appears, how-
ever, that an appropriate mammalian cell point mutation assay has not
been carried out using benomyl. Therefore, we recommend that a mam-
malicn cell point mutation assay be performed using either a mouse
lymphoma or a Chinese hamster embryo cell line or another equally
well validated mammalian cell test for point mutation. If the results
of this _assay is negative as has been the case for the nicrobioiogicaT

assays, we believe that no further mutation testwng g should be required
and the mutation trigger should be considered to have been completely
rebutted.

Spindle Effects: Recommendations for Testing

The Agency has submitted to the Scientific Advisory Panel .a request
for suggestions for methods for estimating risks in man from compounds
such as benomyl which cause spindle effects. It is our opinion that
the best methods for predicting adverse health effects in man from
spindle poisons are the multigeneration reproductive test and the dominant
lethal test. As noted in our previous recommendation on the proposed
mutagenesis gquidelines, we recommend that the multigeneration repro-
ductive test be modified to provide a statistically significant assay
for dominani Tethal mutations. We believe that a2 multigeneration study
modified to provide for an examination for dominant lethal mutations
shouid be the primary means by which the agency estimates the potential
risk to man from spindle poisons. If the multigeneration and dominant
lethal studies are negative we recommend that cytogenetics be conducted
on the sperm and bone marrow cells of an adequate number of the animals
used in these or other studies. Consideration should also be given to
the extension of the technique of amniocentesis and chromosome banding
to the rodent model. In addition to the in vivo tests described above
the Panel believes that it is desirable to have a reproducible and
practical in vitro assay for spindle effects of pesticides, their con-
taminants, and breakdown products. A starting point may be an examinatisn
of metaphase arrest and growth inkibition in a mammalian cell iine in
culture {e.g. Chinese hamster embryo cells). In this regard, we urge
the Agency to fund research with the aim of ceveloping the amniaocentesis
rodent model and the in vitro test in mammalian cells for spindle ef-
fects of pesticides and pesticide products. Research should alsc be
encouraged to evaluate the predictability of in vitro tubulin binding
of spindle poisons.




It is the opinion of the Scientific Advisory Panel that a threshold
does exist for spindle effects from compounds such as colchicine and
benomyl. This is based, in part, on the kinetics of the affinity of
benomyl and colchicine for a tubulin binding site and the resulting
inhibition of polymerization of tubulin to microtubules. This opinion
is strengthened by the results of studies by Cox and Puck (1) in
Chinese hamster cells in vitro using colcemid in which no appre-
ciable changes in chromosomes were seen at 0.01 ug/ml. At 0.015 ug/mi}
nondisjunction appeared with tetraploidy occurring at 0.03 io 0.07 ug/m}.
Similar results were obtained by Wilson et al using Vinca alkaleids y
in EHB cells in culture (2). In addition, studies by Seiler (3) with
benomyl measuring micronucleated erythrocytes in mouse bone marrow
folluwing in vivo administration of benomyl alsc suggests there is a
threshold for the spindie effects of this compound. The results of
these studies (3) indicate the no effect level for benomyl for this
measure of spindle effects in this mammalian species is between
400-500 mg/kg. Considering the level of exposure to benomyl of mixers
and loaders and the exposure of the general population by way of the
diet, the Scientific Advisory Panel is of the opinion that an adeguate
margin of safety exists for the potential spindle effects of benomyl in
man.

In summary, the Panel believes that if negative results are ob-
tained in an adequately conducted multigeneration reproductive test, in
a dominant lethal test, and in the proposed in vivo cytogenetics assays,
that this is adequate evidence that no adverse effects will occur in
humans as a result of exposure to the spindle inhibitor in question.
Since the results of a multigeneration reproductive test, the dominant
lethal tests and the in vivo cytogenetics tests using benomyl have been
negative the. Panel is of the opinion that benomyl poses no significant
risk as a spindle poison to human populations as a result of its current
use in agriculture.

1) D.M. Cox and T. T. Puck, Cytogenetics §: 158-169 (1969). )
2) L. Wilson, K. Anderson and 0. Chen, in Cell Motility, Cold Springs
Harbor Symposium, D. Goldman, T. Pollard and J. Rosenbaum, eds.,
B Cold Springs Harbor Press, New York, Vol. 3, 1051-1064 (1976).
(3) J. D. Seiler, in Progress in Genetic Toxicology, D. Scott, B. A.
Bridges and F. H. Sobels, eds., Elsevier, North Holland Bicmedical
Press, pp. 233-238 (1977).

FOR THE CHAIRMAN:

(
(

Certified as an accurate report of findings:

gg:@;}ahg§ﬁ (D5, %
H. Wade Fowler, Jr., PHD.
Executive Secretary

FIFRA Scientific Advisory Panel

Date: November 29, 1979
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

BENOMYL I

E OFFICE OF
i AY . ‘PESTICIGES AND X
pAY i IR TOXIC SLBSTANCES

Subject: MBC(INF-965) ~ Qualitative and Quantitative Risk
Assessment, CN-1 Mouse Studv (re-evaluation)
caswell no. 79

From: Bemmice Fisher, Riostatistician M .
' i ohe, S i /29

Science Support Section
Science Analysis and Coordination Rranch
Health Effects Division (K7509C)

To:  Marion P. Coplev, D.V.M., Section Head
Review Section 11
Toxicology Branch I -~ Insecticides/Rodenticides
Heglth Effects Division (H7509C)

Thru: John A. Quest, Ph.D.\, Section Head %#ﬁ'ﬂd’ 5'/5/%/7’
Science Support Section
Science Analysis and Coordination Rranch

Health Fffects Division (H7509C)

Summary

The estimated unit risk, Q;" of benomyl is 4.20x1073(me/ke /day)™’
in human equivalents. This eqtlmate of Q is based upon the cutcome
of the re-evaluation of hepatocellular(adenoma and/or carcinoma) tumors
in CD-1 female mice with dose levels of 0, 500, 1500, and 7500 ppm.

This unit risa is quintlal I+ at the same Jevel as the previously
reported (Q; = 3.9x107 (m;z/k&z/dag) in human equvialents, - Renowl
Risk Assess“xem: for Q; = 3.9x107° for Carcinogenicity Potency, R.1itf
~ 3/86). The only dll'fereni:e in the two analysis is the modification of

the denominators of tumor rates in female mice, used in the qualitarive
and quantitative risk assessment. Currently the denominators include
only animals at risk {i.e. the total rumber of animals that were examined
with the exclusion of those that died during the first vear).
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Rackground

The Peer Review Committee on Renomvl MRC, Jarmarv 25,1980 recommended
a re-evaluation of the MBC study in CD-1 female mice for the gualitative
and quantitative risk assessment. This current evaluation used the
collection of individual animal data and then the application of the
Statox program to obtain statistical cutcomes on survival, tumorgenicity
and a unit risk analysis.

The 2 year CD-1 mouse study was conducted hv Haskell Tahs for F.1. duPont
de Nemours and Companv, Inc. and reported in Jamuary 76, 1987, The mice
were assigned in a random mammer to the following groups:

Table 1. MRC, CN-1 Mouse, Fxperimental Nesign of the Dietarv Study

Number of weeks on N
Dose (ppm) Males Females Study
0 an 20 104
500 R0 R0 104
1500 80 &N 104
7500 80a RO 1043

a due to the high mortality of males during weeks S2-64 in the
high dose greup, the dose was reduced to 3750 ppm at week Ah
for males and the remaining animals were sacrificed at weel
74 instead of 105.

Survival Analysis

In male mice there was a significant (p<.001) increasing trend in
mortality with dose increments of MR(, There also was a sipgnificant
(p<.05) diference hetween controls and the high (7500-3750 ppm)
dose group as well as a significant (p<.M) difference between the
mid (1500 ppm) dose group and controls (Tahle 7).

In the females, there was no statistical evidence of dose related
mortalitv either in the trend analvsis or in the the pair-wise
comparison of control and each dose group (Table 3).

The statistical evaluation of mortality in the mouse was hased
upon the Thomas, Breslow and Gart cowputer program.
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Table 2. MRC - Male Mouse Studv, Mortality Rateg®
and Cox or (eneralized X/W Test Results

Dose(ppm)  1-26 27-‘32‘”7“82353-73a 74-104b Total
0 1780 3/79 25/76 33/51 R2/80 (TR)**
500 0/80  8/80 33/72 24/39 RA/RN (R3)
1500 0/80  9/80 36/71 26/35 71/80 (RQY**
7500~
3750¢ 4/80  12/76  41/R4 L 57/80 (71)*

+ Number of animals that died during interval/ Number of
animals alive at the heginning of the interval.

( ) percent

a Final Sacrifice at week 74 for highést (7500-3750 ppm) dose
2roup.

b Final Sacrifice at week 105 for 0, 500, and 1500 ppm dose groups.

¢ Nose reduced from 7500 to 3750 ppm at week Ah in highest dose
group.

Note: Time intervals were selected for displav purposes onlv.
Significance of trend denoted at Control.
Significance of pair-wise comparison with control denoted
at Nose level.

If * then p<.nS and if ** then p<.n1.




Table 3. MBC - Female Mouse Study, Mortalitv Ratest
and Cox or Generalized K/W Test Results

Dose (ppm)
0

500
1500
7500

( ) percent

Note:

1-26
3/81
4/79
2/80
2/80

i

a Final Sacrifice at week 105

Week
27-527  53-78
4/7R  26/74
6/75  17/69
3/78  27/75
2/78  23/76

79-1048
2R /48
36/52
34743

32/53

If * then p<.N5 and if ** then p<.nN1,

Total
S9/81 (73)
A3/79 (80)
RE/RO (R3)

59/20 (74)

+ Number of animale that died during interval/ Mumber of
animals alive at the beginning of the interval.

Time intervals were selected for displav purposes oniv.
Significance of trend denoted at Tontrol.

Significance of pair-wise comparison with control denoted
at Dose level,

e |
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Tumor Analysis

In mice, both sexes had elevated tumors in the liver with dose
increments of benomvl.

In the males, with dose related significant mortality, the Peto
Prevalence method was used to evaluate tumor trends and the pair-
wise comparison with controls and each dose group. In addition,
tumorgenicity in the highest (750{1-3750ppm) dose group was not
analysed hecause of high mortality and thus the lack of sufficient
animals for justifiable statistical evaluation. The results indicated
that there was a significant (p=.01) increasing trend in hepatocellular
carcinoma tumor rates and a significant (p=.MN%) increasing trend in
the cavbined hepatocellular (adenoma and/or carcinoma) tumor rates
with incremental doses of henomvl. 1In the pair-wise comparison of
of controls and the mid (1500 ppm) dose group, there was a significant
(p=.012) difference in liver carcinoma tumor rates and also a
significant (p=.0N7) difference in the combined ljver (adenoma and/or
carcinoma) tumors. In the pair-wise comparison of control and the low
(500 ppm) doge group, there was a significant (p=.0N9) difference in the
combined liver (adenoma and/or carcinoma) tumors (Tahle 4),

In this qualitative risk anslvsis of female mice, the denominators
for liver tumor rates included onlv animals at risk. Rv definition it
included all animals examined, less those that died during the first
year of the study. While in the previous risk assessment - Statistical
Evaluation and Oncogenicity Risk Assessment of Renomvl, Renlate, and
MBC 2-Year Feeding Studies in Mice, R.1itt, S/R? - all animals that
were examined were included in the denomiator without exception. Tn
female mice, not having significant dose related mortality, the Cochran-
Armitage trend test and the Fisher Fxact test for palr-wise comparisons
wags used to evaluate liver tumor data.  The ocutcome of thase tests
indicated a significant (p=.010) dose related trend in liver carcinoma
tumor rates and also a significant (p=.019) dose related trend in the
combined liver (adenoma and/or carcinoma) timors. In the pair-wise
comparison of controls and the highest (7500 ppm) dose group there
was a significant (p<.0N1) difference in combined 1iver (adenoma and/
or carcinoma) tumors and also & aignificant (p=.M1) difference in liver
carcinomas, In the pair-wise comparison of control and the mid (1500
ppm) dose group there was a significant difference in 1iver adenomas
(p=.030) and in liver carcinomas (p<.NN1) and in the combined liver
(adenoma and/or carcinoma) tumors (p<.0MN1), In addition the palr-wize
comparison of controls and the lowest (500 ppm) dose group resulted in a
significant difference in the combined liver (adenoma and/or carcinoma)
tumors (p=.0M7) and in liver adenoma timors (p=.N75) (Tahle S),
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rable 4. MEC - Male Mice, Hepatocellular Tumor Ratest
and the Peto Prevalence Test Results

Dose(ggg)
Jiver Tumor 0 500 1500 7500-3750a
\denoma 11/76 15/72- 14/73 3b/67
{14) (21) (19) (4)
p= 0.155 0.072 0.131 —C
rarcinoma 2/76 5/72 9d/73 0/67
(3) (7) (12) (0)
p= 0.010*  0.080  0.012** —
ombined
umors 13/76 20/72 23/73 3/67
(17) (28) (32) (4)
b= 0.005**  0.009** 0.007** —C

Number of tumor bearing animals/ Number of animals at
risk (excluding those that died before 52 weeks).

) percent

7500 ppm dose reduced to 3750 ppm at week 66.

first adenoma cbserved at week 62,

animals at high dose (7500-3759 ppm) were not evaluated because
of early high mortality and subsequent final sacrifice at week 74,
first carcinoma observed at week 88.

otes Significance of trend denoted at Control.
Significance of pair-wise comparison with
control denoted at Dose level.

If * then p<.05 and if ** then p<.0l.
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Table 5. MRC - Female Mice Hepatocellular Tumor Ratest
and Cochran-Armitage Trend Test and Fisher's Fxact
Test Results

Nose (ppm)
_iver Tumor 0 500 1500 7500
\denoma 0/74 5/70 5/75 38/75
) N (7 (&)
p= 0.441 0.025%  0.030*  0.195
Jarcinoma 1/74 4170 15b/75  12/75
m (%) (20) (1A)
p= 0.010% 0.166 0.000%*  o.00** >
“ombined
umors 1/74 9/70 20/75 15/75
M (13) 7 (zm
p= 0.019% 0.007** W0*% 0, nn0**

" Number of tumor bearing animals/ Wumber of animals at
risk (excluding *hose that died before 52 weeks).

) percent

first adenoma observed at week 90, -
first carcinoma cohserved at weel 77.

ote: Significance of trend denoted at Control.
Significance of pair-wise comparison with
control denoted at Dose level.

- 1f * thenp<.05 and if ** then p<.n1.

- r-




Jose-Responce Analysis

The most sensitive measurable reaction to henomvl occurie
1ce in terms of significant dose related trends and pair-w. se
significant differences hetween controls and selected dose levels
n liver tumors. Since there was no statistical evidence of
iignificant dgse related mortalitv in the females, the estimate of
mit risk, Qq of benomyl, based upon the liver tumor data, was
-aleulated by—the use of Global®h (Multi-Stage process) computer
wogram of K.Crump.

1 Female

The unit risk calculated from the female mouse liver timor data
.n ppm doses was converted to mouse mg/kg/dav hy the use of Tehman‘g
‘ables and then to human equivalents bv the use of interspecies

urface area adijustments as recommended by FPA Cancer Guidelines (19R8A)Y,

* .,
The resultant estimate of Q1 is as follows:

‘emale liver tumors Mouse, Q1* (me/ke /day)™] In Human Fguivalents
adenomas &/or
carcinomas) 3.14 x 10-4 4.20 x 10-3

&t
Poas
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SUBJECT:- Weight-of—the-evidence and oncogenic properties of
Benomyl and MBC revisited : The third peer review.

Tox. Che.a  Jlo. 75a, 79C

TO: Peer Review Committee for Benomyl and MBC
Health Effects Division (TS-769C

FROM: Marion P. Copley , D.V.M., Toxicologist¥ g/ VY
Section 2, Toxicology Branch 1 (IRS) /:A;QQWQV{g%?z%n

HED (TS-769C) /‘72/‘7

THRU: Judith W. Hauswirth, Branch Chief )
Toxicology Branch 1 (IRS) QwéuxxbuJ MNocogroiidbn.
HED (TS-769C) ’/40/8 9

Attached are the data evaluation reports and documents from the
two prgvious-pegr reviews for benomyl and MBC including the
followling material:

1. Statement of issues, background and summary.
2. Initial Peer Review DER (10/3/85)

3. Follow-up Peer Review DER (12/19/85)

4. Peer Review Document (3/31/86)

5. Statistics memos

6. Appropriate Study DERs not included in previous p&ckages.

Mouse oncogenicity -~ Swiss Random

. Mouse oncogenicity-— NMRKE{(SPF71) - — . ~ — . - —- e

COPLEY, PCS5\BENOMYL\PEERREV3.237, #75A & 79C, January 19, 1989
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leviewed by: Dynamac -~ P. Wennerberg, W. Mclellan, {.C. Felkner

Secondary reviewers: Marion P. Copley, D.V.M.éyé;,/ o 5” .
Jane Harris, PhD, Section H ad < H c/34/€(/
Section 6 , Tox. Branch (TS-769C)

DATA EVALUATION REPORT

STUDY TYPE: Oncogenicity - mice TOX. CHEM. NO.: 75A
ACCESS1ON NUMBER: 246948A, 246949,246950 MRID NO.: 00096514

TEST MATERIAL: Benomyl

SYNONYMS: Methyl-1-(butyicarbamoyl)-2-benzimidazolecarbamate

STUDY NUMBER: Haskel! No. 20-80

SPONSOR: E. 1. du Pont de Nemours and Company

TESTING FACILITY: Haskell Lab. for Toxicology and Industrial
Medicine, Newark, Del.
TITLE OF REPORT: ‘tong-term feeding study with Methyl-1-
{(butylcarbamoyl)~-2~benzimidazolecarbamate (INT-1991, Benomyl,
Benlate®) in mice.

AUTHOR(S): P.W. Schneider, Jr., B.E. Wiechman, T. Dilworth; et al.

REPORT [SSUED: Jan. 26, 1982

CONCLUSION: NOEL for carcinogenicity < 500 ppm (LDT)
Carcinogenic at 500 ppm (LDT):
hepatocellular adenoma and carcinoma in males and femal
pulmonary alveologenic carcinomas in males
Degenerative changes in the testes and epididymides
at 5000-7500 ppm (HDT)

Classification: Core-minimum

MATERIALS: Benomy!, 99-99.2% pure, lot #s iNT~1991-366, INT-1991-414,
grey crystaltine material.

SEE ATTACHED REVIEW




Uu//lU

COMNFIDENTIAL BUSINESS HFORMATION
N DOES NO{ ClinTmin
HNATIONAL SECURITY INFORMATION [EO 12065

EPA: 68-01-8561
TASK: 81
June 13, 198%

DATA EVALUATIUN RECORD
BENOMYL

Oncogenicity in Mice

CITATIOM: Schneider, P.W., Jr.; Wiechman, B.E.: Oilworth, T.; et ai.
Long-term feeding study with methyl 1-(butylcarbamoyl)-2-benzimidazole-
carbamate, (INT-1991, Benomyl, Benlate®) in mice. (Unpublished study,
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DATA EVALUATION RECORD

STUDY TYPE: Oncogenicity in mice.

CITATIQON: Schneider, P.W., Jr.; Wiechman, B.E.; Dilworth, T.; et al.
tong~term feeding study with methyl 1-(i 'tylcarbamoy})-2-benzimidazole~
carbamate, (INT-1991, Benomyl, Benlate®) 1in mice. (Unpublished study,
Report No. 20-82 by Haskell Laboratory for E.I. Du Pont De Nemours & Co.,

Inc., Wilmington, DE; dated January 26, 1982.)

ACCESSION NUMBER: 2456948-A, 246949, 246950.

MRID NUMBER: 00096514.

LABORATORY: Haskell Laboratory for Toxicology and Industrial Medicine,
Elkton Road, MNewark, Delaware 19711.

QUALITY ASSURAMCE STATEMENT: <Chronological summary present and signed but
not dated. N

TEST  MATERIAL: Methyl1-1-(butylcarbamoyl)-2-benzimidazolecarbamate was
supplied in two lots (INT-1991-366 and INT-1991-414) as a grey crystalline
material which was stated to be 99% and 99.2% pure, respectively. 1t was
used to prepare test diets from 8-29-78 to $-9-80. Throughout the study,
INT-1991 was refrigerated until used.

" PROCEDURES:

1. Three hundred and twenty male and 320 female 4 week old CD®-1 mice
were used from Charles River B8reeding Laboratories, Wilmington,
Massachusetts. After a thirteen day acclimation period, they were

divided using computerized stratification to randomi.e by sex into’

four groups of 80 animals per sex, each group having approximately
gqual mean body weights. The mice were caged individually in
stainless steel wire-mesh cages.

2. Dilets were freshly prepared each week and stored under refrigeration
until user. Ground Purina Laboratory Chow difet was mixed with test
compound in corn o011 to achieve the following concentrations: 0,
500 ppm, 1,500 ppm, 7,500 ppm. After 37 weeks on the diet, the
‘highest concentration, 7,500 ppm, was reduced fa 5,000 ppm. All diets
contained 1% (w/w) Mazola® Corn 011. Throughout the study, all mice
received the apprcoriate test diet and tapwater ad libitum. Samples
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of diet containing test material were collected for analysis during
the following times: 1) at the time of preparation; 2) after storage
at room temperature for 24 hours and 7 days; 3) after storage under
refrigeration for 7 days. These samples were collected four times
during the study and analyses showed no degradation of test compound.
Data for test diet homogeneity were not presented.

3. A1l mice were examined daily for ciinical signs of toxicity and
palpated at least once every two weeks for tissue masses. Mice were
weighed weekly (weeks 1-26), biweekly (weeks 26~52) and monthly (weeks
52-104). Recorded during the same times were body weight gains, food
consumption, food efficiency and intake of test compound. Mortality
was aiso recorded.

4. Ten mice per sex, per group had hematological examinations at intervals 3
of approximately 1, 3, 6, 12, 18, and 24 months after the start of the
study. The following parameters were examined: RBC, WBC, and dif- ‘
ferential WEC counts, hemoglobin, hematocrit, total plasma protein,
MCV, MCH, and MCHC. Blood smears were prepared from all surviving
mice at study terminati.-

5. 4dross necropsy was ; rr.- «d on all mice used in the study regardless
of time of death. 0. _.» weights and relative organ weights {per final
body weights) were obtained from all animals at terminal sacrifice for
the following organs: brain, heart, lungs, liver (with galibladder),
spleen, kidneys (with adrenals attached), testes -(with epididymides),
and thymus. All Guideline-required organs except the rectum were
examined histologically by “conventional methods.*

6. The following statistical procedures were performed by the study
authors: body weight and organ weight data were analyzed bty one-way
ANOVA. Hematological data were analyzed by crossed and tested ANDVA.
The least significant difference or Dunnett's test was used to analyze
differences 5Sctween treatment droups. Survival -was subjected to
Kaplan Meier methods? . Comparisons of survival distributicens and
tumor incidences were analyzed by the Mantel-Haenszel method?.
Comparisons of absolute proportion of survival and Jncidences of
tumors and c¢linical observations were analyzed by Fisher’s Exact
test. Dose responses in tumor incidence were analyzed by the chi-
square test for trends. The level of statistical significance was
p < 0.05.

Kaplan, fF.L., and MHeler, P. 1958. Monparametric estimation for
incomplete observations, Journal of the American Statistical Asso-
ctation, Vol. 53, 457-481. (reference not presented by authors)

Mantel, N. and Haenszel, W, 1959. Statistical aspects aof the
analysis of data from retrospective studies of disease, Journal of
the National Cancer Institute, Vol. 22, No. 4, 719-748. (reference __
not presented by authors) 7 I
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Unless otherwise noted, the word *significant® in this review has
statistical connotations (p < 0.05).

RESULTS:

Clinical Observations and Mortality: No clirical observations in any
treatment group were reported to be significantly different from controls.
Individual and summary data showed that there was no increase in the
number of treated animals with palpable masses as compared to controls.

Body Weight and Food Consumption: Table 1 presents mean body weight data
for male and female mice at selected intervals during the study. Both
male and female high-dose mice showed a significant reduction in mean body
weight throughout the course of the study. The mid-dose groups showed a
stTgwificant reduction in mean weights at 60% of the weighing intervals for
males (32/53) and 40% for the females (21/53) when compared to controls.
There were only 2 instances of significant weight reduction in both male
and female Jow-dose groups. Mean body weight gains showed significant
decreases from controls 1in about 50% of the mid- and high-dose male
weights and abuut 25% of the mid- and high-dose female weights. Food
consumption was sligntly decreased in males and females at the mid- and
high-dose groups compared to controls; however, statistical analyses of
the data were not provided and could not be validated by our reviewers
without individual data.

w

Hematology: According to the report, there were no dose-related altera-
tions in hematologic parameters. Mean hematocrit, erythrocyte count, and
hemoglobin concentration were slightly but significantly Tower in mid-dose
males than in controls from months 3-24. A very slight but significant
decrease in erythrocyte count and increase in mean corpuscular volume and
mean corpuscular hemoglobin concentration observed from months 3 to 24 in
females receiving the high dose of benomyl were not considered compound
related when compared with controls. Mid-dose females also showed a
significant increase in tha mean corpuscular volume and a significant
decrease in the mean corpuscular hemoglobin concentration.

Organ _Weights: There were significant increases in mean liver weight in
mid~dose maies and in liver-to-body weight ratios in mid- and high-dose
males and in high-dose females when compared to controls (see Table 2).
Brain-to-body weight ratios were significantly increased in low- and high-
dose males and in high-dose females. Mean testes weight was significantly
lower in high-dose males than in controls and kidney weights were <ignifi-
cantly lower in high-dose females than in controls. Thymus weights were
decreased in all dosed males when compared to controls. The increased
“liver weights and decreased testes weights were correlated with histo-
pathological changes, and considered of biological significance by the
.authors. The other changes in organ weights were considered to be of
equivocal biological significance in the absence of a dose-related trend

and histopathological changes. - - e - - Co T T
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TABLE 1. Mean Body Weights of Mice Fed Benomyl for 104 Weeks
At Selected Time Intervals.
Mean Body Weight (gm)
Week
Group/Dose 0 13 56 80 104
(ppm)
Males
0 26.6 38.2 47.1 47.7 43.5
500 26.8 38.9 47.5 46.6 42.5
1500 26.6 37.3*% 45.7 45.6 41 2* ,
5000-75002 26.5 34.4% 42.3* 42.4% 39.7* L 8?7 1
Females
0 21.0 30.3 37.8 38.9 36.5
500 21.0 30.3 37.2 38.0 340
1500 21.0 30.1 36.8 36.6% 35.7
5000-75008 21.0 27.9*% 33.4% 34.3% 3.4 G357

k.4
Significantly different from controls value (p < 0.05) when analyzed by

ANQVA by study authors.
3 peduced from 7500 to 5000 ppm after week 37.




TABLE 2. Selected? Mean Absa‘lufe and Relative Organ Weights
at Terminal Sacrifice from Mice Fed Benomyl for 104 Week

. MALES !
Group/flose Relative

(ppm) Body Weight tiver Thymus Testes Brain® Liver

Control 44.35 2.58 0.07 - 0.43 1.14 5.86

500 42.30 2.64 0.05* 0.9 1.2\/* 6.26
1500 42.13 3.29*% 0.05* 0.44 1.39 7.80*

. 5000-75000 40.34* 3.06 0.05* 0.38* 1.24 7.54%

FENALES
@ Relative

Body Weight Brain Kidney Brain Liver Thysus

Control 38.54 0.48 0.69 1.26 5.3% ¢.15

500 36.30 0.48 0.564 1.3% 5.617 0.15

1500 371.25 0.50* 0.687 1.31* 6.14 0.18
SOOQJSN 3444~ 0.48 0.62* 1.40* 1.08% 0.1%*

€ Organ:body weight ratlo.

a4 (*) Significantly different from control value (p < 0.05) when analyzed by study a
b 7500 ppm changed to 5000 ppm after week 37.

yA»
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Gross Pathology: Individual animal gross necropsy findings were reported
but summary data with statistical analysis were not provided nor were the
gross findings discussed by the authors.

Histopathology: Significant incidences of non-tumor histopathological
changes are presented in Table 3. Tissues of dosed animals showing

significantly increased 1incidence of lesions as compared to controls
were: thymus 1in males at 5,000 ppm (atrophy), thymus in females at
1,500 ppm (cysts), liver in males at 5,000 ppm (5 parameters showing
hepatocellular alteration,, spleen in females at 5,000 ppm (hemosiderosis),
trachea in females at 1,500 and 5,000 ppm (lymphocytic infiltrates in the
submucosa), testes in males at 500 and 5,000 ppm (atrophy and tubule
degeneration), epididymides in males at 5,000 ppm (aspermia), prostate in
males at 5,000 ppm (focal distended acint), thyroid in males at 500 and
5,000 ppm (distended colloid follicles), and nasal cavity in males at
5,000 ppm (interstitial fibrosis and amyloidosis).

Significant incidences of neoplastic changes are presented in Table 4. In
the males, the incidences of hepatocellular carcinomas, combined hepato-
cellular adenomas and carcinomas, and pulmonary alveclsgenic carcinomas in
the 500 and 1,500 ppm groups were significantly higher than controis. In
the females, the incidences of hepatoceilular carcinomas in the 500 and
5,000 ppm groups and combined adenomas and carcinomas in the 1,500 and
5,000 ppm groups were significantly higher than contrgls. The same five
parameters showed a significant trend (p < (.05} when analyzed by our
reviewers using the Cochran-Armitage T. :nd test.

The mean-time~to-, and median-day-of-tumor discovery were stated by the
study authors not to be significantly. different between treated and
control groups. Individual animal data (in the form of time to death with
tumors present) were provided.

DISCUSSION:

The authors concluded that benomyl, fed at a minimum of 500 ppm, produced
a significant increase in hepatocellular carcinomas in male and female
mice. There was a significant dose response to treatment in females for
hepatocellular carcinomas and combined hepatocellular neoplasms. Qur
review of the study substantiated these conclusions; however, several-
conclusions were not supported.

When we reanalyzed the data, we found several significant compound or
treatment effects that were not discussed by the authors. There was a
significant dose-related trend in the incidence of male pulmonary alreclo-
genic carcinomas, hepatocellular carcinomas, and combined hepatocellular
neoplasms in males.  There was also & significant histopatholcgical dose-
response effect in male epididymides and thyroid. When the mean-time-to,
-and median-days-of-death, with lung aiveolar cell carcinomas present, were
analyzed by these reviewers using Kruskal-Wallis ANOVA, p < 0.05, ail male
treated groups were significantly lower than control (Table 5).

7.
@
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TABLE 3. Selected? Incidences of Non-Neoplastic Histopatholegic
Lesions in Mice Fed 8enomyl for 104 Weeks

Qose Level {ppm)

Male Female
5000~ 5000~
Tissue o 500 1506 75008 8 500 1500 7500
Thymus (58)¢ (40) (38) (48) (62) (62) (52) (57
-atrophy 1 [ 2 12* d
~cyst 2 4 g* 1
Liver (. (80) {13} (80}
-foci of hepatocellular
alteration i 3 2 a*
-karycmegaly and cytome-
qaly 9 5 12 21
-foci of ceroid, micro-
granyioma 22 25 32 8%
-foci of hepatocellular -
ballooning, degeneration ¢ S Q [ %
-lymphocytic foci/inflam=
matory infiltrates 38 48 45 52*
Spleen (716) (19) (18 (718)
-hemosiderosis 1 5 6 il N
Trachea (17} 179) {719} (mm
-iymphecytic infiltrates,
subrucosa 0 1] = §*
Testes (78) {19) {79} {(79)
~degenerated semini-
ferous tubules 10 14 15 21
~active seminiferous
tubule degeneration 7 17 19 ikl
-atrophy 12 12 8 3
-interstitial cell
hyperplasia 4 4 7 18*
Epididymides (78) (18} {79) (79)
-aspermia 18 1" 12 30%
-distended tubules/
tubyles filled with .
degenerated sperm ] 5 1 17¢€
Prostate (73) (13) (76) (71
~-distended acini, focal 1 ] o] ™ -
Thyroid (85) (74) (713 (7N
~distended colloid
fochlos 4 13= [ 18=¢
Nasal cavity (72) (58) (1) (69)
-interstitial fibrosis
and amyloidosis 1 bj 2 1*

2 (#y Significantly d\fferent from control valuu (p < 0 05) wnen analyzed by study authors.

B 7500 ppm-changed to 5000 pom after weeir 37, =~ T e T s
C Ho., of animalg examn«m. :

4 No data entry signifies a non-significant Finding.

e Significant trend (p < 0.05) using Cochran - Armitage trend test by our reviewers.
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TABLE 4. Selected® Incidences of Neoplatame in Kice Fed
Banomy! for 104 Yeeks

\I

Doge Level (pow)
~Hgle —feyle
. 0000 5000--
Tissue o 500 1500 7500 0 500 {500 7500
U ver (me @ (M (80) an (80) (7 ., ("
~hepatoceiluler sdencas 9 9 " 10 2 2 7 7
~hepatocel luler
carcinom 16 260 4l 4 2 70 6 ravd
~comb{ned sdercmes ond
carcinonss -] e 713 2 4 % 130 2104
Lung o 79 (79 (80) an (7)) (78) (78)
~siveologenic carciroms 13 I 13 1ed I6 7 ‘ 6

(") Hmlﬁemﬂy differsnt from control velue (p < 0.09) when ansiyzed by study authors.
mmwmmmumrmn.

C No. of snimels exemined.
d gignificent trend (p < 0.0%) using Cochran-Armitage Trend text by our reviewsrs.

wt,



TABLE 5. Mean-Time-to, and Median-Day-of Death, When Lung
Alveolar Cell Carcinomas were Present in mice
Fed Benomyl for 104 Weeks

va7710

Days
fose
(ppm) Male Female
0 736.83 ' 674.0
23.4 101.9
743 740
500 665.4% 674.4
94.1 - 84.6
728 715
1500 688.9% 719.5
96.6 33.0
4 141 736
5000-7500P 702.2% 730.7
54.9 1.3
732 737

dUpper value is the mean, the middle value is the standard deviation, the
bottom value is the median-day-of-death.

b7500 ppm changed to 5000 ppm after week 37.
*

Significantly different from control (p < 0.05) when analyzed by these
reviewers us1ng Kruskal-Wallis ANOVA.

10
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The mean weight gain over the course of the study was significantly de-
creased - for mid- and high-dose males (14.3 and 13.3 g, respectively as
compared to 17.1 g for controls) and high-dose females (12.5 g as compared
to 15.5 g for controls), when analyzed by ANCOVA, p < 0.05. Statistical
analyses for mean daily food consumption, food efficiency and daily intake
of benomyl were not reported and individual animal data were not available,
hence, these ddta co.ld not be statistically analyzed by our reviewers.
The summary data prouvided by the authors showed either no change from
controls or a slight compound-related decrease. The latter was especially
true for the high-dose female daily mean food consumption with a lesser
decrease for high-dose male daily mean food consumption.

The administration of test compound caused no statistically significant
increase in mortaiity in dosed animals when compared to controls at 78,
91, and 103 weeks of the study. At terminal sacrifice (105-106 weeks),
the mid-dose female group had significantly fewer anirals alive (23 (29%)
vs 33 (41%) for control), but the low- and high-dose groups equaled the
control value. The total number per group per sex for "found dead® or
*moribund sacrifice" were not significantly different from controls except
for the fe-tale mice found dead. The low—, mid-, and high-dose values were
significa..ly greater (10/80, 12/80, and 11/80 resoectively), thanm the
control (2/80) when we anaiyzed the data using the Fisner exact test.

The authors stated that the hematologic changes were not of biological
significance. However, the authors used a method of statistical anmalysis
of the hemotological data that they did not adequately describe; therefore,
the analyses could not be reproduced. The findings by the study authors
however, allow a clinical diagnosts of toxicological importance when the
authars' following significant findings are combined in the high-dose
(5,000 ppm) females: 1) hemosiderosis in the spleen, 2) decreased red
blood cell counts, 3) increased mean corpuscular volume, 4) increased mean
corpuscular hemoglobin, 5) hepatocellular alterations (neoplasms). This
information is indicative of regenerative hemolytic anemia. Using the
more traditionally employed methods (Bartliett's test for homogeneous
variance followed by ANOVA or Kruskal-Wallis test depending on whether a
parametric or non-parametric test was appropriate) we found that the only
significant hemotological parameter to change from controls was mean
corpuscular hemoglobin values in the high-dose females.

The majority of the significant non-tumorous histopathological observations
were not considered by the author to be compound related. Our assessment
is that several of the changes are commonly seen in aged rats, however,

the occurrence in only the high-dose group may imply a compound-related
effect.

There were two reporting deficiencies.. The clinical observation summary

table provided for alopecia/dermatitis (the most prominent observation)

was slightly under-reported when compared with the-individual animal data.™ ~ ~— ~
When we reanalyzed this data, none of these parameters were found to be
significantly different from controls.

11
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Wwhen we summarized and statistically analyzed individual animal necropsy
data, no compound-related effect was seen with respect to the number of
masses or nodules when treated groups were compared to controls. The
number of masses seen at gross necropsy were about 30% of the number seen
histologically.

Qur criticisms of this study do not alter the general conclusions of the
authors that under the study conditions, benomyl was carcinogenic at the
lowest dose tested. There were no additional major deficiencies in the
study.

CONCLUSTONS:

Under the conditions of this study, benomyl fed at a minimum of 500 ppm
was carcinogenic in the 1liver and 7lung of CD-1 mice. Hepatocellular
carcinomas were induced in both males (low and mid doses) and females (low
and high doses). The combined incidence of hepatocellular adenomas and
carcinomas were statistically increased in the mid- and high-dose females.
Pulmonary alveologenic carcinomas were induced in males at the low and mid
dose. The testes and epididymides showed degenerative changes at the
highest dose tested.

CORE _CLASSIFICATION: Minimum.

xes)




section VI, Tox. Branch (TS-769C)

- s
Secondary reviewer: Jane Harris, Ph.D. % ,74l7kg§/
Section VI, Tox. Branch (TS-769C)

DATA EVALUATION REPORT

STUDY TYPE: Chronic onco - mouse TOX. CHEM. NO.: 78C

ACCESSION NUMBER: 256028, 256029

TEST MATERIAL: MBC

SYNONYMS: Carbendazim
INE-965
2-Benzimidazolecarbamic acid, methyl ester

STUDY NUMBER{S): Med. Res., Proj. # 3207-001
Haskell Lab Report # 70-82

SPONSOR: E.I. du Pont de Nemours and Co., Inc.

TESTING FACILITY: Haskell Lab. for Tox. and Industrial Med.,
Newark, Del.

TITLE OF REPORT: Long-term feeding study with 2-Benzimidazole-
carbamic acid, methyl ester (MBC, INE-965) in
mice

AUTHOR(S) : CX Wood, PW Schneider, HJ Trochimowicsz

REPORT ISSUED: Jan. 26, 1982

CONCLUSION:
Systemic NOEL = 500 ppm (75 mg/kg/day)
Systemic LEL = 1500 ppm (225 mg/kg/day) based on hepatotoxicity
(males) and lymphoid depletion {males and females).
Oncogenicity - Increased incidences of hepatocellular
carcinomas in males at 1500 ppm and hepatocellular
carcinomas and adenomas at all doses in females.

Classification: core-minimum

MATERIALS:

1. Test compound: MBC, (INE-965-212), off—q&ﬁ& solid, 99.3 s
pure, Haskell Lab. #11201

2. Test animals: CD-1 mice were received frocm Charles
River Breeding Labs., Wil., Mass. at 30 days of age.
They were 6-7 weeks old at the start of the study.

‘2.1
Copiey, disc 14/5, Benomyl, 75A EB‘ <:>




B. STUDY DESIGN:

1. _Rats were assigned randomly to the following test groups:

Test Dose in
Group diet (ppm) male female weeks on test
control 0 80 80 104
low (LDT) 500 30 80 104
mid (MDT) 1500 30 80 104
high (HDT) 7500 -- 80 104 .
high (HDT) 7500/3750%* 80 -- 73
* dye to high mortality during weeks 52-64 in the HDT male -
rats, treatment was removed for 7 days then reincorporated -

at a lower dose (3750 ppm) at week 66 unnil terminarion of
the group in week 73.

2. Dilet preparation - Diet was prepared weekly and refrigerated
until needed. The vehicle for the MBC, Mazcla®Corn 011,
was present in the diet at 1 %Z (w/w). Samples of fresh diet,
refrigerated diet (7 days) and room t° diet (24 hr, 7 days)
were frozen and analyzed.

Results ~ Material was stable for at least 7 days at both
room temperature and under refrigeration. S

3. Animals received food (Purina®Lab Chow) and water ad libitum.

4. Statistics - The following procedures were utilized in
analyzing the numerical data: ; -
Welight - one~way analysis of variance
Hematology —~ crossed and nested analysis of variance
Least slg, diff. and/or Dunnett stat. ~ when the ratio of
variance (f~ratio) indicated sig. diff. among groups.
Survival - Kaplan-Meier Methods
Survival distribution - Mantel—-Haenszel Method

Absolute proportion of survival - Fisher Exact Test ' )
Tumor incidence - Fisher Exact Test or Mantel~Haenszel XYethod
Dose response of tumor incidence - Chi square test for trend

(*) significance wasg set at p  0.05 level of probability. T

C. METHODS AND RESULTS:

1. Observations - Animals were inspected daily for signs of toxici:v
and examined individually (palpated) biweekly.

Results -
Toxiclicy - Lesions, including alopecia, dermatitis, ‘
ocular discharge, rurfled fur, wet and stained perineun,

- swollen eyelids, Weakness and palpable masses occurred ian )
most or all groups with no relation to treatmeat in either
duration, incidence or severity.




Survival
study report).
than controls

in survival time was
Survival

Treatment Group

The following

at 73

Median Survival Tize (weeks)

2vident 1n all
in the fe2males .

table indicates the median survival
time and the numbers alive at termination (table from

The number of survivors
high dose group at sacrifice was significantly less

A dose-related decreasge
creatment
nct affactad by treatmest,

# Mice Alive at .
Group's Terminacion

(23) in the male

groups.

500 ppm MBC
1,500 ppm MBC
7,500-3,750 ppm MBC

500 ppm MBC
1,500 ppm MBC
7,500 ppm MBC

78.5
72.0
69.0
63.5

91.0
91.0
91.0
91.0

18
14

o
23

22
15
13
20

approximately 33
tollowing

Food consumption and eff1

TrsacTnent

The wale 7,500-3,750 group was terminated during tasc weak 73,
treatment groups vere terminated during rest week 104,

Significantly different from control at P £ C.05 level of probability by
Fisher's Exact Test.
Body weight - They were weighed -weekly for the first &
biweekly for the second 6 mnonths, then monthly
last year-of the study.

- Although there were no consistent statistical
in body weight for MBC treated males,
often weighed slightly less than controls (5 ).
mid dose treated males

than controls.

they

significantly
There was no treatment related
change in weight or weight gain in any female group.

Food consumption and ¢ompound intake - Consumption was
determined during each weighing period and mean daily
diet consumption was calculated.
from the consumption and body weignt gain data.

Efficiency was calculated




Mean Daily !ntake (mg/kg/day) of MBC

males females
Dose (ppm) O 500 1500 7500/3750 0 500 15060 7500
week 72 1560* 2216
" 104 0 81 257 --- | 0 125 380 1886
*¥all surviving males were sacrificed by week 73.
4. Ophthalmological examinations - not performed.
5. Clinical chemistries - not done. )
Hematoiogqy ~ Blood was collected at 1, 3, 6, 12, 17 and
24 months of the study (from the same 10 mice/sex/group
when possible)}.
Hematocrit (HCT) Leukocyte count (WBC)
Hemoglobin (HGH) Leukocyte differential count
Total plasma protein (TF) Mean corpuscular HGB (MCH)
Erythrocyte count (RBC) Mean corpuscular HGB conc.(MCHC)
Piatelet count Mean corpuscular volume (MCV)
Resulfts - Males given 1500 ppm (MDT) had slightly increased
HCT, MCVv, MCH, and TP. These valugs however, were within
the range for other time periods. RCB and HGB were siightly
- (sig. at p <« .N5) decreased in the LDT and HDT fema'es but
nct at the mid dose, suggesting no ftreatment refated effect
at 24 months. There were no other significant treatment
related changes.
6. Urinalysis - not done
7. Sacrifice and -Pathology - All animals that died and that
were sacrificed on schedule were subject to gross pathological
examination and the following tissues were collected for
histological examination. Starred (*) organs were weighed.
igestive system Cardiovasc./hematopoietic Neurologic
Salivary glands Aorta Brain*
Esophagus Heart+® Sciatic nerve
Stomach Bone marrow{sternum, femur) Spinatl cord
Small intestine Lymph nodes . Pituitary
Cecum Spleen® Glandular
Colon Thymus™® Eyes
Liver®* Urogenital Thyroids
Pancreas . Kidneys (adrenals)* {parathyroids)
espiratory Urinary biadder Lacrimal gland
Trachea Testes (epididymides)* Miscellaneous
Lung* T Prostate ' Skeletat muscle
Nvaries o . L Skinmo o o
. Uterus T Mammary gland
Femur

) All gross lasions
and masses

e
j
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Results -

a. Organ weight - Only thymus and liver weight changes

appear to be treatment related.

Absolute and relative

thymus weight appeared to be decreased at all dose
levels in both sexes but did not show a dose~response
Relative liver weight was increased in the
mid and high dose females with an absolute increase only
in the HDT females.
changes were observed.

relationship.

No other significant organ weignt

Absolute (gm) and Relative (abs/body wt) Organ Weight

control 500 ppm 1500 ppm 7500/3750° ppn
abs{ el abs rel abs el abs rel
le
kidney 1.0067] 2.3535 .89071]2.3438 .92332(2.5361 .826712.00431
brain  .5117) 1.1945 .5064 |1.33761] .4789 [1.32032| .47562|1.1520
thymus .0644| .1479 .05002| .1309 .0478L1 1335 .04261) .10271
heart .2483 .5778 .2521 .67262) .2178 .5968 .20281] .4920
lung .3989 .9305 .4393 |[1.16751] .4056 |1.11271| .3602 .8764
male
kidney .7064| 1.9267 .62872]1.7749 6767 [1.9576 7662 [2.0192
brain  .5232| 1.4389 .46931]1.3360 .4900 [1.4296 .5086 |1.3483
thymus .0669 .1838 .03401( 09601 .04601] .13011] .0629 . 1654
liver 2.1336| 5.8131 [1.9273 |5.5197 [2.6433 {7.60341|3.08251]{7.99951

p € 0.05 by Dunnett and LSD
p < 0.05 by LSD only
dose in HDT males was lowered due to toxicity;

at 17 months instead of 2 years making comparison to controls unreliable.

they were sacrificed

b. Gross patuology - Lesions observed at necropsy were
difficult to analyze because no summary tables were

presented,

however a random cowparison indicated good

agreement between individual animal macroscozic and
microscoplic data.

c. Microscopilic pathology

Nomn-neoplastic -~ A statistical increase in non-neoplastic
lesions was present in the male liver,
thymus,

1)
gland, stomach,
liver, cecum, lung,

kidney,
thyroid and testes and female
thymus and kidneys (see following table).
Both males (MDT and HDT) and females {(HDT) had a dose-relate.l

lacrimal

increased incidence in granular pigment in the renal
tubules.

of pigmented

macrophages

Females (HDT) also had .an increased incidence
in the renal interstitium as

There was a marked increase_in mice with thymic lymphoid
depletion in both mid and high dose males and females,:
There was

hepatocellular necrosis

2
and a dose relited increase in hepatocellular hype?f%oph;?d

an increased incidence of centrolooular
in the mid and high dose males

well,
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in all male groups receiving MBC. Females had areas of
eosinophilic cellular alteration present only at the HDT.
Pigmented interstitial macrophages in the liver were
present in 36 % of the HDT males as compared to 18 % of
the control males. There was a dose related increased
incidence of sperm stasis, particularly in the mid and
high dose males.

Incidence (%) of Non-neoplastic Lesions -
- males . females
dose (ppm) 0 500 1500 7500/3750 0 500 1500 7500

Kidney

Pigment in tubules 9 4 24> 59* 0 0 4 S4*

Pigment in Macs., =~ — - - 6 5 4 28%
Thymus

Lymphoid depletion 26 33 55%* 49% 8 11 27%* 26% i
Liver -

Pigment in Macs. 14 14 16 29%* - e - -

Hepatocell. necr.

centrolobular 0 1 11 18% - - - -

Hepatocellular

hypertrophy 0 11% 16%* 21 * - - - -

Cellular alteration

eosinophilic - - - - 0 0 0 a*

basophilic - - - - 4 3 3 10
Testes -
" Sperm stasis 10 16 20%* 30%*

* Fisher's exact test, p <.05
1 no significant increase

Other lesions in the ‘males, with slight but significant
increases (p.-<.05) were: single cell and focal/multi-
focal hepatocellular necrosis, centrolobular
hepatocellular swelling, hepatic peliosis, amyloidoses

of the lamina propria of the glandular stomach, lymphocytic
infiltration of the extraorbkital lacrimal gland and
follicular cysts of the thyroid. Other lesions

increased in the females included cecal submucosal

edema and pulmonary paravascular/para-alveoclar

amylcidosis.

2) Neoplastic = There was a treatment related increase
of liver tumors in males and females. .- S e e - -




Animals with Treatment Related Hepatic Tumors

males ! females .

dose {(ppm) O 500 1500 7500/3750'| 0 500 1500 7500
Yo. examined 80 80 80 80 79 78 80 78
adenoma 11 15 14 3 0 g% 5 % 3
sarcinoma 2 5 g* 0 1+ 4 15%%% 12%%
repatoblastoma ] 0 0 0 0 0 -1 -0
"otal hepatic neopi.13t 20 23* 3 1+t GER*  Z1EXE j5xR*

not

€

included in stat. anmalysis, high dose males were sac. at+ 17 months
Fisher's exact test. p < .05

t%*  Figher's exact test. p < .01

**#% Figher's exact test. p < .001

- Chi squared trend test, p < .05
¥ Chi squared trend test, p < .0N01

There was a treatment related increase in hepatic tumors
for both males and females. In the males, hepatocellular
carcinomas and total hepatic nesplasms were increased
statisticatlly in the mid doss while there was a dose
related trend! only with totai hepatic neoplasms.

In the females however, there was a Treatment related
increase for adenomas (LDT, MDT), carcinomas (MDT,

HDOT) and total hepatic tumors (LDT, MDT, HDT). A"

dose related increase occurred for carcinomas and

total hepatic tumors.

Metastasis from the |iver was not treatment
related. His*omorphologic appearance of the |iver
neoplasms was described as the same for all groups
(treatment and control).

The time to tumor data did not indicate a decrease
in latency in the males. The data suggested a sitight, but
somewhat equivocal decreased latency in the females with
increasing dose (see table below).

Time to hepatic tumor (days)

Males (ppm) Females {ppm)
0 500 1500 7500/3750 0 500 1500 7500

apatic tumor .

“ing mice 13 20 23 3% jiE 9 21 15

- hepatic - - ! -

sr detected 430 467 459 434 | 732** 648 535 551
me toc tumor 528 571 628 * ' 732. 708 589 -653%-
"time to tumor 633 697 - 651 * ! 732 724 637 733%%

s not meaningfu! due to early sacrifice of this group at iquonfﬁgs

1inal

sacrifice

due *o early sacrifice, *tumors in the high doses males were not 3:3

included

in the statistical calculations




Analysis of the mean and median time to tumor,
exclusive of animals from the terminal sacrifice {(as
recommended by the Toxicology Branch statistics
department (HED)) also only weakly suggests a decreased
latency in the females with increasing dose.

Mean and median time to tumor {(days) for mice
necropsied prior to the terminal sacrifice

Males (ppm) Females {(ppm)
- 0 500 1500 7500/3750 0 500 1500 7500
of mice sac. early 62 66 71 80%* 0 9 19 17
of hepatic tumor '
bearing mice 7 12 22 3 0 6 13 10
ran time to tumor 539 630 623 * - 693 662 632
:dian time to tumor 517 657 651 510%* - 699 670 640

ilue not meaningful due to early sacrifice of entire group at 17 months

D.

DISCUSSION

Although there were no treatment related clinical signs
of toxicity (males and females), male mortality was markedly
increased in a dose related fashion resulting in the decision
to decrease the dose from 7500 ppm to 3750 ppm at week 66 and
then to terminate the HDT males at 73 weeks (17 months). Other

reatment related signs of toxicity included very slight decreases

in weight gain (males only). Body weight was often slightly
decreased 1in the HDT males until sacrifice at 17 months,.

By 2 years, thz MDT males weighed 12 % less than the the
controls. Food consumption and efficiency were not affected
by MBC ingestion (males, females). Hematologic changes in the
males and females were probably not treatment related.

MBC appears to be hepatotoxic as indicated by increased
incidences of hepatocellular carcinoma, hepatocellular swelling,
hypertrophy and necrosis in males, and hepatocellular carcinonma,
adenoma, as well as eosinophilic areas of hepatocellular
alteration in females. This was consistent with an increase
in absolute and relative liver weights (females).

The background incidence of hepatocellular tumors for
this strain of mouse (CD-1) in two year studies from the
same laboratory is presented below.

Hepatocellular Tumors (% Incidence) in Controls from 3 Srtudies

A{unnamed) Benomyl MBC*
Males
# of livers examined 8GC - . 77 80
# of adenomas 9 (11%) 9 (12%) 11 (14%)
— —-— % of carcinomas — 4 {5%) 6 (27%)° 2 (3%) T
cocmbined 13 (16%) 25 (32%) 13 (16%)
Females \
# of livers examined 80 717 79
# of adenomas 5 (6%) 2 (3%) 0 -.7 ?8
4 of carcinomas 1T 11%) 2 (3%) 1 )
combined 6 (8%) 4 (5%) 1 %)

*

the present study under review 3Y



As indicated in the above table, the male control incidence

of carcinomas (3 %) and total hepatic tumors (16 Z%Z) in
the MBC study are simllar to those in study A but less

than half of the values in the benomyl study. Female control

values from the MBC study are similar to the other studies.

when historical control values from both the benomyl and
study A are taken into congsideration, the increased

incidence of hepatic tumors in females, due to MBC treatment,

appears biologically significant while it 1s equivocal in

the males. Clinical chemistries may have aided in further ’

characterizing the hepatotoxicity of MBC.

There was also a treatment related decrease in female

thymiec weight (abs. and rel.) and a dose related decrease

in male thymic weight. This was consistent with a treatment

related lymphoid depletion observed in both males and
females.

MBC, in this study, has a systemic NOEL of 50U ppm
with a LEL of 1500 ppm based on hepatotoxicity (males),
and lymphoid depletion in the thymus of both males and
females. MBC appears to be a hepatocarcinogen associated
with an increased incidence of hepatic tumors in males
(carcinomas) and females (adenomas and carcinomas).
Evidence for decreased latency however, is eguivocal in
the females and negative in the males.
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Pesticide residues
in food - 1983

The monographs

Data and recommendations

of the joint meeting

of the ,

FAQO Panel of Experts on Pesticide Residues
in Food and the Environment

and the ]

WHO Expert Group on Pesticide Residues
Geneva, 5 - 14 December 1983
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Explanation

Benomyl was, peviewed bty the Joint Meetings of 1973, 1975 and 1378 (FAQ/WHO 1374a,:,
1976a,b, 1379a)«~ An acceptable daily intake (ADI) was not allocated because of
insufficient acute oral, short-~term and long-term studies. Surthermore, a carciiogenic
study, a8 well as observations in humans, were indicated as desirable information,
These astudies have been reviewed and are summarized in the toxicology section of the T
following monograph.

In the 1978 report it was recommended that residue guideline levals for benowyl
and carbendazim should be replaced by a single list of guideline levels for carbendazim
residues that occur as metabolic products of benomyl or thiophanate-methyl or fram the
direct use of carbendazim. That procedure is contimued in the section on residues of
this evaluation.

Extensive information was available on approved uses of benomyl in 22 countries,
the fate of residues, international maximum residue limits (MRla) and the resulis of
a markei~basket survey in the United States. Residue data from supervised trials were
available from the United Statea, Africa, the Federal Republic of Cermany, the United
Kingdom, dustralia and Japan. ‘ .

TOXICOLOCY f Sy
EVALUATION FOR ACCEPPABLE DAILY INTAKE

BIOCHEMICAL ASPECTS

Abmorption, Distribution and Excretion

Absorption, distribtution and elimination in rats following demmal application
(6.1, 1, 10 and 100 mg) was measured using '~C-labelled benomyl. Blood levels, mode -
of excretion, metabolic products and rate of penetration were also examined. A separute
group of rats, dosed intravenously with 1‘lc‘f-bencm:,']. for compariaon of blood lavel come
centrations, revealed that absorption into the bloocdatresm was non-linesr with respect -
%o dose. DBlood values, which were low (0.004~0,07 ppm), first appeared 30 min. after
treatment, pesked at all treatment levels after 4 h and wers aliminated in urine after
30 min. linearly with time. The low blood concentrations resulied fram limited absorp-
tion with rapid metabolism and elimination via the urine. The major urirary metabolits
identified was 5-HBC and, to a lesser extent, MBC., Creater than 95 percent of ths
redicactivity was eliminated in 24 h in the urine following intravenous injecticn. No
radicastivity +as found in any bedy tissues sampled 24 h after injection (<C.1 percsns)
(Pisher gt 813-1981).

In a similar evaluation, blood levels of bepnomyl and its metabolites were measured
in rats following inhalation exposure to actual time~wsighted averages of 0.312 and
3.3 mg/l. Exposurs intervals of 0.5, 1, 2 and & h were utilized. Urinary residuies
congisted primarily of S5-HBC, with limited amounts of benomyl/MEC detected. The
methodology did not distinguish between benomyl and MBC. At both exposure levels
blood concentration of benomyl/¥BC was greater than that of S~HBC after § h, with levels
ranging from 0.39=-2.3 and 0,25-1,2 pmm, respectively. At 18 h post-exposurs, S5-HBC was
the only residue detectsd in the blood (1.7 ppm) and only at the high dose.
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Rapid elimination of benomyl was also dunonstmte§ in mice and hamasters following
intragastric intubation. 90 percent of the radicactivity was elimirated in the urine
and faeces in 72 he Little to no radioactivity was evident in tissues. Conjuzates of
53-gBC and ¥EC appeared in tne urine and faeces, respectively {Han 137%)

lactating and non=lactating goats were given five consecutive daily domes of 2-14¢
benomyl by capsule at rates equivalent to 16 and 88 ppm in the total daily diet, respec-
tively. Zvaluation of radicactivity in various tissues, milk (where present ), urins and
fasces, as wall as characterization of the bound and unbound residues, resvealed a similar
metabolism and elimination pattern identified for rats, dogs, chickens and dairy cows.
Wost of the radiocactivity was eliminated in the urine and faeces and identified as S-HEC
and 4-HBC, Milk residues, principally of 5~HBC with minor amounts of 4-HBC and 5=
hydroxy-2-aminobenzimidazole (5-~HAB), accounted for approximately 2 percent of the total
dose. Approximately 25 percent of the milk radiocactiviiy was reincorparated into the
natural milk components casein and whey protein, There wers no detectable residues in
mscle tissue and fat (< C.O1 ppm)., However, radicactivity detected in liver and kidney
amounted to 3.8 and 0.09 ppm, respectively, with 5—HBC identified as the principsi
benomyl metabolite (ca. 6 percent). Much of the liver residues wers reincorporated into
glycogen, protein, fatty acids and cholesterol and accounted for approximately 35 per-
cemt of the liver residues. Murther characterization of the bound liver tissue residues
following enzymatic and trifluorcacetic anhydride hydrolysis identified S~hydroxy-
benzimidazole mowities as the principal (at least 77 percent) '4C-residus found in goat
liver. No free benomyl, MBC or S~hydroxy-MBC wers determined in the liver (Han 1980:

Hardeaty 1982).

In a series of metabolic studies, benomyl and/ or Benlats were adminiatsred sither
by gava&-o or in the dist %o pregnant Chi-CD rates to determins the concentrations of
denomyl, MBC and two MBC metabolites (4~CH MBC and 5~CH MBC) in matsrral blood and
embryonic tissue. The design of these studies followed typical teraiology schedules
wvherein dosing was administersd on days 7 through 16 of geatation and included levels of
125 mg/kg/day via gevage or 5 000 - 10 000 ppm {ca. 400-800 mg/kg) in the diet. Blood
gamples from the dams and tissue samples from their embryocs were examined at several
time points during compound administration. Residue analymes revealed that benomyl was
either much more efficiently metabolized or biologically unavailable following distary
administration. The half-life for benomyl/MBC in matermal “lood, following gavage. was
approximately 45 min. and was less than 45 min. in embryonic tissue. The metabolite
4~0H MBC wes not detectable (£ 0.03 ppm), whils S5=~CH MBC demonstrated a half-life for
maternal blood of 2=-3 h and 4=3 h in embrycs. Similar analyses demonstratsd that levels
of benoayl/xm in msternal blood varied from 0.23 to Q.61 ppm, regardless of dose, waile-
5«08 xxc:;aa§erag5d 0.44~4.4 ppm and J.33~3¢3 ppm in blood and embryo, respectivsly {Culik
at al 1 1}s

Bffects on Enzymes and Other Biochemical Parameters

A study conducted using ac-tylcholineatéraae from bovine erythrocytes showed that
bencmyl did not inhibit the functioning of this exa.zyme;3 The acetylcholinesterase inhibi-
tion comnstant, lf.' Tor bendmyl was zreater than 1 X 10 ° M (Belasco undeted).

T0XICOLOCTICAL STUDIES

Acute 'Z‘oncitz

The acute tcxicity of bemomyl in several animal species is summarized ia Table 1,




Table 1 Acute Toxicity of Benomyl in Animals

Chemical Species Sex (Mumber) Route Vehicle mg/k;g' vewel/ Reference
Benomyl Rat ¥ {1/dose) Oml Peamt Oil  ALD D> 1 000 Zwicker 1365
Rat % (1/dose) Oral Pearut Cil  ALD >9 590 Sherman % Xrauss
1966
Rat #/F (10/dose) Oral Peamut Oil LD5g> 10 000 Sherman 1369a
Rabbit ¥ (1/dose) Oral 507 Wettable ALD >3 400 Fritz 16
Powder .
Dog v (1) Oral GEvaporated ALD >1 000 Sherman 1969b
Milk and
Yater (121)
Rabbit M/P (4/dose) Dermal 50 Wettable LDsg>10 000  Busey 1968a
Powder .
Rat ¥ (5/dosme) Inhal. 507 Wettable Lz?o) 0.82 Hornberger 1769
(4 hr) Powder mg/l - ’
Rat M (6/dome) Inhal, SC5 Yettable LCzg? 4,01 Busey 1368%
. (4 hr) Powder mg/1 (analyti-
Dog M (1C/dose)  Imhal. 507 Wettable LCeg> 1.65 Littlefield 1269
(4 hr) Powdar mg7l {analyti~
i ) cal ~
Benlate (53% Rat /P (10 dose) Oral Aquecus sus- LDcyD» 10 000  Sherman 1969a
benomyl ) pension d

2-Benzimida~ Rat M/F (10/dose} Oral Corn Oil LDsg D10 000  Goodman 1975
zole carbamic ) i ’ ) o
acid, methyl

egster

SwHydroxy~2- Rat # {1 doge) Orzl Corn 0il ALD >7 5C0 Snee 1969
benzimidazole-

carbamic acid,

methyl ester

2-iminobenzi-Rat M (1/dose) Oral Peamut Oil  ALD»3 400 Shezman & Fritz
midazole T - 1969

-
-

ran
-
i

1/ Based on active ingredient.

Cross and histopathological changes were evaluated and selected orguns in several
tipecies were examined with emphasis on the male gonada. Teaticular degeneration,
necroais of germinal epithelium and aspermatogenesis were observed in mals rats follow
ing scme acute oral intubation and acute irhalation exposures, Dogs, exposed via
inhalation for 4 h at 1.65 mg/l, presented evidence of focal aspermatogenesis and
reduced spemiogenesis.




special Study on Eve and Skin Trritation

The sye irritation properties of benomyl were examined in albino rabbits in several
tsgts using technical grade benomyl, S0 percent wettable powder, 'and a suspeneion in
mineral oil. Mild conjunctival irritation and minor transitory corneal opaci<y wwere
reported in all teats (Reinke 1966; Frank 17986, 1972),

A 50 percent wettable powder applied to the clipped intact and abraded abdomen of
albino rabbits produced moderate to marked erythema, slight ocedema and slight desquama—
tion, Exposure was for 24 h to occluded skin sites at doses greater than C.5 g/animal.
Albino guinea pigs similarly exposed to 10, 25 and 40 percent dilutions of technical
grade benomyl in dimethyl phthalate presented only mild irritation of both intact and
abraded skin sites (Busey 1968a; “ajlkut 1663 Colturn 1967; Frank 1363).

Special Studv on Sensitization

Albino guinea pigs exposed to benomyl, either technical material or a %0 percent
sucrose formulation, produced mild to moderate skin sensitization reactions following
voth intradermal injections or repeat applications to abraded skin (Majlut 1166; Colturn
1967; Frank 1969).

Short=taerm Studies

Rat

Benomyl, intutated into ChR=CD male rats at 2C0.and 3 400 mg/kg in peamit oil five
times a week for two weeks produced mortality inm’ 4/6 animals at the high doems. Animals
dosed with 3 4C0 mg/kg demonstrated evidence of degeneration of germinal apithelium,
multimicleated giant cells and reduction or absence of sperm, Very minor changes were
obssrved in the testes of the animals dosed with 200 mg/kg (Sherman % Krauss 1966). ChR~
CD male rats similarly dosed with 200 mg/kg of the metabolite S~hydroxy-2-tenzimidazole—
carbamic acid (methyl ester) presented no toxic symptoms or evidence of effects on the
testes (Snee 1969),

Groups of rats (16 of each sex, four-weel~old ChR-CD rats/group) were fed benomyl
(72 percent a.i.) in the diet at dosage levels of O, 100, 500 and 2 5CC ppm for 70 days.
Animals were observed daily for behavioral changes and body weights and food consumption
were recorded at weekly intervals. Haematological examinations were conducted on six
male and six female rats in each group at 30, 50 and 30 days. Routine urinalyses wers
performed on the same animals as well as plasma alkaline phosphatase and glutamic pyruvie
transaminase activity. After 76-103 days of contimous feeding 1C male ar: 1C femals
rats in each group were killed and selected organs weighed. Additional organs wers
preserved for microscopic examination. The six male and six female animals remaining
in each group after_the temminsl sacrifice were subjected to a reproduction study.

There were no ¥ross texic signs of poisoning and no compound-related effects on
weight gain, food consumption, food efficiency, haematology, biochemistry or uriralysis
determinations. Liver-to=body weight ratio in females was slightly incressed at 2 5CC
ppn, compared with comtrol rats. Groas and microscopic examinatioms of tissuee and
organs showed no significant effects attritutable to the presence of benomyl in the
diet at levels up to and including 2 500 ppm (Sherman et al. 1967).

Rabbit

Croups of five male and five female New Zealand albino rabbits, weighing 2 to 2.4
—kg, were expocdd tc {5 deimal applications of a 50 percent benomyl formulation (equiva-
lent to 1 000 mg/kg b.w.) on both abraded and intact abdominal skin sites., Animals wsre
exposed for gix hours each day, five days/week for three weeks. After each daily
application, the abdomen was washed with tap water. Cbeervations were made daily for
mortality and toxic effects and weekly for body weight changes. Cross necropey and
microscopic examinations were performed. Slight erythema, ocedema and atonia were
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observed for both abraded and intact skin sites. Slight to moderate desquamation was
reported throughout the study., No apparent compound-related body weight or organ-to-
vody weight changes were raported, Microscopic examination of the malass demonstrated
that administration of 1 000 mg/kg of benomyl produced degsneration of the spermatogenic
slemants of the seminiferous tubules of the testes, including vacuolatad and multimio-
leated supsrmatonytes., A slight increase in haematogenic activity in the bone marrow,
as well as acanthosis and hyperkeratosis of the skin, were reported for tveated animals
{Busey 19684).

In a separate repeated-dose dermal study. groups of five male and five femals New
Zealand albino rabbits, weighing 3 kg, were expossd to doses of benomyl equivalent to
0, 50, 250, SO0, 1 000 and 5 CCC mg/kg b.w. applied to non-occluded abraded dorsal skin
sites six hours a day, five days a week for three weeks. Test matsrial was removed by
washing the skin site and drying with a towel. Thers were decreased body weight gains
for both males and females at 1 000 mg/kg and greater, Mild to moderate skin irritation
wvas reported for all groups but was most notable at the higher doses. Munctiomal
disturbances of the slimentary canal and kidney, izmcluding-diasrrhoes, cliguria—amd
hasmsturia, were observed in males and females at 1 000 and 5 000 mg/kg. Thers was a
decreased average haemoglobin conceniration in the 1 000 kg males, although this was
pet significant. Decrsased average testicular weights and testes-to-body weight ratios
were observed at the 1 000 mg/kg dose only. Thers were no hiztopathological changes
reported and the lower testicular weights were not considered %o be directly related to
campound sdministration (Hood 1963). -

Deg ) - -

Croupa of beagle dogs (four males and four females per group) were administered
benomyl 50 parcent wettable powder in the dlet at dosage levels of 0, 100, SO0 and 2 5(C
ppm (besed on active ingredient) for three menths. Dogs were 7-9 months old. Food
congumption and bedy weight uata were recorded weekly, Clinical lsborstory examinatioms
including haematology. biochemisiry and urinalysis, were performed jre-test and after 1,
2 and 3 months of feeding. At the conclusion of the study all animals were killed,
selected organs weighed and additional organm subjected to.grose and micrescepic evel-
uations. There was no mortality or adverse clinical observation over the course of the
study and growth and food consumption were normal. Urinalyses were unaffected by
treatment. There were no dege-related effects on the haematological wvalues; however,
alkaline phosphatase and glutamic pyruvic transaminsge activities wers increased in
high dose males snd females. Furthermors, there were significant decreases in the
altumin/glotulin ratioc in beth males and females fed 2 SO0 ppm in the diet. Organ-to=
body weight changes were observy in the high dose malee and females for iie thywus
(decreased) and thyroid (incresss. ). Cae female fed 2 SO0 ppm had sn enlarged spleen,
which was consistent with the decreased erythrocyte count, hsemoglobin concentration
and haemstocrit values, Histopatho.ssical ezamination revialed-myeleid hypsrplasia of
the gpleen ard bene marrow with eryth sid hyperplasia for this same animal at the 2~
month examination. Croup mean values were not significantly dilferent, however. Thres
out of four-males fed 2 500 ppm had reduced relstive prostate weights when campared
with cemtrcls, Mloromcopic examination of tissues and organs did not indicate a con-
sistent lesion effect in animals fed benomyl for 90 days. A4 no’effect level (NOEL)
wvag demomstrated at 500 ppm (Sherman 1568). .

Spacial Studies on Reproduction

The effects of exposure to benomyl on male reproductive development wes evaluated
in prepubertal Sprague-Dawley male rats (33 days 0ld), which were gavaged daily for
10 days at doses of O and 200 mg/hy/day. Eight animals per group were killed at 3, 17,
— - ————1§; 45 and"59 days dfter the laat treatadnt. Selécted tissues, including liver, kidney
teates, seminal vesicles and epididymides, were removed, weighed and examined hiz’ o
legically. Samples of seminal fluid fror the vas defersns were alse¢ examined. CObszerva
tion intervals were pro-selected to crincide with siages of spermatogensesis. Duta wers
presented on tissue weights, total evididymal sperm counts, vas deferens sperm concen-
tmt%m. or testicular histology. 'There wi™e no effects rolated to t{reatment (c:trtar
1982 e gt

E4]
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In s similar experiment, adult male Sprague-Dawley rats (65 days old) received 10
dsily treatments of O, 200 or 400 mg benomyl/kg/day by gavage. At 14 days after the last.
troataent, body weight, tissue woights, total epididymal sperm counts, spsmm concentra~
tion in the vas deferens and testes histology were performed, Productien of teston—
terone by the Leydig cells was artificially stimulated by subcutanecus injections of

thalamic chorionic gomadotrophin (BCG) 2 b prior te sacrifice., There wers -9
cempound-related effects on body weight, liver, kidney, adrenal, testes or semiual
veaicle waights. Caudate epididymal woights were, however, depressed by treatmuont with
penczyl. There were alse treaiment-related reductions in epididymal sperm count (caput
and caudate) as well as in the vas derfsrins sperm conceniration. The study was designad
to evalunte alierations in sparmatozoa undergoing avermiogenesis in the seminiferocus
tubales of the testes during exposure to benomyl. Animals exposed to 400 mg/kg/dsy
pregented histologic evidence of hypospematocytogenesis with generalized disruption eof
all stages of spermatogenesis, when compared with comtrols (Carter & Leskey 1 2).

Spacial Studies on Teratogenicity

Neuse

Grvaps of pregoans CD=1 mice (20-25 mice/group) were administered bencmyl via gavage
at dose levels of O, 50, 100 and 200 mg/kg/day on days 7 to 17 of gestation. Animals
were killed om day 18, pupa delivered by Cassarean section, the mmber of live, dead
and resorbed foetuses dete.~ined, and fostuses examined for gross anomalies. Half of the
fostuses were examined for visceral abtmomalities apd the otker balf for skeletal ab- .
porsalities, ¥aternal indices were unmaffected by treatment. Howgver, feotal moriality:
{noreaaed, foetal weight decreased and foetal develepuent was zdveraely affacted by
sresiment, The high dose crused an increased supracccipital score, decreased mmbers
of caudal ard sterzel ewaificitions and increased incidences of enlerged laterzl ven
tricles and enlarged remsl pslves, The latter, while net aignificant at ‘he lower doses,
did demenatrate desc~related increases at all other doges. The occurrency of super=
mmerary rits and subnormal vertsbral cerirumz was significant and increased in a dose—
related manner at a1l dose levels, Thers was an increase in the mumber of abnormal
litters and foetuses, which was significeaily different from the control at 100 and 200
vg/kg/day. Major snomalies included: exencephaly, hydrocephaly, cleft palate, hydro~
nephrosis, pelydactyly, oligodactyly, wabilical hernia, fused rids, fused vertsetrse and
short/kinky tail, Although benomyl demomstrated dose~related foetntoxicity at all
levels, it was not teratogenic at 50 mg/kg/day in mice (Kavlock et al. 1982).

st

Greups of rate (ca. 26~28 pregrant CuR-CD rats/group) were administered benamyl
/81,5 percent a.i.) in the diet at dosages of C, 100, 500, 2 500 and 5 000 ppm from day
5 through day 15-of gestation. Average doses were equivalemt to 0, 8.6, 43.5, 209.5
and 372.9 mg/kg/day. -On day 20 of gestation, all pregiant animals were sacrificed and
featuses delivered by Caegarean section. N

Deterninations of the mumbe> and lecation of iive foetuses, deal foetuses and re-
sorption sites were made, as well as of body weighis, crown-rump lemgih, sex ana external
grens examination for visible sbmormalities, Two thirds of the foetuses ware prepared
for examination ef skeletal abnormalities, and the rest were:examined for visceral and
soft tissue ancmalies.

There ware no marialities attributadle to benomyl, no clinical signs of toxicity
reported and no adverse effects on body weight of dams. Dams in the 5 000 pmm greup
- d-s-reduced fred intake during the pericd bercmyl was siministered in the diet, tas —~ ~— "
it returned to comparable control levels for the remainder of the study. The data )
selated te reproduotion (implantation sites, reserption sites and live/dead foetuses)
ssrs not affected by benomyl up to and inmcluding the highest dcse leével. There wers no
ixternal or inlernal atmormalities reported, except for three litters at the highest
lose with incidences of hydronephrosis and retarded oseification {interparietal and
sccipital bomes). There were no teratogenic effects noted with the adminisiration of
senomyl in the dist to pregnant rats during the critical period of organogsnesis
'Sherman et al. 1970). .
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Groups of .regaant Wistar rats (27-28 rats/group) were fed venomyl in ths diet at
dome lcvels of «, . 690, 3380 and 6 760 ppm (time-weighted doses of O, 169, 298 and. 5CS
ng/kg/d2y, respectivelyS from days T to 16 of zesiation., Poetuses were deliversd ty
Cassarean section on day 21, weighed, examined groasly and Zixed for evaluation of
visceral and skeletal abnormalities. Food consumption decreased at 3 380 and § 76C pm
with resultant decreases in body weight gain for dams, significantly so in tre high doae
group. Weight gain was aignificantly reduced in mid- and high-domse group fostuses and
a elgnificant decrease in the ossification of the mupracccipital bone in the latter.
Furthermors, the percentage of enlarged renal pelves was incresssd in ths two ligheat
dosage groups, compared with the control, No deee-related anomzlies or major malformas-
tiong were z;pparen‘t from exposures to benomyl at any of ihe dose levels utilized (Kavlock
et al. 1982),

Benomyl (792 percent a.i.) was sdmimistered ty gavage to groups of pregmant rats (Cni-iD)
at doge levela <f O, 3, 10, 30, 62.5 and 125 mg/kg/day from days 7 through 16 of gesta-
tion. Thers were &0 dams in the control group (corm ¢il) and 27 in each of ‘he other
test groups. Dams were observed daily for signs of toxicity and changes in Yebaviour.

No clinical signs of toxicity or mortality were observed among dams in suy dose
group, Body welght gain was comparable to controls, &8 was the incidence of preguancy,
corpora lutea, implantation sites and sex vatio., However, foetal body weight wms
significantly decreased in the 62.5 and 125 m@/kg/da:; doxsla . Thers was also an
increazed incidence of smbryo-foetal mortality at 125 mg/kg/day.

Seme foetusss exhibited external and viscsral malfarmstions, which were dSse-relatsd
and significant at 10 mg/kg/day and greater. Malformetiors observed included microw
phthalmia, anophthalmia and hydrocephaly (distended latersl ventricles). Theas occourred
predeminantly at the higher doses. Histological examination of eyes from all groups
revealed pathologic changes, comsisting of irregular lenses, retro-bulbar glandular
adnexs, distorted or campressed retinal layersm epd thickened nerwe fidbres in the 10,
62.5 and 125 mg/kg/dsy treatment groups. No alterations cccurred in comtrol or 3¢ mg/
kg groups., Major skeletal malformations obtgerved in the 125 mg/k:,g dose group included
fused ribs, fused sternebias and fused thoracic arches. Additional skeletal variatiors
weTe also ipcreased at 62.5 and 125 mg/kg/day, including misaligned and uncseified
sternebrae ard bipartite vertebrzl cantra.

Benomyl produced tcratogenic responses in ChE-CD rata at domes of 10 mg/kg/day and
greater, Microphthalmia at 10 mg/kg was reported to be cempound related, on the baais
of the severity of the patholegic changes and the finding thai the incressed incidence
at 62.5 and 125 mg/kg/day was not a direct reflection of roduced fastal body weight
(Staples & Culilk 1980).

Croups ¢f pregnant rats were administered bemcmyl (39.1 percent a.i.) via gavags
at dosage leysls of O, 3, 6,25, 10, 20y 30 and 62,5 wg/kaz/day frem daym 7 tarengh 16 of
gestation., ‘Tach group contaiped 50 animals, except the high doms groap, which comtalned
20 femals rais. Reproductive status was determinad on a par littsr basis following grest
patholegical evaluation., The mumber of implantation sites, rescrptions, desd and live
fostuses, stunted foetubes and mean weight of live fostuses per liiter wers datermined.
This study was performed to determine a no~effect level for microphthalmia and hydro-
cephaly; thersfore, only foetal heads were fixed and szaminad, Hicrophthalrmiz was
determined on the basis of tha smallest eye in the contrel gremp (( 1.8 mm).

Mean fostal body weight was significantly lowar in tha high dome group. Thers ware
only 4wo incidences of malformations, both in the 62.5 ng/kg/day group. Cre Zoetus had
interpal hydrocephaly end apother, in a separats litter, had unilateral microphthalmia,
These wore not statistically different frem controla. The only type cf varation
reported was subcutanecus haematoma, which was not dose related. There was nc teratow
genic respomse at 30 mg/kg (Staples 1982).




15

The taratogenic potential of benomy!. was examined in groups of Wistar rats {12 to
10 pregnant rata/group) orally gavaged with dose levels of 0, 15.6, 31,2, 62.5 and 125
'g/kg/day administered on days T to 16 of gaatatzon. Pups were delivered by Casesarean
m L +ion on day 21 of gestation. Weight gain in high—dose dams was decreased from days
i; to 20 of gestation. Fostal resorption was increased in this group, with six littars
canpletely resorbed. Foetal weight was also adversely affectsd, with significant de-
ceages at 62.5 and 125 mg/kg/day and a significant increase in fostal movtality at
:25 m kg/day. There were several skeletal and visceral variants observed among foetuses
in the 62.5 and 125 mg/kg/day group, including: increased supraoccipital score, decreased
nunber of sternal and caudal vertebdbrae, increésed percentage of enlarged lateral ventiri-
cles and enlarged renal pelves. Major anomalies observed primarily at 62.5 n 'xg/day
and above included: encephaloceles, hydrocephaly, microphthalmia, fused ver’ e and
fused rids, A dose level of 31,2 mg/kg/day appeared to bs without adverse . tm on
¢he developing rat foetus in this evaluation (Kavlock et al. 1982),

Benomyl was administered via gavage to groups of Wistar rais at dose levels of O,
15,6 and 3.2 mg/kg/day from day 7 of gestation through day 15 of lactation (day 22 of
gestation was considered day O of lactation). The litters wers reduced to 8 pups/litter,
equal in sex, on day 3 of iactation, The litters were weighed on duys 8, 15, 22, 29 and
100, and locamotor activily wan rraluated periodically throughout the siudy, At 100
days of age, several organs wei. .eighed, including adremals, liver, kidney, ovaries,
tegtes and the ventral proatate p.as seminal vesicles, Thers were no campound-relatsd
offects either on litter size at birth or weaning, or on body weighta of foetunes {vy
gex). GCrowth, survival and locamotor activity were camparable with controls throughout
the study. Organ weights were comparable with controls except for decressed isstes and
ventral prostate/seminal vesicle weights, which wers significantly reduced at 31.2 mg/
kg/day tut not at 15.6 mg/kg (Kavleck st al. 1982).

Rabbit

Groups of rabbits (15 artificially inseminated albine rabbitz/group) were admin-
igtersd benomyl (50 percent a.i.) in the diet at dosage levels of O, 100 and 500 ppm
from day 8 through day 16 of gestation. Mortality, clinical observations and food cone
sumption were determined daily and body weights were measured weekly. @n day 29 or 10
of gestation, selected pregpant animals wers sacrificed and foetuses delivered by
Caesarean section; the remaining does were allowed to mutch normally o day 35.

One low level doe and one high level doe aborted on days 3 and 6, respectivaly, apd
were sacrificed and excluded from the study. There were 12 pregnant dees in the comirol
group, 13 in the low dose group and 9 in the high dose group. Of these, 6, 7 azd 5,
respectively, were sacrificed and fostuses were delivered by Caesarean section; the
remaining dces hutched nommsally. . .

There was no mortality attritrtabdble to benomyl. Ceneral appearancs, bshaviour,
body weight gain and: food consumption were comparable among all groups. The data-
related to reproductinn (implantation sites, resorption sites and 1livw yoaung) wers noy
affacted by benmomyl. There were no external or internal abnmormalities associatad with
benomyl treatment of pregnant rabbits., Internal development, including samatic and
skelotal devslopment, was normal, except for a marginal incrsase in rudimentary rids
at 500 ppm. MNumbers of pregnant rabbita, of litters and of foetuses examiried were less
than adequate to assess the foetotoxic or teratogenic potential of bsnomyl to pregnant
ratbits (Busey 1368c).

Special Studies on Neurotoxicity

Hen

Studies performed using hens gave no indication of neurotoxic potential at single
oral doses up to and including 5 OCC mg/kg (Goldenthal et al. 1978; Jemsep & Dean 1579;
Jesgup 1979).
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Long-Term Studies

Rat

Croups of weanling rats (36 male and 35 firmcle Charles River albino rats/group) were
administered benomyl (5070 percent a.i.) in the diet for 104 weeks at dosage levels of
0, 100, 500 and 2 5C0 ppm. Growth, as observed by body weight changes and food consump-
tion data, was recorded weekly for the first year and twice a month thereafter. Daily
observations were made of behavicural changes and mortality. At periocdic intervals
over the course of the study, haematologic, urinalyeis and selected climical chemistry
examinations were performed. After one year each group was reduced to 30 males and 30
females by interim sacrifice for gross and microscopic evaluatione. A%t %the conclusion
of the study, all surviving animals were sacrificed and gross sxaminations of tisgues and
organs were made. Initially, microscopic examimations of tissues and organs from the
control and 2 5C0 ppm groups were conducted, along with liver, kidney and testes exam-
inations of animals in the 1CO and 500 ppm doze groups. In a follew-up pathology evalu~
ation, 21l of the tissues and organs of the control, low-, intermediate~ and high-dcae
groups wers examined micrescopically.

There was no mortality in the study atiributable to the presence of benomyl in the
diet. Survival decreased to approximately 50 percent during the second yvear, Wt was
comparable among all groups. Body weight, food consumption and food efficiency were
unaffected by treatment. The average daily dose for the 2 500 ppm group was 330 mg/kg
bew./day (initially, M/F), 91-106 mg/kg (at ome year) and 70-85 mg/xg {at two years).
Thers were no compound-related clinical manifeatations of taxicity. Haematologic,
urinalysis and liver function examirations were unaffectsd by treaiment. There weres no
obgerved differences in organ weighta or organ-to-body waisht changes. Histopatholegi-
cal examinationa revealsd no differences between treaiment and control groups. The most
frequently obssrved tumors were mammary, pituitary and adrenal ones, which wers equally
distributed among all groups. fepatic toxicity was similar among all groupse, inclnding
controla, with no demonsirated compound-related sffects. A high incidence of testicular
degeneration was obaserved in control males and, therefore, no conclusion could be made
with regard to campmu.d-related effects on male gonads.

Benomyl was without adverse effects in this study at levels vp to and including
2 500 ppm (Sherman et al. 1569; Lee 1977).

Dog

Groups of teagle doys {four males and females/grcup) oné to two years old, were
administered henmemyl (50 percent a.i.) in the diet at dosage levels of 0, 100, 500 and
2 500 ppm for two years. Food consumption and body weight data were obtained weekly and
animals were examin. i daily for cliniczl signs of toxicity. Haematological, biochemical
and urinalysis eraminations wsre performed pericdically throughout the study. Interie
sacrifice afteriene ysar was porformed on ome male and one fewals par group £rom the
control and high-dose groups. Organ weighis, gross necrepsy ard bisiopathologlecsl
evaluations were psrformed at the conclusion of the study. Ounly the livers and tastcs
were examined histologically in the 100 and 500 ppm doae.groups.

There was no mortality related to treatment. Body weight charges and food consump—
tion values were similar among all groups, except the high dose one, which demonstrated
both decreased food intake and body weight gain., The average daily dess_was 55-58. mg/kg -
bow. “(initially; ¥&F), T4~T9 mg/kg (at one year) and 45-55 mg/kg Gt two years). One
dog in the high—dose group lost its appetite and was replaced. No other clinical aigna
of toxicity were obaerved. Hasmatological evaluations and urinalyses wecre similar to
the control., Males in the 2 500 ppm group had increased cholesterol, alkaline ovhospha~
tase and CPT values (initially), as well as decreased total protein and albumin/globulin
" (A/C) ratio. There were similar, tut less marked, effects in high dese females,
Cholestsrol and total protein were similar %to controls among the females examined.
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The biochemiczl determinations were indicative of adverse liver affects, which were

agmonstrated ag liver cirrhosia.among.anin.:als in the high dose group. There was also
glight to marked bile duct proliferation in 4/6 dogs at the 2 5CO ppm level., Haemosid—
erosis, evident in one dog in the 2 50O ppm group at one year, waa not seen in other
dogs examined at two years zIlter staining spec:.ficall_y for ircn, Preparation eof pro-
gorved wet tiggue with 0il red O and sudan black for nepa.toc;?te vacuolation confirmed
that benomyl was not hepatotoxic at 100 and 5C0O ppm in the diet,

Pocal testicular degeneration was present in all treatment groups, with marked
testicular degeneration (reduced testss weight, a.bsepca of spermatozoe and spermatic
giant cells) in 1/3 dogs at 2 5C0 ppm. & complete histological evaluation of the testes
and secondary sex organs of historical control dogs from the testing facility in cop
junction with the findings from the present report demonsirated that the %esticular
jesions reported did not appear to be attritutable to tsnomyl ingestion. However, an
outbreak of inflammatory infection causing orchitis in bezgle colonles at that time may
have contrituted to the umsually high level in control dogs; therefore, no cleer
avidence exists for the absence of testicular affects. Data from the carbendazim two-
year dog study provide additional confirmatory results for tha absence of thesse effects
at dietary levsls of 100 ppm carbendazim. Furthermore, as indicated, only testes and
1iver were examined microscopically in all dese groups in thiz bencmyl two-year dog
gtudy. The two-year carbendazim study provides added assurance for the absence of ad~
verse effects in organs or tissues in other dose groups. Considering the absence of
such data for benomyl, a NOEL for benomyl of greatsr then or equal to 100 ppm can e
assigned (Sherman 1970; lLee 1970, 1977a,b,c, 1977)s

Special Studies for Carcinogenicity

Mouns

Male and female CD-1 mice (80 males and 80 females per group) wers administered
venomyl (79 percent a.i.) in the diet at dcse levels of 0, 500, 1 500 and 5 000 pm
(5 000 ppn was lowered from 7 SO0 ppm after 37 weeks ) for two years, ¥lce wers 6~T weeks
0ld at the start of the study. Animals were examined daily for behaviour and clinical
signs of toxicity, biweekly for pelpable masmes and regularly weighed for body weight
changes. Food consumption was similarly determined on a routine bagis. Hortality was
noted and recerded. Peripheral tlood wms collectsd periodically throughout the study
for haematological examinationa. Urine and faecal samples were collected amd evaluated
prior to terminal sacrifive. Selected organs vere weighed, including brain, heart, lungs,
liver, spleen, kidney, testss and thymis. Hicroscopic examination wes performed on
tissues and organs.

Median survival time was unaffected by trestment. Male and female mice fed 1 500
and 5 COC ppm benomyl had dome-related boedy weight decreases, Food consumption was
variable throughout the study, although high dose fsmales appeared to consume less food.
The average daily ifitake of benomyl for males was 1 079 mg/kg b.w./day {initially),

878 mg/kxg (1 yr.) sed 679 mg/kg (2 yr.); for females it was 1 442 mg/kg (initially),

1 192 mjkg (1 yrs) and 959 m?kg (2 yro)o Clinical signe of toxicity wers not differ-
ent betwaen groups. Alopacia/dermatitis wers obmerved in all groups with equal severiiy
and occurrence. The astiology of this symptom was unknown, There wure no apparent
differences between treatment and control groups for palpabtle masaes, number of nics
affected or latency periocd of discovery. Haematology exsninations wers unremarkable
except for decreased erythrocyts counts for malea at 1 500 and females at 5 COO ppm.
Haemoglobin and haematocrit valuee were also depressed in males of the intermediste dese
gTauD- - e - - - ) - o

Several significant organ weight changes occurred among treated groups. In male
mice, mean absolute thymus weights were depressed ai all levels ard relative thymua
welghts decreased at 500 and 1 5C0 ppm (decrease at 5 000 was not significant), Felative
thymis weighte were incrsased among females at 5 00Q and 1 5C0 ppam {not gsignificant).
Relative brain weights were incressed in males and femzlea at 5 000 ppm, in males at
500 and in females at 1 500 ppm, The most eignificant compsund-related organ weight
charges involved absmolute and relative liver weights for males at 1 500 and 5 000 pme
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and for females at S 000 ppm. Male mice also presented decreased absolute testes weighta
at tue high dose. The liver and testes weight changes were accompanied by histoamorphric
changes in these itissues. ;

The incidence of hepatocellular carcinomas and benign neoplasms in female mics waa
increased and dose dependent, Hepatocellular carcinomas were significant in females at
5G) and 5 OCO ppm, while hepatic neoplasms were significant at 1 5CC and 5 2CO ppm. In
male mice, hepatocellular carcinomas and neoplasms were gignificantly increased at SIC
and 1 500 ppm, btut not at the high dose. ILung tumours {alveoclozenic carcinimas) in 300
and 1 500 ppm dose groups were also significantly increased in males tut rot in females,
Several non-neoplastic organ changes were increased in males (5 000 ppm), tut ware con-
fined to liver (degeneration, pigment, cytomegaly), thymus (atrophy) and testes, epi-
didymus, prostate %:egeneration of seminiferous tubules, atrophy, aspsmmatogenesis,
distended acini). Splenic haemosidercsis was significantly incressed at § CCO ppm,
as was sulmucosal lymphocytic infiltration of the trachea at 1 5C0 ppm, in female mizae,

The latency period for liver tumour induction {adenomas and carcinomzs) was letermine
frem palpation, gross necropsy and histopathology performed on all animals throughout the
study. These findings demonsirated that there is no measurable differencs iz %ime elapsec
from mean test day to tumour between control animals and treatment groupas with regard ic
liver neoplasms.

Benomyl, when fed to CD-1 mice at dose levals of SO0 and 5 COC ppm in the diet, is
oncogenic in male and female animals, This effect was compound-related in nales at the
low and intermediate dose levels. In the liver of femals mice, the oncoyesic sffsct was
compound~ and d .e-=related at all levels. A no-effect lavel was not chaerved in male
or femals mice 1or hepatocellular carcinomas or cambined hspatccellular reoplasms
(Wiechman et al. 1982?? ,,
€

Human Ecposure

Potantial demal and respiratory exposure %o benomyl under aciual use ziuations was
datermined for: mixing procedures for aerial application, reentry into treated fields and
aome use (garden, ornamental and greenhouse). Maximum exposure occurred in the loading
and mixing operation for zerial application, where dermal exposurs ves 26 ng benomyl per
mixing cycle, primarily to hands and forearms (O percent). Respiratory expceure average
0,08 mg of benomyl, Reentry data demonstrated dermal and respiratory exposares of 5.3
5.9 mg/h and lesa than 0,002 mg/h, reapectively, Home use situationa preduzed exposures
of 1 mg and 0,003 mg per application cycle for deraal and respiratory routes, ms;:ec:ive—
ly (Everhart & Holt 1:82).

Field use conditions involved in spraying fruit orchards were examired for potern
tial 4ermal and respiratory exposures of humans involved in mixing and applying 20 a=d
100 gallons-&f Benlate per acre (1 acre = 0.4 hectares). The application cycls was
approximately 70-min. and resulted in total dermal sud respiratery exposurs of 11 or
15 mg benomyl/cycle. Essentially all exposure was demal, resulting in 12.2 mgz/cycle
dermally, with less than C.05 mg/cycle via the reepiratory route (IuPont 137Ca, undated).

Selected blood profiles from 50 factory workers involved in the mamufaciure of
Benlate were compared to a control group of 48 workers who were not exposed %o Senlate,
¥hité blood count, red blood count, haemoglobin and hasmatocrit values were camparatie
among the two groups. There wers no quantitative estimates of exposurs given for the

‘fac'toz)-y workers. There wers no femadle employees included in the control group {DuPent
1975%).

An epidemioleogy survey was performed to determine whether potential erpcsure to
Benlate had an adverse effect on the fertility of 238 male worksrs exposged o benomyl
betwesn 197C and 1977. The workers ranged from 19 to 64 years of age, with T2 percent
betwsen 20 and 39. Seventy-eight parcent of the spouses were similarly . etween 2C
and 19 years, Exposure duration ranged from less then onme month to 35 me s, wi‘h =ore
than 51 percent of the workers potentially exposed from 1 to 5 montha., The tirth rztes
of exposed workers' spouses wers compared with those of four conpariacn populations Zrom
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There was no recduction in fertility

as evidenced by the birth rates for the study population, which wers gensrally higher

than the comparison populations,
1978).

special Studies on Mutagenicity

Spermatogenesis among workers was not examined {Cooch

Results of mutagenicity assays of benomyl are summarized in Table 2.

Table 2

Results of Mutagenicity dssays of Benomyl/Benlate

Test Organism Test Substance

Regul®s Raference

" Gene Mutation Studies
BACTERIA

Salmonella typhimurium Benlats or
gimilar formu-

lation

Banomyl

S. iyphimurium and
Streptomyces coelicolor

' S_pot {em:ta on*platea

Pogitive Kappes st al. 1976

Negative DuPent 1977

Series of tests: aspot,
liquid culture and heate
mediated assays using
strains his G46, TA1530,
TA1535, TA150 using
benomyl. No mutagenic
activity was noted in
any of these itegts

Bacterial assays with
Benomyl,. Strains 7418,
TA100, TA1535, TA1537,
and TA1538. Doubtful

mutagenic activity was
reported for benomyl

both with and without
metabolic activation.

Ercegovich& Rashid 1977;
Rashid & Ercegovich 1976

Pogitive Kappas et al. 1376
Negative Shirasu et al. 1778
Hegative Ficsor et al. 1978

Bencmyl was not mutae
genic at dosea a3 high
as 25C ,g per plate in
strains TA1535, 1537,
38 and 1C0O

Peative/Nagative

Donaven & Kraha 1981

Rusasl 1978; Donovun %
Krahn 1931
Carere st al, 1378
with Salmonella sirains
TA1535, 1536, 1537 and
and 1538 anl wit
Streptomyces. No
nutagenic actinity -as
repor+ed for bemomyl 1in
e1.her OrvanisSm.

<
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Test Organism Test Substancs Results Refarance
S. typhimurium . Senomyl Negative Shiraau et al. 1978
Thost-mediated
assay) .
Mscherichia coli Benlate Positive Xappas et al. 197§
Benomyl Positive Kappss et al. 1776
Negative thirasu et al. 1978
YEAST AND FUNCI
Fusarium oxysporum Benomyl Inconclugive Dagmenoy & Msyer 1373
Aapergillus nidulans Benlate Negative Bagtie 1970
A. nidulans Benomyl Benomyl tested in an ex-~ Kappas & Bridges 11381
- = cigion repair deficient
strain, A dose-dependent
offect was reportuda
Saccharcmyces Benomyl Mitotiz gene conversion De Bertoldi et sl.
cerevisiae and i, study was negative on 1980
nidulans teating venemyl with
— metabolic activation.
A, nidulans Banomyl Neggtive for nondige De Bertoldl £

INSECTS

Drosophila mela.no@ ter Benomyl/Benlate

Chranm;a;ml Effects

Cytogensticg ~ in vitro

Chinese hsmupier

ovary cells in wvitro

Chinese hamster

overy cells-in-vitre

Ruman leukocyts cell

cultures

Benomyl

Benomyl

Benlate

junction oy crossing over. Criselli 1980
Increased frequancy of

gagregants due to spindle

inhibition reported.

Genetic tuxicity tseted Lamb & [41ly 1980
in Drogophila. Noted

storility in some brocds.

This was considered to Lo

congsistent with spindle

effects of benomyl.

Weakly positive resmlts Evans & Hitchell
for sister chramatid ex= 1980

change were reported, with

and without metadbalic

activation,

Looked for mutations at Pitzpatrick & Krahn

‘the HGPRT locusy Bemsmyl ~1980- —— — — ~—

was not mutagenic under
these test conditions,

Primary cultures were Cupta & Legator
treated with benomyl. 1975

Cells examined in the high

dose cultures did not show

a statistically signi-

ficant increase in inci- 1072
dence of chromosomal
aberrations.
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Test Organism Test Subgtance Results Reference
Cytogenetics = In Vive
Rate Benomyl/Fundazol Bone marrow and cultures of Ruzicska &t al 1976
: SOWP embryo cells of pregnant

Fuman Benomyl/Pundazol

50WP

Domipant lethal

Rat Benomyl
Micromucleus Test

Mice- Benomyl

DNA Damage and Rapair

B6CIF1 Mice and -

- Benomyl
Fl44 Rats i- -

- - -

. Mitotic Cens Conversion R

S. cerevisiae Benlate
~——Bencmyl
A. nidulans Benomyl

Hitotic Crossing=Over

rats were exanined for -
chromosamal aberrations
after treatment with
benomyl on daya 7 to 14
of gestation. No increass
in frequency of cells with
chromosunal aberrations
were reported in bope
marrow cells. Embryonic
cells had 5 times more
chromoscmal damage at the
two higheat doses (200,
500 mg?kg) than contrels.

Peripheral blood cells

from workers at a benomyl
(FPundazol SOWP) plant wers
examined. No effects atitritw
utable tc bemomyl reported.

Puzicska et 3l 1976

Negative Sherman 8t al 1375

Dosed by gavage at 250, Kirkhart 1780
500 or 1 000 mg benomyl/kg
on two consecutive days.
Reported a statistically
gigrnificant increase in
numbar of micromclsi in
bone marrow from femur
bones at 48 h in 250 and
500 mg/kg dose groups and
1 000 mg group at 24 and
48 h,

Benomyl was tested for DNA Teng 1781a,b
ropalr using primary

hepatocyte cultures,

Benomyl did not induce DNA

repaelr in either rmt or .

mousa.

Negative Siebert et al. 1970
Negative - T T 77777 De Bertoldi et sl 1980
Negative De Bsrtoldi et al 1980
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Test Organism Test Substance  Results Reference
Differential Toxicity
(Bacteria)
Bacillus subtilis Banomyl Negative Shiras. et ai. 1378
Plant Studies
Allium cepa Benomyl Negative Dassenay & Meyer
1973 )
Fogitive Richmord & Pnillipe
1975
Chromosame Nondisjunction
Yeast and Fungi
A. pidulans Benlate Positive Hastie 1970 )
Benomyl Pogitive Kappas et al. 1972
Pogitive De Bartoldi %
Grisellii 1580
Mammals
Microtus oaconomus Benlate Inceonclusive Tates 1379
Benomyl Inconclusive Tatas 1379

Mouge, micromcleus

Groupe of 24 male mice were given two daily doges by gawvage of 250, 500 or 1 00O mz
benomyl psr kg b.w. on ¢onsecutive days. 4 vehicle control {DMSO) group was also inme
cluded., Eight snimals from each group were sacrificed 24, 48 or 72 hours after the
second dose wss administered. DBone marrow fram the Temur of sach animal was taken Ffor
examination. For each animal 500 polychromatic erythrocytes (PCE) wers examined for
micromiclai, and the mumber of mature erythrocytes was countad until 200 PCE were found.

The statistical procedure used showed that four groups had significantly increesed
numbers of cells with micromuclei, These groups included the low- and midedoss groups
at 48 b (15/3.500 and 16/4 0CO, reapsctively as compared with 5/3 CCO cells from vehicls
controla) and in the high-doss group 2t 24 and 48 h after treatment ;20/3 500 and
17/3)500, respectively; respective control values were 5/3 500 and 6/5 000) (Yirkhart
1380 ). iy

. _
-

Ovary cells in vitro )

s

Chinsse hamster ovary cella in cultures wers exposed to mrﬁng concentrations of
benomyl without metabolic activation (0, 0.625, 1.25,.2.5, 5, or 10 ng/ml) and with
metabolic activation (0, 9.375, 18,75, 37.5, 75 or 150 ,g/ml), EM3 and dimethylnitro-
samine (DMN) were used as positive controls and a vehicle comtrol (0.35 parcent ethanol
in culture medium) was._included. .Two szamplea of 25-cells sach were scored for the T
mmber of sister chramatid exchanges (SCE) and mumber of chremcscmes. A total of <O
cells were scored for each group., The 5 and 10 yg/ml dosages did not allow sufficient
rumbers of second division metaphases to cccur for an evaluation.

The rumber of SCE in the eihyl methane—sulphomate group was triple that of the
negative controls, while the three non-activated bemomyl greoups had one-third mnors
SCE than controla. In the experiments with activated benomyl, the DMN positive con<rols
2ad approximately twice the mmber of SCE found in negative conmtrols, The benamyl zroups
had increased mumbers of SCE (by approximately 25 to 100 parcent above cont=ols). The
mumber of SCE per cell was increased by one sixth to one half above that for regative
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s for non-activated benomyl. The activated fungicide increased the mumber of
contTo

- 1t over that seen in controls. Zanor-—l proved
vy roximately 15 t2 100 percen v s :
sgfkly ;E:itive in this study (Zvans & Mitchell 1280).
W
A mutagenicity assay with a Chinese hamster ovary cell line, which can demonstrate

sions at the gene locus codi for hypoxanthine-guanine pghosphoritoayl tranaferase
mt;‘?{') was conducted using tenco a)pyrene and ethyl methane sulphonate as positive
(HGt. is. as well as a vehicla control (DMSO) Benomyl was added to teat cultures with
z:nn}‘:ho‘;t metabolic activation. Resistance of cells to 6-thioguanine was used as the

indicator of mutagenic effecta.

A dose-related cytotoxic response was more evider‘zt in cx_zlturea axpoged t- the
hemical without activation. No statistically signilicant differsnces in mutation
p ency were noted in cultures treated with activated or nonsctivated benomyl at con-
g,rzg;tions ranging from 17 to 172 »M. Positive controls demonstrated that the iast
gystem was sensitive and cell survival was greater tha.x_: _10 percent at most concentrations
uZed. Jenomyl was not mutagenic under these test conditions (Pitzpatrick & Krahn 1380).

DNA repair

DNA repair assays in rat or mouse hepatocyte primary cultures (HPC) were evaluated
for benomyl ilong with dimethylnitrosamine, dimethyliformamide, fluorene and Z-aminoc—
fluorene, which were used as positive conirols. The 15!.ver wag removed and primary
cultures were initiated with hepatocytes from B6C3IF1 mice or 344 rata. BPenomyl and
eritiated thymidine (10 wCi) were added to the culture medium. Aftsr 18 to 20 h incu~
tation they wers fixed and examined microscopically for morphclogical changes and .atsence
of s-phase ruclei indicative of cytetoxicity. Autoradiographic techniques ars used to
determine the rumber of nuclear grains induced by itest chemicals. Backgrovnd counts
were obtained by evaluating three miclear-sized areas in the cytoplasm; these values
wers averaged and subttracted from the mumber counted in the rucleus to obtain a net value

for sach mucleus,

Benomyl did not induce DNA repair in rat or mouse hepatocytes. The dimethylnitro-
gamine and 2-amino fluorene increased the mumber of miclear grains fram 7 to 15 times
the level set as the criterion for a positive respcnse (Tong 17813,1':).

Bacterial tests

Benemyl and Benlate were tested for mutagenic activity according to the plate
incorporation procedure, essentially as deacribed by Ames et al. {1975)s Salmenslla
typhimurium strains used included TA1535, TA1537, TAIS and TAT00. DMSO wes the solvent
usg'a Tor vencmyl and water wan the solvent for Benlate. One Benlate sample, tested at
concentrationa up to 1 200 yg/plate, was not mutagenic under ths iest conditiora {DuPont
1777). At concentrations up to 500 yg/plate, benomyl (technical grade) exhibited slight
mutagenic activity in TA1537, but only in the presence of the activation system, The
induced reversion frequency was 3.8 times the control value and the average revertants/n
mole value was 0.06 (Ruszel 1978). Benomyl was tested with ard without activation by
three different liver microsanal enzyme presparations {mouse liver 5~9 mixes containing
0.8 or 2.5 mg of protein per plate, and rat liver S-3 mix containing 3.5 mg of,pr‘otein/
plate). Only one of two trials with strain TA1535 showed a statistically significant
doge~related trend in the induction of mutations, Dose group differences were not
significantly-greater than controls, Benomyl at dosages as high ag 25C ,g/nlats was not
mitagenic under the test conditions (Donovan and Krahn 1981). An amalytic.l grade sample
of benomyl vas not mutagenic at concentrz‘ions- up toc 500 ;g/ plats {Russell 1578 - - —

A series of 3pot tests was conducted with paper disks containing benomyl. The
disks were placed on media, which were streaiked with S. typhimurium (strains Ti1535,
TA1536, TA1537, or TA1538) or Streptomyces coelicolor. Benoryl was used alone or cam
bined with liver microscmal enzymes for activation and methylnitrusonitroguanidine was
used az a reference mutagen. .Disks contained 20 .g or 500 wg denomyl for the S.
typhimurium and S. coelicolor tests, regpectively. No mutagenic activity was noted
-for benomyl in these tests (Carere et al. 1978).
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The mutagenic activity of benomyl, 3enlats® ans Funiazol 30 WP was investigated 1a.2
series of spot, liquid culture and host mediated assays in strainas his G46, TA53C, .
TA1535 and TA17SC of S, typhimurium. Doses of 0,29 to 10 OCO ,g,/ml in overlay spot
tegt and liquid culture {reatments were negative., Xice given subcutarecun injections
of S0C mg/kg did not produce mutations in S. typhimurium strain his G46. No mutagenic
activity was observed in S. iyphimuri.m TA195C when rats and mice were orally dosed with
4 0CO mg/kg venomyl (Ficsor et al. 1918).

In similar bacterial asuays with benomyl in S. typhimurium TA8, TA100, 741515,
TA1537 and TA1538, thers was dcubiful mutagenic activity in the base substitution sensi-
tive strains (TA100 or TA1535) for bemomyl (1 to 325 ;g/plate) with and without liver
microsomal activation., Responsss were defined in terms of the ratic of tha mumber of
revertants observed on treated plates %o that found on unireated comirol plates ard a
douttful Tesponse was defimsd as a ratio of 1.5 to 2 (Ercegovich & Rashid 1977: Rashid
& Ercegovich 1976),

Benla.tea wag tested for mutagenic activity in S. typhimurium and Escherichia coli,
using a simplified fluctustion assay. Benlate w2s mutagerac in the base pair substitu—
tion apecific strain, TA41535, btut not in the frameshift apecific strain, TA1528, It
was also mutagenic for E. coli strain WP2 uvrA, which lacks excision repair, wut not
for B. coli strain WP2 [DNA repeir proficim and CM611 (misrepair and excision repeir
deficient), With both S. typhimurium and E. coli, the degree of mutagenic activity
cbservad at concentrations between 0,125 to 1 E?ml was similar when tested at concen-
trations greater than 1 mg/ml Benlate was not mutagenic (Kappas et al. 1376}

Benomyl was nom-mutagenic in S. typhimuriwe TA1535, TA1537, TA1538, TA?8 and TAICO,
and E. coli WP2 her, Concentrations between 5 and 1 COO »&/plate ware tested in a plate
incorporation assay with DMSC as the scolvent both in the presence and abaence of an
activation aystem, which included a 9 000 x g =mupernatant fraction of homogerized livera
from Aroclor 1254~treatea { rague Dawley rats (Shirasu st al. 1978).

Tests with yeast and fungi

Benomyl added %o cultures of an Aspergillus nidulans sirain, which is excision
repair deficient, induced back mutetions to biotin and pyridoxinerequiring rtrairs,
Mutagenic activity was observed at 0.25, 0.3 and 0.4 yg/ml ‘ut there was a plateau of
positive reasponas rather than a linear dose~response through zaro concsntraticn., DBeno-
myl diasolved in ethanol was not mutagenic in either of the repair-proficisnt straina
(Xappas % Bridges 13981), .

No mitotic gene conversion was noted in diploid strainas of Saccharomyces cereviciae
or A. nidulans exposed to as much as 3 200 ppm or 200 ppm bemcuyl, respectively. Beno—
myl was activated with a mouse liver micresomal fraction; survival at the highest level
tagted was equal to 83 percent and 51 percent for S. cerevicias and A. nidulans, respec—
vively (de Borthldi gt al 1980). o T

In another study with %, nidulans exposed to benomyl, no non-disjunction or crossing
over were reported. An increased f ency cf seyregants occurred, probably duu to
benomyl's spindle—inhibiting effects (de Bertoldi et al. 1980).

Innect tests

"Camma radiation was used as tha reference mutagen. Treated and unirestad adult
male Drosophila melanogaster were mated with virgin females oo that at least nine broods
of <ffepring were produced from each male, Each male was mated with two untreated
females for two to three days following treatment. At that time, a subsequent mating
was conducted, The offspring were classifisd by sex and phenotype (rogu.lar OT axcep~
tional). Some of the exceptional of:spring could have resulied from exchanges between
thé X and T chromcsames in the parent male r~ “er than from whole or partial chroscacme
loss., Exceptional offspring resulting from mogome losa, breakage or non-disjunction
could, therefors, not s clearly distinguished from those resulting from the sex chramo-

some exchanges. 106
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sulted from the treatments. However, there was an increased incidence

terility in the later broods from treated Oregon-R ‘males, tut no effect in treatsd
°f+; ;‘Y + males. The first and second brocda result 1rom germ cslls which ware post-
ba) -é‘i'c“‘zt the time of treaiment, these in the third and fyurth droods were from meiotic
maio celle and those in tne last brocds were from germ cells that were premitctic at the
’:::: of treatuments No compcula=-related elfects were noted when carumcsomes were examinsd
for breakage 11 a Secx nd set ol experiments anu the overall incidence of recessive letnal
< taticn reported vas 5/4 80T (0.1 percent). ’I’!.xe sterility obsgrved in brocia from
mut:mn involvine mitotic sovermatasonial ralls jg nrobably ronmsistent with the susnentad
::Lndle offects of the chemical (Lamb & Lilly 1330).

No dsaths re

QCE.?.&E.’EHE-’- .

Primary cultures of human leukocytes were treated with Benla.tea in DMSO at O, 200,
2 (00 or 20 000 ppm. Each test solution (0.1 ml) was added to 5 ml cultures, which were
examined for cells with chromosome breaks, deletions and small fragments after axposurs,
In culturee exposed to 0, 200 or 2 OO0 ppm benomyl, 1.3, 5.8, and 3.8 percent of the
cells examined had chromosomal aberrations. Cultures exposed to the highest dose con-
tained fewsr dividing cells, owing to toxicity. Those c2lls examined in high-dosed cul-
sures did not show a significantly increased incidente of chromcacmal asterrstions above
that in comtrol cultures. The mitotic index waas not meafmred nor were replicates per-
formed, Thus, the resulis are difficult to assess, particulerly regarding toxicity

(Cupta & Legator 1775).
Pone marruw apd cultures of tha embryo cells of pregrant raits wers sxamined for

chromosamal aberrations. The rats wers given daily doses of 0, 25, 50, 200 or 500 mg .

Fundazol SOWP per kg b.w. by gavage on days 7 through 14 of gastation. Mo ircreasos in
frequency of celle with chromosamal aberrations wers raporied in bone marrow. However,
embryonic cellas from rats given 200 or 500 mg/kg/day had five times the frequency of
cells with damaged chromoscmes. The aberrations were descrited as rings, acentric
chromatids and translocations (Ruzicska et al. 1976).

c S

Available information demonatrats that tenomyl and carbendazim have a similar
metabolism, Benomyl is rapidly metabolized to carbendazim in mzzmmals and {3 eliminated
preferentially in urine as methyl S—-hydroxy-2-benzimidazolesarbamate (S—hydroxycarbers
dagim, 5=HBC). In rats following irtubation, inhalation and dietary exposures, bencmyl
and carbendezim were present in the bdlood within the firat six hours, together with
comparable levels of S5~HBC, Within 18 hours after expcsure, only 5-HBC was identified
in blood. Metabolism procseds via hydroxylation and ester hydrolysis in the liver
followed by elimination, primarily in the urine (41-71 percert) and to a lesser extent
in faeces (21=46_parcent). There is no retentiorn of 4¢ activity in muscle tissue or
fat; only liver and kidnmey demonstrate bound residuss identified as S5-HBC.

Benomyl is not acutely texic to mammals, It has an acute orzl IDsg in ra%s and an
acutes dermal LD50 in rabtits above 10 000 mg/kg. Gross and hiztopathological examine~
tion of many of these animals demonstratsd a measurable compcund-related effect on the
male gonads at high doses (testicular degeneration, necroeis of germinal epithelium and
aspermatogenesiz ).

Spermatogenesis in pre—~pubertal =ats was not affected at dcse levels affecting adult

rata. Previous JHFR evaluationa have :dentified variations in teraztcgenic responge— -~ -~ -

dependent on the modes of oral administration (diet or gavage). The prasent Hesting
reviewed additional data, which confir ~4 the difference in sensitivity according to the
route of administraticn in the rat, tI dietary NOEL for teratogenicity being 6 760 ppm,
This lose did, hc rever, induce embryo’ wicity. In the mouse, gavage studieas resulied
in terata induction at levels above 5. z/kg. In the rabbit, s limited study did nct

S

resuit in induction of terata at 50C in the diet.
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Short~ a.d long~temrm dietary studies in rats did not demonstate compound-related
of fects st domes up to and including 2 500 ppm. Ninety-day and two-year dietary studies
in dogs demonstrnted adverse effects on the liver at 2 SCC ppm, tut not at 5CO ppm,
avidenced by increased chnlesterol, alkzline phosphatase and GF? lewveis, by dacreasged
total protein and albumin/globulin ratio, and by bile duct proliferation and haemogicero—
sis (see also carbendazim).

A carcinogenicity study in CD=1 mice at 5C0, 1 500 and 5 CCO ppm in the diet showed
onccgenicity at all levels. Neupiastic changes included lung carcirvomas in males, but
not in females, at 500 and § CUO ppm. There was an increased incidence of hepatocellular
carcinomas in males at 500 and 1 SCO ppm and in females at 500 and 5 COO ppm. Thare was
no messurable effect on latency period, It was concluded that benomyl was hepatocarcino
genic to mice (see also carbendazim).

¥utagenicity studiss with benomyl gave both poesitive and negative results. Benomyl
was positive in the micromucleus, yeast, fungl and drosophila tesis. Conflicting nega-
tive and positive results in othe. tests prevented svaluation of the mutagenic potential.
The potential impact of these results on human health cannot be adequately assessed at
this time. .

The mu.ographs on benomyl and carbendazim have stated that the metabolism of the
two compounds ia essentially the same, with benomyl being converisd rapidly $o cari.uda-
zim in mammals. JAccordingly, the availablae data for btenomyl and carbsndazim should be
sonsidered collectively for the evaluation of apecific studies such as tsratology,
reproduction, chronic toxicity and oncogenicity, taking into accwunt the different
moiecular weights of the two compeunds.

Previous Meetings in 1970, 1973 and 1976, have discussed the etiology and patho-
genaais of liver tumours in certain strainsg of mice, with particular emphasis on organc-
chlorine pesticides. It was recognized that liver tfumours-are known %o develop apon
taneocusly in many strains of mice, at relatively high incidence, withou$ intenticpal
exposure to chemicals. Evidence of such tumours in ssveral sirains of mice has been
found in many of the oncogenicity studies perfomed with benomyl s 2 carbendazim.
Furthermore, one strain of mouse used (HOE NMR) is xnown to have . iow background
incidente of liver tumours (1=-2 percent) and did not provide ewvidence of anco'genicit:,
when exposed to carbendazim at doses up to aad including 5 CO. , m. Two additional
studies hava been carried out ir rats using both besnomyl and carbendazim, Both siudies
were negative for oncogenicity at doses up to and including 2 5CC and 10 0CO ppm,
respectively. The hepatic tumours produced in mice, therefore, appear to be 2 apecies-
related phencmenon.

The Meeting expressec concern at the equivocal nature of -the resultes of a wide
range of mutagenicity studiea. The possibility that conflicting results were dus to
variations in-the type and amount of impurities was considered. However, the Meeting
received inf@mation that current levels of ths relevant impurities are very lov in
techni.al meterials.

In view of established no-obmerved-effsct levels determined in several studies,
including teratolo- °, reproduction and chronic feeding, an ADI for both bencmyl and
carbendazim could be estimated. However, a safety factor of 200 was used to reflect
the Yeeting's concern for the paucity of individual animal data for meny stucdies on
carbendazim, which reflect the toxicity of benomyl,




NBS 1Gi0a ANSI/ISO #2 EQUIVALENI

TOXIZOLOGITAL EVALUATION

revel causing no toxicological effect

2at: 2 <CO ppm in the diet, equivalent to 125 mg/kg b.w.

Degs
2at: X mg/kg bew./day (teratology)

(see carbendazim)

smtimate of acceptable daily intake for man

0-C.02 mg/kg bews
cmmuER HCRK_OR_INFORMATTON

Degirable

1, Data on individual azimals in studies on carbendazim that have teen identified
in the monographe. -

2, Additional data to elucidate the mechanism of degenerative testicular effecis
on mammalse

3, FElucidation of the variability of the mutagenicity data.

™,

REFERENCES - TOXICOLOGY

imes, B.N., MeCann, J. & Yamasaki, Z. Yethods for detectirg carcinogens and mutzgena
1975 with the Salmonella mammalian-microscme mutagencity test, Mutat, Res,,
31 : 347"‘364.

Zelasco, I.J. Study showing the abserncs of acetylcholinesterase inhibition with a
{undated) wettatle powder formulation (5C7 benomyl). Feported submitted to &0 by
DuPont. (Unpublished)

Busey, W.M. 4icute dermal LD50 test and dermal irritation test on rabbits uwing a

1968a wettable powder formulaticn 550% Benomyl) with histolsgical adderd:s,
MRO 581-239, Report dd. 6/21/68 by Hazleton latoratories, Inc, sutmitied
to WHO by DuPent. (Unpublished)

Busey, W.¥. Acute inhalation exposurs test in rats using a wettable powder formlation-
19681 {50% benomyl), MRO 1126, Rsport dd. 10/18/68 by Hazletsn laboratories, Inc.
submitted to WHO by DuPont. (Unpublished)

Busey, W.M. Teratoldgy-study in rabbits using a wattable powder formulation (504
1368¢ bsnomyl) MRO 107¢. Report dd. 7/15/68 by Hazleton laboratories, Inc.
sutmitted to WHO by DuPont. (Unpublished)

Zugey, #4.M. Repsated dermal application test on rabbiis using a wettadls powder formu~
12684 - lation (507 benomyl). ELO No, 298-68, Report, dd. 12/13/68 sutmitted to WHO
by DuPont. (Unpublished)

farere, A., Ortali, V,i., Cardamone, G., Torracca, A.M. % Raschetti, R, Microbiclogical

1378 mutagenicity studies of pesticides in vitro. Mutat. Res., 57:277-2%5.

Carter, S.D, Effect of benomyl on the reproductive development in the prepubertal male

1982 rat. From Thesis, North Carolina State University. Sutmitted to WEZ by
DuPont.

199



28

carter, S.D. & laskey, J.W. Effect of benomyl on reproduction in the male rat. Toxicolog
1182 lLatters II: 87-94. :

Colturn, C.We Skin irritation and sensitization tests on guinea pigs using technical
1961 benomyl { > -5% benomyl)s HLR No. 84-53, Report dd. 4/18/69 sutmitied to
WHO by DuPont. (Unpublished)

 Culik, R. et al. Determination of benomyl/methyi-2-benzimidazole carbamats (MBC) con~

1981 centrations in maternal blood and in the concepti of rats oxposed to
benomyl and Benlate by diet. Report sutmitted to WHO by DuPont. {Unpublisted)

Dassenay, B. & Meyer, J.A. Mutagenic effect of benomyl on Fusarium oxysvertm. Mutat.
1973 Res. 21119120,

De Bertoldi, M. st al. Mutagenicity of pesticides evaluated by means of gene-conversion
1980 in Saccharomyces cerevisiae and in Aspergillus nidulana. Environ. Mitagen.,
2:359-37C.

De Bertoldi, M, & Griselli, M. Different test syatems in Aspergillus nidulans for the
1980 evaluation of mitotic gene conversion, crogsing-over and nondizfunciicn,
Matat. RQS., 74:30}—3240

Donovan, S.M. % Krahn, D.F. iutagenicity evaluation in Salmonella typnimurium using

1981 technical tenomyl ( »95% benomyl), ELY Mo, 434=-51, Repors dd.v8/26/81
sutmitted to WHO by DuPont. (Unpublished)

DaPont. Mutagenic activity of benmomyl ip the Salmonella/microsome assay (5C%

977 benomyl as a wettable powder formulation) HIR No. 819-77. Report dd.
10/14/77 submitted to WHO by DuPont. (Urpublished)

DuPont. Benlate dust exposure survey — blood profile analysis - 23 February 1972,

1977 with supplement of 15 March 137%. Report submitted to WHO by DuPont.
(Unpublished ) -

TuFont. Benlate dust exposure survey. Report sutmitied to WHO by DuPont. (Unpublighed)

1979b

DuPont. Applicator exposure during filling and spraying of Banlate benomyl fungi-

undated cidé = orchard crops. Report submitted te WEO by DuPont (Unpublished

Brcegovich, C.D. & Rashid, K.A. Mutagenesis induced in mutant strai-g of Salmonella

1977 - - hirurium by pesticides. 7174th American Chemical Society Matiomal
Maeting. (Text of oral presentation)

Evans, E.L. & Witchell, i.D. An evaluation of the effect of baromyl on sister chromatic
1780 exchange frequencies in cultured Chiness hamster ovary cells, SRI Intexr-
B national, Auguat 1780, Report sulmitted to WHO by DuPont (Unpublished)

_Zverhart, L.P, & Holt, R.F. Potential Benlate fungicide exposure during mixer/lcader

1782 operations, crop harvest and home use. I. Agric. Food Chem. 30:222-227.

Pecsor, G., Bordas, S. & Stewart, 3.J, ‘utagenicity testing of bengmyl, methyl 2-

1978 benzimidazolecarbamate, streptozotocin and M¥emethyl-N'-nitro-i~nitro-
soguanidine in Salmonella typhimurium in vitro and in rodent host-mediated
assays. Mutat. res,, 51:151=-164,

Fisher, R,L. et al. Dermal absorption and fate of intravenously injected (2-14C)~benomyl
1381 in the rat, Report submitted to WHO by DuPont. (Unpublished) 110



vG7710

K. & K + D.F. Chinese hamster ovary cell assay for mutagenicity using
technical benomyl (»75% benomyl), HL% No. 438-80. Report dd. 7/15/83
(revised) submitted to WHO by DuPon. (Unpablished)

ﬁtzptri‘:k ’
1380

srank, Ked. Eye irritation tesis in rabbits using technical benomyl (% '5¢% benomyl)
i968 ! and a wettable powder formulation (5C% benomyl) HIR No. 255-68, Ruport
dd. 11/14/68 submitted to WHO by DuPont. (Unpublished)

frank, Ko, Skin irritation and sensitization tests on guinea pigs using a wettable
1969 powder formulation (50% benomyl) HLR lo. 85-67, Report dad. 4/18/69 sub-
mitted to WHO by DuPont. (Unpublished)

frank, KM, Eye irritation test in rabbits using a wettable powder formulation (50%
benomyl) HLR No. 23372, Report dd. 6/22/72 sutmitted to WHO by DuPont.

1972

7 (Unpublished) : ‘

Pritz, SeB. Acute oral ALD test in rabbits using a wettable powder formulation (sc

1269 benomyl) HLR No, 109-67. Report dd. 5/1/69 sutmitted to WHO by DuPont.

e (Uapublished ) .

Goldenthal, E.I. et al. Neurotoxocity study in hens using technical bemomyl (H95%

1978 benomyl), with addendum. Report No. 125-028 ad. 3y 3/73 by Internmational
Reasarch and Dsvelopment Corporation submitted to WHO vy InPont.
(Unpublished)

Gooch, J.J. PFertility of workers potentially exposed to bemomyl. Report, dd. Cctober

1778 1978 submitted to WHO by DuPont. (Unpublished)

Gocdman, N.C. Intraperitoneal LDsg test in rats using technical carbendazim (lesas than

1975 184). Report from Haskell laboratories submitted to the WHO by DuFont,
(Unpablished )

Gupta, A.K. & Legator, M.S. Chromosame aberrations in cultured human leukocytes after

1975 treatment with fungicide Benlate. In Proc. Symp. Mutagenicity. Carcino-
genicity and Teratogenicity of Chemicals, Dept. of Atomic Erergy, India,
PPe 95~103.

Ran, J. C-Y. Metabolism of '4C-labelled benomyl in the mouse and hamster. Report

1974 sutmitted to WHO by DuPomt, (Unpublished)

Han, J. C-Y. Hetabolism of 2-14C-benomyl in the lactating nanny gost (including supple—
1980 ments I and II). Report sutmitted to WHO by DuPomt. (Unpublished

Hardesty, P,T. Attempts to characterize liver residues from '4C-benomyl dosed goat.
1982 Repert submitted to WHO by DauPont. (Unpublished)

¢ -
Hastie, A.C., Bemlate-irduced instability of Aspergillus Diploide. Nature, 226: 771.
1970 . :

Hood, D,B. Fifteen exposure dermal test on rabbits using a wettable powder formula~

1969 . . tiom (50% bemomyl) HIR No. 211-62, Report dd. 7/30/6¢ sutmitted to WHO
by DuPont. (Unpublished)

Hornberger, C.S. Acute dust inhalation teat in rats using a wettabls powder formulation

1969 (50% bvenomyl) with report on spermatogenesis effucta HIR No. 95-69. Report
dd. 4/24/6° sutmitted to WHO by DuPont. (Unpublished)

11l

4




Jessep, D.C. & Dean. W. acute delayed neurotoxicity study in chickens using technical
1773 tenomyl (less than 95 benomyl). Report from International Research and
Development “orporation submitted to WHO by DuPont. {Unpuolished)

Jessup, C.D. Acute delayed neurotoxicity study in chickens using technical dhenomyl
1979 (795 benomyl) HLO 674~73. Report dd. 12/7/6 by International Research
and Development Corporation sutmitted to WHO by DuPont. {Unpublished)

Kai)pas, A. ot al. On ‘the genetie actiw;ity of benzimidazole and thicphanate fungicides
1974 on diploid Aspergillus nidulans. Mutat. Res., 26: 17-27.

Kappas, A. et ale Bsenomyl - A novel iype ol base analogue mutagen? Hutat. Res., <03
1976 - 373-382.

Kappas, A. % .cidges, B.4, Induction of point mutations by benomyl in DNA-repair -
1981 leficient ispergillus nidulans. utat. Res,, 91: 115=118,

Kavlock, R.J. 8t al. Teratogenic effects of benomyl in the Wistar rat and CD~1 mouse
<982 with emphasis on the route of administration. Toxicol., Appl. FPhamacol.
62: 44-54.

Kirkhart, B, Micromucleus test on benomyl (> 5% banomyl), SRI Intermational, 12 Feb, 12£0,

1980 Report subtmitted to WHO by DuPont. {Unpublished)

Lamb, M.J. & Lilly, L.J. An investigation of some gemetic toxicological effects of ths
1980 fungicids benomyl. Toxicology. 17: 83.95.

lee, K.P, The two-year feeding study in dogs with benomyl. Pathol Raport Xo,
1970 129=6 - dd. 1/6/70 submitted—to WHO by DuPont (Ungzbnshzg

Tee, XK.P. The two-year feeding study in dogs with tenomyl. Supplementary Pathology
1971a Report No. 5371 dd. 7/28/71 submitted to WHO by DuPont (Unpublished)
Les, K.P. The two year feedins stuly in does with benomyls Suoplementary Patholosy
1371% Report Nce 54=71 dde 7/27/71 submitted tc WHO by Du Pont. (Unoublished)
Lee, X.5. Testicular changes in contirol Bearle Dogs. Pathclory Heocord Noe 23=71
1971¢ ide 4/7/71 submitted tc "HO by Du Pont. (Unoublished)

Lee, K.Po The two year feedins stuly i1a rats wmath benumyl. Patholosy Resort No. £6=77
1T ide 11/30/77 subzmatied to WHO by Du Pecate {Unpublisned)

Littlefield, Nai. Four-i.ou: te irhalation exposure test in 4ops using 2 wettable
1969 gowder- formu™ .tio: ~~. bemoryl)} HIR 132-59, Report dd. 7, .-/37 by

fzleton Laboratories, Inc. submitted to WHC Yy DuFont. (Unpublished)
M_ajkut, J+Ce-Skin irritation and sensitization tests on guinea pigs using technical
1366 benomyl {>95¢ benomyl) HIR Ho. 174-G66. Report dd. 97;8/65 submitted to
_ . . YHO by DuPont (Unpublished) )

Rashid, K.i. & Ercegovich, C,D. New laboratory_tests_evaluate chemicals for cancer or

176 gene damage. Sci. Agric., 23:7.
Reinke, R.,E. Eye irritation test in rabbits using technical benomyl (3957 benomyl)
1945 HIR No. £1-66. Teport dd, 5/26/466 sutmitted to HO by DuPont. (Unpublished)
Richmond, D.V. & Phillipe, A, The effect of tenomyl and carvendazim on mitosis in
1772 hyphae of Botrytis cinerea Pers. ex Fr. and roots of illium cepa L.
Pestic. Biochem. Physiol, 3: IA7=37), 117
. L ta

Russell, J.F. Mutagenic 2ctivity of technical tenomyl (»35¢ benomyl) in the Salmonella/
1378 nicrosome assay HLR Yo. 18-7°. Revort dd., 1/20/78 submitied o 4RO v



mzicska -

1a75

shgman.

1365

Shermai,

176%a

Sherman, H

1163%

Sherman,

1970

Sherman,

137C

Sherman,

1067

Sherman,

1969

Sherman,

1375

Sherman,

1969

Sherman,

1766

Shirasu,

1978

Siebert ]

197G

P

Ha

at al, S%udr on *he ~Mirrmosome mutagenicity of fundazol IOWP
zgeszsegtudomany {3udapest), 20: 7i=~s53,

.

:—\J N _-\
2. beromyl:

’
IS

Three-month feeding study ir dogs using a wettalle powder formulation
(507 bvenomyl) HLR No, 269-AZ. Report dd. 11/2C/€8 sutmitted to WHO by

uPont, (Unpublished)

Ascute oral Ldep test in rats using technical benomyl (>359 bvenomyl) and
a wettable powder formulation (505 benomyl) HLR Mo, 17~6'., Report dd.

1/22/69 submitted to 'HO by DuPont. (Unpublished)

scute oral ALD test in a dog nsing technical benomyl (>759. tenomyl) HIR
Yo. 168-69. Report dd. 7/3/69 sutmitted to YHO Uy DuPont. (Unpublished)

Long-term feeding study in dogs with 1-butylcarbamoyl-2~benzimidazole-

carbamic acid, methyl ester (INT-1991). Final report HIR Neo,
3/17/7C subtmitted to WHO by DuPont. (Unpgbnshed?

Report submitted to WHO by DuPont. (Unpublished)

4870 dd.,

Culik, Re & 72pp, J.&. Teratogenic study in rats with 1=-tutylcarbamoyle
2-benzimidazolecarbamic acid, methyl ester (INT-13991), Beniate; benomyl),

-

H. &% al, Ninety-day feeding study in rats using a wettable powder formlation
~{7C% benomyl) HLR Ho, 11~67. Report dd. 1/31/67 sutmitted te WHO by

DuPont. {Unpublished)

Ho et al. Long-tem feeding study in rats with 1-Butyl-carbamoyle~2-benzimidam~
zolecarbamic acid, methyl ester (INT-1991). Final Report HLR Lo, 232-61
ad. 8/15/69 and Addendum sutmitted to WHO by DuPont. (Unpublished)

He, Culik, R. & Jackson, R.A. Reproduction, teratogenic and mutagenic studies

with tenomyl. Toxicol. Appl. Pharmacol. 32: 305-1315,

He % Fritz, S.3. Acute oral ALD %est in rats using technical 2-4B ?757: 2--4%)

HLR Ho. 51=6‘. Report dd. 3/11/6) submitted to WHO by DuPent. (Unpablished)

H. & Krauss, W.C. Acute oral ALD test and ten~dome subacute oral test in rats
ueing technical benomyl (>35¢ benomyl) HLR Mo, 100-66. Raport dd. 17/15/68

submitted to WHO %y DuPont. (Unpublished)

T, et al. Mutagenicity tusting in-fungicide 1931 (> bancmyl) in microbvial
systems. Report vy the Institute of Environmental Taxicology submitted to

D.

Snee, D,A.

1969

Staples, 'R,

1782

Staples, R.E. & Culik, R. Teratogenicity study in the rat aftsr administration bty favags

1180

YHO by DuPont. (Unpublished)

y Zimemé;'. %.K..% Lemperle, %, Genetic effects of fungicidea. futat.

Res., 10: 533543,

Acute oral ALD test in rats and ten-dose subacute oral test in rats using

technical 5~-HBC {> 5¢° 5-H1C) HIR lo, 124-&° with pathology

oral ALD test described in HLR No, 436", Report dd. 5/27/

to YHO Yy DuPont. (Unpublished)

Z. Teratogenicity study in the rat using technical tenomyl {5

on the acute
69 submitied

~maf

555" benomyl )

administered by gavage and supplement with individual animal data HIR
No. 582-82, Report dd. 1C/1/82 sutmitted to “HO by DuPont, (Unpublished)

of technical benomyl (>95% benomyl), Parts I, II and III,
mitted to WHO by DuPont. (Unpublished

Raports sub-

Foes

Lot



Tates

Tong,
1781a

Tong,
1381b

v AdDe

Ce

Cs

Microtus oeconomus (Rodentia), a useful mammal for studyine the induction

32

of sex—chromoscme nondisjunction and diploid ~ametes in male germ cells,
Environe Health Perspect., 3f: 15'=157,

Hepat

benomyl) using mouse hepatocytes in culture, HLO 741-81,

e primary culture/DNA repair assay on compound 10, 962-02 (3359
Report by the
Naylor Dana Institute dd. 10/20/81 submitted to WHO by DuPont. (Unpublished)

Hepatocyte primary culture/DNA repair assay on compound 10-962-02 (3954
Report dd, 10/20/81
by the Naylor Dana Institute sulmitied to WRO by uPont. {Unpublished)

benomyl

using rat hepatocytes in culture, HLO 742-81,

«

‘iechman, B.E. et al. -Longe-tem feeding study with methyl 1-futylcarbamoyl)~2-berzimida-
zolecarbamate in mice (INT-1991) = HIR No. 20-82 Parts I, IT and III
(>15% benomyl). Report dd. 1/26/82 submitted to WHO by DuPont, (Unpublished)

1982

Zwicker, G.M, Acute oral ALD test in rats using technical benomyl (3759 benomyl) Hia

1765

¥o, 174-65. Report dd., 12/15/65 sulmitted to WHO by DuPont. (Unpublished)

Lid



he e s . e .,..,-.—,-..,( RPN P - (2

Reviewer's Peer Review Package for 2nd Meeting

3/11/86

———



aberrations,

L
: v,
% "“Z"z éﬁ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 11. D.
L e § WASHINGTON, D.C. 20460 ) so=gy
"¢ ot b 7 Ty
MAR 1|
DFFICE OF
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MEMORANDUM
SUBJECT: Benomyl Risk Assessment Assumption for Ql = 3.@x10°3
for Carcinogenicity Potency
FROM: / Bertram Litt, Leader, Statistical Team//7 —J/(7’::‘ L. -
HA7r MWissiomr Support Staff
L PP x/q/f/
’/ Toxicology Branch/HED (TS-769) // / // 4;41)
TO: Marion Copley / g
Section VI .
Toxicology Branch/HED (TS5-769) R
THRU: Reto Engler, Chief

Mission Support Staff
Toxicology Branch/HED

Yoo
(TS~769) Ty //” ./

Based on the suggestions of the HED/TOX Peer Review
Committee the liver tumor data for all females studied—in the
MBC mouse 2-year feeding study (CD-1 strain) were used as the
source for estimating cancer potency of Benomyl, o

The data were fitted to a polynormial of the 3rd dégree
by Crump's Global82 program using Abbott's correction. . .

The data fitted were:

Dose mg/kg/day O 75 257 1125
Tumor
Bearing Animals 1/ 8/ 21/ 15/
No. Examined /79 /78 /80 /18 -

and a Q3* of 3.1x107% was estimated for mice (mg/kg/day)‘i,

The mouse estimate was then extrapolated to man by the surface

area adjustment of (60,000 g. human body wt.} 3= 12.6
30 g mouse wt. .
ice. 3.1x207% x 12.6-= 3.9x1073 (mg/kg/day)! = human 0,*. T 7 T ¢ ) 7 °
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MEMORANDUM
SUBJECT: Interim Revised Estimate of Benamyl Cancer
Potency.
FROM: Bertram Litt, Leader  Niht Javan, o Boker Tutd
Biostatistics Team/MSS
LOXICOLOQY Branch/HED (TS-~769)
TO; Peer Review Coummittee
Toxiwology sranch _ﬁw_,w_\
/
THRIJ: Rzto Engler, Chief

e,

{TS~769)

Mission Support Staff
Toxicology Branch/HED

Following the recent pzer review of Benomyl carcinogenicity
it was .agreed that two estimates of cancer potency were
indicated, The first was a best estimate based on the 01*
for MBC female liver cata anc the geametric mean of the Qy*
for female liver tuwrs in Benomyl MBC. Seuonaly an alternative

was to b2 developed which Would save as an example of how to
estimate risk for class C oncogens. The following 0*
estimates fulfill the first request, a subseguent regort will
be prerared fro te altzrnative approach.

Animal Risk

Human hisk
MRC : 3.1x1074 3.9%1073
Senamyl 4,7x1074 5,9x10™3
Geametric Mean 3.ax10-% 4,8x10°%
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MEMORANDUM P
e
SUBJECT: Definition and Use of the Term "MTD"
(Maximum Tolerated Dose)
FROM: R. Bruce Jaeger, Section Head ;&6@ 'J?é
Review Section #1 . | xyb#r
Toxicology Branch/HED (TS-769) “

J

My signature acknowledges concurrence with the peer review
on Benomyl/MBC providing the use of the term "MTD" in this
document is consistent with the definition and use as given in:
(1Y HED SEP: Oncogenicity Potential (Guidance for Analysis and
Evaluagion of Long Term Rodent Studies)g(EPA—540/9-85—019, June
1985); (2) Report of the NTP Ad Hoc Panel on Chemical Carcinogenesis
Testing and Evaluation, DHHS (August 17, 1984}; and (3) Chemical
Carcinogens; A review of the Science and its Associatad
Principles, February 1985, Office of Science and Technology

Policy (FR/Vol. 50, No. 50/March 14, 1985).
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MEMORANDUM orFic
—— PESTJCIDZS AND TOEJ(?CFBUBSTANCE‘
SUBJECT: Follow-up to the Data Evaluation Report submitted
to the Tox. Br. Peer Review Panal
FROM: Marion P. Copley, D.V.M., D.A.B.’xﬁ%}ffﬁ;y%.ﬂ/
Section 6 -
Toxicology Branch/HED
THROUGH : Jane Harris, PhD, Section Head A )76ﬁ7éT’
Section 6
Toxicology Branch/HED
TO: The peer review panal for benomyl

Attached is the follow-up Data Evaluation Report (DER)
to the Peer Review Committee for Benomyl, At the meeting of
11/8/85 the committee requested the following information:

1) evaluation of the 2 year mouse studies with MBC, 2)
historical control data for the mouse liver tumors from the
_testing laboratory, 3) activity (toxicoclogic) of thiophanate

methyl and thiophanate ethyl, and 4) tables comparing
oncogenicity and other properties for use in the weight-of-
the-evidence determination of oncogenic classification.

1

This document contains the requested information ang

should be used in conjunction with the original DER subwmitted
to the Peer Review Committee.
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Follow-up Data Evaluacion Report for the
Peer Review Committee for Benomyl

Submitted by Marion P. Copley, D.V.M., D.A.B.T.
Sect. 6, Tox. Br., HED
Through Jane Harris, PhD, Section Head, Sect. 6, Tox. Br., HED

1. Background

Benomyl (methyl-1(Butylcarbamoyl)-2-benzimidazolecarbamate)
and its major metabolite MBC (methyl 2-benzimidazole carbamate)
are systemic fungicides. MBC is also the primary metabolite
for the fungicides thiophanate methyl and thiophanate ethyl.

The United States Environmental Protection Agency (EPA)
issued a notice of Rebu:table Presumption Against Registration
{RPAR) and Continued Registration of Pesticide Products
containing Benomyl (Dec. 6, 1977) based on mutagenic effects
and reduction in spermatogenic activity. The Position Document
2/3 (Aug. 39, 1979) determined that risks of concern included
mutagenic etfects, reducticn in spermatogenic activity and
acute to:icity to aquatic organisms. The Position Document 4
(Oct. 1, 1982) stated that new data indicated beromyl had
oncogenic potential in mice. The oncogenic lesions in question
were hepatocellular adenomas and hepatocellular carcinomas
in mice. S

As stated in the PD 1, 2/3 and 4, benomyl rapidly hydrolyses
to MBC in an aqueous enviromment. MBC also appears to be the
initial metabolite in mammalian systems. With respect to
acute and chronic toxicity, MBC is either similar to or more
potent than the parent compound, benomyl. For the above
mentioned reasons, the Agency, in the PD 4 has used MBC data
to confirm and supplement benomyl data where applicable,

The major regulatory action taken by the agency was to
require the use of a dust mask by persons during mixing and
loading of benomyl for aerial exposure., It was estimated
that this would reduce the respiratory work-related component
of exposure by 90 %. Dermal exposure was considered slight
and not considered in the EPA risk estimate because of minimal
dermal absorption (approximately 0.5 % per hour}.

2. Metabolism
aAlthough valid metabolism studies have not been performed
to adequately describe the metaboliem of benomyl in.animals,
benomyl and its metabolites do not accumulate in animal tissue
.and. are rapidly eliminated in._the urine or teces as _sulphate
and glucuronide conjugates.

120
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One postulated pathway is as follows:
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- P, 3. Metabolis paikwey of Benomyl in mice, rabdits and theep,

a. 2-aminobenzimidazole (2AB)

b 5 hydroxy-2-aminobenzimidazole (5 OH~2~AB) .

c. methyl benzimidazole~2ylcarbamate (MBC)

e. r2thyl S~hydroxybenzimidazoie-z—yl-carbamate {5 OH~-MBC)
£. Benomv' (parent)

The metabol.:.e profile (a, b, ¢, and e) and urinary and fecal
excretory pattern appeared similar after oral and intraperitoneal
exposure to high doses of benomyl suggesting enterohepatic
recirculation of the metabolites, The distribution of metabolites
also appeared similar for the mouse, rabbit and sheep.
Ninety~four % of the label was excreted by mice within 96 hr
with 20 % of the administered label excreted as conjugates
(sulfate and glucuronlde) of hydroxvylated metabolites (44-71
% in urine; 21-46 % in feces). There was no parent compound
found in either the urine or feces. The metabolic pathway
with high exposures may not however, represent the pathway
that would occur with lower dietary exposure levels.

After repeated exposure toc a lower dose in a single male
rat the only metabolite found in the urine (after treatmentc
with glucuronidase and sulfatase) was 5 OH-MBC. Again most
of the label was observed in the urine (86 %), 13 % in the
feces., Less than 1 % remained in the carcass. -

The metabolism of benomyl needs to be more completely
described- studies need toc be undu\,\.cd in males and —
females using sufficient numbers of animals at: 1) expected
eXposure levels, 2) elevated levels and 3) with pretreatment.
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3. Structure Activity Relationship

Benomyl is primarily metabolized to MBC (see below).
The acute and chronic toxicologic properties of MBC are
similar to benomyl. They are both associated with hepatocellular
tumors and are both spindle poisons.

Thiophanate methyl (TM) (see structure below) is also
metabolized to MBC. Thiophanate ethyl (TE), a structural analogue
of TM, may also be metabolized to ethyl 2-benzimidazole carbamate
(EBC). Although the metabolism is not well established for
either thiophanate fungicide, it appears that between 80 and
90 % of the TM label is excreted after 24 hours with about 46
$ of the administered dose converted to MBC and 5-OH~MBC.

There is no indication that either TM or TE is oncogenic or
nutagenic.

The following table relates the similarities and differences
among these four compounds.

Benomyl MBC ™ TE
hepatic tumors, mnice X X - -
mutagenic (spindle effects) X X - -
O=?-NH(CH2)3CH3 i ‘ s o s o

TR NG
N7 NHCOCHS NHC + NHC- OC.H, A NHC - i - OCH,
; Cx
N (a] ' ﬁ-"NHﬁ'OC;H, F NH‘C‘.NH‘C‘.QCH’
S

N~ NHCOCH3
/ ]
N 0 (o] S 0O

BENOMYL MBC Thiophanate- (Try | Thiopkanate-meshyl

4. Relevant Chronic or Life Time Studies (see appendices A and

B8 for combined tumor incidence tables and Data Evaluation
Report)

A. Long-term feeding study with Methyl-l-(butylcarbomoyl)-
2-benzimidazolecarbamate (INT-1991}, Benomyl (Benlate®)
in mice {see DER appendix 3-1).
Species/Strain: CD~1 strain mouse
Testing facility: Haskell Lab. for Teoxicology and
Industrial Medicine -
Number of mice in study: 30/sex/yroup

received in their diet either 9, 500, 1500 or

lice
-~ - 7500-3300-ppm of benomyl for 2 yearss At week 37 the high— - -
dose ot 7“00 ppm was decreased to 5000 ppm for both males
ind Zz2males due td mariked weight loss. Although the
incidence of alveologenlc carcinoma was increased (see




table below) in the mid and low decse male groups (30%
and 29 %, respectively) there was no dose response in
the Chi2 test for trend and the incidences were within
the range for this tumor in historical controls at tae
same laboratory (20 % to 36 %) (see section 5 for
historical values). 1In the same mouse strain, MBC dees
not appear to be associated with an increased incidence
of lung tumors.

Incidencel of Lung Alveologenic Carcinoma in CD-1
Mice Receiving Benomyl for 104 VWeeks

Stu&y dose -in ppm 75007
Strain 0 500 1500 5000
Male 13/79t|24/79%* 23/79* [16/80
Female 16/71 7/79 4/78 €/74

Benomyl, however was associated with an increased
incidence of hepatocellular carcinomas in both males

(LDT and MDT) and females (LDT and HDT) for both &
pair-wise comparison and the trend test (see table

below) in both males and females, No increased incidences
of hepatic adenoma or hyperplasia were observed Ln treated

mice as compared with controls.

Incidencel of Hepatic Neoplasms in CD-1 Mice
Receiving Benomyl for 104 Weeks (Haskell Labs.)}

Study liver dose in ppm 7500/
Strain neopl. |0 500 1500 5000
CD-1l-malelbenign| 9/77 9/80 11/7¢ 10/80
malig.|16/77t] 26/80~ A1/79*%} 17/80

total |25/77%t| 35/80*%* 52/79%{ 27/80
~femaleibenignl 2/77 2/80 7/79 /77

malig.| 2/77% 7/80% 6/78 14/77%

total 4/77% 9/80 13/79*%) 21/77*

The systemic no observable effect level {NOEL) was
1500 ppm (225 mg/kg/day) the lowest effect level {LEL)
was 7500/5000 ppm(1125/750 mg/kg/day), based on decr=zased
weight gain and liver and testicular pathoicgy. There
were no clinical chemiscries tested. At 2 years the
HDT males and females weighed about 9 % less than
controls¥®, "Non-neoplastic histopathologic lesions
were observed in the HDT male liver* and testes* (see
table)}. These included—foci of hepatocellular alteratioen,
hepatic karyo-~ and cytomegaly, and foci of hepatocelliular

1 number of animals with tumors/number of animals examinecd.

* gignificantly different from control (p < 0,05)
study authors using the Fisher‘s exact test.

t significant trend (p < 0.05) using Cochran-Armitage tesct,

A
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ballooning and degeneration. There there was an increased
incidence of testicular atrophy and degenerated seminiferous
tubules, with epididymal aspermia and distended tubules
filled with degenerated sperm.

Incidencel of selected Non-neoplastic Lesicns
in the Liver and Testes
for Male Mice Treated for 104 weeks with Benomyl

Lesion in males dose in ppm 7506/
0 500 1500 5000
Liver
hepatocell. alteration 1/77 3/80 2/79 8/80%
karyo- and cytomegaly 9/77 5/80 12/79 21/80%
hepatocell, ballooning
and degen., 0/77 1/80 0/79 6/80%
Testic. tubular degen. 10/78 l1l9/79 15/79 27/79*

1 number c¢f animals with tumors/number of animals examined.
* significantly different from control (p < 0.05) analysis by

study authors using the Fisher's exact test.
t significant trend (p < 0.05) using Cochran-Armitage test.

B, Long-term feeding study with 2~benzimidazole-~carbamic

acid, methyl ester (MBC, INE-965) in mice, parts I

and II. (DER appendix B-2)
Species,’Strain: CD-1 mouse

Testing facility:

80/sex/group

Haskell Lab. for Toxicology and
Industrial Medicine
Number of mice in study:

Mice received MBC in their diet at either 0, 500,

1500, 7500 (females) or 7500/3750 (males) ppm for 2 years
(HDT males were sac.

to increased mortality.

There

at 73 weeks).

66 weeks the
male high dose (7500 ppm) was decreased to 3750 ppm due

Wwere increases in the

incidence of hepatocellular carcinomas in males at 1500
ppm and the combined incidences of hepatocellular

carcinomas and adenomas at all doses in females (see
table). No increased incidence of liver hyperplasia
was observed in treated vs. control mice.

The NOEL was 500 ppm (75 mg/kg/day).

The LEL,

based on hepatotoxicity (males) and lymphoid depletion
of the thymus (males and females) was 1500 ppm (225
mg/kg/day} . There was a dose related increase in

mortality in the males only.
at 73 weeks since only 23 HDT males were alive_at that
time as compared to 50 control males,

the MDT and HDT temales.

G

The HDT males were sacrificed

At 104 weeks
(termination) the MDT males weighed about 12 % less
than controls. Relative liver weight was increased in

PO

Hepatotoxicity was characterized
in the males by an increased incidence of hepatocellular



Incidencel of Hepatic Neoplasms in Mice
Receiving MBC for 104 weeks

study # [liver dose in ppm 3750/
Strain neopl.|0 500 1500 750063 | 7500
MBC
Haskell) |benign{11/80 15/80 14/80 3/80
CD-1-male|malig.| 2/80 5/30 9/80* | 0/80
total [13/80t] 20/80 23/80%| 3/80
-female |benign|0/79 5/78*% | 5/80% 3/78
malig.|1/79tt| 4778 |15/80%** 12/78%*
-Hb2 0/79 - 0/78 1/80 0/79
total |1/79tt] 9/78**|21/80*** 15/78***

1 pnumber of animals with tumors/number of animals examined.
2 Hp - Hepatoblastoma
3 pose in the HDT males was

This group was terminated
* significantly ditferent from c¢ontrol {p < 0.05) analysis by
study authors using the Fisher®s exact test,
signif. ditf.from control {p < 0.01l), Fisher's exact test.
*** gignit. ditf.from control (p < 0.01), Fisher's exact test.
t significant trend (p < 0.05) using Cochran~-Armitage test.
+t significant trend (p < 0.001) using Cochran-Armitage tsst.

i

decreased to 3750 ppm at week 66.
during week 73.

* %

necrosis (centrolobular) and hypertrophy. There was an
increased incidence of focli of eosinophilic hepatocellular
alterations in the female (see table). There was
increased incidence of thymic lymphoid depletion and
decreased thymic weight at the mid and high doses in
both males and females., The testes had evidence of
sperm stasis at the MDT and HDT as well.

Incidence (%) of Non-neoplastic Lesions
in the Liver of Mice Treated for 104 weeks with MBC

males females
dose (ppm} O 500 1500 7500/3750 0 500 1500 7500
Hepatocellular
necrosis 0 1 11* 18~ —— — -
Hepatocellular
hypertrophy .0 11* i6* 21* —_— - -
Cellular alteration -
eosinophilic — - - o 0 0 0 8*
* Fisher's exact test, p <.05 ‘
centroclobular S - L.
~-- no signiticant change
-6~ N
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C. Carcinogenicity Study with Carbendazim (99 % MBC)in Mice -
Summary - Report No. R4936 of The Central Institute for
Nutrition and Food Research. (Review of study by WHO
in Appendix C, pages 100 - 101)

‘Species/Strain: SPF Swiss mice
Testing facility: Central Inst. for Nutr. and Food Res., TNO
Number of mice in study: 100/sex/group

Mice were treated for 80 weeks with either 0, 150,
300 or 1000 ppm of MBC in their diet. The 1000 ppm dose
was increased to 5000 ppm at week 8. Results were presented
in summary form only. High dose females had an increased
incidence of hepatic neoplastic nodules (adenomas) while
nigh dose males had an increased incidence of hepatoblastomas.
1t was determined after reexamination of the hepatic
sections by Haskell Labs., that all the hepatoblastomas
occurred within the borders of hepatocellular adenomas
or carcinomas, and that these lesicns were not counted
separately in the original report. The hepatoblastoma
is considered to be a more uncommon and malignant liver
tumor than the hepatocellular carcinoma {reevaluation
by R. Everett, Haskell Labs.).

Incidence of Liver Neoplasmsl in SPF-Swiss Mice -
after 80 Weeks Treatment with MBC -
ppm__ |0 150 ] 300 [ 5000 [0 [TI50_ | 300 | 5000
MALE FEMALE
NN3 | 9/100] 7/98 |14/100{16/100 | 0/97 | 1/99 | 1/98 | 9/97*
malig3| 1/100| 1/98 | 2/100]| 3/100.] 1/97 | 0/99 | 0/98 | 0/97
Hb ! 0/100| 1/98 l 1/100| 7/100%| 0/97 0/99 0/98 0/97
total2|10/100] 8/98 116/100|17/100 | 1/97 | 1/99 1/9a»l 9/97

1 1iver neopl.
malig. (adenocarcinomas)
N,N. (neoplastic nodules -~ benign)

2 aAnimals with multiple tumors were counted once in the totals.

3 includes the NN and malig. that occurred in conjunction with
Hb. They were observed by the Haskell pathologist but -
omitted in the original TNO report, -

* P < 0,01 {(chi-square test)

The NOEL was 300 ppm {45 mg/kg/day). The LEL
based on hepatic alterations, was 5000 ppm (750 mg/kg/day)}.
Body weight was not affected by the compound. Rel.
liver weights were increased in the high dose male (30
%) and female (20 %) groups. Clear cell and mixed cell
foci were present at increased incidences in livers of
the high dose males -and females.

Incidence of Non-neoplastic Liver Lesions after MBC Treatment
Lesions Male (ppm) "~ Female (ppm)
0 150 300 50001 |0 150 300  spool
cellular alt. . T T T - T e e s
clear 0/100 0/98 1/100 5/100* }0/97 1/99 0/98 8/37**
mixed 1/100 6/98 . 6/100 10/100**|0/97 1/99 3/98 0/97
* P < 0.05 (chi-square test)
** p ¢ 0,01 (chi-square test)
1l raised from 1000 at week 8.

i 2N
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D. Repeated Dose Feeding Study for Determination of the
Carcogenic Effect of HOE 17411 OFAT204 (carbendazim or MBC)
in mice. (Review of study by WHO in Appendix C, page 101)
Species/Strain: HOE NMRKEf (SPF 71) mice
Testing facility: BASF
Number of mice in study: 100/sex/group (20 additional mice/
sex/control and HDT were treated for an 18 month sacrifice.

Mice were treated for 97 weeks (22 months) with
either 0, 50, 150, 300 or 1000 of #BC in their diet.
The 1000 ppm dose was increased to 5000 ppm at week 8.

The systemic MNOEL was 300 ppm (45 mg/kg/day). The
LEL, based on liver toxicity (males and females) was
5000 ppm (750 mg/kg/day). The effects observed at the
high dose consisted of a significant increase in liver cell
hypertrophy, clear cell foci and hepatocellular necrosis.
There was also an increase in relative liver weight at
both 18 and 22 months,

The frequency and the distribution of possible preneco-
plastic changes and primary liver neoplasms are shown
in the following table.

Table 3. Controls 50 ppm 150 ppm 300 ppm S 000 ppm
97 989 99 98¢ 994 959 953 959 993 959

Clear cell
foci. 3 4.

Basophilic
foci. 1 1

Neoplastic
nodules
(adenomas) 3 2 1 1

Haemangiomas. i 2 3 2 2 -1

No significant treatment-related increases of
preneoplastic or neoglastic hepatic lesions were apparen
in the NMRKE mouse.

3
T

3}

Thers was nd incrzase in neoplasia in the doy or albino
Charles Rive. CD rat, Althouyh there was no maximum
tolerated dose (MTD) establisned in the chronic benomyl
rat study (high dose 2500 ppm), the MBC chronic rat :
study =stablished aan MTD act 5000 ppm without any
significant tr2atnent-raelacad incrzase in dncogenicisy.
At 2 years the mal2s and f2males receiving 3000 ppm
weighed between 10 - 20 % less than controls. They also

had an increased incidence of hepatic pericholangitis and
altzred hematologic parameters.,
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5. Historical Control Information
2) Organ/lesion: Lung/pulmonary tumors

Species/strain: Mice/control male
Laboratory: Haskell Labs.

o The incidence rate of pulmonary tumors observed in the control
male mice in the benomyl study was at the low extreme of cur
historical range for pulmonary tumors in control male mice.

The studies reported below were conducted between September, 1977

and March, I981.
Numbeér of Pulmonary Tumors

in Male Control Group/ Percentage of Male Mice

Cammpound Mumber of Lungs Examined With Pulmonary Tumors
H-11086 13/80 167

H-11135 18/98 18

H-11201 16/80 20

H-12700 ) . 19/79 24 p Mean = 24
H-10963 17/67 25

H-10720 23/80 29 |

H-11265 - 29/80 : 36_J

Benamyl 13/79 16

® The incidences of pulmonary tumors in male mice in the low znd intermediate

dose groups in the benamyl study were 24 of 80 (30. perciént) and 23

of 79 (29 percent), respectively. While these incidence rates were
.statistically significant (P<0.05, Fisher’'s Exact Test) when campared
to the low incidence of pulmonary tumors in the benomyl controls, both
incidence rates were within the range for our historical controls

16 ro 36 vercent).




b) Organ/lesion: hepatic neoplasia (hepatocellular adenoma
and hepatocellular adenocarcinoma)

Species/strain: CD-1 mice
Laboratory: Haskell Labs.
Study type:

24 month feeding

Hepatocellular Tumors (% Incidence) in Controls from 3 Studies

A{unnamed) Benomyl MBC
Males
4 of livers examined an 77 80
# of adenomas ¢ {11%) 9 {12%) 11 (14%)
# of carcinouas 4 (5%) 16 (21%) 2 (3%)
combined 13 (16%) 25 .(32%) 13 (i6%)
Females
# of livers examined 80 77 79
# of adenomas 5 (6%) 2 (3%) 4]
4 of carcinomas 1 {1%) 2 (3%) 1 {1%)
combined 6 (8%) 4 (5%) 1 (1%)
range male female
adenomas 11T -~ 14 % 0 ~ 6 %
carcinomas 3 - 21 % ¥~ 3 %
combined. 16 - 32 % 1 ~ 8 %

c) Organ/lesion:

and hepatocellular adenocarcinoma)

Species/strain: CD~1 mice
Laboratory: Chevron
Study type:

Chronic mouse feeding study (2 year)

hepatic neoplasia (hepatocellular adenona

Hepatocellular Tumors (% Incidence) in Controls from 3 Studies

1 2 3
Males
# of livers examined 51 890 52
# of adenomas 16 (31%) 17 (21%) 8 (15%)
# of carcinomas 1 (2%) 0 0
combined 17 (33%) 17 (21%) 8 (15%)
Females
4 of livers examined 52 80 50
# of adenomas 4 (8%) 2 (3%) 1 {2%)
# of carcinomas 0 0 0
combined _ 4 (8%) 2 (3%) 1 (2%}
1 Captafol controls - Chevron Labs.
2 Captan controls - " - - —
3 Folpet controls - "
range o male female
adenomas 15 - 31 % 2 - 8 %
carcinomas 0 - 2 % 0
combined 15 - 33 % 2 - 8 %
-10-

i2n




6. Mutagenicity

The mutagenic activity of benomyl and MBC was discussed
in detail in the first DER to the Benomyl Peer Review Committee,
Both compounds are spindle poisons which could result in
nondisjunction and aneuploidy. Nondisjunction has been
reported in A. nidulans after exposure to benomyl and MBC.
Benomyl was associated with gene mutation in strains of S.
typhimurium with activation. Although MBC* was weakly mutagenic
in a mouse lymphoma cell (L5178Y TK*/~) study (with and without
activation), a second study was negative, 1In Chinese hamster
ovary cells (HGPRT) however, benomyl, was not mutagenic with
or without activation. Benomyl was not associated with increased
DNA repair in primary mouse and rat hepatocyte cultures.
There were no chromosome breaks in vivo with Chinese hamster
bone marrow cells. Although benomyl and MBC caused increased
incidence of micronuclei in polychromatic erythrocytes in
mouse bone marrow it is likely that this response was a
result of spindle effects rather than chromosomal damage.
Benomyl was weakly positive for sister chromatid exchange
(SCE) in vitro im Chinese hamster ovary cells with and without
activation. ;

It was concluded in the PD4 concluded that “benomyl and
the MBC metabolite of benomyl ... have been shown to cause
effects to the cellular spindle apparatus. The impact of this
effect to human health cannot be adequately assessed at this time.
Thereforé, mutagenic risk in the form of heritable spindle
effects or point mutagenicity do not now lead to a recommendation
for regulatory action. However, the data on mutagenicity are
supportive of the qualitative determination of benomyl's
potential teratogenic, spermatogenic and oncogenic effects.”

* The test compound in this study wasvinitially_reportéd as
benomyl but subsequently changed to MBC.

-11~




7. Summary

Benomyl, a benzimidazole carbamate, is initially metabolized
to MBC. It is expected that the toxicity of Benomyl is either
equal to, or less than MBC since benomyl rapidiy hydrolyzes
to MBC both in vitro and in vivo in an aqueous environment.

Both benomyl and MBC are hepatotoxic and are associated
with an increased incidence of hepatocellular adenomas and/or
carcinomas in the Charles River CD-1 (benomyl and MBC) mouse.

MBC is also associated with an increased incidence of
hepatoblastomas (a malignant liver tumor) (males) and neoplastic
nodules (benign liver tumors) (females) in the SPF Swiss (MBC)
strain of mouse. These two strains however, have a high
background incidence of liver tumors, particularly in the

male. MBC is not oncogenic in the NMRKf mouse, a strain with

a low background incidence of liver tumors. Neither fungicide
is associated with increased tumorigenicity in other species.

Both benomyl and MBC are spindle poisons which could result in
nondisjunction and aneuploidy. They are also weakly mutagenic
for the gene mutation end point in vitre,

Other related pesticides, thiophanate methyl and thiophanate
ethyl, which are metabolized to MBC and a structural analogue of
MBC ,respectively, are not associated with oncogenicity or
mutagen1c1ty

(W)
'
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Appendix A
Incidencel of Liver Tumors?2
in Mice from Positive Studies
compound,/
strain/ {ppm 0 150 300 500 1500 37503 | 5000 7500
sex mg/kg |0 22.5 45 75 225 5623 | 750 | 1125
Benamy 1
(Haskell)
CD-1-malebenign| 9/77 9/80 11/79 10/80
malig. (16/77 26/80% 41/79* 17/80
total4|25/77 35/80* | 52/79*% 27/80
—~female |benign| 2/77 2/80 7/79 /77
malig. | 2/77 7/80%* 6/79 14/77*
total 4/77 9/80 13/79* 21/77*
MBC '
(Haskell) |benign{11/80 15/80 14/80 | 3/803
CD~-1-male [malig.| 2/80 5/80 9/80*| 0/803
total {13/80t 20/80 23/80*( 3/803
-female |benign| 0/79 5/78* | 5/80 * 3/78
malig.| 1/79tt 4/78 15/80%*** 12/78%*
Hb /79 | 0/78 1/80 | 0/79
total 1/779tt 9/78**| 21/80%*** 15/785%%
MBC3
(TNO) NN 9/100 7/98 14/100 . 16/100
Swiss-male|malig.| 1/100}{ 1/98 2/100 ! 3/100
Hb 0/100 1/98 1/100 7/100%**
total }[10/100] -8/98 16/100 17/100
—~female |NN 0/97 1/99 1/98 g/97%*
malig.| 1/97 0/99 0/98 0/97
Hb 0/97 0/99 0/98 0,/97
total 1/97 1/99 1/98 3/97
1 number of animals with tumors/number of animals examined.

2 liver neopl.
benign (adencmas)
malig. (adenocarcinamas)
N.N. (neoplastic nodules -~ benign)
Hb. (Hepatoblastoma -~ a malignant liver tumor)
3 pose in the HDT males was decreased from 7500 ppm (1125 mg/kg/day) to
3750 pma (562 mgy/kg/day) at week 66, this group terminated during week 73
4 Animals with multiple tumors were counted once in the trtals.
5 includes the NN and malig. that occurred in conjunction with Hb. They were
observed by the Haskell pathologist but amitted in the ongmal TNO report.
_* significantly different fram centrol (p < 0.05) analysxs by
study authors using the Fisher's exact test.
** gignif. diff.fram control (p < 0.0l), Fisher's exact test
*** gignif. diff.from control (p < 0.01), Fisher's exact test,
t significant trend (p < 0.05) using Cochran-Amitage test,
tt significant trerd (p < 0.001) using Cochran-Armitage test,

~13- 135
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5,000 ppm after week 37 and ‘survivors were maintzined on 5,000

cpn for the remaining 69 weeks of study., Heverthelzss the

wzight Tables and graphs (See Tanle I s IIT of ilaskell Laboratory

-~nJort 20~82 pajges 34<37) presented by the acpliczant demorstrate
at there is a significant reduction in pody weights of mig-

ani high-doscd corpared to control animals. As these Jdifferences

versist aftsr the second weex f{or high dose animzls of both

sxzwzs and for amid-dosed mzles, the size of the effect was used

to deterrine whather doses were excessive. The datz in these
tzbles demonstrate aprroximately & 10% reduction among the

high dosed animals and % or lzss in the mid-Zfcsed animals. *

This 10% weight reduction in body weight critzrion has been
roatinely used by the National Togicology Prozr:zm as thae basis

for considering that the marximum tolerated doss has been exceeded.
Wwe have therefore omitred the hich dose group of cach sex _ronm
further consideration in the analysis cxczpt for the precencacion

0f data in Table I bLelow,

MBC,INT-965 in mice MRP $3207-001, Hasrell Laboratory
Report lHo. 70-82 of chronic fezding study condoczed 10/3/78-
10716780 on Cb-1 mice, (Lorn. d/ 5/78 from Charles River Breeding
Lzbs, Wilminaton, M=zssachusestis, 362 were ricelived on 9/28/78.) .
Three huandred and twenty mlCE‘W%re alloceted by computer to
straztified randomizztion inco s+ aroups of 80 rmalzs and ¥ groups
6° 80 ‘e Purinz Laborartory Chow plus G, 5460, 1590, on
7,500 prr High Jdose nzies Rad a higher mortality rste
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§ Coodness-of-fit is suggested by the Food and Safety Council

" {sce reference in opening paragraph) as a basis for selecting
among these models when biological data does not suggest thz
a particular model is the most appropriate choice. '“hcrefnre,
the female MBC data from control low and mid-doses have heen
fit to several models and koth polnt estimates and lower
confidence bounds on virtually safe decse levels associat
with selected risks of ¢ancer.are shown in Tapie 2.
multi-stage model vrovides the best fit in that the
lack-~of-go0dness—-of~fis, has & P>.369 indicating almost p
fit of the obs2rved data to the mcdel,

r3

m
th
(\‘y
ﬁ'

L Using the multi-stage model one can obtain a potency ’
estirator Q*j, which ’s slope of the lcwer 895% confidence
bound on the virtually safe dose. The MBC dara kave a O*
2.085 x 1872, ¥hen Q - is multiplied by the expesure es

for a particular crop Or commodity we obtain the upper §
bound on the expected lif=time cancer risk {rom the esti:
exposure, Hote, that following the Food Safety Council

no intraspecies dietary correction is used.
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R Table 1 Benomyl Mouse Bioassy Liver hdeous and/or Carcionma
: ' Benonyl (Surivors after first liver tumor)
Group Interim Findinas Terminal Kill Total,
. Males ) . .
v/ — . .
0 rmg/kg/d 13/31 12/43 25/74
64 mg/kg/d 14/33 21/41 35/74
. 187 mg/kg/d4 20/32 32/40 52/72
678 mg/kg/d 8/36 19/40 27/76
Fermzles
0 mg/kg/d 0/40 4/35 4/73
103 mg/kg/d 5/29 4/31 9/70
C 286 mg/kg/d 5/41 8/31 13/72
929 mg/kg/d 5/32 16/33 21/65
MBC (Survivors after 1st liver tumor)
Males Interim Findings Terminal Kil Total
0 mg/kg/d 7/53 6/18 13771
- 81 mo/ko/d 12751 8/14 20/65
253 mg/ka/d 22/53 /9 23/6%
{1560) mg/kg/d 2/23 1/23 3/46
. Femecles
0 mc/kg/d 0/29 1721 1750
125 mg/kg/d 6/41 3/13 9/54
380 mg/kg/d . 13/30° 8§/14 21744
1886 rig/kg/d 5/32 19/21 15/53
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Peer Review Benomyl, MBC
5. Appropriate Study DERs not included in previous packages.

A. Mouse oncogenicity - Swiss Random
b. Mouse oncogenicity - NMRKf(SPF71)
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Reviewed by: Marion’ Copley, D.V.M., D.A.B.T/ 5@225%?0
Section VI, Tox. Branch (TS-765C) o
Secondary reviewer: Jane Harris, Ph.D. ‘::)7/ (7%,‘;/@ 005531

Section VI, Tox. Branch (TS-76%C)

DATA EVALUATION REPORT

STUDY TYPE: Oncogenicity - mouse TOX,., CHEM. NO.: 79C

ACCESSION NUMBER: 256029 (Vol 5: #2, 3, 4)

TEST MATERIAL: MBC

SYNONYMS: Carbendazim
INE-965
2~methoxycarbonyl-amino-benzimidazol

STUDY NUMBER{S): Report # R4936

SPONSOR: Hoechst AG

TESTING FACILITY: The Central Institute for Nutrition and
Fond Research, Zeist, Hollend (TNO)

TITLE OF REPORT: Carcinogenicity study with Carbendazim in mice

AUTHOR(S): RB Beems, HP Til, CA can der Heijden

REPCRT ISSUED: Sept. 1976

CONCLUSIONS: NOEL = 300 ppm (43 mg/kg/day)
LEL = 5000 ppm (750 mg/kg/daf}based on hepatic

alteratiosns including increased zelative liver weight
(males and females), increased number of foci of cellular
aitevation in the livers, neoplastic nodules (adencmas) in
the femazles and hepatoblastomas in the males.

Classification: cocrs-supplementary

A. MATERIALS:

1. Test compound: MBC, Dasscription greyish-colored, finely
granular material. Coded # Hoe 17411 OF ATO0l (BAS 346
OF), Purity 99 %. .

2. Test animels: Species: mice; Strain: SPF, Swiss random;
Aje: n2wly weaned; Weight: not specified; Source:
Central Institute for the Breading of Lab. Animals TNO,
Zeist.

B. STUDY DESIGN: -

1. _Animal assignmen:z. - Mice were rezceived in two shipmentsy.
one week apart. Each shipment of 270 males and 200 females,
L

S ;
were assigned equally to the following test groups:

YA R
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Dose 1in Main Study
Test diet 80 weeks

Group {(ppm) male femele
T Cont. 0 100 100
2 Low (LDT) 150 100 100
3 Mid (MDT) 300 100 100
4 H1gh(HDT) 5000 100 100
1

Treatment was started at 1000 ppm, increased to
2000 ppm after 4 weeks and again to 5000 ppm after
8 weeks.

2. Diet preparation — The diet was mixed with the compourd
{frequency of preparation was unspecified), molasses
added as a binder, pelleted and stored at -20°C,

There is no mention of analysis for stability and
concentration.

3. Animals received food and water ad libitum.

4. Statistics ~ The following p"cﬁeduves were utilized in analvsing
the numerical data: body weight - Student's t-test, mortaiity
and tumor incidence - chi-square test.

5. A signed guality assurance statement was not included,

‘.

C. METHODS AND RESULTS:

1. Observations - Animals were inspected frequently for
condition and behaviour. .

Results ~ Toxicity - There is no report of roxlclty
observed during the study. However, there is no raw or
summary data to support this obse:vation.

Mortality {(survival) - There is no treatment related
effect on mortality which ranged from 30 to 36 % in
males and 20 to 23 % in females.

2, Body weight - They were weighed at 0, 2, and 4 wseks
then every four weeks for the remainder of the study.

Results -~ There were no apparent adverse effects on

boby weight. Summary tables were present, hcwever
individual animal data were not present.

3. Food consumptlon and compound intake - Consumption was not
- - gdetésmined. - - e B - —

Results - Food consumption - not applicable
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4. Ophthalmalogical examinations were not performed.
5. There was no hematology or clinical chemistry analysis.
6. There was no urinalysis.
7. Sacrific and Pathology -
A1l animals that died and that were sacrificed on schedule
were subject to gross pathological examination and the
CHECKED (X) tissues were collected for histological
examination, except yhere prevented by advanced autolysis.
However, only orga with lesions suspected of being tumors
and livers (2 secticns) were examined histologically.
In addition, the DOUBLE CHECKED (XX} organs were weighed
{not on mice found cead).
X X
Digestive system Cardiovasc./Hemat. Neurologic
Tongue X| Aorta* X| Brain*
X| Salivaxry glands* X|{ Heart* Pexriph. nerve®
X| Esophagus®* . X| Bone marrow*({sternum| X{ Spinal cord (3 levels)*
X| Stomach* X| Lymph nodes™ X| Pituitary®
X| Duodenum* %X| Spleen* ' Eyes (optic a.)*
X| Jejunum* | Thymus?* Glandular
X} Ileum* Urogenital X| Adrenals?*
X| Cecum* XX| Kidneys* ‘ %! Lacrimal gland
X| Colon* X] Urinary bladder* Mammary gland*
Rectum* Testes* Parathyroids*®*
XX| Liver* Epididymides X| Thyroids*
Gall bladderx? Prostate ) Other
X| Pancreas* X| Seminal vesicle Bone*
Respiratory Ovaries Xl Skeletal muscle*
X| Trachea* X| Uterus* X{ Skin
X{ Lung* X| Genitals (NOS) ¢ X} All gross lesions
X| coagulation gland and masses
NOS ~ not otherwise specified
Results -
a. Organ weight - Kidney weight was not affected by treatment.
Relative (31% in males and 20% in females) and absolute
{38% in males and 20% in females) liver weights in
the 5000 ppm group were increased. Individual animal
data was not presented.
b. Gross pathology — There was a treatment related

increase in visible liver nodules.

T.iver nodules (number observed/number of animals)
-- Dose-tppm) ------males- . females o
0 4/100 0/100 -
150 8/100 1/100
300 10/100 1/100
5000 12/100 5/100




These nodules were betwean a few mm to 1.5 cm in size,
and were greyish-white, liver colored or hemorrhagic
in appearance., A number of white liver tumors was
also ohserzved.,

Liver tumors (rnumber observed/number cf animals)

Dose (ppm) rnales females
0 8/100 2/100
150 6/100 0/100
300 5/100 0/100
5000 7/100 1/100

Without individual animal data, it could not be
cztermined whether any mice had both types of liver
lesions. These lesions were reported to correspond
histologically to neoplastic nodules, hepatocellular
carcinomas, fibrosarcomas, leukemias or metastases of
mainly lywphoreticular origin. Other gross lesions
in tissues other than the liver, did not appear to be
treatment related.

c. Microscopic pathology
1) Non-neoplastic lesions, cther than liver alterations
were not Jdiscussed in the report. Clear cell and
mixed cell focl were present at increased incidences

in livers of the high dose males and females.

Incidence of Non-ngoplastic Liver Lesions after MBC Treatment

Lesions Male (ppm) Female {ppm)
0 15¢ 300 5000 0 150 300 50001
celluiar alt. '
clear 0/100 0/98 17100 5/100* (0797 1/99 0,98 8/97**
mixed 1/100 6/98 6/100 10/10G**,0/97 1/99 3/98 (/97
FTTP < 0.05 (chi-sguare test)
** p ¢ 0.01 (chi-square test)

2) ©Neoplastic -
High dose females had an increased incidence of hepatic
neoplastic nodules {adenomas) while high dose males had
an increased incidence of hepatoblastomas. '
I+ was determined after reexzmination of the hepatic
sections by Haskell Labs., that all the hepatobleas
occurred within the borders of hepatocellular adenomas
or carcinomas, and that these lesions wers not cou
separately in the original report. The hepatoblastoma
is considered to be a more uncommon and malignant liverx
tumor than the hepatocellular carcinoma (resvaluation
- -by R, Everéett, Haskell-Lads.). -. S
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Incidence of Liver Neoplasmsl in SPF~Swiss Mice
after B0 Weeks Treatment with MBC

ppm__ 10 [156_ 1300 {75000 10 7156 17306 ] 5006 [
1 MALE FEMALE
NN 3 ©/100| 7/98 |14/100]16/100 | 0/97 | 1/99 | 1/98 | 9/97*

maling3; 1/100| 1/98 2/100| 37100 1797 u/99 0/38 C/97
Hb ! 0/1006}) 1/98 1/100| 7/100%| 0/97 0/99 0/98 | 0/97
totalzilﬂ/lool 8/98 116/100]/17/100 1/97 1/99 1/98 ] 9/97
1 1iver neopl.
malig. (adenocarcinomas)
N.N. (neoplastic nodules - benign)
2 Animals with multiple tumors were counted once in tre totals.
includes the NN and malig. that cccurred in conjunction with
Hb. They were observed by the Haskell pasthologist but
onitted in the original TNO repnrt.
* P < 0.01 (chi-sguare test)

Although there is no indication that treatxent
related advers=s effects occurred in other organs,
this could not be confirmed since tissues other
than liver were not voutinely sectioned unless they
containad visible masses.

D, DISCUSSION: This study indicated that MBC is oncogenic
for the Swiss random strain mouse causing neoplastic
nodjules (females) and hepatoblastomas (males) in the liver

particularly in the high dese. Absolute and relative

iver weights are inczeased in the high dose males and femzles.
Sher (Toxicel. Appl. Pharmacel. 30: 337, 1974) has

reported that the male D viss mouse has a high background

incidence of liver tu There is no historical control

data from the tesiing 1lity.

This deta can not _e adeguately exa—mined due to lazk of
individual animal miczoscopic patheology and necropsy
reports. It could not pe readily Jdetermined when one
mouse had multiple liver lesions.

The study design is limited to the guestion of the
effect of chronic dietary exposure to MBZ on the incidence
of liver necplasms In mice. It is only 2 summary report.
The methods were brief and incomplete and diet was not
analyzed for compound homogeniety and stabilicty. This
study can not be adeguately anzlyzel since thare ware no
individual aniral data. Althcugh a complete list of
tissues w~ere zemoved and fixed at necropsvy, only all
livers (2 sections) and organs with lesions suspected of
being tumors ware examined histologically. Tzables comparing
gross and microscopic observations for each animal cs
well as individual animal data should have been zubmitted.

_There was_no sign2d guality assurance statement. Because

of the absve limitations, this mouse oncogenicity study

has been classified core-supplementary.

i

Lo

COPLEY, Disc 17/12, M5T, # 79C, Ln 77, 9/2/86

sie s - - . . At
*  Recomnmended by Sehdivision F (Oct. 1932) guidelines Enzs - tabh
chroric stuiies.
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Reviewed by: Marion r. Copley, D.V.M., D.A.B.T.:p2_ /7
Section V1, Tox. Branch (TS$-769C) a
Secondary reviewer: Jane Harris, Ph.D.(;fzfy' 77%/?6
Section VI, Tox. Branch (TS-769C)
DATA EVALUATION REPORT
STUDY TYPE: Chronic onco - mice TOX. CHBEM., NO,: 79C

ACCFESSION NUMBER: 256030-2,4 (Vol. 6-9)

TEST MATERIAL: MBC

SYNONYMS: Carbendazim
INE-965
Hoe 17411 O F AT204

STUDY NUMBER(S): Study # 606
Report No. 643/82

SPONSOR: Hoechst AG

TESTING FACIQ;EX: rharma Res. Tox., Hoechst AG, Frankfurt

TITLE OF REPORT: Repeated-dose (24-month) feeding study for
determination of the cancerogenic effect of HOE 17411 O F
» AT204 (carbendazim) in mice. ’

AUTHOR(S): Donaubauer, Schutz, Weigand, and Kramer

REPORT IESUED: Oect. 13, 1932

CONCLUSIONS: Incidance of liver tumors was not increzsed in
MBC exposed mice.
NOEL = 300 ppm {(35-40 mg/kg/day)

LEL = 5000 ppm (520~-650 mg/kg/day) based on liver toxicity
{males and females) consisting of increzse in liver
cell hypertrophy, clear cell foci an?d hepatocellular

necresis.

Classification: Core-supplementary due to incomplete
examination of most recommended tissues.

A. MATERIALS:

1. Test compound: MBC, > 93 % active compound.

2. Test animals: Species: mouse; Straii: NMRKE(SPF71);

Age: approx. 4 weeks; Weight: mean 20 gm (mz2le), i9 am (femzle);
Source: Hoechst AG, Tierzucht Kastengrund

Tt BY TETUDY DESIGNS T T 7T T ’ -

1. Animal assignrent - Animals wezre assigned randomly to fivs
test groups. ©On= hundred animals per sex per groudp were
on test for 22 wmonths and an additional 20 animals jer
sex in the controls and high dose groups were interin
sacrificed at 18 months.
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Dose in Total Mice Interim Sac.
Test diet on test _18 months
Group {ppm) male female maie female
1 Cont. 0 120 120 20 20
2 Low (LDT) 50 100 100
3 Midl(MDTL) 150 100 100
4 Mid2(MDT2) 300 100 10D
5 High{(HDT) 1000/5000%* 120 120 20 20

* increased from 1000 to 2000 ppm after 4 weeks and
S000 ppm after ancther 4 weeks.

2. Diet preparation - Diet was prepared weekly and pellated.
Samples of treated food were analyzed Tfor s stability and
concentration at 1 to 3 month intervals with samples that
were ftom 0 to 21 days old.

Results - The sample concentration varied irradically

with age and frcm preparation to preparation. It could

not be determined whether these variations were due to:

1) inconsistent diet preparation, from wesk to week or

lack of homogeniety; 2) inconsistency in analytical

tebhnlque and extraction or 3) diet instability. The

latter is probably not a factor. The high dose concentrations -
obfained at analysis deviated most from the theoretical

dose (5000 ppm), ranging from 31292 to 4843 ppm, and

averaging about 82 % of the theoretical dose.

o

3. Animals received food (Altromin®) and water ad l:b't.g

4., Statistics - The following procedures were utilized in analyzing
the numerical data: distributed-free method by Nemenyi/Sidav.

5. Signed quzlity assurance inspection records were submitted
periodically to the sponsor.

C. METHODS AND RESULTS:

1. Observations - Animals were inspected daily for signs
of toxicity and mortality. A more detailed examination
was performed weekly.

Resgults - Tox1c1t1 - There were no treatment-related
.changes noted in the report.
Mortality (survival) - There was no treatment-rela

change 1n survival.

©=7TU207 Body WeIght = ThEY weré weighed weekly,

Results - There was no2 treatm2nt related change in body

welght.
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3. Food consumPtion and compound jintaxe ~ Consumption was
determined weekly and mean daily diet consumption was
calculated. Efficiency and compound intake were calculated
from the consumption and body weight gain data.

Water consumption ~ It was measured monthly using 10 mice/
sex/group during a 16 hr period.

- Results - There were no treatment related changes in
food consumption, food efficiency and water consumption,
Compound intake ~ Mean Daily Compound (MBC) Intake

Treatment for males females
group (ppr) week fs mg/kg mg/kg
50%* 1-96 5.8 7.1
150%* 1-96 17.1 21,2
300* 1-96 34 .4 51.9
5000 1-96 522.2 64B,0
(1000)* 1-4 198.3 215.0
(2000)* 5~8 269.6 327 .1
(5000)* 9-9¢ , 548.4 682.3

*zctual concentration of MBC in diet

4.~ Ophthalrmalogical examinations were not performed,

o

5. Blood and urine were not ccl!iected,.

7. Sacrifice and Pathology - -

211 an1msls that died and that were sacrificed onm schedule
were subject to gross pathological examination and the
CHECKED (¥X) tissues, primarily lung, liver and gross
lesions, were collected for histological examination.

Lung and liver were also weighed.

b4 X Z
—Digestive system “Cardiovasc./Henat. —Neurologic
[ | Tongue 'l asorta8 Brain3
{ { salivary glands€ | | Hearc8 Periph., nerve8
! | Escphagus8 ! I Bone marrows | Spinal cord (3 levels}s
'l stomachB ! Lvoph nodes8 Fituitary®
[ ! puodenum® ! ' Spleen8 Eves (optic n.)8
' | gejununs P Thymus8 Glandular
L'l 11eun8 Urogenital Adrenalség
[ I Cecum? I | Kidneys§ Lacrimal gland
Il .colong { 1 Urinary bladders Mammary gland8
' | Rectum8 | Testes8 ‘Parathyroids8
Ix] Livers | | Epididymides ! Thyroidsé
' | Gall bladder? | | Prostate Other
!-'~Pancreasg-<— - bl geminal-vesteie— — 1.1 2onef - — . .
Respiratory i1 gvartes { Skeletal muscleéd
‘ Trachea® b Uterusé& : Skin

[ .

( x| A1l organs with
gross lesicns
and masses

! Lungg

E Recommended for histopathology by Subdivision F (0Oct. }98&) 2453
gulidelines for chronic studies.
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- Results -
a. Organ weight - Relative liver weight was increased
(p > 0,05) at both 18 and 22 months in males and
females at 5,000 ppm in comparison with controls.
dose 22 month rel. liver wt. (% body wt.)
{ppm) males femzles
0 5.62 6.04
50 5.27 5.83
150 5.49 6.02
300 5.47 . 6.39
5000 7.10 7.95
Lung weight changes were probably not treatment related.
b. Gross pathologv - The only macroscopic .r. ge noted
Wwas a slight increased freqguency of liver changes in
the high dose at 18 and 22 months.
c. Microscopic pathology =

1) Non-neoplastic -

» high dcse were a

The only effects observed at the
significant increzse in liver

cell hypertrophy, clear cell foclil and hepatocellular

necrosis {(see tables).
had clear cell foci at 18

Three high dose females
months. Animals at 10

months had centrolobular hypertrophy and single-

cell necrosis.

Those sacrifed at term showed

more marked hypzrtrophy {(centrolobular extending
to intermediatzs areas) along with single cell

- naecrosis. There
with scaring and
term animels.
were noted.

2} Neoplastiec - The

were also larger areas of necrosis
fibrosis in many cf the high dcse

No treatment-related lung lesions

incidence of liver tumors was

not increased due to treatment with MBC (see

table).
related.

Lung tumors- were also not

treatment-

Incidence (%) of hepatocellular hypertrophy and/cr necrosis

controis 50 ppm 150 ppm 300 ppm 5,000 ppm
: M F M F M F M P M F
22 month sac. (N)(82) (85) (88)(93) (34)(78) (8U)(82) (B8JI)(75)
and early deaths? '
necrosis only 1 11 7 8 g8 11 11 16 6 16
~necr.- & hypert., - “0- 2——0 & -— 0 -6 @ -- 0 -56 —66-
hypertrophy only 0 2 0 0 0 0 0 0 21 i6
18 month sac. {(N){20)(20) (203 (20)
necrosis only 0 0 0 5
necr. & hypert. 0 0 £5 55
hypertrophy only 0 0 35 .25 4 -
- 100

* not including early deaths
too autnolyzed for adeguate

occurring prior o 18 months or animals
histologic 2xamination.
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The fraqusncy and the distridution of possible prsanec-
plastic changes and primary liver neop.sims sTe shown
in the following table.
Nemher of animals
idle 3, Controls 50 ppm 150 pyx 300 ppm § 000 ppm
974 98¢ 95 38 938 95¢ 553 959  95& 9sg

Claar'csli
fact, 3 4

Basophilic
foci, 1 1

Mzoplastie
nodules
(2danomas)

ok
[ ]
-4
-

Hapaingiozas, 2 3 2 2 <1

There were too many inconsistencies in the dist
anezlyvsis results to assure that the theoretical levels of
the MBC test material were thcse achieved in the diet.
The HDT appeared to avarsge wbout 18 %I lower than 3Q03
ppm. This study however, was designed to specifizally
axswer the question of hepatic oncogenicity and therefore
was clagsified as core~suppiementary (recommended tissues
were not routlizely sampied, except for liver aad lurng).
There was sufficlent hepatotoxicity observed a:t the high
dose to determine that an nraximum tolerated dose {(MTD)
w3s obtained, No significant treatzment~-related incraases
cf preneoplastic or neoplastic heratic or lung lesions
were apparent at any docse. This pe.mnfttad the conzlasion
that an increased incidence of hazazic or lung tumcors at
the MTD (high dcse) was not a2ssociajed with ¥BC in the
NMRKE wmouse, even though the actual concentration in this
group 1is 1ia doubre, )

The systexzic NOEL was 300 po
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LEL, based on iiver toxicity {=z=
5760 prm (520-652 wg/kg/dav).
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UNITED STATES ENVIRONMENTAL PROTECTION AGEN{'LE cnpv

WASHINGTON, D.C. 20460

GCT3 1985

OFFICE OF
PESTICIDES AMD TOXIC SUBSTANCES

Peer Review on Benomyl. e

- Z /' ‘ .
Reto Engler, Chief /{ézgizr,, / éZj:h
Mission Support Staff S A . 3 /éﬁzzﬁg ( B
/'/
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Toxicology Branch/HED (£5-769)

Addressees

review of the weight-of-the-evidence of Benomyls'

oncogenic/toxic properties is scheduled for Tuesday. October

8, 1985 at

10:00 AM in Dr. Farber's office (room 816, CM-2]).

Benomyl has undergone extensive review including Special
Review in the Agency, now a Registration Standard is forthcoming.
The committee is expected to assess the Benomyl data base with

respect to

Attachment
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Theodore Fa
william Bur
John Quest

Louis Kasza

the Agency's cancer/reproductive effects guidelines.
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MEMOR ANDUM

SUBJECT: Weighf-of—fhe-evidence and oncogenic/toxic properties
of benomyl.

FROM: . Marion P. Copley, D.V.M7%,

-Section 6 yfy}r

Toxlcology Branch/HED

THROUGH : Jane Harris, PhD, Section Head "
Section 6 ; 76( /‘/ﬁf/f(

Toxicology Branch/HED

TO: The peer review panal for benomyl

Contents

1. Background metabo! ism and sTrucTure of benomyi znd MBC C)
2. Oncogenicity

a. overview of mouse oncogen|c1fy e

b. study infermation from the FD4

c. risk discussion from the PD4 (§>
3. Mutagenicity

a. study information from the PD4

b. risk discussion from the PD4 Z
4. Teratogenicity

a. study information from the PD4 ED

be. risk discussion from the PD4 C§

5. Spermatogenic effects

a. study information from the PD4

b. risk discussion from the PD4
5. Tables 1, 2, 3,.4, 5, and 7 (there ss no 6)(::)
7. Complete one liners (draft)

8. DER for mouse oncogenicity study in CD-} mice; dencmyl
9. Reviews by L. Kasza -for oncogenicity CD~1 mice; benomy!
and MBC

The following information (except as noted with a {(+) is
directly from the PD4 published in 1982. The additional
information denoted by the (t) is data obtained subseguent to
.- -the PD 4-or data mot discussed in that document. .
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)olLSh\' 1. Background -

. In addition to the new toxicology data, other informaticn has come %o the
Agency's attention since 1979 which necessitates changes in or amendments to
tbemees:ma:espresm:edm&e?ﬂ%mhmmyland mePDZGn
thicphmte—m:hyl.

mpqmquﬂiataiinml(m&:\, 1977a) thatbamylbydrclymdtomcin
apecus 2olution under laborztory crditions (Ancnymous, 1974). FPurther study
m@wmcmmmmmylmpmymmm:mﬁm
conversicn being corplere within ane week (Paterson ard Zdington, 1969).
Bowever, bercmyl is ralatively stable in spray suspensicn. Benzimidazole-
containing residues of bencmyl con befoud in soil although mest parent
bencmyl rapidly disagoears. Their half-life is three to six menths on wrf and
six to =welve months cn bare soil with the madjcr porticn of the metabolites |
beiny found in the top four inchim of the soil (Bawde et al., 1974). Benamyl
20l its meeabolites ¢2 et @ ™ u2 move significantly from the site of
agplication (Rhcdes and o~ 474). Berxmyl remains on foliar surfaces as a
relatively stable resia. .. de ez al., 1973). Relatively lJ.ttLe bercmyl .
penetrates leaves. That waich dees is tranalocated ag MBC and 2
aminckbenzimidarale (2-AB) (Hammerschlag and Sisalev, 1.9‘72and1973). MBC is
taken up into plants when bercmyl is applied to the oot area, (nly a small
_ amount of bencoyl was fourd in the flesh of oranges stored two menths after

" berxmyl dpping. The mjor porticn remzined in the peel (lowen, 1974),

Zercowl is normally mecabolized in animals to S-hydrowy-2-
berzimidazolecarsamace (S5-HBC), 99 percent of which aroears in the wrine ard
feces of dogs or rats within 72 howrs of administration of 2 sirgle cral dose.
Cthar gossihle meuabolites inclixde MBC and 4-imydroxy=Z-temzimidazolecar-amace
(4-BC). Bencmyl and irs metabolites do not accumilare in animal tissues bun
are eliminated raiuer rapidly as sulphate cr glucirenide cumiugates in che
wire or feces (Gordiner et al., 1974; Douch, 1973). The Agency indicared in
PD 2/3 (U.S. E.P.A., 197%) that tencmyl cr its meeabmlites can reach e
ramnalian gonads (Styles and Garmew, 1974; Gardiner ec al., 1974).

Gc‘nom \ : MR C .
(3“'%6"’"270""’71) - berzimd 2cie- R L
Carbowic ac.d, méhyl esTer
0= c«NH(CHz)BC"*a o
" - NHCOCHS -

CE "’7—-NHCCCH3 -
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t+ Q.. Oncogenicity - The questicn of oncogenicity concerninag
benomy! arose because of the 2 year mouse feeding study (MRID
0096514). An initial review of this and a8 similar study wit
MBC (the major, and probably active, metabolite of benomyl)
indicated that in CD®! mice, benomyl was associated with

an increased incidence of lung and liver tumcrs (the DERs for
the benomy! study and reviews by Dr. Kasza for both compounds
are attached. Table 1 has the Tumor incidences for alveolar
cell carcinoma, {iver adenoma and liver carcinoma for males,
as well as the day each typs of lesion was first detected and
how many were observed at the terminal sacrifice. Table 2
‘has the same information for liver adenomas and carcinomas
for females. Table 3 and 4 contain the same data as tables |
and 2, for MBC.

Benomy! ~ Chronic mouse: Mice were tresated for 2 years
with diets zontaining 0, 500, 15300 or 5000-7500 ppm benomy!.
The 7,500 ppm level was reduced to 5000 ppm due to marked
reductions in weight gain (maile and female). Testicular
changes were noted in the high dose group (see table 1}.
WnghT gain also appeared to be decreased in many of the mid
and high dose animals.

There was no increased incidence of neoplasms in the 2
year rat or dog feeding studies. The high dose in the rat
study was 2500 ppm, no MTD was established.

MBC - Chronic mouse: This 2 year study also usad CU®I
mice treated at 0, 500, 1500 anmd 7500 ppm. The HDT group
was decreased to 3700 ppm due to excessive Toxicity. Thay
(HDT) were sacrificed early due to increased mortality (73
weeks - about 17 months).

A study recently submitted by DuPont, tested MBC in
NMRKG(SPF71) mice for 22 months. Although this has aot been
reviewed thoroughly, preliminary evaluzation indicates no
increase incidence in neoplasia (no liver tumors at all).
but an increased incidence in toxic liver damage consisting
of hypertrophy of cenfrolobular and intermediary hepatocytes,
liver necrosis and increased mitotic activity at the HDT, 50G0
pom.

An additional mouse study performed by Beems et al.
published in 1976, used SPF, albino, Swiss random bred mice.
There was an increased incidence of malignant liver tumors in
females at 5000 ppm (duration 80 weeks).

" Table 5 presents the historical control data submitted
cn-12/6/82 by the registrant (for the testing lab.) for
pulmonary fumors. ’

156




b. Onooganicity Stidies
3 i '

| Bercoyl Stdy .
a., DuPont CQrenic Feading Study

n March 20, 1981, Dufeont provided the Agency with preliminary information freom
their analysis of liver tissue samples collectad during a tio-year mouse
feeding study with bencmyl, which showed an increased incidence of
haratocellular necplasms (Chen, 1981). On Cotober 27, 1981, Dufent submiteed
the completed report on the review of all tissues fxom this stwdy which
cencluded, “No new oneogenic effects wewa found dsing. the cmplers
‘hiscomerphologic evaluations® (Everees, 198la). On Jamuary 27, 1982, Dufent
submitted the final report of this study, which indicated that o tmorigenic
efferr: was cbserved in any crgan system other than the liver (Wiechman, 1982).

In this study, mele ard female (TPl mice wers given diets containing 0, 500,
1,500 cr 5,000-7,300 pom bencmyl. The concentraticn of benomyl in the diet of
the high-dcse group was reduced frrm 7,500 pom %o 5,000 pom ofeer 37 wesks cn
test because marked reducticns in mesn body weights and weight gains wesm
chserved in both male and female mice. DuPent scientists ancluded, "Baremyl
administraticn in the diets of male and female mics uwder the conditions of
this study resulted in a hepatic carcinogenic effect® (Weichman, 1982).
Survival ard the incidence of and time to firse cbservaticn of palpable
tissue masses among mice were cxmparable in test axd contzol groups. [ecreased
bdy weight qains in male and female mice at the 1,300 pm and 5,000-7,300 pom
qrops Wien copared to antrpls as well 23 hepatotoxic charges related o
bencoyl treacment in the 5,000-7,500 ppm groups were reported. - Mo clindcal
chgarvations cr hematological changes attributed to bencmyl were regorced.

Altiruch alveolar cell carciromes commred at significantly increased races in
the low and intermediars dosed males (p < 0.05, Fisher's Exact Test), Dufenc

scientists conclided that this increase was not an effect of compound
adwinistracicn basad cn the following informasion:

(L)mmmysimimmmmmwm
in the bencmyl control r-.e mice (183%), the incidences of
tumers in the low and intermediates doses (30% and 29%, regpectively),
were within the range for incidence of such tumses in historical
centzel animals from other such tests in their laboratory (20% to 363
in four other studies);

(Z)a&mmmmxszm&aﬁmmmm
pulmonary tumcrs in male mice receiving bencmyl;

(3) calculation of the median time—to~pulmonary tumor discrvery L:Ls;xa.le
7 mice did not provide eviderce for a dose-related resconee for tumor
latency;

(4)tnepementcftctalpulx:naryumsdimredinanimlsdyim
pmmtmmalmifiadidm:dmmna@emgmsa:and 157

(5) a decrease in incidences of pulmenary tumrs cocorred in mle mice
treamdwithmmmmeirmmlm(tm
mtamlicaxﬁdwmicalb&avic:afbumylaﬁm:mmmedwbe

analogous by Dufont) (Everetz, 1982).



The Agency has reviewed this study (Kasza, 198la) ard agrees with DuPont's
pathologist that cncogenesis was established in the livers of male mice at low
ard intermediace dose levels and in female mouse livers at all dose levels,
Thers was an increased incidence, not cnly in benign, but alse in malignant
hepatecellnlar and alveclar call necplasms in the male. A proporticnally
higher incidencs in decrease of latency (the time interval between tresatment
and tumor appearance), both in female liver necplasms and male lung necplasms
cecurred. The presence of malignant liver tiumors in males and females, the
increased incidence in lung tumors in male mice, the decrease in lavency in
test animals, ard the earlier ccourrence of female liver tumors in test
animals, compared with controls are supporting data for onccgenicity.

Fegarding Dufcat's conclusion on the incidence of pulmonary tumors in male
mice, the gency congidered that it weuld be just as logical, when refer~img oo
the spontanecus incidence of pulmomary tumoes in DuPeat®s historical conerols,
to remove the high value of 36% (Velpar?® test) as an outlier as it would b2 o
remove bencoyl. The remaining four studies (Terbacil, ¥BC, OPX~41389, tercmyl)
weuld then have a2 mman for sgontanecus pulmonary tumr incidence in cmtrols of
208 with [P¥-4198 being 4% higher and benomyl 4% lower than the mean (Liet,
1982a). As a consequence of its review of the Dufont study, the 2gency roted
that data exist to support the hypothesis of decreased latency for lung
carciryma in male mice cnly (Litz, 1982b). :

’

A MEC Studies
2. DuPont Chrenic Feeding Stidy

Cn March 20, 1981, DuPont provided the Agency with preliminary information -
tbeiraulysiscflivertismsamplesccuec:eddtrmgammm e
fgﬁingstzﬁywithmmidasmuedcmgmwdmlamdm@lasﬁceﬁmm:ﬁe
livers of mle and female mice (Everett, 1981b). (n Gotober 27, 1981, DuPent
mmwmlemmmmmiwdmmﬂm&msuﬁy
wi;i&mltﬁe@that%wccngenic&&asmﬁmmddmmmlete
histcmorphologic evaluations® (Everetsz, 198l2). Cn Jarmary 27, 1982, Dufent
sutmd bred their Eina.!. reprt of this stody which indicated thar m carcinecenic
eﬁmmmmmmmmmmuw:ﬁbﬁd, 1582).

In this szuudy, male and female (D=1 mice were given diets antaining 0, S00,
1,500 cr 7,500 ppm MBC. The concentration of MBC in the diet of tha high dcse
male group was reduced from 7,500 to 3,750 during test wesk 66 and finally, ke
group wag . terminated during week 73. DuPent scientists conclided thar vt
administzation in the diets of male ad female mice wder corditiens of this
study, resulted in a bepatic carcincgenic effecs® (Weod, 1582). Male mice in
the high dose group tended to consume more dlet and had a lower food efficisncy
than male mice in the contxol group. Swrvival of male mice in the intarmediaca
(1,500 pem) and high (7,500-3,730 pem) cdose groups was significantly lower than
that of male contzol mice. Male mice in the intewmediace (1,500 ) and hich
(7,500-3,750 prm) dose groups end- female mice in the high (7,500 pem) doss
T e exh;.bit& compound-related histomorphalegical chances in :?mbkidmy.
Cegenerative o toxic changes were cpserved in the livers of male mice in the
test groups. No effects on bxdy weight, weight gain, clinical chservations cor
hematological parameters that could be attributed dietary administration cf 158
¥EC were noted, J




ey

b. Besms, Til and van der Beijden

The Mency has reviewed an additicnal repert on the cnccgenicity of MEC (Beems,
Til and van der Beijden, 1976) that is coasistent with the rasults of Difont's
study cn MBEC. In this study, SPP, albino, Swiss randem bred mice wers fad
diets entaining 0, 150, 300 and 1,000 pEm MEC (high dose increased firse ta

2,000 pom ard then to 5,000 prm at weels 4 ard 8, respectively) for 90 weekw. -
Itmmmdthatﬁeadirgxmmmmin:hissnwymulwdinan

increased incidence of malignant liver tumors in wmales ard an increased
ocoxrence of benign liver tumers in females at 5,000 pom (Sochard, 1981a).

-
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C. Oncogenic Risk
a. Derivation of the Fotency Estimator

The Agency had no data indicating that bercmyl was an oncogen prior o
publication of PO 2/3. When the Agency recaived data which showed that tencmyl
ard its mecabolite, MBEC, were hepatocarcinogenic in mice, it became necessary
to caleilate the oncogenic risk presented to humans by this compound.

In its assessment of bencmyl's oncogenic risk, the Agency svaluated long tarm
feeding studies in mice with bercmyl (Wiechman, 1982) and MBC (Wood, 1982).
The datails of thess studies are discussed in Section II.A. of this position
decment. The Agency's quantitative risk estimate was based upon data on
hepatocellular adencmas and carcincmas in female mice fed 500 and 1300 gem MEC,
sincat&mmreﬁomdwbetbemstsen:itiveqra@sfottnisumtypein
either the Weed (1982) or the Wiechman (1982) studies.

Wnen using mouse liver data as the basis for extrapolating cancer risks to man,
it is impcreant to consider all relevant ancillary data available. Yo pogitive
caneer effects have bsen regorted in bencmyl teses with rats. In mice, liver
tumcrs wers reported in both sexes in one stidy with bencmyl (Weichman, 1982)
and two scudies with its mecabolite, MBC, (Weed, 1982; Beems, Til ard van der
Heijden, 1976). Evidence also exists to support the hypothesis of a decreased
larancy for lung carcinomas in male mice treated with benomyl (Weichman',

1982). Data also show that under seleczed corditions, bencrayl mecabolites have
mutagenic potential (e.g., weakly rositive effact in a sister-chromacid
excharge study and wouse lymploma cell point mutation). The liver has Ceesn
reportad to De a target.crgan for varicus ron-oncogenic effecrs Srom bencmyl in
several species. Target sites for additicnal effects are the reproductive
system and blocd.

Sincs the biolcgical data did not suggest that a particular model was more
apgropriate than any other for risk estimaticn, the female MBC data were £it to
severa) mxels (multi-stage, multi-hit, one-niz, probit, Weibull) and the
results analyzed for goodness of £it as suggested bv the Food Safety Council
(1980). The mlti-stage model provided the best fit. lack of goodness of fit
!;ggz:)xo.sw imdicacing almese perfect £it of the data to this mdel (Lit:.‘

The potency estimator, (¥, devived by the igency using the multi-stage

T ’ =\ b model
was 2.065 x 10 ° (mg/kg body weight/day ‘1. This is the slcpe of ttiaaz lower
95% confidenca bound on the virtually safe dose. Q¥ is muletiplied Ly the
estma:egi expemure to cbtain the upper 958 bound on the expected lifetime
cancer risk from that exposure (Litz, 1982a).

The Agency’s risk assessment iz based on exposure data generz

use and an oncogenic risk estimator derived from data on hv;eiug i:m

in a two-year curic feeding sty in mice with the bencmiyl/thicphanate-mechyl
mstabolite, MEC. Thouwgh not estimted directly, the oncogenic risk from Y
thicphanate-methyl is assumed to be about the same as that from bencmyl. This -
assumption is based upon their similar use patterns and data stacwi.'ar;:nat{:;::."x
be:myl and thicphanate-methyl degrade to MBC (n aquecus soluticn, in che soil

ard in plants which are ingested by humans or domestic animals. '

<
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3 o Mitagenicity Studies
1. Bencmyl
" a. Summsry of PD 1 Information

In PD 1, the igency presumed against bencmyl registrations based upon evidence
that it and the matabolite, MBC, caused muragenic effects (US EPA, 1977a).

PD 1 irdicated that both bencomyl ard MEC caused chromosomal effeces in
.mammlian cell cultures (Styles and Garner, 1974: Debrander et al., 1976) ard
mammalian tests in vivo (Styles ard Garmer, 1% 4; Seiler, 1376). In
additicn,bencmyl caused chromoscmal effects, mplam': (bota higher ard lower
plants) (Zutshi and Raul, 1975; Boyle, 1373; Dasseroy and Meyer, 1973; Richmond
and Phillips, 1975; Davidse, 1973; Hammerschlag ard Sisler, 1973).

PD I also irdicated that bencmyl caused point mutations in Pusarium oxvscorim
(Dassency and Meyer, 1973), that Bencmyl and YBC caused point muracions in
Salmenella tychimurium strains Gi6, TALS30 and TALS3S (withour metabolic
acetivacion), and bscperichia coli  strain WP2 uvrA, arnd the MEC caused
mutations in Salmoella stzain Li-2 (Seiler, 1972; Rarvas et al., 1976). PD 1
also included a statement from Seiler (1973, 19735) irdicaning that poine
mitations agcearsd to result from incorporation of benzimidazoles intn DB in
place of mrins bases. ne negative point mutation study was reported in PD L
(Ficoor and Bordas, unpublished),

b. Sumery of PD 2/3 Informaticn

In P0 2/3, the Agency resgonced to rebuttals regarding mutagenicity. The
Mency acceptsd DuPont's retuctal of Styles and Garner (1974) which stated thac
insufficient data wers presented in the stxdy o suroort the claim of
cromsanal treakage or anaphase tridges. In additic., DuPont cited several
other stidies as evidence that bencoyl ar YEC do not ciuse crromoscmal effects
(Dassercy ard Meyer, 1973; Sherman, Cuilik and- Jackson, 1975; Soffnan and Peh,
1974; Yollet, 1976: Siebert, Zimserman argd Lemperls, 1970; Seilewr, 1977). The

Agercy agreed that these studies supportad the hypothesis thae tencmyl does non

preduce direc: chromesoml damage. Sowever, the Agency did rot acmept them as
evidence that chiromosaral effects could rot result Srom other mectanisms such
as spindle ineerference or mitotic inzerzupticn.




In regazd @ point mutations, the Agency accected the DuPent rebutzal arjupent
that Dassency ard Meyer (1973) did not wmedquivecally demcngtrate such
_activity. In xdditicn, the Agency acceptad DuPent's argument that Seiler
(1972) contained cerrain cmissions that limited its unility for datermining the
potancial for polint muragenic activicy and that Xappas et al. (1976) alcoa was
inadequate to determire if btencmyl was a point mutagen. Further, the Agency
agreed that the studies by Seiler (1972, 1975) did rot wequivecally
demcnstrate that benzimidazsle is incorporated into D@R. Data from a mouse
spor test (Fatirig and Seiler, 1979) were ot definitive encugh @ demonstrats
print mutagenicity in vivo .

DuPont: submiteed several studies ag evidencs that Penomyl and ¥MX do ot cause
poine mutaticns (Haskell Laboratmry, 1977). The Mgency Joncluodsd thar the
goaitive results in sme of these studies could have been due to a
contaminant. Purther, the 2gency discussed regative results in studies with
Bacillug subtilis, Salmenella cyotrnzium, and Escherichia ooli (Shirasu,
Mariya ang daw, L974) ard 2 negative sex-linkec recessive istnal test in
Drescehila (Lamb ard Lilly 1973).

The Xency corncluded in PD 2/3 that the available evidence was insufficient to
conclude that either benomyl or MBC react directly with INA t causs oint
muracicns o direc: chromoscmal aberyaticns in mmmmlian system<  fowewer, the
Arency irddicated that availanle evicderce surmortad the presumpcion thas heromyl
cr its metamolite, YBC, were mindle oiscns capable of nducing none
disjunction, and that bencmyl and its metabolites may reach the mommaiian
goad., This evidenca provided an adequate btasis for a qualirarive presumeicn
against tencmyl for potentially heritable spirdle effects, Bowerer, the Agency
irdicatad that evidence 'as lacking o dJdemonstmate definitively thar bencoryl
iduced suc effecss in germ cells, although preliminary information

{Tatas, 1978) irdicated thac ¥BC might causs ren-disjunction in germ calls, The
Mgency idicated that persons exposed o hign levels of bencmyl might bte ac
risk Zrom induction- of spindlae effects. However, a mmans o quaneify such sk
wag not available ard the exdisting data were not adequate o Jemenstrate the
exisrence of a significant risk at estimared exposure levels (US £PA, 197%a).

C. Cata Review

Mditional data bearing on the mragenicity of tercmvl] wers received subsequont
=0 publication of the PO 2/3.

Zuisrisg data on matagenicicy
are summrized in this sscuicn.

1) Germ Muzations

Two studies crovided evidence of no mutagenic activity in S. Ly mrm
{Picsecr et al., 19738; Shirasu et al., 1978), owever, tmccsa:;e 13" used
were telow thhe 5 OOOmLOOOqu/platemrx;eazmchac: {'caa'af.ad~i.’1-
-the cther studies., Similar results in S. =/ohimurium weve repcr:em fer
technical ard analytical grade MEC. Wutageny: acTivitTy was reporied at a dcse
rarge from 4,000 =0 10,000 ug/plate for MEC,




Sewveral reports on the murzgenic activity of btenomyl and YBC in fungl (Cassenoy
ard Mayver, 1973; Guerzeni et al., 1976; and Racpas ard Bridges, 1981) sucoest
that bencmyl can induce gene murations in Aspergillus nidulans ard such
activity has also been regorted in A. nidulans and C. cicmerimm when MBC was
tested (Nirsnberg and Speakman, 1981; and Speakman ard Nirencerg, 1981}.
Bowever, mmrity of the bencmyl and MBC which was testad was rot established,
therefore, a comperriscn of thess results <ot te made with those results
chtained in bacrerial tests. These results alsc reed to-be congidered in light
of the studies by Kumard et al. (1977) which suggest that bencmyl and MBC &o
not diremctly interact with O in fungi. (See discussicn uder primary DR

damade) .

auzmmm@wmmrmmmwmlmm
™ genetic effects were noted in Chinese hamster ovary cells (Fitzpatrick and
Keahn, 1980) vhile the fungicide was mueagenic in mosse lymchoma cells (Jotz ex
al., 1980). One study with MBEC in Chinese hamster ovary cells has been
repoeted but no gene mukation induction vas moted (Waters and Reahrn, 1980).

No sex-linked recsssive lechal mutations were reported by Mollet (1976) or lLamb
ard L..ly (1980) in Ixescchila melancoastsr exposed to benemyl or ¥EC.
Bowever, thess stxdies need conrirmacicn oom other lsst systems o repeatod
assay with Drescohila

) 2) Prixarynihnan;nge

No effect was chserved in a Bacillus subtilus differential toxicity assay
reported by Shirasu et al. (13/8) o a mitortlc gene cnversica study in
Saccharcmvess carevisgiae (Sieberz ez al., 1978), however, desages tasted in
toesp StLdles wers not 2t or Near cytoroxic levels established in other teat
systems. Sowever, a stidy by de Bertoldi et al. (1980) showed thar hencmyl did
nct induce mitotic gene conversions in S. carevisiae or A. nidulans.

Studies of tbamtalmcfradﬁéabelledgbmdm into NA, NA melting
grefiles, and ccourrence of label in ONA after expooura of fQungi to
labelled MBC suggested thar the furgicide amd its metabolita do nee directly
interace with NA (Rumsri ew al., 1977). The study imdicated thac interferenrs
with the processes of [NA precurscor bicsynthesis withour becoming pars cf the
macrommlecule itself coourred. These findirgs sugoested that mutagenic
activity of the fungicide and its meeabolite rmoted in furgi is likely %o resuls
from a contaminant in the tast matevrial.

an increased frequancy of sister chromatid exchanges in Ciinese hauster ovacy
calls in vitro was regortad by Evans and Mitchell (1980) after expomze of the
cells to Denamyl with ard without metabolic activation, Bowever, the response
wag described ag weak.

In vitro studies were conducted with bencmyl and YEC to determine the effact
of the chemicals on XA synthesis-in primsry rat and mouse hepatocyte cuitizes
(Tong, 198la, b, <, and d}. ‘leither emical induced A synthesis,




too%autolyzed for adequate histologlcC examination. . ‘ v

3) Chromoscme Damace

The Agency criginally cited reports in which bencmyl and ¥BC were shown b

damage chromoscmes. Rebuttal argunents were accepted by the Agency againss
some of the studies, but additicnal data in support of the presurpticn have
been fourd., Richmerd and Phillips (1979) noted the ocourrence of chremcscmal
aberraticns (bridges). Zutshi and Kaul (1975) reported chserving metarhase
aberraticns in barley exposed to Benlate and isolated breaks and chromatid

exchanges in treated broad beans have also been chserved,

Cultured human leukocytes treated with btencmyl had more chromesaml aberraticns
than wntreated cultures (GQupta ard Legatoe, 1-73), while in a3 separate o
expariment, humen leukocytes did not have umsed&eqmmaofdzml

akerracions when treaced with MBC (Lamb and Lilly, 1980).

mﬂmmuas@iammmmlmmlsysm -}
erfects cn ciromoscoes of bone marzow cells were regorted in rats tweated with
Furdazole 50 WP (Ruzicska et al., 1975). Mo effects were roted (Seiler, 1976)
on chromescnes in bone marrow calls &m&mhmtemaxﬁmcemtedmtn
MEC.

Duuashighaszsccpgnincmdietcﬁratsdidmti:ﬁumdmﬁmn:lemal
effects (Sherman et al., 1975). Similar stixiies were corducesd with B0 in

mice (BASP, 1973; Bocechst, 1974; argd BASF, 1975) (se= PD 2 for mcphanatao
methyl). These studies were negative,

. A miczorucleus test reported by Rirkhart (1980) showed that hencmyl increased
the numter of miczentcled in polycoomatic ezytimocytes in treated mice.
Bowever, th: effect could rasult from spindle effecns (see Spindle £ffaceg
secticn below).

4) Chromesemal Nordis$nezion

Cromosapal nordisimction was chserved in A. nidulans exposed to Senlate? S0
WP ard tencmyl (Dassency amd Mevyer, 1973; Ka;x_:asn:a.i.., 1974). MEC w=s also
found to induce chromscmal nordisjunezion in A. nidulans

Benlate, bencuyl, ard MBEC were reported o induce lagging chromescmes at
telcphase in mitosis of cnicn oot tip cells. EBoyle (1971) reporeed that the
metachase cloromoscmes were more condenssd than normal.

S) Spindle Effects

MEC has bteen found to interfere with polymerization of microtubulin whick is
needed for the formation of spindle fibers in cell divisien. Many of the
results from teses evaluating chiwomosomal effects may arise frem affected cell
divisicn processes. Therefors, those studies could be reflective of

— micromubule inaczivacion. Chrowsomal nondisjumczion, lagging ciremcstmes, "
multinucleation, micronuclei formmtion, ard chiroooscmal breaks and aberraticns
could result from microtubule inhibitien during cell divisien.
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onclusion é‘Ff’D‘{ b Mutagenic Risk

maﬁgmusadagemummmmmmdtymmwmyl,

cn Decezber 6, 1977 (US EPA, 1977a) amd on thicphanate-methyl on Decester 7
1977 (TS EPA, 1977b). EBoth fungicides are metabolized to MBC which was
presumed to have a role in their mutagenicity.

Stidies specific for detsction of gene muration suggest that bencmyl and MEC
may be active. Bmaever,canparismcftzstmsulmmthe.bam;alsyszens
strorgly suggest that the activity reported was initiated by contaminants of
the active ingrudients. Thig consideration is also appliczhle to interwa-
tation of the results with the mouse lymphoma cell system. Consideration of”
results in the fungal DNA tests arnd yeast gene oxnversion tests alss stooegly
mnamlummtmmylaﬁ’ﬁcmmmymmwa&n@u
althouch their contaminants might o' 0.

Althouch bencmyl has been shown to induce siscer ciromatid exchances in Chinese
covary calls in vitro, stxiies with the same call type showed no mumagenic
acmvitya:themm Mmm&mmmmmmm"
mecabolite in cultures cf rat and mouse liver cells, it is umnlikely thar the
two chemicals induce DA synthesgis. In view of these findings and cordisiens
of the XCE assay rperiormsd, the rasults carrot te congidersd as cositive
evidence that benomyl is capable of dameging DA in Chinese hamster covary
cells. The other stidies menvicned above suggest that the fungicide does rot
mﬂum"nmary[l%m

_Intzrfz:wm with coell division groush bindirg ' miczotubulin motestially
results in numerical chromeoscmal aberrations sich ag thase deteczed in plares
{tripolar anaphase muclei, metaphase arrest. unoalanced dirmopenme mmer) and
in animals (micronuclsi, anachase btridges, etc.). These effects apre likely =0
result in teratogenicity in labowarncry mimals since mrpholoeical develsomens
of argans also deperds on micrwtizules., Stixiies regarding these effeccs are
d.sc:msedm:::eteraw:;en.c:wsectmcz*m?b&

Studies cited by the Agency in P00 1 for beremwyl {Busey, 1968; M....ef:.e 2,
1969; and Boffran and Rirsch, .974) [ogest wat it ig cz;a..le of rmach: 1:; wha
gonads of experimental animals. HSowever, the gerotoxic effecrs discroesed
herein are mre likely @ avise from the effects wn micyomwuies in dividing
cells. Zecause there is mo validated method fov quantitacively assessiyg zoe
hazards which may result Som chose effects, the significance of the resence
of residues of tencmyl o MEC in the gonads canrot e quancified (Garcher,
1982). ,

The Agency rrevicusly anclided in its PD 2 that thisphanate-methyl is o
mtagenic. Sowever, its metabolits MEC was consldered to be a spindle poisen.
Availabie daca and the absence ¢f validated uest procedures do mor grovids a
mmm%m@mmmm&mwwwmgm.ﬁ
Thigphanate-methyl PD 2, which irdicated that the Agency does rot have the
TR2ANS t estimate risk S such exposures.
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Y a. Teracocenicity Studies T
) i
‘nnhgmq_rgmsidemdmebmﬁiesinmchﬁin;m:th-riskc:i :
m.:agemcz. :yhadbemexmededmicbmnylml(mgmv Bﬂa??srézmterberqm
ard" Torchinsid (1972) reported effects Mzﬁixqbrainhemias.'hydmcephalia
MLWMWMMLmMWMm ’
Wistar racs (eitbermdaysltomcr&ys7ta15cfgestatim). Deses of
125 n3/kg/day were teratogenic. The NOEL was 62.5 my/kg/day. Torchinski
(1973) also induced teratcgenic effects in Wistar raps given a 145 mg/ig dose
?tbezmylbyga:tage\rgudaylfg?cg)g::atim. .?Dlalaodisc:nsedas::ﬁy
Sherman, Culik ceson, L ich reported that mqu i aboge
400 my/kg/day bencmyl was rr'm teratogenic to Charles Ri:egig ?ta

In P 2/3 the Agency concluded that the risk critsrion for taratocganicity had
not been rebutted (US EPA, 197%a). The Agency considered the taracology
stodies discussed in PD 1 ard additicnal stixdies received after its
publication. These included Agency-spensoped studies showing tavatogenic
effaces down o the lowest dcse tested (gavage) 62.5 my/ky/day (Sters et al.,
1979; Kavlock, 1979), a Dufent stidy showing no taratcoenic effacts in CHR-CD
rzts following diecary dosing of the bencmyl metabolits YEC op o 500 my/kg/day
{Baskell labcmavwcry, 1978), ard a study showing teratocgenic effecss in Spragus—
Cowley rats following gavage aministrarcion of ¥EC (Delatour ard Richard,
1976). lone of these studies established a firm NCEL for bencmyl's induczion
of” tavarccenic effeczs. Therefors, both EPA and Dufent committed themsalves to
perfory additicnal teratology studies on benamyl. The Agency assumed in PD 2/3
that the MCEL for teratccenic effects would not be -less than the NCEL £
spermatccenic effects (the most sensitive effect for bencmyl). Therefors, for
its risk estimave in 7D 2/3 the Agency used the level of 7.5 my/kg/Cay (fzeom a
1969 test by Sornbercer showing spermatccenic effecss in rats following
inhalacion exposure t bencoyl). The margins of safecy (MCS) for exposed
mpulaticng sas togn esctimaced to range rom 21 to 330.

Sines publicavion of the FD 2/3 the Agency has received additicmal studies on -
the teratcoenicity of tercmyl. Ravlock, Cerncff, and Gray (1980) showed
teratogenic effacts in Wiscar racs followirnyg cavage desimg an 0, 15.6, 31.2,
§2.5, ard 128 my/k/day (days 7-16 of gestanion). T lowest effoer level (LIL)
was 62.5 mg/kg/day ard the NCEL was 31.2 my/kg/day. A dieeary dosicyy sucpars
of maisg szady did et shew teratcgenic effects when racs were fpd ders
czneaining W@ %o 300 my/kg/day of bercmyl. A sody Dy DuPont (Staples, 1980)
sncwed iz effecns when CHR-CD rats &Te given Desnomyl oy cavage. [tse
levels were 0, 3.0, 10.0, 20.0, 62.5, and 125.0 my/kg/day/. Toe LFL «asg §2.3
oa/ag/Cay ard the NCEL was 30 my/kg/day. Unilateral micveohtialmia s
reccreed at 10 mg/kg/day in oo andmals in tis soxdy.  Altheough the efface
wag biclogically significane, its ccoxrrences «Was rot statistically gignificane
ac that level., This effec: ccmurzsd at a higher dese level ac 2 seatistically
sigraficantly incressed incidence. Cufcnt is cxrsmely cerforning 2 Sollowap
stxy (using doses of 30 my/kg/day and below) @0 further examine coourrence of
thig eye efface following @vage dosing. The Agency has, therefors,
provisicnally set a MCEL of 30 mg/kg/day fox use In irs terarcoenic visk
assessmant,

ki A rat teratology study, performed specifically to determine
the NOEL for the occurrance of micreophthaimia, has been
reviewed. The levels tested were 0, 3, 6.25, 10, 20, 30 and
62.5 mg/kg. Microphthalmia was only observed at 62.5 mg/kg,

-—— midd-maternal-toxicity -also was -abserved-at-this level. _The

NOEL fcr teratagenicity was set at 30 mg/kg and the LEL was
set at 62.5 mg/%g.
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b . Teratogenic Risk

Takla 7 presents the resul:s of bencmyl teratology testing. These results show
that terazogenic effects have cccurred following gavage dosing of rats at
levels ranging frox 62.5 mg/kg/day to 500 mg/ki/day, and in mice at 200
my/kg/day. The lowest NUEL determined by gavage testing was 30 my/feg/day
(Staples, 1980). Dietiry dosing &id not resultinma:cgenic effects in three
studies with racs with dosas frem 5 to 500 mg/kg/doy of bercmyl or 500

mg/kg/Gay of MBC.

The Agency calculated margins of safety (MOS) for both dietary and ron-dietary
exposure to bencmyl based on the provisicnal NOEL of 30 mg/kg/day. This was

" taken from the DuPont teratogenicity stixdy - (Staples, 1980) in which CBR-CD rats
‘receiving a dose of 0, 3, 10, 30, 62.5 or 125 mg/kg/3ay of beromyl bv gavage
develcped teratogenic effects at doses of 62.5 my/kg/day and above. This study
ummzmmwmmwmmmm, gince biologically relsvant
ﬂac:smseeninmmmalsazmmg/h;/darm the incidencs of
effect was not statistically significant at this level (Soch.rd, 1981b).
mwmmmmmﬁmnumemmsmm:sm
study show amdt::dosc.

ic




It should be noted that the procedure of using results of animal tests
employing gavage dosing (as was cone by Staples, 1980 from which the 30
ng/kg/daymmderived)tccalmlatemmnrisk&mdietarjmis

coneroversial, DuPont (Smith, 1981) considers such risk estimates tos be
inapprepriate, preferring instead to use results from studies employing dietary
dosing of animals. Dufont points cut, that gavage studies with temmyl have
induced teratogenic effects at doses of 62.5 my/kg/day ard greater. Dietary
desing on the other hard, hasm:hﬂucedtera:zgmiceﬁects

m,mmmﬁmimmatwnnylaﬁm:mmtmpmmafoummq
gavage administration to rats (Haskell Laboratery, 1980a),-but with dietary
adminiseration, bencmyl does not cresg the placenta in detectable quantities
(Baskell Labcratory, 1980b). Dufont considers that a large "bolus® dose of the
xdministered by gavage might overwhelm the metabolic capacity of the

corgpound
. liver, resulting in high dcses of bencmyl to the embryo. Large diecary doses,

however, are mre slowly absorbed ard can be rapidly metabolized by the liver,
giving low maternal blood levels and no detectable embryonic levals of /

. bencmyl. - They conclided that dietary administration was a more agpropriate
" method for tuman hazard assessment.

The FIFRA Scientific Advisory Panel (SAP) has acdnowledged the contradiceory
resulty cbtained frem the two mavhcds of dosing and have recommended Thar any
mmmmwmememwdmmnmdmﬂmg
be qualified by t{m essencially neqative x:esults cotained in dietza:y stidies
(Fouwler, 1979).

Ravlock et al. (E&)m&ddie&qaxﬂgavageadmmummmsand

mice. Oral administration was teratogenic above 31.2 13/kg/Cay in the rat and

above SO my/kg/day in the mouse. Dlecary administraticn caused only feral
recardation in rats at the highest test dose (505 mg/kxy/day). Kavieck

et al. (1932) pointed cut that rats consume mst of their feed in shors boucs

throughous the night with some being consumed during the day. Assuming equal :

metabolic rorential and atmorption into the blocd, dietary administraticn of - ’

chemicals like bencmyl with shore half-lives would result in low cirzulaning .

levels in the blood since excreticn fer wit of time can egqual o exceed

irgestion per unit time., Since humans consum st of their food at one o

three discrste dally time pericds, higher peak plasma levels of benemyl would

be expected from the human feeding pattern than would occowr in the rat. ’ _

Kavieck et al. (1982) concluded that for chemicals like bencmyl which have 7

shore biological half-lives, gavage is the appropriate dosing regimen for -7

baging humen risk extrapolacions from dietary exposure.

The Agency cwsiders that gavage administration of test matercial is
scientificall; more acceptable than dietary dosing for determining a NCEL for
teratcgenicity because it eliminates problems of palatabilicy, dry stabilivy,
nutzient integrity and calculations of accurats dose levels., The Agency
supperes the Kavlieck et al. (1982) opiniom, telisving that gavage assures
relevance of treatment to the hwuman condition for chemicals like berecmyl, since
rodents, by preference, eat frequently during waking hours, whereas humans dine
‘at relatively crderly intervals during the day. 'Therefdre, the peaking o  —
blocd residues following gavage administraticn more clearly parallels the human
situarion than contimous uptake «f the chemical in the rat diet. Even so, the
ﬁgmcycms:.ders thar gqavage may be a more conservative indicator of this risk
ard in interprecing MIS's the gency has taken this into consideraricn.

-_A% -
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5o spummionic metecs sesties 0 .7710

In PD 1 the Agency considered a mumber of studies which identified the tastas
.as a primary target of bercmyl. In an acuta toxicity test, Sherman and Zrauss
(1966) reported the degeneration of germinal tissue and asparmatogeresis in

rars receiving qavage treatment of bencmyl. The lowest effect level (LEL) was
3400 mg/kg, the lowest dose tested, Sherman and Krauss (1966) also reporzed a
reduction of sperm in mature rans receiving ten deses of bercmyl ac 200
my/kg/day. Sherman (1965) also reported reduction of sperm in rats receiving a
sirgle 870 my/Kg bencayl dose by gavage.

Sperm preduczion was ot affected in chronic feeding studies in dogs (Sherman
et al., 1970) ard rats (Sherman et al., 1963) receiving bencmyl at doses of wp
to 2500 rrm in the diet. Further, the fertility index was not affected in a

mmmm“meﬁmmmmmmmmmmmcm

bercmyl in the diet (Shermen ez al., 1973).

mlalmmgartedcnmeresultsofinhalatimsmﬁieswithbemylmrats
(Boenbarger, 1969) amd degs (Littlefield, 1969) which showed a reduction of
spermatogenic activity. The lowest NCEL (7.5 mgy/kg/day) occrred in the rat
study (Bormberger, 1963). In PD 2/3 (US EPA, 19793) the Agency concluded that
the risic critericn had rot been rebutted. The mrgins of safety (MCS) for this
eﬁe&mbasdmmmmdmsﬂzyﬂq/daymmmhﬂaﬁmmoﬂ
expogure (Hornbergar, 1969). These rarged &om 21 o 38G.

In a stdy by Carter and laskazy (1982) adult Sgrague-Cawley rats were given toen
daily doses of 0, 200 ar 400 my bencmyl/kg/day by cavage. Varicus paramsvers
mmaszmedudaysaﬁzrtreatmmmded. Carter ard Laskey reported
statistically significant depression in the total epididymal (caudal and caput)
sperz counts ard in the vas deferens spexm concentzation in racs treaated with
200 o 400 my/kg/day. A siight to severe generalized hyroerermatcgenesis in
tue animals ard a slight to mxleraceiy severe hynostermatocyrcgenesis in tast
ammals was reporcted in the six animals given histological evaluaricn of the
tastes (dose level was 400 my/Kg/day). In addition, caudal epididymis weights
wers significantly -egressed with beromyl teacment. )

-

Bowerrey, Carter, Sein ard Laskey (1982) reported that ten daily gavags
txeaczents of prepubertal Srague-Dawley rats with 0 or 20C mg tencmyl/kg/day
did not cauge damege o the reproductive system wWiile the same exposurs in
xdulrs caused significant regroductive effects (Carcer and lLaskey, 1982).

Ravliook et al. (1982) reporzed a cecsease in testicular weights at 31.2
mg/kg/day in the cffspring of Wistar rats receivirng cavage treacrents of
bencmyl during both gestacion and lactation. Yo effectz on any. parzmeters weoe
evident in rats receiving 15.6 mg/Rg/day by gavage. The above studies all shew
effoces at levels higher than those reportad by Sornberger (1969). Therefcre,
the NCEL from that stdy is used in the @ema:ogamceffec:sriskmsmnt
in this document,

t The MOS for dietary exposure would probably Se more
sound if based cn-2 chronic dietary—study rather fhan:fhe
inhalation study as discussed in The °D4. The dog NOEL would

he the |lowest for dietary exposure.
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b Risx from Spermatogenic Effects in Males

m7gmmmnu¢wmleicafm testirg.
Thesa results show that spermatogenic effects have cccurred following both
single and multiple gavage dosing of rats at dose 'levels from 62.5 mg/ka/day to
3400 my/kg/day. The lowest NOEL determined by gavage dosing (both durirg ‘
gestation and lactation) was 15.6 my/kg/day (Kavliock, Cherroff and Gray,
1982). Inhahtimdaaimindcgsmdmamadareduc:imotspmmgenic
activity in rats at 33 my/kg/day (Bornberger, 1963) and in dogs at 82 mg/kg/day
(Little€ield, 1969). The NOEL determined by inhalation testing was 7.5
mg/kg/day. -‘The next highest dose level was 33 my/kg/day (Bormberger, 1969).
deimddqsaﬂm&lmhgream&ml.%ﬂmdidmaﬁm
sperm production. Further, the fertility index of rats was not affected by
diemrydosmginaﬂzee-gm:imrepmdmiveeﬁ#msuﬁyatlmelsupm
2,500 ppm.

The hgency calculated margins of safety (M0S) for both dietary ard ren-dietary
meermylbasedmthe&:&oﬁ?émyﬁ@/da?dmlopedinm
inmhalaticn study (Bormberger, 1969). Non-dietary MOS's ave shown in Table 8.
The MOS's range from 21 to dietary backgroud levels for bencmyl users without
respiratory otection. Exposure for mixer/lcaders could be reduced by wp to
Sapercmzbymcfadmmsk(mwmmivemirq - ’
1982). This would cause the spermatmgenic ellects MIS's o rarge from 150 to
ﬁewmdmmmﬁadmmﬂmm&mimmixmﬂcﬁiﬂ;of
bencuyl. ) . .

T Although the rat and dog chronic feeding studies indicated
no testicular lesions at the HOT, 2500 ppm (dog -~ 62.5 mg/kg/day,
rat - 125 mg/kg/day) the benomy! CD-1 mouse study indicated
degenerative testicular and epididimal changes at 500C ppm

(750 mg/kg/day). The resultant NOEL was 1500 ppm (225
mg/kg/dayj. :
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Table 1 benomy | iﬁ-ma!e mice _
Selectad Histopathologic Findings in Male Mice
’ ___Groups N
I 11T v Vil
e - <ccn1'ra‘f“’“'W‘225"'mg/ RG7 By TS0=TTZo Mg/ Kg/day ™~
=2 . ? 1 Soopps Soca -
[veolar Cell - _ K L ppm 7500gpr
Zareioome 13/79  24/80 23/79 16/80
ienoma 9/77 '9/80 11/79 10/80
arcinoma 16/77 26/80 41/79 _17/8¢0
Total Necplasums 25/77 35/80 52/79 . 27/80
ZSTES ' .
crophy 12/78 12/79 . 8/79 31/79
sterstitial Call
dyperplasia 4/78 46179 7/79 o- 18/79
PINIDYMIS . )
eplation Sperm 18/7% 11/78 12/7% 3Q/7%
. \ :
istended Tubuli with - : .
Degenerated Sperms 9/78 s/78 11/73 17/72
(in Male Mice)
_ Grouns
I 11 v VIl
LUNG ) I* Of T#* L T I T 1 T
Alveclar Call .
Carcinoma 1(659), 12 13(445),11 10(380), 13 9(374:, 7
LIVER
Adencma ) . 5¢353Q), & 4(445), 5 6(541), 5 3(627), 7
_c§?°13??¥,_”~ﬂ,._M*A“8£§f$21_n§,,}0(97913}6,~3ﬁ(59°)1 27 5(508),12
Total 1 13(530), 12 14(445),21 20(541), 32 8(508),12
Necplasazs g

* Laatons before terminzl sacrifice.

rﬂ
-3
'- By

# First day on test vhen lesion was detected.

**%Lasions at the time of terminal sacrifice.
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Table 2 benomy! in female mice

Selected Histopathologic Findings in Female Mice

Groups
1z v I VIII
control 75mg/kg/day 225mg/kg/day 750-1125mg/kq/da
 SPLEEN S SO 1500 ppma 5000-‘1$oa§pvi o B
Myeloid Metaplasia  10/76 22479 24/78 16/76. P
LIVER | ;
Adenona 77 2/80 7/79 7077
Carcinoma 2/77 7/80 6/79 14/77
Total’ 4/77 9/30 - 13/79 21/77
Neoplasms

Prusence of Lesions Before and At the Time of Terminal Sacrifice

(in Femala Mice) .

Groups
II v v VIiIiz
1S TO LI I T I T T T -
IVER |
ienoma ) 00, 2 1(641), 1 4(650), 3 2(844), 5
rvinowr Qg , 2 4(640), 3 g 0O, & 3¢426), 11
Total Q 4 . 3 A 9 5 16

Necplasms
Lesions before terminal sacrifice.
First day on test when lesion was detected.
‘ Lesions at the time of terminal saciifice.

LS
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Table 3 MBC'LS male mice

Y

v o — e, T d
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Selected Hiscopathologic Findings 'in Male Mice

Groups

I A . vconfrsl 75mg/kg/IcHy 225m§7kg/day

59801 125mg/kg/ day

- .

KIDNEY s$o2ppm 1509 ppim 3 Yoo~ 500 ppar~ .
Tubules cont:ain‘ yellow- |
brown granular material 7/30 3/79. 19/78 47/79
LIVER
Adenoma 11/80 15/80 14/80 3/80
Carcinoma 2/80 5/80 9/80 0/8¢ -
Total Neoplasms 13/80 20/80 23/80 a/80
. A
Hepatocellular Necrasis
Focal and Centrolobular 1/80 7/80 10/80 13/80
TESTES
Sperm Stasis Bilateral, :
Unilateral /77 13/78 16/80 22/74

Presence of Liver Neoplasms Before and At the Time of Terminal Sacrifice

in Male Mice
~-rc:'rouLs
I IIX v VI
LIVER It ()4, T* I T I T I T ()¢
Adenona 6(430), 5 10(467), 5 14(459),0 3(434), ¢
Carcinoms” 1(629), 1 _2(649), 3 _8(616),1 0 (), ¢

©  Total Neoplasms

TIGIGY. 6 12(487Y,

* Lesions before terminal sacrifice.
# TFirst day on test when lesion was detected.
*% Lesions it the time of terminal sacrifice.

- ¢ Not applicable. mice wer Sf«-"“"“‘i =1 73

8 220459),1 3(434),

week 5 dyg To 7 2775 ,~,-.;r"::../«/
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MBC in female m!ce T

4 )
Fe
- 3

-5-

Selected Histopathologic Findings In Female Mice

Macrophages with yellow-
brown pigment

LIVER-

Adenorze.

Carcinoma

Repatoblastoma
To:al'Néaylasms

THIMUS

Lymphoid Depletion

Groups

II

control 75mg/kg/day
Soogpm 1S00 tr-

5/80

0/ 7%
1/79
0/79

1/79

3/38

v vi

4/78 - 3/80

5/78 5/80

4/78 15/80

0/78 1/80

9/78 21/80
™

4/25 12/44

VIII

o a-—

VASH AN

-

225mg/kg/day . 555~ IlZSmg/kg/day

JY00 - ~ 1500 ppvn

21/76

3/1&

12/78
0/78

15/78

10/38

Presence of Liver Neoplasms Before and At the Time of Terminal.Sac:ifice

LIVER

Adenoma
Carcinomsa
Hepatoblastoma

in Female Mice

Total Neoplasus

% Lesions before termimal saczifice. o
# First day on test when lesion was detected.
#% Leslons at the time of :erminal sacrifice.
¢ Not applicable.

Groups
1z s VI vIIz
I ()8, I T I T I T
0 (0) 0 4(648), L 4(636), 1 1(624), 2
0 (0) 1 3(704), 1 7(536), 8 6(S51), 6
0(0) 0 0{—), 0 1(J64), 0 0(—=), O
0 (0) 1 7(648), 2 12(536), 9 7(551), 8



1

e The incidence rate of pulmonary tumors observed in the control
male mice in the benomyl study was at the low extreme of our g
historical range for pulmonary tumors in control male mice. . s
The studies reported below were conducted between September, 1977
and March, 1981.

Number of Pulmonary Tumors

in Male Contrel Group/ Percentage of Male Mice

Compound Number of Lungs Examined With Pulmonary Tumors
--- H-11086 - - - 13/80 16T

H-11135 18/98 18

H-11201 16/80 20

H-12700 19/79 2¢ p Mean =24

H-10963 17/67 25

H-10720 23/80 29

H-11265 29/80 : 36_)

Benamyl 13/79 16

¢ The incidences of pulmonary tumors in male mice in the low and intermediate
dose groups in the benomyl study were 24 of 80 (30 percent) and 23
of 79 (29 percent), respectively. While these incidence rates were
-statistically significant (P<0.05, Fisher's Exact Test) when compared
to the low incidence of pulmonary mumors in the benomyl controls, both -
incidence rates were within the range for our historical controls
16 to 36 percent).

g
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Reviewed by: Dynamac - P. Wennerberg, W. McLellan, 1,C. Felkner

Secondary reviewers: Marion P. Copley, D.V.M.Z?ﬁ;%f VYA
Jane Harris, PhD, Section Héado Z H 6/‘44’/?(
Section 6 , Tox. Branch (T$5-76¢9C)

DATA EVALUATION REPORT

STUDY TYPE: Oncogenicity - mice TC0X. CHEM. NO.: 75A
ACCESS ION NUMBER: 246948A, 246949,246950 MRID NO.: 0009651«

TEST MATERIAL: Benomyl

SYNONYMS: Methyl-1-(butylcartamoyl)-2-benzimidazolecarbamate

STUDY NUMBER: Haskel! Nec. 20-80

SPONSOR: E. 1. du Pont de Nemours and Company

TESTING FACILITY: Haskell Lab. for Toxicology and Industrial
Medicine, Newark, Del.
TITLE OF REPORT: Long-term feeding study with Methyl-1-
{butylcarbamoyl)~2~-benzimidazolecarbamate (INT-1991, Benomyl,
Benlat .2) in mice.

'
i

AUTHOR(S): FP.W. Schneider, Jr., B.E. ¥iechman, T. Jilworth; et al.

REPORT [SSUEl: Jan. 26, 1982 N

CONCLUSION: NOEL for carciaoganiclty < 5C0 ppn: (LDT)
Carcinogenic at 5C0 ppm (LDT):
hepatocellular adenoma and carcinoma in males and femal
pulmonary alveologenic carcinomas in males,
Degenerative changes in the testes and epididymides
at 5000~7500 ppm (HDT)

Classification: Core-minimum

MATERIALS: Benomyl, 99-99.2% pure, lct #s INT-1991-366, INT-1991-414,
grey crystalline materiatl.

SEE ATTACHED REVIEW

A —
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DATA EVALUATION RECORD

STUDY TYPE: Oncogenicity in mice.

CITATION: Schneider, P.WH., Jr.; Wiechman, B.E.; Dilworth, T.; et al.
Long-term feeding study with methyl 1-(butylcarbamoyl)-2-benzimidazole-
carbamate, (INT-1991, Benomyl, Benlate®) in mice. (Unpublishei study,
Report No. 20-82 by Haskell Laboratory for E.I. Du Pont De Nemours & Co.,

" Inc., Wilmington, DE; dated January 26, 1982.)

ACCESSION NUMBER: 246348-A, 246949, 246950.

MRID NUMBER: 00096514.

LABORATORY: Haskell Lab..atory for Toxicelogy and Industrial Medicine,
Elkton Road, Newark, Delaware 19711,

QUALITY ASSURANCE STATEMENT: Chronological suimnary present and signed but
not dated.

TEST _ MATERIAL: Methyl-1-{butylcarbamoyl)~2-benzimidazolecarbamate was
supplied in two lots (INT-19971-366 and INT-1991-414) as a grey crystalline
material which was stated to be 25% and 99.2% pure, respectively. It was
used to prepare test diets from 8-29-78 to 9-9-80. Throughout the study,
INT-1991 was refrigerated until used.

PROCEDURES:

1. Three hundred and twenty male and 320 female 4 week old CD®-1 mice
were used from Charles River Breeding Laboratories, Wilmington,
Massachusetts. After a thirteen day acclimation period, they were
divided using computerized stratification to randomize by sex into
four groups of 80 animals per sex, each group having approximately
equal mean body weights. The mice were caged individually in
stainless steel wire-mesh cages.

2. Diets were freshly prepared each week and stored under refrigeration
until used. Ground Purina Laboratory Chow diet was mixed with test
compound in corn oil1 to achieve the following concentrations: O,
500 ppm, 1,500 ppm, 7,500 ppm. After 37 weeks on the diet, the

- —highest concentration, 7,500 ppm, was reduced to 5,000 ppm. A1l diets ™

contained 1% {(w/w) Mazoila® Corn §11. Throughout the study, all mice
received the appropriate test diet and tapwater ad libitum. Samples
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of diet containing test material were collected for analysis during
the following times: 1) at the time of oreparation; 2) after storage
at room temperature for 24 hours and 7 days; 3) after storage under
refrigeraticn for 7 days. These samples were collected four times
during the study and analyses showed no degradation of test compound.
Data for test diet homogeneity were not presented.

ATl mice were examined daily for clinical signs of toxicity and
palpated at least once every two weeks for tissue masses. Mice were
weighed weekly (weeks 1-26), biweekly (weeks 26~52) and monthly (weeks
52-104). Recorded during the same times were body weight gains, food

consumption, food efficiency and intake of test compound. Mortality
was also recorded.

Ten mice per sex, per group had hematological examinations at intervals
of approximatety 1, 3, 6, 12, 18, and 24 months after the start of the
study. The following parameters were examined: RBC, WBC, and dif-
ferential WBC counts, hemoglobin, hematocrit, total plasma protein,
MCV, MCH, and MCHC. Blood smears were prepared from all surviving
mice at study termination. .

Gross necropsy was performed on ail mice used in the study regardless
of time of death.  Organ weights and relative organ weights (per final
body weights) were obtained from all animals at terminal sacrifice for
the following organs: brain, heart, iungs, liver (with gallbladder),
spleen, kidneys (with adrenals attached), testes (with epididymides),
and thymus. All Guideline-required organs except the rectum were
examined histologically by "conventiconal methods.®

The following statistical procedures were performed by the study
authors: body weight and organ weight data were analyzed by one-way
ANOVA. Hematological data were analyzed by crossed and tested ANGVA.
The least significanc difference or Dunnett's test was used to analyze
differences between treatment groups. Survival was subjected to
Kaplan Meier methods!. Comparisons of survival distributions and
tumor incidences were analyzed by the Mantel-Haenszel method?.
Comparisons of absolute proportion of survival and incidences of
tumors and c¢linical observations were analyzed by Fisher's Exact
test. Dose responses in tumor incidence were analyzed by the chi-
square test for trends. The level of statistical significance was
p < 0.05.

Kaplan, F.L., and Meler, P. 1958. |Monparametric estimation for
incomplete observations, Journal of the American Statistiscal Asso-

ciation, Vol. 53, 457-481. (reference not presented ty authors)

Mantel, N. and Haenszel, W. 1959, Statistical aspects of <the
analysis of data from retrospective studies of disease, Journal of

__the MNational .Cancer .Institute, Vol. -22, No. 4, 713-748.
not presented by authors)

{reference
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Unless otherwise noted, the word "significant® in this review has
statistical connotations (p < 0.05).

RESULTS:

Clinical Observations and Mortality: No clinical observations in any
treatment group were reported to be significantly different from contruls.
Individual and summary data showed that there was no increase in the
number of treated animals with palpable masses as compared to controls.

Body Weight and Food Consumption: Table 1 presents mean body weight data
for male and femaie mice at selected intervals during the study. Both
male and female high-dose mice showed a significant reduction in mezn body
weight throughout the course of tihe study. The.mid-dose groups showed a
significant reduction in mean weights at 60% of the weighing intervais for
males (32/53) and 40% for the females (21/53) when compared to controls.
There were only 2 instances of significant weight reduction in both male
and female low-dose groups. Mean body weight gains showed significant
decreases from controls in about 50% of the mid- and high-dose male
weights and about 25% of the mid- and high-dose female weights. Food
consumption was slightly decreased in males and females at the mid- and
high-dose groups compared to controls; however, statistical analyses of
the data were not provided and could not be validated by our reviewers
without individual data.

Hematology: According to the report, there were no dose-related altera-
tions in hematologic parameters. Mean hematocrit, erythrocyte count, and
hemoglobin concentration were slightly but significantly lower in mid-dose
males than in controls from months 3-24. A very slight but significant
decrease in erythrocyte count and increase in mean corpuscular volume and
mean corpuscular hemoglobin concentration observed from months 3 to 24 iin
females receiving the high dose of benomyl were not considered ccmpound
related when compared with controls. Mid-dose females also showed a
significant increase in the mean corpuscuiar velume and a significant
decrease in the mean corpuscular hemoglobin concentration.

Organ Weights: There were significant increases in mean Yiver weight in
mid-dose males and in ljver-to~-body weight ratios in mid- and high-dose
males and in high-dose females when compared to controis (see Table 2).
Brain-to-body weiocht ratios were significantly increased in low~ and high-
dose males and in high-dose females. Mean testes weight was signifizantly
lower in high-dose males than in controls and kidney weighis were signifi-
cantly lower in high-dose females than in controls. Thymus weighis were
decreased in all dosed males when compared to controls. The increased
liver weights and decreased testes weights were correlated with histo-
pathological changes, and considered of biological significance b5y the
authors. The other changes in organ weights were considered to be of
equivocal biological significance_in.the absence of_a .dose-related trend

VITTY v

and histopathological changes. -
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TABLE 1. Mean Body Weights of Mice Fed Benomyl for 104 Weeks
At Selected Time Intervals.

Mean Body Weight (gm)

Week
Group/Dose 4] 13 56 80 104
- (ppm)
Males
0 26.6 3a.2 47.1 47.7 43.5
500 26.6 38.9 47.6 45.6 42.5
1500 26.6 37.3* 45.7 45.%6 41 2%
5000-7500% 26.5 34 4% 42 . 3% 42 .4*% 39.7*%
Females
N 0 21.0 30.3 37.8 3.9 '36.5
‘ 500 21.0 30.3 37.2 38.0 34.0
1500 21.0 30.1 36.8 36.6% 3a5.7
- 5000-75002 21.0 27.9% 33.4* 34.3* 33.4*>

* Significantly different from controls value (p < 0.05) when analyzed by
ANOVA by study authors.
- a

Reduced from 7500 to 5000 ppm after week 37.
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Gross Pathology: Individual animal gross necropsy findings were reported
but summary data with statistical analysis were not provided nor were the
gross findings discussed by the authors.

Histopathology: Significant incidences of non-tumor histopathological
changes are presented in Table 3. Tissues of dosed animals showing
significantly dincreased dincidence of 1lesions a: compared tc controls
were: thymus 1in males at 5,000 ppm (atrophy), thwmus in females at
1,500 ppm (cysts), liver in males at 5,000 ppm (5 parameters showing
hepatocellular alteration), spleen in females at 5,000 ppm (hemosiderosis),
trachea in females at 1,500 and 5,000 ppm (lymphocytic infiltrates in the
submucosa), testes in males at 500 and 5,000 ppm (atrophy and tubule
degeneration), epididymides in males at 5,000 ppm (aspermia}, prostate in
males at 5,000 ppm (focal distended acini), thyroid in males at 500 and
5,000 ppm (distended colloid follicles), and nasal cavity in males at
5,000 ppm (interstitial fibrosis and amyloidosis).

Significant incidences of neoplastic changes are presented in Table 4. In
the males, the incidences of hepatocellular carcincmas, combined hepato-
cellular adenomas and carcinomas, and pulmonary alveologenic carcinomas in
the 500 and 1,500 ppm groups were significantly higher than controls. In
the females, the incidences of hepatocellular carcinomas in the 500 and
5,000 ppm groups and combined adenomas and carcinocmas in the 1,500 and
5,000 ppm groups were significantiy higher than controls. The same five
parameters showed a significant trend (p < 0.05) when analyzed by our
reviewers using the Cochran-Armitage Trend test.

The mean-time-to~, and median~-duy-of-tumer discovery were stated by the
study authors not to be significantly different between treated and

control groups. Individual animal data (in the form of time to death with
tumors present) were provided.

DISCUSSION:

The authors concluded that benomyl, fed at a minimum of 500 ppm, produced
a significant increase 1in hepatocellular carcinomas in male and female
mice. There was a significant dose response to treatment in females for
hepatocellular carcinomas and combined hepatocelluiar neoplasms. Qur
review of the study substantiated these conclusions: however, several
conclusions were not supported.

When we reanalyzed the data, we found several significant compound or
treatment effects that were not discussed by the authors. There was a
significant dose-related trend in the incidence of male pulmonary alveolio-
genic carcinomas, hepatocellular carcinomas, and combined hepatocellular
neoplasms _in males. There was also a._significant histopatholegical dose-
response effect in male epididymides and thyroid. When the mean-time-to,
and median-days-of-death, with lung alveolar cell carcinomas preent, were
analyzed by these reviewers using Kruskal-Wallis ANOVA, p < 0.05, all . e
treated groups were significantly lower than control (Table 5).
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TABLE 3. Selected® Incidences of Non-Neoplastic Histopathologic
tesions in Mice Fed Benomyl for 104 Weeks

Jose Level {pom)

- Male Femzle
5000~ 5000
Tissue R 500 1500 75000 'V 500 1500 1500
Thymus (58)¢ (40) {38) (48) (682) {62) (52) (57)
-atrophy 7 [} F4 2= d
-cyst 2 4 9* 7
Liver mn (80) (1% (80)
-foct of hepatocellular
alteration 1 3 2 1l
-karyomegaly and cytome-
galy 5 12 2=
-foci of ceroid, micro-
granyloma 22 26 32 g%
-foci of hepatoceilular -
ballconing, degeneration @ 1 Q 6%,
-lymphocytic foci/inflam-
matory infiltrates 38 48 45 LYt
Soleen - (76} (19) {78} (7%)
-hemosiderosis 1 5 5 T
Trachea . : (1 (19) (18) (on
-lymphocytic infiltrates, '
submycosa v] ] 1™ [Sad
Testes (18) (79) (79) (7%)
-degenerated semini-
ferous tubules 10 19 15 21=
-active seminiferous
tubule degeneration 7 17> 10 17>
~atrophy 12 12 ] 3>
~interstitial cell
hyperplasia 4 4 7 18>
Epididymides {78) (78) {793 (19
-aspermia 18 11 12 30~
~distended tubules/
tubyles filled with
degenerated sperm 9 5 1 17¢
Prostate (73) (713) (78) (m
-distended acini, focal 1 0 0 ™
Thyroid (65) {(74) (1) (7))
~distendes colloid
follicles 4 13% & 1g=e
Masal cavity (72) (68) (71) (69)
-interstitial fibrosis
-and amyloidosis 1 Q 2 *
A7) significantly different from control value {p < 0.05) when analyred by study authors.
7500 ppm changed to 5000 ppm after week 37.
C No. of animals examined.
d No data entry signifies a non-significant finding.
€ significant trend (p < 0.05) using Cochran - Armitage trend test dy our reviewer;.
8 199
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TABLE 4. Selected® Incidences of Neoplasams in Mice Fed i
Benomy| for 104 Weeks
Dose Level (ppm)
Male Female r
50000 5000~ .
Tissue 0 500 1500 750 0 500 1500 7500
Liver anc (@ a9 (80) an (80) 79 7N
~hspatoce! lular adenoma 9 9 1 10 2 2 7 7
~hepatocel lular
carcinoma 16 26% 41 174 2 7% 6 1484
~combined adencmas and
carcinomas 25 350 52% 279 4 9 3% 2124
Lung (79) 79 (79 (80) an (79 (78} (743
-alveologenic carcinoma I3 24# 23 164 16 7 4 &

*

8 (%) Significantly different from control value {(p < 0.05) when 2naiyzed by study authors.
b 7500 ppm changed to 5000 ppm after week 37.

€ No. of animsls examined.

d Significant trend (p < 0.05) using Cochran-Armitage Trend test by ocur raviswers.




TABLE 5. MHean-Time-to, and Median-Day~of Death, Wheun Lung
Alveolar Cell Carciromas were Present in
Rats Fed Benomyl for 104 Weeks

Days
Dose
(ppm) Hale Female
0 736.88 674.0
23.4 101.9
743 740
500 665. 4 674.4
94.1 84.6
728 715
1500 688.9% 719.5
: 6.6 33.0
741 736
) 500G-7500P 702. 2% 730.7
4.9 1.3
739 737

aUpper value is the mean, the middle value is the standard deviation, the
bottom value is the median-day~of-death.

b7500 ppm changed toc 5G00 ppm after week 37.

S1gn1f1cant]y different from control (p < 0. 05) when analyzed by these
reviewers using Kruskal-Wallis ANOVA.

10




~ o

The mean weight gain over the course of the study was significantly de-
creased for mid- and high-dose males (14.3 and 13.3 g, respectively as
compared to 17.1 g for controls) and high-dose females (12.5 g as compared
to 15.5 ¢ for controls), wh2n analyzed by ANCOVA, p < 0.05. Statictical
analyses for mean daiiy food consumption, food efficiency and daily intake
of benomyl were not reported and individual animal data were not available,
hence, these ddta could not be statistically analyzed by our reviewers.
The summary data provided by the authors showed either no change from
controls or a slight compound-related decrease. The Tatter was especially
true for the high-cdose female daily mean food consumption with a lesser
decrease for high-dose male daily mean food consumption.

The administration of test compound caused no statistically significant
increase in mortality in dosed animals when compared to controls at 78,
97, and 103 weeks of the study. At terminal sacrifice (105-106 weeks),
the mid-dose female group had significantly fewer animals alive (23 (29%)
vs 33 (41%) for control), but the Tow~ and high-dose groups equaled the
control value. The total number per group per sex for "found dead" or
*moribund sacrifice® were not significantly different from controls except
for the female mice found dead. The Tow-, mid-, and high-dose values were
significantly greater (10/80, 12,80, and 11/80 respectively), than the
control (2/80) when we analyzed the data using the Fisher exact test.

The authors stated that the hematolugic changes were not of biological
significance. However, the authors used a method of statistical analysis
of the hemotological data that they did not acequately describe; therefore,
the analyses could not be r preduced. The findings by the study authors
however, allow a clinical uiagnosis of toxicological importance when the
authors' following significant findings are combined in the high-dose
(5,000 ppm) females: 1) hemosiderasis in the spleen, 2) decreased red
blood cell counts, 3) increased mean corpuscular volume, 4) increased mean
corpuscular hemoglobin, 5) hepatocellular alterations (neoplasms). This
information is dindicative of regenerative hemolytic anemia. Using the
more ‘traditionally employed methods (Bartlett's test for homogeneous
variance. followed by ANOVA or Kruskal-Wallis test depending on whether a
parametric or non-parametric test was appropriate) we found that the only
significant hemotological parameter to change from controls was mean
corpuscular hemoglobin values in the high-dose females.

The majority of the significant nen-tumorous histopathological observations
were not considered by the autnor to be compound related. CQur assessment
is that several of the changes are commonly seen in aged rats, however,

the occurrence in only the high-fose group may imply a compound-related
effect.

~ There were two_reporting deficiencies. The. clinical chservation- summary

table provided .for alopecia/dermatitis (the most prominent observation!
was slightly under-reported when compared with the individual animal data.
When we reanalyzed 'this data, none of these parametiers were found to be
significantly different from controls.

11




When we summarized and statistically analyzed individual animal necropsy
data, no compound-related effect was seen with respect to the number of
masses or nodules when treated groups were compared to controls. The
number of masses seen at gross necropsy were about 30% of the number seen
histologically.

Our criticisms of this study do not alter the general conciusions of the
authors that under the study conditions, penomyl was carcinogenic at the
Towest dose tested. There were no additional major deficiencies in the
study.

CONCLUSIONS:

Under the conditions of this study, benomyl fed at a minimum of 500 ppm
was carcinogenic in the 1liver and lung of CD-1 mice. Hepatocelilular
carcinomas were induced in both males (low and mid doses) and females (low
and high doses). The combined incidence of hepatocellular adenomas and
carcinomas were statisticaily increased in the mid- and high-dose females.
Pulmonary alveologenic carcinomas were fnduced in males at the low and mid
dose. The testes and epididymides showed degenerative changes at the
highest dose tested.

CORE CLASSIFICATION: Minimum.
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. Two-Year Feeding Study in Mice
Treated with INE~965, MBC (Benomyl Metabolite)
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From: Louis Kaszé, D.V.M., Ph.D. uév1¢+vﬁzﬁg7épf
Pathologist, Toxicology Branch, TS-769
Hazard Evaluation Division
To: Jeff Kempter, Chief

Chemical Review Branch #3, TIS-791
Special Pesticide Review Divisicn

Through: Orville Paynter, Ph.D., Chief s
Toxicology Branch, TS-769 CC%Z;/

Hazard Ewvaluation Division

No.:
352~354

SUMMARY

Male and female mice, 80/group, were fed with MBC (Benomyl metabolite),
for two years at dose levels of 0, 500, 1,500, and 3,705 (in mzles, it was
reduced from 7,500 after 15 months), and 7,500 (females) ppm {parts per milliom),
vespectively. An increased incidence of livar neoplasms (13/8C, 20/80,

23/80, 3/80) were observed in male mice. In female mice, an increzsed
incidence of liver neoplasms (1/79, 9/78, 20/80, 15/78) was diagnosed by
DuPont, Haskell Laboratory. From the submitted data, we are in agresment
with the Company's pathologist that a compound-related oncogenesis was
established in the male I_.termedizte group; however, we do not consider
that a valid conclusion can be made regarding the high-dose group since

_. this group was terminared {at-S516 days) beifocre-the-majority of zhe - Sk
tumors developed in the other greoups. In the female group, the oncogenic
effect was compound and dose related az all dose levels. There was an
increased incidence not only in benign but alsg in malignant tumors in
bcth sexes. Dose~related decreases in latzncy ian the appearance of tumors
were present im both sexes.

Regarding oncogenecity, the effect of MBC was comparable to the parint
chemical, Benomyl. (Results oZ the pathologic evaluation of .he Benomyl
experiment were summarized in a memcrandum of 11/18/81 by L. Kasza to
J. Kempter).
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INTRODUCTION

Male and female mice were divided into 8 groups of 80 animals per
group. Male (I, III, V, VII) and female (II, IV, VI, VIII) groups were
fed with INE-965, MBC (Benomyl metabolite) at 0, 500, 1,500, 3,750*% (male),
and 7,500 (female) ppm, respectively. The animals were cn test matsrial
516 (Group VII) and 731 - 733 days, then sacrificed. Gross pathologic
observation was made, ard all major tissues and organs were collected for
histopathologic observation. The results are presented in six tableas.
Table I (pages 5 — 121) shows the gross findings. Table II (pages 122 -~ 362)
iIlustrates the individual histopathologic diagnoses. Table IIT (pages 3563 -
592) presents: the. summary imcidence:table of histopathologic findings by
group and sex. Table IV (pagesk 593 - 597) is the summary incidence table- for
neoplasms per group and sex. Table V (pages 398 - 600) illustrates the presexce
and statistical significance of compound-related histopathologic changes.
Table VI (page 601) is the summary of statistical analyses of hepatocellular

neoplasms. The code used in Table II 1s presented in a fcotnote om page
122.

The objective o.f this report is the review of pathologic data in the
DuPont, Haskell Laboratory report, and to make ceomments about the adequacy
of the presented data.

MATERIALS AND METHODS

The primary source of this report is the "Summary Incidences of Histo-
pathologic Changes" (Table III). Selected organs and tissues in
which major histopathologic changes were seen are listed here and the lesions
tabulated. For comparative reasons, the neoplasms in the livers were
tabulated according to whether the neoplasms were observed before or at the
time of terminal sacrifice. Also the dates of the first observations of
liver tumors were reported. With several organs and tissues, rhe lasions
were counted in the individual histopathologic tabulation (Table II) and the
accuracy of the numbers was compared to the numbers shown in the sucmary
incidence table (Table III). Benign and malignant liver necplasms of the sazs
cellular origin were listed separately amd alsc counted together zs the basis
of establishing oncogenecity.

~ In female intermediate and high-dose groups, liver gross and histopathol:zgic
findings were compared in 24 randomly selected mice.

%

Group VII mice received 7,500 ppm for the first 15 months of the study.
Because of compound-related increased mortality, Group Vil mice were
sacrificed after 17 months on test.
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To establish oncogenecity, the following criteria were prizmarily considereds
1. Increase in neoplasm incidence; |
2. Decrease in latency of neoplasms appearance;
3. Presence of rare tumors;
4. Consideration was gilven to:
a. Presence and increase in number of malignant neo, lasms;
b. Only compound relationship;
c. Compound and dose relationship;

d. Presence of tumors in difference sexes.

RESULTS

The submitted pathologic data were presented in a well-orgzmized system and
in an easy-to-read formatr. The tissues and organs listed in Table IT are in
alphabetical order. Under individual tissues and organs, the Zagnoses axr=
listed and the lesions graded. There is a good correlation between.the data ot
individual histopathological diagnoses table (II) arnd the summary incidence
table (III). Some of our major findings are illustrated in the f{ollewing tables:

General Information

Groups
I 11 III IV v vi VII* VI
M F M F ot F M 3
Number of Animals/Group 80 80 80 80 80 80 80 8C
Dose (pinp) | 0 0 500 500 1,500 1,300 3,750 =,50¢
Survival (731-733 days) 18 22 14 16 9 14 ] r

_Q?@”H@f%e3?&@?@&#@2;Q}du&mhmtkumwjnmtm&
groups.

*The dose was reduced from 7,500 ppm after 15 months cm test. This group was
terminated after 17 months on study (516 days).

<36
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Selected Histopathologic Findin.s in Male Mice

KIDNEY

Tubules contain yellow-
brown granular material
LIVER

Adenoma
Carcinoma

Total Neoplasms

Hepatocellular Necrosis
Focal and Centrolobular

TESTES

Sperm Stasis Bilateral,
Unilateral

Groups
I 111 v Wit

7/30 3/7¢9 19/78 47779
11/80 15/80 14/80 3/80

2/80 5/80 9/80 0/80
13/80 20/8¢ 23/8¢ 3780

1/80 7/80 10/80 13/80

7/77 13/78 16/80 22/74

Fresence of Liver Neoplasms Before and At the Time of Terminmal Sacrifice

LIVER

Adenoma
Carcinoma

Total Neoplasums

in Male Mice

Groups

% Lesions before terminal sacrifice.
# First day on test when lesion was detected.
#% Lesions at the time of terminal sacrifice.

¢ Not applicable.

I III v vIT

I% ()4, TR I T I T 1 T ()¢
6(430), 5 10(467), 5 14(459),0 3(434), ¢
1(629), 1 _2(649), 3 8(616),1 0 (0), 3
T30, 6 12467, 8 226591 36, e

i
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Selected Histopathologic Findings In Female Mice

Groups
II iv VI VIII
_ KIDNEY
Macrophages with yellow- .-
brown pigment 5/80 4/78 - 3/80 21/76
LIvER:
Adenama: - /7% 5/78 5/80 3/78
Carcinoma 1/7¢% 4/78 15/80 12/78
Hepatoblastoma 0/79 0/78 1/80 0/78
Total Neoplasms 1/79 9/78 21/80, 15/78
THIMUS
Lymphoid Depletion ‘ 3/38 4/25 12/44 10/38

L4

var7710

Presence of Liver Neoplasms: Before and At the Time of Terminal Sacrifice

in Female Mice

Sroups
1I v VI VIiII
LIVER ) I% ( Y#, T#* 1 T I 1 T
Adenoma : 0 (O 4(648), 1 4(636), 1(624), 2
Carcinoma 0 (0 3(706), 1 7(5386), 6(551), 6
Hepatoblastoma 0 (0 0{==), 0 1(704), 0(~=), 0O
Total Neoplasms a (G) 7(648), 2 12(538), 7(551), 8

% TLesions before terminal sazrifice.

# TFirst day on test when lesion was detected.
% Lesicns at the time of terminal sacrifice:
¢ WNot applicable.




There is an increased incidence of hepatocellular neoplasms ip male
mice at low and intermediate dose levels. The tumor incidence at high
dose level (3) should be disregarded in comparison since this group was killed
at 17 months on test and the majority of tumors in other groups were observed
betwean 18 - 24 months. Considering this fact, it can be concluded -that the

. oncogenic effect in livers of male mice was compound and dose related. The

presence of - malginant tumors and the decrease in latency of tumor appearance
in test groups are supporting data for oncogenecity. There was an
increased incidence of hepatocellular necrosis (focal plus centrolobular)
in test groups compared with controls.

In comparing the Benomyl and MBC in male mice experiments, the-
effect of both materials was similar on liver oncogenesis. There were:
differences: Benomyl affected the male gonads mores markedly than MBT,
and induced increased incidence in lung tumors. On the other hand, MBC
produced mzrked necrosis im the liver.

Basically, we are in agreement with the Company pathologist's
opinion (page 2) regarding the oncogenecity, "In male mice, a significant
increase in hepatocellular® carcinomas occurred at the intermediate
treatement level. A similar increase was cbserved for the combined
incidences of all grimary hepatocellular neoplasms in the intermediate
dose group. The X° Test for Trend was significant (P< 0.05) for the
-combined incidences of primary hepatocellular tumors".

Other than neoplasms and hepatocellular necrosis, the diagnosed cempound
related lesions have less importance.

In female mice, there is increased incidence of liver neoplasms wrich
is compound and dose related. Similar to the male test group, there was
an increased number of malignant tumors and decrease in latency in test
groups compared to the controls. We are in agreement with the Company pathologisc'
opinion (page 2), "Significant increase in hepatocellular carcinomas occurred in
female mice at the high (7,500 ppm) and intermediate (1,500 ppm) feeding levels.
Significant increases were also shown for hepatocellular adenomas (by cne or
more atatistical tests, Table VI) for all compound-related groups cf females.
The X° Test for Trend (dose-response) was also significant (PC 0.001) for
hepatocellular neoplasms (hepatocellular adenomas, carcincmss and hepatcblastomas)
The effects of Benomyl’an@ MBC were similar in female mice.

Other than neoplastic changes, the compound-related lesions are less
important.

When the gross and histopathologic findings were compared in the livers of
12 female intermediate dose animals (8470, 8445, 8433, 8429, 8428, B842C, 8413,
8425, 8459, 8401, 8463, 8439) and in 12 female high~dose animals (8451, 8495,
8497, 8404, 8507, 8515, 8502, 8523, 8525, 8534, 8553, 8512), a good correlation
was found between gross pathologic observation and histopathologic description
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DISCUSSION AND CONCLUSION

When the oncogenic effects of Benomyl and its metabolite, MBC.  were
compared in different mouse experiements, comparable results were found to
be induced by both materials. In both males and females, the incidence
of hepatocellular neoplasms increased in test groups. In MBC~treated male
animals, there was no increased incidence in lung tumors versus the B
Benomyl~-treated male mice, where alveolar cell carcinomas increased at -
low and middle dose levels.

The-MBC~-induced oncogemic effect was compound related in male, and
compound and dose related in female mice. The effects in the male high-dose
group could not be compared to the other groups: since- this group. wvas sacrificed
at 17 months on test versus 24 months in other groups. Theé increased’ incidences’
in malignant hepatocellular neoplasms and. the decreasses im latency- in- appearauce-
of tumors are supporting data for oncogenecity.

The increased incidence ¢f liver necrosis in male nice indicatés
hepatotoxicity related to the treatement with MBC.

Based on increased incidence of necplasms both in male and female mice, but
only in ome organ, and as supporting data, the presence of malignant
tumors and the decrease of latency in tumer appearance, 1t can be concluded
that MBC (a Benomyl metabolite) is a moderately severe oncogenic compound
in mice.

cc: William Burmam, Dei:ucy Chief
Taxicology Branch,  TS-769
jazard Evaluation Division
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7 SUMMARY

Male and female mice, 80/group, were fed with Bemomyl for two yeaars at

dose levels of 0, 500, 1,500, and 5,000 ppm (parts per million). An increased

incidence of liver (25/77, 353/80G, 52/79 arnd 27/80) and lung (13/79, 24/80,

23/79 and 16/80) neoplasms were detected in male mice. In female mice, an

increased incidence of liver neoplasms (4/77, 9/80, 13/79 and 21/77) were

reported by DuPont, Haskell Laboratory. For the submitted data, we are in

agreement with the Company's pathologist that ouncogenesis was established

in the livers of male mice at low and intermediats levels and in female

mice livers at all dose levels. There was an increased incidence ngt only

in benign but also in malignant hepatocellular and alveolar cell neoplasms.

A proportionally higher incldence in decrease of latemcy, both in female

liver neoplasms (0, 5, 4, 5,) and male lung neoplasms (1, 13, 10, 9) occurred.

The presence of malignant tumors, the lncreased imcidence in lung rtuwors {n

male mice, the decrease in latency in test animals, and the earlier cccurance
- of female liver tumors in test animals compared with controls are supporting
EE data for oncogenecity. A compound-related effect on male gonad- +sas cbserved

p. at the high dose level.

INTRODUCTION

Male and female mice were divided into 8 grcups nf 84 an.mals per gTOUp.
Male (I, III, V, VII) and female (II, IV, VI, VIII) groups were fed with
Benomyl at 0, 500, 1,500, 5,000 ppm (the dose level of 5,000 ppm was lowered
e from 7,500 ppm after 338 weeks of testing), respectively. The animals were
on test material for 740 - 744 days arnd then sacrificed, Gross pathologic
observation was made, and all major tissues and organs were collected for
historathologic observation.

e
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Date Out: EFB: g g QCT 1581
To: " Product Manager 21 Jacoby
TS-767
Fram Dr. Willa Garner ﬂ’
Chief, Review Section No. 1
Environmental Fate Branch

Attached please find the envirormental fate review of:

Reg./File No.: 46262 - EUP - 1

Chemical : Benomyl

' Type Product:  Fungicide

Product Name: Benlate

Campany Name: _ Dupont

Submission Purpose: Basal & foliage treatment on caks

ZBB Code: Sec. 5 - ACTTICN CODE: 720

Date in: 9710/8l EFB §# 940
Date Completed: 2 8 OCT iSO B TAIS (level II) Days
_Deferrals To: B 52 4

X Residue Chemistry Branch

X Toxicolcgy Branch

_. Ecolagical Effects Branch. - - - - - o - -~ -
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1.0 INIRODUCTION

The applicant, Professional Tree Service, College Station, Texas, is
applying for an experimental use permit for a Benlate/dimethyl-
formamide basal treatment and a foliage treatment of Benlate in a

1 1/2 percent oil emulsion in water to be ur:d as a fungicide
system in the control of the rersimmon wilt furngus on broadleafed
trees (mcstly oaks, elms, and sycamores).

2.0 Benlate: benamyl

o:(‘_;_—m—\-— (Q“L\S'Q\-\ 3
/ﬁ\
/C— NH-COOC Ry

methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate

3.0 DISCSSIN
3.1 ©No new envirommental chemistry data submitted. All requirements for an
‘ EUP zppear to have been satisfied.

3.2 This request seems to be a renewal of EPA Experimental Use Permit Mo.
35895-EUP~-2.

3.3 This use is confined to the state of Texas in the vicinity of the cities
of Austin, Bendera, Bryan, Kerrville, Rockport, and Temple. 2prroximacely
2000 trees will ke treated with 400 lb Benlate ard 4000 gal direthyli-
formamide. Tests are planned using Benlate/[MF basal treatment zlone
ard in cambination with the foliage stray, ard with the foliage sgray
in a oil emulsion suspension alone to compare efficacy of treatwents.
Treatment period is to last one year. Dosage rate is determined
by diameter of each tree at breast height.

4.0 - -RECOMMENDATINS
4.1 EFB defers to Toxicology Branch to camrent cn the toxicity data trasenzed
for benamyl and IMF and to Residue Chemistry Branch to cament on zencryl
residue data. <13
[

4.2 EFB concurs with the granting cf this IUP.’
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The results are presented in 8 tables. Table I (page 5 - 137) shows the
gross findings. Table II (page 139 - 1050) illustrates the individual histopath-
ologic diagnoses. Table III (page 1051 ~ 1079) describes the major causes of
death or moribund and killed mice. Table IV (page 1080 - 1135) summarizes. the
histopathologic findings in different groups. Table V (page 1142 - 1143) is the
summary incidence table of compound-related histopathologic changes. Table VII.
{page 1144) shows the statistical analysis of heparoceliular neoplasms, and
Table VIII (page 1145) describes the times of hepatocellular tumor discovery.

The code used in Table II is presented on page-138.

The objective of this report is the review of parhologic data in the rveport
and to make comments about the adequacy of the presented data.

MATERIALS AND METHODS

In the summary incidence cable, the distributien of histopathologic changes
was observed. Those organs and tissues In which major differences were seen
are listed in this report. For comparative reasouns, the neoplasms in the
livers and lungs were tabulated according to whether the neoplasms were observed
before the final sacrifice or at the time of terminal sacrifice. Also the dates
of the first observations of liver and lung tumors were slso reported. With
several organs and tissues, the lesions were counted in the individual histo—
pathologic tabulation and their numbers were compared to the numbers shown in
the summary incidence tables. Benign and malignant neoplasms ¢f the same
cellular origin were listed separately and also counted together in our
tabulation.

In the male control and high dose groups, liver gross and histopathologic
findings were compared in 24 randomly selected animals.

To establish oncogeneciry the following three criteria were primarily
considered:

1) Increases in neoplasm lncidence.
2) Decrease in the latency of tumor appeafance.
3) Presence of rare tumors.

RESULTS S

The submitted pathologic data in the report were presented in a wall=-
organized fashion. The tissues and organs are listed in twelve groups (I - XII)
based on body systems (e.g., the endocrine system). Under the individual organs,
the diagnoses are listed and th2 lesions graded. There is good correlation
between the individual histopathologic table (1I) and summary incidence table
(VI). Some of cur major findings are illustrated in the following tables:

dl4
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General Information

501

GFouDs
T I III w v VI VI VIII
N F M F M F M F
No. Animals/Group 80 80 80 80 80 80 80 80
Dose | 0 0 500 500 1,500 1,500 5,000 5,000
Survival 43 33 36 1 40 23 40 23

There are no significant differences in the survival rates in either male or

female groups.

Selected Histopathologic Findings in Male ice

Groups
I 11T v VIL
SKIN : :
Ulcerative Dermatitis 6/79 15/80 19/79 18/80
(Body & Ear)
LUNG
Alveolar Cell . . -
Caxcinoma 13/79 24/80 23/79 15/30
© LIVER .
Adenoma 9/77 - 9/80 11/79 10/80
Carcinoma 16/77 26/80 41/79 17/80
Total Nzoplasms 25/77 35/80 52/79 27/80
TESTES
Atrophy 12/78 12/79 8/79 31/79
Interstitial Call
“Hyperplasia 4178, 479 7179 18/79
EPIDIDMIS - - g
Deplation Sperm. 18/78 11/78 12/79% 30/7¢9 o
Distended Tubuli witch
Degenerated Sperms 9/78 5/78 11/79 17/79
ADRENAL GLAND
Focal Cortical
Hyperplasia 2/66 6/77 11/78 3/e7
THYROID 21{)
Distended Follicles 4765 13/74 6/73 18/71
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Presence of Lesions Before and At the Time of Terminal Sacrifice

(in Male Mice)

Groups
I IIL v

LUNG ) I# Y TR I T I T
Alveolar Cell

Carcinoma Lﬁéﬁg)s 12 13(445),11 10(3?0), 13 9(576), 7
LIVER
Adenoma : . 5(530), & 4(445), 5 6(541), S5 3(627), 7
Carcigoma 8(545), 8 10(470),16 14(590), 27 5(508),12

Total 13(530), 12 14(445),21 20(541), 32 8(08),19
Neoplasms ’ - o

* Lesions before terminal sacrifice.
# First day on test when lesion was detected.

*%lesions at the time of terminal sacrifice.

Selacted Histopathologic Findings in Female Mice

- - S Groups
"""""" 11 R w T
SPLEEN
Myeloid Metaplasia 10/76 - 22/79 24/78
Adenowa 2/77 z/80 7/79

Carcinoma 2/77 7/80 6/79
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Presence of Lesions Before and At the Time of Terminal Sacrifice

(in Female Mice)

Groups- -
1T Iv v VIII
I%() T#* I T I T I T
LIVER
Agenoma ) 0 O, 2 1(641), 1 4(650), 3 2(644), 5
Car. inomzx g, Z 4(640%, 3 0 O, & 20426, 11
motal 0 4 5 P g s 16

Neapla:. ms
* Les’ons before terminal -acrifice.
# First day on test when lesion was detected.
%% 1agions at the time ~f terminal sacrifice.

There 1s a uiguer incidence of lung and liver negplasms in male
low dose and mid-le dose groups in comparison with the controls. The increase
is more remarkable in the malignant tumors than in the benign, The highast
group 1.as tumors, both benign and malignant, in similar inecidence as the
controls. We accent the interpretations of the company pathologist in the
original report, on page 2, ""Significant increase in hepatocellular carcicomas
and combined hepatocellular necplasms (adenoma, carcincma, and hepatocellular
neoplasm — NOS*) occurred at the low and intermediate treatment level',
Also a compound-related effect on gonads was observed at the high dose level,
Other than neoplasms and the effect on geonads, the pathologie changes which were
found and were compound related are comsidered less important.

In female mice, there i3 an increased incidence of liyer neoplasms
at all dose levels. In addition to the benign neoplasms, the malignant tumor
incidence also increased. We agree with the interpretations of these findings
by the Company pathologist om page 2, "Significant increases in hepaczascellular
carcinoma occurred in female mice at the high- (5,000 ppm) and -low (30G ppm)- —~ -~ ——
feeding levels. Significant increases were als¢ shown for combined hepato-
cellular neoplasms (by oue or more statistical tests, Table VII) for
intermediate and high dose females." Otber than neoplasms, the pathologic
changes which were reported and were compound related are considered less important,

When the times of tumor occurrences were checked, proportional decreases
in latency were present in lung alveolar carcinoma at all dose levels in male
mice and moderate decreases in latency were detected at all dose levels in
female liver neoplasms. 21 v
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experiment were sumparized in a memcrandud . ‘ L%

J. Kempter).

When the gross and histopathologic findings were compared in 12 male
cuntrols (6531, 6467, 6515, 6513, 6468, 6516, 6537, 6535, 6538, 6468, 6463,
6520) and ia 12 wmale high~dose animals (6719, 6732, 6773, 6755, 6771, 6752,
6741, 6711, 6723, 6726, 6733, 6735), a good correlation was found between
the gross histopathologic observations and histopathologic description of
the lesions.

DISCUSSION AND CONCLUSION

When Benomyl was fed to mice in a chronic feeding study, an oncogenic
effect was detected both in male and female animals, This effect was compound
related in males where the tumor induction was limited to low and medium dose
levels. In the female livers, the oncogenic effect was compound and dose
related. There is no definite scientific explanation for the lack of oncogenic
response in male mice at the high dose level; however, thers are other oncogeaic
compounds too which produce neoplasms in a similar fashion. Other than
oncogenic response, the pathologic changes have secondary importance reiaced to
the adverse effects of this compound.

Because of the lack of dose-related response in male mice and the presence
of increased malignancy and decreased latency in- test anirals, it can be
concluded that Benomyl is 2 maderately severe oncogenic compound in mice.
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Explanation

Carbendazim (methyl 2-benzimidazole carbamate) was evaluated by the Joint Meet
of 1973, 19761 1977 and 1978 (FAO/"EO 1974, 19779 19781 1979)..1.7 The data lﬂil&bll -1
not considered adequate for the estimation of an acceptable daily intake (ADI)."~ Datg h
neceassary for eatimating an ADI were identified in 1976 and 1978 and listed undwr "Ry
Work or Information". These data have been provided and reviewed in this monograph e

addendum.

FNew, additional, or updated information on use patierms, envirormental chemigtry
and plant metabolism was also made available to the Meeting, along with new or addit:
data on crop residuss from supsrvised trials, “ta]

TOXICOLOGY

EVALUATION POR ACCEPTABLE DAILY INTAKE

PICCHEMICAL ASPECTS

Abvsorption, Diatritution and Excretion

¥MRI mice and Wistar ratas were given curbendaszim, vis intragastric intubation,
a single dosa of 3 mg/kg b.w. and ons of 300 mg/kg b.w. Urine was collectsd durdng i
firat 6 h, aftsr which the animels were killed. Aralyses rewszled no sex diffsruncse,
Almost all metabolites in urine wore conjugated as sulphate swters. Clewvage of them
conjugates by B-glucuronidase/arylsulphstage releassd 5~EBC as the only extractable
metabolite from water. Urine of mice comtaired & higher portion of compounds that
remained polar after enzyme treatment than the correspording urine of rats., Polaxity
wss caused by a functional group (6.g. phenclic hydroxyl group) thei was imircduced
into the MBC molecule by a conjugation reaction, These water-soluble compounds were
not identified. Essentially the same metabolites were found in both mousme and rat uriz
samples with only quantitative differences observed between species (Dornm et 21.1983).

Effects on Enzymes and Other Biochemical Parameters

Groups of Wistar-SPF male ratz and Swise-SFF male mice were adminiatered carbendizia
in the diet at dozage lavels of 0 to 10 000 ppm for €0 days. 7The induotion of liwer
enzyme activities by carbendazim weg examined and compared with a positive contrel,
which received phenobarbital sodium (administered vis drinking water).

Growth and food conzumption were deorsased in rats at 10 0CO ppm tut not in =mice
administered up to 5 000 ppm in the diet: Relative liver weighiz werwe incresssd in reN
fed 2 000 and 10 000 ppm and in mice receiving 1 000 and 5 OO0 ppm of carbendazim,
Phenobarbital groups were similarly affected, Protein concentrations in the totxl liwmr
homogenates and in post-mitochondrial fractions of rats were not affected by carbendaz:,
wherezs in mice both fractions wers incressed at 5 000 pr.

The feeding of carbendazim to rata at dose levels of 2 OO0 pps and highesr remultel
in slight to moderate induction ¢f several drug-metabolizing enzymos of phage 1 {1—attcy
coumarin~O-desthylase, biphenyl-{-hydroxylase, aniline hydroxylase, 4~methoxybiphenyl-®
dsmethylase and cytochrome-o-reductase). Similar increased activities of phase 2 drug
metabolizing enzymes (glucuronyl trensferase I and II) and glutathione comtant were
moderately to markedly incressed at this dose,

The feeding of carbendagim to mice at dose levels of 1 OO0 ppm and higher results
in moderate to marked incresses in drug metabolizing enzymes of phase 1 {including cyt>
chrome Re450 and aminopyrine-F-demethylase). Cytochrome—o—reductase activity was
decroased, GClucuronyl transferase and glutathione~S~transferase activities, slong witd

glutathione comtent, were slightly increased,

22

1/ See innex 2 for FAO and WHO documentation.
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ere NO measureable differsnces noted between rats and mice in regard to the .
Thers ;,'i of the tast substance, although exhaugtion of the detoxification mechanism
mgt&bor' evident in the mouse at the higher dose levels. The detoxification and elim-
::n of carbendazim and its metabolites proceed more rapidly in the rat than in the
B e This is reinforced by the increased glutathione content in rat liver and in=
m

Tsed activity of phase 2 enzymas (Falke et al. 1982a,b),
c .

pricousICAL, STUDIES

Acute. Toxicit

The acute toxicity of carbendazim in meveral animal species it summarized in Table 1.

Gross and histopathological changes wers observed in the testes and epididymides
¢ male rats orally dosed with carbendasim at doses of 1 000 mg/kg b.w. and greater.
0 o8 were small, soft and discoloured with greatsr than 70 percent of the tubulsa
T owing degenerstive changes, Sperm was reduced or absent im the epldidymides examined.

rable 1 Acute Toxicity of Carbendazim in Animals
‘4’ - 1
chemical Species Sex (Number) Route Vehicle ADL/1D5 Reference
(mg/kg bow. )
carbendazim  Rat #/F (10/dese) Oral Corn oil LDso™> 10 000 Coodmen 1975
(MBC) Rat ¥ (1/dose) Oral Peamt oil - 11 000 Sherman 1965
Rat W/P (10/dose) Oral Sesama oil  Ldsg>15 000 Kramer &
Vaigand 1971
Rat ¥ (1/dcse) Oral Peamat oil  ALD>> 17 000 Shorman &
. Xrauss 1966
Mouse ¥ (10/dose) Oral Propylene LDgo >15 000 Til & Beems
glycol 1981
Dog W/F (2/dose) Oral Sesame oil  ALDsg>5 000 Scholz &
Heigand 1972
C. ptg M (10/dose) Oral Corm oil 0> 5 000 Dashiell 1975a
Mouse  M/F (10/doss) "I.P, Sesame oil  LD5p.>15 OCO Scholz & -
) Weigand 1972
Bat M (10/dose) I.P. 0.9% saline LDy 7 2 000 Scholz &
& Tween 80 Weigand 1972
Hat X (6/dose) Inhal. Dust ALC>S.9 mg/1  Sarver 1775
(1 1) {time weighted
concentration) )
Rabbit X (10/dose)  Demmal 50/50 Aqueous LDsg™10 000 Edwards 1374a
) raste
Rat P (5/dose) Dermal Sessme oil  ALD > 2 000 Xramer &
Weigand 1971
75% Wettable  Rat ¥/F (5/dcse) Oral Corm oil LD50> 5 000 Hinckla 1981
Powder ’
75% Wettable Hat ¥/P (10/dose) Ichal, Dust LC5g75 @g/1  Hash 1982
Powder 4 h. .
T5% Wettable Rabbit W/F (5/dose) Demal Physiologic LDgy7 2000 Pord 1382
Powder saline
- - 1/ Based on mg/kg asi. T T T T |
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Special Studies on Eye and Skin Irritation

The eye irritation evaluation of technical carbendazim was negative in aldino
rabbits. The 75 percent wetiable powder formulation when tested in rabbits producsd
transient corneal opacity in 6/6 umwmshed and 2/3 washed eyes. Biomicroscopic examina~
tion confirmed this finding as mild to moderate. Conjunctival irritation (rednsess,
swelling, discharge) was also transient. All eyes were normal at day 4 of the obtaerva~
tion periods Irritation response wea probably related to the inert ingredients in the
wettable powder formulation (Edwards 1974b; Henry 1382).

A 75 parcent wettable powder formulation produced transient slight irritation when
applied to the intact and abraded skin of albino rabbita (Ford 1381a). A 55 percent
suspengion of the 75 percent wettable powder formulation in dimethyl phthalate produced
mild irritation to the shaved intact skin of albino guines pigs. A 5.5 percent concen~
tration produced no irritation (Ford 1381b).

Special Study on Sensitization

Albino guinea pigs (10 males) exposed to carbendazim, either technical material or
a 75 percent wettable powder formulation, presented no svidence of dermal sensi%ization
following both intradermal injectiona and repeat applications %o shaved intact akin

(Pord 19811).
Short~Term Studies .

Rat

b
Groups of ChR~CD male rats (6/dose) were intubated with 200, 3} 400 or 5 00O mg

carbendazim/kg/day, five times/week for two weekam., Xortality occurred in 2/6 rats at
the 3} 400 mg/kg dose omly. Animals at all levels demonmstrated grosg and microscopic
evidence of adverse effects on testes and reduction or abaence of sperm in the epi didy-
mides. Testes were-small and discoloured, with tubular degenerstion and evidencs of
aspermatogenssis., Morphological changes were also reported at 3 400 mg/kg for the duoe
derum, bone marrow and liver (Sherman 1965; Sherman & Krauss 1966).

Groups of ChR-CD rats (16 males and 16 females per group) were fed carbendazim {72 per~
cent a.i.) in the diet for 50 days at dosage levela of O, 100, 500 and 2 500 ppm. Asimals
were observed daily for behavioural changes and bedy weight and food consumptioz vers
recorded at weekly intervals., Haematological exmminations wers conducted on 10 male and
10 female rate in each group at 30, 6C and 30 days. Routine urinalyses wers periormed
on the same animals, as well &8 plisma alkaline phosphatase and glutamic pyruvic trams~
aminase levels, After 30-38 days of comtinucas feeding, 10 male and 10 female rats in
each group wers killed and selected organs weighed. Aidditional orgens were preserved
for microscopic examination. The six male and eix female rats remaining in each group
aftor terminal sacrifice were subjected to a rTeproduction study.

There were no gross toxic signs of poisoning and no campound-related effectm om
wolght gain, food consumption, food efficiency or haematology. Thare were no comtrel
dats for tiochsmistiry, urinalysis determinations or differential white blood counts,
The average daily dose for the high dose group animals was 360 mg/kg bew./day, inmitisin
and 123152 mg/kg b.w./day at sacrifice. Liver to body weight ratio in females at 2 50
ppa wms slightly increased campared with control rats. Thers wers no effects om testicr
lar wights in any of the trestment groups. Microscopic examination of selacted tissues
and organs in the control and high dose groupe demonatrated no sdverse.effects attrile-
table to the presence of carbendazim in the diet (Shersan 1968).

Rabbit

New Zealand Albi~o rabbits (6 males/group) were trested with O and 2 000 mgrkg of
carbendszim, applied as a 50 peorcent aqueous paste to the shaved intact dorsal skan.
¥Baterial was applied repsatedly, six haun/day for ten consacutive days. There wers E?.Z?
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-1 000 pmm

- lymphocytic infiltrates in female dogs in all groups, whic

“~AIl measurements .'or males and frmales were combined and sveraged,
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. on body weight, clinical symptoms, organ weights, gross or histopath-

ungovaf? ,glectid organs. There was focal necrosias of the epidermmis and polymorpho-

aloiﬂ : cell jnfiltration of the dermis in 5/6 rabbits exposed to carbendazim, No other
(1

w; o ware observed (Dashiell 1975b).
off8

Dog ,
croups of one-year-old besgles (4malesand four females per group) wera administered

G ozim (53 percent a.i.) in the diet for three months at dosage levels of O, 100,
*nd 2 500 prm. The 2 500 ppm level was reduced to 1 500 ppm because of losa of

500 1te and decreased body weight, However, compound administration was interrupted
appet jaced on a control diet for a few days and then restarted at the 1 500

a u!iﬂ"*l" wore D
whe jevel. Thersfore, the data generated from the high dose group are not con-

pﬁ.::; in the evaluation of this study.
8
pood ¢ sption and body weight data were recorded weeklys, Clinical laboratory
sione, including haematological, biochemistiry and uripalysis measuremsnta wers
aﬂrfim"‘e 4 pre-test and after 1, 2 and 3 months of feeding, At the conclusion of the
po 11 animals were killed, selected organs waighed and additional organs subjected

microscopic ovaluations.

cltb‘

There was no mortality or adverse cageside clmervatiions owor the courss of the study
and wth and food consumption were normal, except as noted at the high dose level
(1 500-2 500 ppa)e Urinalysis measurements were unaffected by treatment. There were
5o doge-relatad effects on the hasmatological msasurements. Femalea at the mid—dose
Level showed a trend toward increased cholestercl lavels at 1, 2 and 3 months compured
with pre-test and control. High~dose females had similerly elevated cholesterol levela.
Crgan-to~body weight changes were observed for the thymus of low- and nid-doae malee
and for the prostate of mid-dose males, All weighia for these organs were inerosmsd
canpared with control values, However, only liver, kidney and testes were examined
nistologically in low- and mid-dose group dogs. Limited histopathology data did not
\pdicate campound-related effects (Sherman 1970).

Croups of beagles (four males and four famales per group) were adminiztared car-
vendazim in the diet at dosage levels of O, 100, 300 and 1 000 ppm for 13 weeks. The

level wa3 increased to- 2 000 ppm after six weeks of treatment. Body weights,

rsematological and blood chemistry measurementsz, urinalyses and liwr/kidmy functicn
tegts wers examined periodically during the test. Crcss and microscopic examinations

of all animals were performed at the conclusion of ihe study. -

There wers no reported compound-related effects om clinioal Yshaviour, body weight,
food consumption, haematology, kidney function (phemol red excretion) or iiver functicn
(3SP retention) examinations. Blood chemisiry me¢surement2 were nommal, excapt for a
slight decrease in albumin in mid- and high-dose males at 12 woeks, These values diffsred
¢rou weak 0 messurements only in high-dose males. Urinalysis was normal except for a
high bacteria count in high-dose females at wsek 11, Blood clotting time was slightly
reduced in high-dome dogs at week 12, There were slight increases in relative liver
and thyroid weighta and a decrease in relative heart welghts in the 2 CCO ppm gromup
Thero were no microscoplc changes in thess organs or any other
There %a3 an increase in sulmucosal
h wae significant at the high
on beagles whon incorporeted
less (Til et al. 1972). (NOTE:
This practice can
camplicate interpretation of the results when thers are slight or marginal effects in

one sex, such as in this study.) - --

compared with control.
organs that could be associated with treatment.

dose. Carbendazim appeared to be without adverse effects
in the dist for 13 weeks at dietary levels of 300 ppm or

3pecial Study on Reproduction

Rat

th 24 male and 24 female
Dietary levels of
There wers six male and six

A one-generstion reproduction study in rats was performed wi
™t8 that had been removed from a 90-day dietary feeding study.
‘arbendazim administered wers O, 100, 500 and 2 50C ppm,
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female rats psr group. After each female had been exposed o three malss fram the 4
dosage p they were separated to produce the Fys generation. Litiers were reduced s
10 pups/litter on the fourth day after birth. The Fg animals were mated again after *
approximately one week in order to produce the Fip litter. Reproduction indices, 1iy
data at birth and on days 4, 12 and 21 were recorded, along with body waights at wun;:;

Data presented were extremely limited and submitted as group data only. Thers y,
no pregnancies at 100 ppm for either Fi4 or Fyp matings, Thers wera no apparent eft.c?
on the reproduction indices or weanling weights., However, the fertility index for au"

ps, which was 33=67 percent, prevents any meaningful interpretation of the data

Sherman 1968),

Groups of ChR-CD rats (three male and 16 female rats/group; high-dose group was 3
famales) were fed carbendazim in the diet at dosage levels of O, 100, 500, 5 000 ang
10 000 ppm and subjected to a standard two-litier per generation, three-generation re.
production-etudy. -Animals-wers fed from 21 days of age until 100 days of age, when ¢
were mated to initiate the study. Number of matings, pregmancies and young in each - F
litter at birth, and on days 4, 12 and 21 were recorded, along with body weights of e R
at weaning, Litters were culled to 10 pups/litter on day 4. After one week, Fo parent; .
wers mated again to produce the Fyplitiers, after the Fiy had been sacrificed. The Fi3 £
litters were maintained on their respective diets for 110 days and then mated %o produey -
the Py and Fpp litters. The Fia and Fyp litters were similarly produced. Gress and -
histopathological examination of selected tissues and organs were performed on two mals
and two femzles in each of five litters from the control, 5 GO0 and {0 OOC pmm dose gronp

paps from the Fip litter.
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Reproduction indices, including mating, fecundity, fertility,“gestation, viability
and lactation, were calculated and compared with control values, There wers no compoupi. .
related effe~ts on any of the reproduction indices cther than reduced average litier
weights at 5 OO0 and 10 OO0 ppm in all generations at weaning, Histopathological exan-
ination of Fip weanlings did not reveal any effects that were considered compound relats,
MBC is considered to be without adverse effects on reproduction in the rat when adminig.
tered in the diet at dose levels up to and including 500 ppm (Sherman 1972).

Carbendazim was administered to groups of Wistar Rats (10 males and 20 females/
group) at dietary levels of O, 150, 300 and 2 000 ppm for three generations, Two
successive litters were reared from each female. Genseral cordition and bshaviour wem
routinely observed and individual body weights were recorded throughout the study. T
mmber of pups in sach litter were recorded and culled 1o eight on day 1. Total weight
of each litter was measured at days 1, 10 and 20, The Fij and Fp, litiers were discaxd
at weaning and the Fyp and Fpp litiers were used to produce succeeding generations., T
P4 offapring ware selected for use in a teratology study, while Fip offspring were us
in a 4-week short-term toxicity evaluation. ‘ .

Health and body weight gain were not affected by carbendazim. Howsver, treatment
groups weighed eignificantly more than controls in all gonerstions, There ware no cowp
pound-related effects on fertility or survival at bifth, day 10 or day 20. Litter siss
was not affected by treatment, excspt for a marginal-decrease in Fpy litiers in all dos
groups, There were no differsnces in the Fpp litterg at 3¢C and 2 OO0 ppm; however,
there was a decrease in litter size and increase in mortality at birth at 15C ppm. Bir2
weight during the lactation period was comparable among all groups, There wers no gros
abnormalities related to treatment. .

Autopsy of rats in the four-week ghort-term feeding study demonstrated increased . & .

relative liver waights and decreased rzlative apleen weights in femalas fed 2 000 ppu.
There were also significant decreases in relative ovarian weaghts for females in all
dose groups, Histopathology of the livers did not indicate any compound-related change
There was no histopathology of the other organs presented,
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was no maternal or feto-toxicity evident in the teratology portion of the
Th";e” were similarly no differences in visceral anomalies at O or 2 000 pmm
studye T 8 ax amined )}, Thoracic vertebral bodies were reduced at 2 CCC ppn and a
at reduction of the cervical vertebral bodies at 2 OCO ppm. However, controls
ygnifics more significant changes throughout with regard to absent or Celayed ossifica—
al structures.

,u.thoﬂzh there were no apparent adverse effects on reproduction and no teratogenic
at dietary levels of carbendazim up t0 and including 2 00O ppm, thers were no
offocts 1 animal data presented, Histopathology of animals in the four-week study was
md;vlg”:e and did not include evaluations of splesn or ovariea. Such additional data
socompLe to confirm the absence of adverse effects in this three--generation repro-

ar’t?:;d:gudy in rats (Koeter et al. 1976).
duc

cial Studies on Teratogenicity

Rat

groups of ChA-CD rats (27-28 pregnant rats/group) were administered carbendazim
(53 percent aei.) in their diet at dosages of O, 100, 500, 2 500, 5 000, 7 500 and 10 000
5 from 6 through day 15 of gestation. Average doses were equivalent to O, 8.9,
ZP; 218.4, 431069 625.5 and 74609 mg/kg d‘yl uﬂmti“].yc Gn d&y 20 of gestaticn all
5 n'!ﬂf animals wers sacrificed and foetuses delivered by Caesarean section,

Determination of the pumber and location of liva/desd foetuses and resorption aites
were porformed, as well as body weights, crown-rump length, sex and external examination
for visible abnormslities. Two thirds of the foetusss wars prepared for examination of
skeletal abnormalities and the remaining ones were examined for visceral and soft tissue

u-,auli“.

There was no mortality, no adverse effect on body weight or clinical signs of toxi-
city. Food intake was reduced in the 10 000 ppm group during the period the test dist
ws administered, tut returned to camparable control levels from days 16 to 20, The data
relatsd to reproduction (implantation aites, resorption s{tes and 1ive/d.ad fostuses)
were not adversely affected by carbendazim. Thers wers no external or internal abnor-
zalities reported that were considersd compound related., There was no individual litter
data presented. it was concluded that carbendasinm was not teratogenic when administered
to ChR=CD rats at dietary levels up to and including 10 000 ppm during the critical period
o organogenesis (Sherman et al. 1970).

Groups of pregnant Wistar-SFF rats (18-22 females per group) were administered car
bendagim in the diet at domage levels of O, <00, 2 000 and 6 000 ppm from days 6 through
15 of geatation. On day 21 of gestation all pregrant rats wers sacrificed and pups
delivered by Caesarean sectionm.

Dams wers weighed pariodically during ths test and food consumpiion measured for
specific psriods, The number of corpore lutea were determined, ovariea weighed and foetumes
weighed and examined., The rumber of implantation and resorption sites were recordsd and
ths empty uterine horns weighed. One third of the foetuses were fixsd and stained for
skeletal examination and the remaining two thirda were examined for soft tissue anomalies.

Although 23 .females per group were matsd, the pregnancy rate was variable, with 18,
22, 20 and 18 pregnant in the O, 600, 2 000 and 6 000 ppm groups, respectively. The

zean body weight gain and food consmumption for the high-dose femsles were significantly . _.

decreased in comparision with controls. The mumber of live/dead. foetuses, implantation
#ites, embryonal resorptions, foetal resorptions and corpora lutea/dam wers comparable
among all groups. Ovarian weights and weight of the empty uterus were not affected by
{reatment, The mean foetal weight/litter and sex ratio wers comparable among all groups.
Pre- and poat-implantation losaes were not affected by treatment,
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No visceral anomalies were reported that were sigrificantly different from the
control response. Misshapen and fused bones wers muck more frequent occurrences in ths
high-dose groups then any of the other treatment or conirol groups. Supermumery rida
weres also significantly increased in high—dcse females, (msification was significantly
delayed or absent in high~dose group pups, particularly for forelimb, hindlimb, sternebry,
and skull bones. (wsification was aignificantly delayed or absent in cervical vertebra)
bodies in all treatment groups when compared with control pups.

There were no individual animal or litter datz ard variations in ossification and
other skeletal abnommalities were presented as percentages. The teratogenic or fetotorie
potential of carbendazim to pregnant Wistar-SPF rats, thersfore, cannot be determined
from the results and data presentsd (Koeter 1375a). .

Rabbit

Groups of pregnant New Zealand albimno rabbits (3~11 females/group) were administereq
carbendazim in the diet at dosage levels of 0, 600, 2 000 and 6 000 ppma from day 6
through day 18 of gestation. On day 29 of gestation, 21l pregnant animals were sacri-
ficed and foetuses dslivered by Caesarean section.

Doss were weighed periodically and food consumption was determined for specific
periods, The mumber of corpora lutea were determined, ovarieam weighed and foetusmes
weighed and examined. The number of implantation sites and regorpiion sites were
recorded and the empiy uterus weighed. OCpne half of fostumes weore stained and ssctioned
for skeletal anomalies and the other half examined for scft tissue abuormalities. (nly
the foetuses in the high-dose and control groups were examined for visceral anomalies,

Although 18 females per group were artificially irseminated the pregnancy rate was
sxtremely variable among groups, with 9 in control, 3 im 600 ppm, 3} in 2 CO0 ppm, and
11 4in the 6 000 ppm group. The mean body weight gain was significantly decreased in
the high-dose group, although food consumption did not wvary among groups. The mumber
of 'livo/‘a:ead foetuses, implantation sites, embryonal resorptions, fcetal resorptions ard
corpora lutea/dam wers comparable among all groups. The ovarian and uterins weights in
the high-dose group were depressed in comparison with centrol females, Pre- and Tost-
implantation losses were not affected by ireatment.

There were apparsnt differences between high—dose and conirel groups for visceral

anomalies. However, too few litters and foetuses wers examined to enable making any

concluaions.

There was a significant increase in the number of supsrmumery riba (bilatersl) ard
skull bones in the high-dose group. Cesification was significanily delayed or abteent
in high-dose group fcetuses, most notadbly in the forelimb metacarpals and phalarnges,
There was also incomplete ossification of the sternebrae and skull bonea, which wes
significant at 600 ppm a.nd 6 000 ppm., Wisshapen sterzsbras wers also present in the

6 COO -ppm group.

There were no ipdividual animal or litter data, wariations in ossification were
presented as percentages and visceral anomalies ware evaluated in only 2/4 of the groups.
The teratogenic potential of carbendazim to pregnant liew Zsaland albino rabbits, there-

—fore, cannot be ascertained Trom iie results and data presented (Koetsr 1575b).

Special Study on Neurotoxicity

A neurotoxicity study performed using chickens gave no indication of neurotoxic
potential at single oral doses up to and including 5 (00 mg/kg (Coldenthal et al.1378).
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sroups o weanling rats (36 male and 36 female ChR-CD albino rats/group) wers admine
T arbendazim (50~T0 percent a.i.) in the diet for 104 weeks at dosage levels of
i,g’re 00, 2 500-10 000, and 5 COO prm. Growth was observed by body weight changes

2, ¢ «;d consumption data, which were recorded weekly for the first year and twice a

ard {athereafter‘ Daily observations were made with respect to behavioural changes and
,-;cm*!hnt At periodic intervals throughout the atudy, haemstologic, urinalysis and
aorts ,dy;linical chemistry examinations were performed. After one year each group waz
53106; to 30 male and 30 female rats by interim sacrifice for gross and microscopic

reduc tions. At the conclusion of the study all surviving animals were sacrificed and
evalud thological examination of tissues and organs was made. Microscopic exanination
. o8 Peissuss and organs from the control and 2 500 ppm groups were conducted, along
:ift; Liver only from the 100 and 500 ppm groups, and liver, kidney testes and bome marrow

ercm the 5 000 ppm group animals.

The few mortalities obaemd.in the first year were not attrilutable to the presence
rbendazim in the diet. Survival decreased during the second year to approximately
for males and 39 percent for females, but was not related to irsatment. Body
weight gaip was depressed for males and females in the 2 5C0-10 000 ppm group and for
remales in the 5 000 ppm group when campared to control groups., Food consumption did

"ot differ among groups. The avora,%-e daily dose for the 500 ppm group was 65 mgikg bew./
4y (imitially, ¥ and F), 18 mg/kg (at one year) and 15 mg/kg (at two years). Haemato—
logic examinations demonstrated rm}ucod erythrocyte count, haemoglobin and haematocrit
«alues for females at }>~24 months in the 2 5C0 and 5 COO ppm groups; and for males at

s+ months in the 2 500 ppm group. There were no campound-related clinical aanifesta~
;1ona of toxicity and no effects observed in urinalysis examination. Alkaline phospha~
sage ard glutamic pyruvic transaminase activities varied throughout the test at 2 500

azd § COO ppm but did not demonstrate a conaistent dose response. There were no apparent
2ifferences in the organ weights or organ—to-body weight measurements, except for female
livers in the 2 500 and 5 000 ppm group. This increase in the liver-to-body weight ratio
wag reflective of lower body weights for both groups and thérefore, not compound related.
sstopathologic evaluation of the livers did not demonsirate any compound-related effects, y
sistopathologic examinations demonstrated an increased incidence cf pigment deposition
in spleen and bone marrow for both males and females at the 5 000 ppm level. This is
~orsistent with the haemmtology data for the same group. Males in the 2 5CC-10 000 ppm
group presented marginal increages for diffuse testicular atrophy and prostatitis. Car-
vendazim is considered to be without adverse offects on ChR-CD rats when incorporated in
she diat at levels up %o and including SO0 ppm {Sherman),

of ca
34 percent

Groups of Wistar rats (60 males and 60 femalaa/grcup) wers administsred carbteudazim .
37 percent pure) in the diet at dosage levels of O, 150, 300 and 2 000 ppm for two years.
The 2 COO ppm dose was incressed to 5 000 ppm after one wask and then tc 10 000 pm aftsr
*wo weeks for the remainder of the study. Clinical signs of toxicity and generzl health
vere determined daily. Body weight &nd food consumption were measured regularly through-
@t the study. Haematology {peripheral blood), blood chemistry (orbital simus) ard
uriralysis evaluations were periodically conducted during the study. All animals were
audjected to complete gross necropsy and selected organs weighed. A complete list of
‘is3ues and organs was prepared and examired microscopically in 20 male and 20 female
rats of the control ard high-dcse groups. All tumours and gross abnomalities were also
examined histologically. I

There were no differences between test groups and control animals concerning clinical
:h:fm of toxicity or food consumption. Body weights were significantly reduced iz low- ,
.ou) miles at week 88 to term and in high dose females at week 12 to term., Urinalyses
jﬂi “ldrey function (specific gravity),were comparacle among all groups. Of the faema—
*¢logical measurements examined, Hgb was depressed in high~dose females at week 26, 52
:‘3 zol and PCY vas depressed in high-dowe females at week 103, There were no compound

ated effects in males., SGOT activity was decreassd in high-dose males at tamm, tut 227
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High-dose females had increased SCPT activity and decreased total seryy
protein at temm. Thers were no compound-related effscts on organ weights except for
increased relative liver weights in high-dose females. There were also no compound-
related effects om mortality, with 50 percent mortality in control males at week 76,
and at week 92 in treated group males. There was 50 percent mortality in control and
low-dose females at week 83 and at )2-~96 weeks in mide and high-dose females., Survival
at termination of the study was comparable among all groups.

not in Camalas,

There wers no measureable histological diffsrences between control and treated
groups, except for an increased incidence of diffuse proliferation of parafolliculsr
cells of the iayroid in the high-dcse females. The number of tumour-bearing amimala
and total mumber of primary tumours were comparable among all groupe, and there wers no
canpound~related oncogenic-effects reported. (NCIE: All data ented were grovp
mean values with SD. There were no data on individual animals. ;

The no obsarved effect level (NOEL) is 300 ppm, based on body weight changes, de-
creased Hgb and PCV values and increased relative liver weight in high-dose females,
There was no tumourigenic effect in this strain of rat at doses up to and including

10 000 pym for 104 weeks (Til et al. 1976).

Dog

Groups of beagles (four males and four females/group) were administersd carbendazim
(53 percent a.i.) in the diet at dosags levels of 0, 100, 500 ard 2 500 pim for two years
TDogs were one to two years of age at the start of the test. Some doge in the high-dose
group received only 1 500 ppm. Food consumption and body weight data wers obtained
weekly and animals were examined daily for clinical signa of toxicity. BHaematological,
biochemical and urinalysis examinations were performed periocdically throughout the atudy.
Interim sacrifice after one year was performed on one male and one female from the con-
trol and 500 ppm groups, as well as one femala from the high-dose group., Ous male from
the high-dose group was sacrificed in extremis after 42 weeks on the test diet. Organ
woights, gross necropsy and histopathological evaluvations wers performed at the conclusior
of the study. Only the livers and testes were examined histclogically in the 100 and 5C0

ppu dose groups.

There was no mortality reported for the comtrol or 100 and S00 ppm dose groups.
However, three males iz the high~dose group wers sacrificed afisr 22 and 42 weeks because
of poor mtrition. No famales in the high—dose group died. Body weight and food con-
sumption were all adversely affected in the high-doge group animals, tut not at lower
levels., The ave daily intake for the S0O ppm dose group was 15.0-20 ag/kg (initially, i
M and P), 14-18 ng/kg (one year) apnd 10-16 mg/kg (twc ysars). Doga in the highest dse §
group developed anorexia, distended abdomens and overall poor mitritional condition, :
Baematological evaluations and urinalyses were not apparently affected by treatment. The
dogs in the 500 ppm and 1 500~2 500-dogse groups had increased cholesterci, BUN, total
protein, GPT and APase levels and presented ¢ ridence uf & decressaed A/G ratio throughout
the study. This biochemical evidence of liver effect was supported by liver patholegy,
with incidences of hepatic cirrhosis, swollan vacuolated hepatic cells ard mild chronmic
hepatitis in dogs fed 50(: ppm or more of carbendazim. Thers were no noticeable effecis
on organ weights and organ-to-body weight ratios. Diffuse teaticular atrophy (shich ws
marked) and aspermatogenesis sers obaerved in 2/4 males at 100 ppm but were not present
in the other dose group or in control males. Based on the lack of supporting da%a in _ _ _
the other dose group males, theme 7indings are not considered as being compound-ralated.

The NOEL in this astudy appears %o be 100 ppm, bamed on the liver effects noted at
500 ppm and greater (Sherman 1972).
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. groups of beagles (four males and four females/group} were fed carbendazim in the

aiet 8t dosage levels of O, 150, 300 and 2 OCO ppm for 104 weekas. After 33 weeks the

2 000 ppm dose uaa.inc?aased to 5 000 ppm. Dogs wers 22-27 weeks old at the start of the

studye Daily examinations wers made for clinical signs of poisoning and adveras behaviour.

Growth, a8 evidenced by body weight, was recorded regularly throughout the study, as were

food consumption data. At periodic intervals (weeks 13, 26, 52, 78 and 104), haema~

tology, blood ch?sniatry and urinalysis were performed. Liver function (BSP retention)

and kidney function (phenol red excration) tests were e luated at weeks 26, 52 and 104.

4t the conclusion of 104 weeks of dietary administration, each dog was sacrificed and

gross and microscopic examination of tissues and organs were performed. - -
There was no mortality in any group except for one female in the high~dose group

which was xilled in a moribund state after week 36. Growth, as measured by body weight,

waa decreased in mid-doge males and high-dose males and females. Food consumption was

comparable among all groups. Blood clotting times were significantly reduced in high-

dose males from week 1) to term, with slight decreases noticed in high~dose females,

serum alkaline phosphatase activity was increased in the high~dose group dogs through-

out the study. Thers were no compound-related effects on SGPT or SGOT levels. All

other haematological and blood chemistry measurements were comparable with control groups.

There were no differences among groupe for BSP retention, phencl red excretion or urine

apalyses.

Absolute liver and thyroid weights were significantly increased in high-dome group
dogs. Relative liver, thyroid and pituitary weights wers also significantly ircreased
at the high dose, There wers no reported microscopic changes in thees organs relatsd to
treatment. Thers was an increased incidenca of prostatitis (3/4 ve 1/4) in high~d~ -
males comparsd with controls. Also noted in 1/4 high dose males was interstiti - -
meclear inflammatory cell ipfiltrates and atrophic tubules of the testes.

(Summary tables only wers provided for the number of dogs with the indicated -ath-
ological response. Severity of response, identity of dog involved, gross and histo-
pathology reports of individual animals were not provided. Data provided were generally

not separated according to sex.)

The feeding of carbendazim in the diet to dogs for two years was without apparent -
adverse sffects at levels up to and including 30C ppm {Reuzal et al. 197€) .

Special Studies for Carcinogenicity

Groups of CD=1 mice (80 males and 80 females/group) were administered carbendszim
(99 percent a.i.) in the diet at dose levels of 0, 500, 1 500 and 7 500 pmm for two
years. The 7 5CO ppm dose was reduced to 3 750 ppm afier 66 weeks for the males bscause
of increased mortality. PFemalss received 7 500 ppm throughout the study period. Animals
were 6=7 weeks old at the start of the study, Mice were examined daily for behaviour
and clinical signs of toxicity, biwsekly for palpabls masges and regulsrly weighed for
body weight changes. Food consumption was similarly detsmined om 2 routine basis.
¥ortality was noted and recorded. Peripheral blood was collected periodically through-
out the study for baematological examinations, Selected organe were weighed, including
brain, heart, lungs, liver, srleen, kidney, testes and thymus. Microscopic examination
was performed on a complete list of tissues and organs., Urine and faecal samples were

also analysed,
Mertality was compound related in male mice.

at week 73 because of significant increase in mortality, Only nine wales ip tha 1 500
prm group survived to week 104, compared with 18 for control males. Females were un-

affected by treatment in this respect.

The-high-dose_group males_terminated .. __ .
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Thers were no dose-related effects on body weight or food consumption throughout
the study, although terminal body weights for low- and mid~dose group malaes were less
than control and high~dose group males, Clinical signs of toxicity were similar among
all treatment and control groups. Haematological determinations in males were unaffectey
by treatment., Females in the 7 500 ppm group had reduced srythrocyte counts and margina]
decreases in haemoglobin concentration.

Both absolute and relative thymus woights were significantly decreased in females
in the 500 and 1 500 ppm groups, tut not in the high~dose group. Absolute liver welght
was increased in the 7 500 ppm females, with reslative liver weight increased in the
1 500 and 7T 500 ppm groups., Organ weights for the males were variable with only the
kidney : -1 thymus-weighta—apparently decreawed by treatment. Abasclute kidney and thyrmg
weightu were depressed in all male treatment groups. However, relative kidney and thymuy
weights were significantly decreased in the high-dose males only. The lower absolute
kidney and thymus weights in the low- and mid-dose group males were probably a reflection

of reduced terminal body weightsa.

Histological examination revealed dose-related changes in the thymus (lymphoid
depletion) and kidneys (bilateral/unilateral accumulation of yellow-brown pige- at in the
tutules) for mid- and high-dose group male mice. Examination of the testes demonstrated
a marginal increase in the finding of apsrm stasea (bilateml/unilateml combined) in
treated males, with a similar finding of increased germinal cell atrophy (bilateral omly), -
There was an opposite trend, however, for unilateral germminal cell atrophy, where the -
incidence in controls was greater or equal to treated males, These effects are, there-

fore, not considersd compound related.

Examination of livers of male mice revealed a significant hepatotoxic effact at
1 500 und 7 500 (3 750) ppm, demonstrated by centrilobular hypertrophy, necrosis and
swelling. There was no increase in the finding of hepatocellular adenoma, which cccurred
with equal frequency in control and treatment groups. A significant increase occurred
for hepatocellular carcincmas at the 1 5CO ppm dose only., However, too few high~dose
males survived to 17 montha (510 days) to support the conclusiom of no oncogenic effect

at that dose level,

Histomorphic evaluation of the female mice revealed an increased incidence of
lymphoid depletion in the thymus in the mid- and high-dose groups, Thers was a signif—
icant accumulaion of yellow-brown pigment irn the macrophagee and tubules in the kidneys,
as well am an iacrease in cystic tubules for high-dose group females. The occurrence
of hepatocsllular carcinomas was significantly increased in the mid- and high-dose
females, However, there was no apparent compound-related effect on the latency period
for—this finding. The finding of hepatocsllular adencmas was marginally increased in
the low- and mid-dose females, btut not in the high~dose group, compared with control.
Other findings indicative of hepatotoxicity were more prominent in the control females
than in the treatment groups., Hepatocellular chromatin aggregation and necroeic (focal,
multifocal, single cell) were increased in controls. There was also a significant
increase for the incidence of macrophages containing yellow-brown pigment. These find~
ings appear to indicate different metabolic or detaxification mechanismas, which are sex
dependent. The carcinogenic reeponse.in the liver, although asignificant at 1 S00 and
7 500 ppm for females and at 1 500 ppm for males, is considered a weak response in light
of the histamorphic changes in the livers in male and female control group mice.(Woed . —

1982)0 -

% Carbendazim was administered in the diet to groups of SPF Swiss mice (100 males ard
100 females/group) at dosage levels of 0, 150, 300 and 1 000 ppm for 80 weeks. The 1 OOQ
ppn dose was increased to 2 000 ppm at week 4 and to 5 000 ppm at week 8 for the re-
mainder of the study. Animals were obgserved for behavicur and clinical signs of toxicity.
Body weight measurements were determined throughout the study. Cross necropsies were
performed on all animals, liver and kidney weights recordsd, and a complete liat of
organs and ¢{issues was examined microscopically.
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[ BEST AVAILABLE comy

re no compound-related effects on gesneral condition, mortality or body
sval at term was 70 percent.for males and £0 percent for females. Relative
* hts in high-dose males and females were gignificantly different from controls.
1iver welg no changes in kidney weights. OGCrocs and histopathology examinations demorn—
ere ompound~related effect on the livers of both male and female mice in the high-
,tmtﬂd ¢ There was a gignificant increase in the number of mice with clear cell foci
) 0;0 males and females and in mixed cell foci for high-dose males. Neoplastic
in hi e reportedly increased in high-dose femalea, while the incidence of hepato-
podu1e8 "’:u increased in high-dose males. There were no differences between control
groups for the finding of hepatrcellular carcinoma. It was cor:luded that
im is oncogenic to this strain of mouse at djetary dogses greater th.r or equal
z 1. 1976). (NOPE: All data preserted were group mean values,

Beems et al
to 5 00 mg(data. on individual animals.) _ .

Thore weé

vendazim was administered in wue diet to groups of HOE NMRKf /SP¥ 71) mice (100~

Carbene anales/group) for 96 weeks at dosage levels ¢.' 0, 50, 150, 300 and 1 000
120 males 1 000 ppm dose was increased to 2 500 ppm at vy ¢ 4 and t0 § 000 ppm at week 8
pite Th:mi.nder of the study. Animals were obssrved for behaviocur and general condi-

P

sar the vell as body weight, food/vater consurption =d mortality. Cross ne.ropeies
tiom, a:fom,d on all animals, liver and lung weighis wery recordsd, and a complete
wers P9 and tissues was examined micruscopicailyes .n interim sacriiice was made

1??;;::%?1 on 20 males and 20 females frum the cc~trol group and the 5 OCO pmm group.
at 18
There were no campound-related effectn on bshaviour, body weight gain, food/water
. m on or mortality. At 22 menths there was 24~31 percent mortality in male mice
congu? ent mortality in Zemales, for all groups, Mean daily conaumption of car-

52 pere .,
:ﬁﬁd:iig ig mg/kg was 5.8=7.1 2%t 50 ppm, iTe1 ~21.2 at 150 ppm, 34.4~41.9 at 300 ppa,

ind 5:8.4-682.3 at 5 000 ppme

Examination of lung and iliver weights at 18 and 22 months demonatrated an increase
in absolute and relative liver weights in both male and female mice at 5 COO ppm.

~roseonic aad microscosic examination of mnimzls at 1% montns revealed compound-—
saiited affects on the liver at § 20C Hom. There were renorted increases in centrilo-
=olar hysertroohy of liser cells, single cell necrssaes, liver cells in mitusis -nt
imeaz 1n Xa~ffer cells, ‘ontrols sresented esidence of Tutty change of liver cells
-alv. Microscopic evaluation of tissues/organs at 27 months demonstrated a definite
srempunA-related effect on liser 3t 5 GO0 »om in both males and females. There was
= rikad liver cell hyoertroohy, clear cell foci, liver cells in mitosis, abundant inclu-
s1-n bodies in enlarged cell nuclei, multiple cell necroses and greenish yellow jigment
11 Zuoffer cells. Neoplastic nodules (adenomas), carcinomas, fibrnsarcomas and otner
snmourigenic res-onses in the liver were ecuall distributed among all grouns. ihe
-meurrence of hemangiomas, e-ident in treated grouos with none in the control groups,
was randomly distributed (both by dese and sex), not dose related, not sigmificantly
417farent from control and, therefore, not cnsidered cm~ound related, The fintingy ~F
1~z neo~lasizs {such a¢ adenom.tosis) were eju.lly distributed among all groups. There
ws no efact nn incidence or *ime of onset of tumours by carbendazim and the total
numter of benign and malignant tumours were comoaraple among grouss. There was a signi=-
“iewnt increase in liver toxicity in both males and females at 5 OOC pom. However,
wnere vas no evidence of a carcinogenic effect from carbendazim wren administered in the
212t to mice at doses u» to and including § CCC 7pm for 22 montns (Kramer & Weigand 1982).

~2ecial Studies on Mutagenicity

Results of the various mutagenicity assays are summarized in Table 7.
2irteria

¥BC was examined for mutagenic activity in Zalmonella tyohimurium following the
ﬂ-ﬁte incorsoration srotocsl of Ames et al. (1975}, at c-ncentrations between 1 and
S ulg 2late, with and without acti ation. M2~ in~reased the reversion Srequencv 3-5
t_lffles tie eontrol freriercy, witnout actisation, .oubtful act:i 1ty was found with acti=- ?3;
4:;.”.. ~mirce and nurity of test substarce were not or. ided and there were no actual +
‘2 2resented (Rashid % Zreceg -1cn 1976; Zrcegovich x Rashid 1377).

>
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MBC was teated for mutagenic activity on S. typhimurium, strains TA1535, TA1537,
TAY and TA100, with and without activation. MBC, diasolved in DMSO, was not mutagenic
at concentrations between 4 and 2 500 pg/plate (Hoechst 1177).

MBC and some of its commercial preparations were examined for mutagenic potential
in S. typhimurium following different treatment protocola. An overlay spot test was
used to test MBC at concentrations of 50 and 100 ng/spot in strains his C46, TA1530
and TA1950. Only one sample of MBC (Seiler) exhibited weak mutagenic activity at 100
ng/spot. In a plate incorporation assay using strain TA100, MBC was not mutagenic at
concentrations between 50 and 200 pg/plate. Liquid culture assays with 1 000 ug/ml of
MBC showed no evidence of mutageniciiy-in-his-G46-and-TA1950 (Ficaor et al. 1978).

MBC waa nor-mutagenic in S. typhimurium strains TA1535, TA1537, TA1538, TA98 and
TA100, and in Becherichia coli strain WP2 her~. Concentrations between 5 and 1 000 ug/
plate were tested in a plate incorporation assay with DMSO as the solvent both in the
presence and absence of an activation system, which included a 9 000 x g supernmatant
fraction ot)hmogenizod livers from Aroclor 1254~treated Sprague~Dawley rats (Shiresu
ot e}_o 1977 . -

s atmar

- MBC and S-hydroxy-MBC were tested for mutagenic activity in 3. iyohimurium sirains

TA1535, TA1537, TA1538, TA98 and TALGO according to the plate incorporation pracedure of
Ames et al. (1975). IMSO was the solvent. Zach sample was evaluated in the presence and
absence of an activation system. Five different samples of MBC were iesied at concentrc.
tions up to 10 mg/plata. A sample of technical grade MBC was mutagenic in the oresence
of rat liver homogenate in strains TAl537, TA1538 and TA98. A 99.6 percent pure MBC
sample, in the presence of rat and mouse activation systems, was mutagenic in TA1537,
TA98, TA1535 and TA1OC. Rat and mouse liver activation systems gave essentially
jdentical results in TA1537 and TA98. A third sample (97.6 percent, Czech-Polish) was
mutagenic with rat liver activation in strains TA1537, TA93 and TALO0., An MBC sample
from Hoechst {95-100 percent pure) was not mutagenic in any of the Szlmonella straina.
Analytical grade MBC (99.5 percent pure) was weakly mutagenic in TALS537 at concentrations
up to 15 mg/pla-te. A sample of S5-hydroxy MBC was not mutagenio at concentrations up to
20 mg/olate (Russell 1977 a, b, 1978; Danovan 1981 a, b).

ot
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In a host mediated assay in male ICR mice given total doses of either 1 000 or
4 000 mg MBC/kg the mutation frequencies observed in the S. typhimurium strain his 046
frem treated animals were identical to mutation frequencies in bacteriaz from conirol
animals (Shirasu et al. 1977). ’

Yeast and fungi

MBC was evaluated for mutagenic activity in Aspergillus nidulans and Cladosporium
cucumerinum. In A. nidulans, MBC at a-caacentration of 2.77 wf (0.5kg/ml], caused an
increasa in the frequency of colonies resistant to MBC (2 RE, ml) but did not increase the .
frequency of coloniss resistantant to curboxin (20 pg/ml). In C. cucumerinum, MBC at
0.58 pM (0.11 pg/ml) caused ap increase in carboxin (20 pg/ml) Tesistant colonies, but
hed no effact on the frequency of colonies resistant to MBC (0.8 pg/ml). 4in activation
system was not used for any of these studies (Speakman & Nirenberg 1981).

Experiments were conducted in i. nidulans and C. cucumerinum to svaluate the effect
of altering the oH of the agar medium, using pis of 5, 5.2-5.3 and 6.8 The pH of the
treatment medium hed a significant effect on the activity of MBC, which was mutagenic in
A. nidulans only at a oH of 5.2-5.3 (MBC resistance) and in C. cucumerimum only at pH
8.8 (carboxin resistance)., The concentrations of MBC exhibiting mutagenic activities
were 0.53 pg/ml and 0.11 pg/ml for A. nidulans and C. cucumerinum, respectively. The
affect of an activation gystem was not studied. The authors concluded that MBC had
weak mutagenic activity (Nirenberg & Sneakman 1981).

232



altured mammalian cells

Chiness hamster ovary cells in culture were exposed o varying concentrations of
JBC wisiout activation (3 to 654 pM) and with activation (3 to 628 uX), to detect muta~
;io ns at the gene locus coding ft_)r hypoxanthine guanine phosphoribosyl transferase
(‘HG?RT)’ A doag—related cytotoxic responsc wag evident in cultures exposed to MBC
Jithout activation, with a decreased survival at 16 uM. No statistically significant
giffrerences in mutation frequency were noted and MBC was not mutagenic under ths test
conditions used (¥atersr % Xrahn, 1980). ’

Insects

MBC dissolved in DMSO at 0.5 mg/ml did not cause a significant increase ia the
frequency Of sex-linked recessive lethals when given to Drosophila melanogaster. The
only jndication that the subetance may have some potential for damaging gemm cells comes
fran the obr.arvation that it caused an increased incidence of sterility in the later
yroods -from treated Oregon-R males, However, this effect was not obscrved in treated
a"_i/ﬁa_?:f males. No campound-related effects were noted whem chramosomes were exmined
%or btreakage in a second set of experiments and the overall incidence of recessive lethal
mtations reported was 5/4807 (0.1 percent). The sterility observed in broods fram
satings involving mitotic spermatogonial cells is consistent with the sumpected spindls

offects of the chemical (Lamb & Lilly 1980).

Mouse embryo

Mouse embryoe, heterozygous for four different recezsive coat colour genes, were
treated in utero by doeing the mother orally with MBC at dose levels of 100 to 300 mg/kg
p.we If sutations are induced in pigment precursor cells in a wild type allele of one
of the genes under study, a spot of an altered colour may appear on the coats of the
offspring. At 200 mg/kg the mumber of spots was significantly different from comtrols

(Fabrig & Seiler 1979).

~
K]

Jytogenetics

The ability of MBC to cause chromosamal aberrations was evaluated in human lympho-
cytes i= culture. MBC, at a conceniratiom of 0.5 mg/ml, did not increase the frequericy
of chruncsame aberrations over the DMSO control-in a system without activation. Cells
treated with MBC did exhibit grossly contracted chromosomes, an effect induced by
spindle poisons such as colchicine (lamb & Lilly, 1980).

MBC, with and without metabolic activation, was evaluated for its ability to induce
forward mutations at the thymidine kinase (TX) locus in mouse L5178Y lymphoma cells.
¥atabolic activation was accomplished by microsamal enzymes obtained from induced rat
liver preparations (S~9 mix). Ethylmethans sulphonate (IMS) and I-methylcholanthrene
wvere used as positive controls,.

MBC was mutagenic in this test system with activation, the mutation frequency deing
increased in a dose-related manner. There was no mutagenic response without metabolic
activation at doees of 50 to 250 uM. The results indicated that metabolic activation

enhanced MBC's mutagenic activity at 100 uM (Jotz et al. 1980).

The effects of MBC on the mouse lymphoma L5178Y cell 1line at the thymidine kinzse
(7¢*/~) locus were examined both with and without metabolic activation. Concentrations
tested included 12.5 to 200 uM of MBC, DMSO as negative contzol, 2 000 pM of ethylmethane
mlphonste (positive control without activation) and 15 uM of J-methylcholanthrens
(positive comtrol with activation). The positive controla gave the expected response.
However, MBC, both with and without activation tested in replicate trials, was not
mitagenic at levels up to and including 2CC u¥ (Krahn et al. 1983).

- - . 23
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Technical grade MBC was tested for its ability to cause chromoscme aberrations in
rat_bone marrow cells in vivo. Male and female Sprague-Dawley rats were given a single
oral dose of 300 mg/kg. Hetaphase cells from treated animals, sacrificed at 6, 24, and
48 hours after treatment, did not exhibit an increased frequency of chromosame aberram

tions (BASF 1975a).

MBC did not produce chromoscme breakage in bone marrow cells from Chinese hamstars
-given oral doses of 1 000 mg/kg. Only one chromatid break was otserved in a total of
500 metaphases from four animals. The mitotic figures were examined in bone merrow cells
from ICR wice given two oral doses of MBC at 1 000 mg/kg each. Twelve of the 1 CCO
mcleated anaphase cells exhibdited lagging chramosomes, bridge formation, tripolar
spindle formation or unequal chromatin distribution. MBC does not break chromosmomes tut
probably exerts its effect by interfering with spindle function (Seiler 1976). '

Rodent danipant lethal test

Twenty NMRI mice were given intraperiioneal injections of MBC (500 mg/kg) on five
successive days. A 0.5 percent solution of the wvshicle CMC was given to 20 mice and
served as controls, _Animals receiving MBC.did not sxhibit any clinieal signs of toz..i”
The body weights of control and MBC-treated animal groups were identical after the fir
week of mating. No macroscopically obgservable pathological changes were seen im disse @
mice from the MBC-treated group. MBC did not exhibit a dominant lethal effect {Hoechst

1974).

Twenty-two male NMRI mice were given MBC by stomach tube (300 mg/kg) on fivae
gsuccessive days. The vehicle for delivering MBC was not given. The same mmber of
untreated mice served as controls, MBC~treated mice did not exhitit clinical symptom:
of toxicity, body weight changes or macroscopically recognizable pathological chenges in
the internal organs. HMBC did not cause a change in the mutagenicity index over < it of

the control {BASF 1975b). y

DNA damage and repair

DNA repair assays in rat (F344) or mouse (B6C3F1) hepatocyte primary cultures
(HPC) were evaluated for MBC along with-dimethylnitrosamine and 2-amino-fluorene, which
were used as positive controls. MBC and tritiated thymidine {10 u(i) were added to the
culture medium, After 18 to 20 hours of incubation they were fixed and examined micro-
scopically-for morphological changes and absence of S-phase nuclei indicative of cyto-
taxicity. Auntoradiographic {echniqueas wers used to determins the number of miclei
grains induced. MBC did not induce DNA repair in rat or mouse hemtocytes. The rpositive

controls gave the expected response (Tong 17°81a,b).
Differential toxicity to btacterial strains with different repair capacities

MBC (typically 39 percent pure, sources unspecifisd) was tested for toxicity to
recambination repair-proficient and repair-deficient strains of Bacillus subtilis, MBC
was tested at concentrations beiween 20 and 1 000 mg/disk. MBC &id not cause a zons of
killing in either strain and, thus, wag negative in the assay. The absence of toxicity
to either strain indicated that MBC was either norn-toxic under the test conditicns or
the limited solubility prevented diffusion froam the disk. Ain activaticn system was rot

used (Shirasu et al. 1977).

v
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pable 2 Mutagenicity Assays
Organism Teat Result Referencs
Test Substance
———————
Gene #utation Studies
Bacteria
Salmonella iyphimurium ¥3C Brcterial ascays with MBC.  Ercegovich & Rashid
— Strains TAYG, TA100, Ti- 1977
1535, TA1537, and TA1538. .
Doubtful mutagenic activity Rashid & Ercegovich
was reported for MBC both 1976
with and without metabolic
acsivation.
Negative Shirasu et al. 1977
Negative., Resulis dependent Ruassell 1977s.b,
on sample source and purity. 1978
Negative, Hoechat 1977
Series of tests: spot and Ficaor et al. 1978
liquid culturs aseays using
strains his G46 and TA1530,
TA1535, TA1750. No mutagenic
activity except one weak
positive in hig Gd46.
Platee treated with 100 to  Donoven 1581a
10 000 ug MBC,with activam !
tion. The numbar of revert~
ante/plate increased from
4.2 to 8,95 times in the
trials with positive respon—
s in TA38 and Trom 3.7 to
6.4 times in TA1537.
MBC Nogative, Same as previcus Donovan 1981b
(Hoechst) citation, with and without )
activetion, Results dependent
on sample scurce and purity.
Se tnhimurimn
Thost mediated assay) MBC Hegative Shirasu et al. 1977
Yeast and Fungi
Asy gillus nidulans ¥BC Pogitive.at pH 5.2 and 5.3 Speakman & Nirenberg
. 1981
Nirenberg & Spesianan
1981
MBC Pogitive, Kappas et al. 1974
MBC Pogitive. Davidge 1973
Cladossorium .
cucumerinum _ HBC . Positive at pH 6.8 Speakman % Nirenbarg

1981
~Nirenberg % _Speakman -
1081 .

<
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Test Organism Test Result Referencs
Substance

Cultured Mammalian Cells

Chinese hamster ovary MBC Negative Waterer & Krahn 1380
cells in vitro

Ingects .
Drosophila melanogaster MBC Noted sterility in asome Lamdb & Lilly 1980
. . o broods., This.was considered
to be consistent with
spindle effects of MBC.
Manmals
Mouse, in utero MBC Positive.~ coat colour - Fahrig & Seiler 1979

changes
Chromosgomal effects

Cytogenetics—in vitro

Human lymphocytes MBC Grown in culture medium Lamb & Lilly 1980
containing 0.5 mg MBEC.
No compound related chromo-
sore aberrations.

Mouse lymphoma L5178Y cella  MBC Dose-related increase in Jotz et al. 1980
mutation frequency with A
metgbolic activation at
TK*/ = locus at 100 uM.

Mouse lymphoma L5178Y cells  MBC ¥BC was not mutagenic at the Krahn et al. 1983
TK*/~ locus- with or without
activation at coucentrations
up to and including 200 u¥,

Cytogenetics - in vitro

Rat bone marrow ~ MBC Negativa, BASF 1975
Chinese hamster tone marrow MBC Negative. Seiler 1376
Mouse bone marrow MBC Negative. Seiler 1376
Dominant lethal-rodents

Rat MBC Negative. . Benes & Sram 1976
Mice MBC Negative. BASF 1975b

Negative, Hoechst 1774

Micromucleus Test ‘ _

Mouse bhone marrow MBC Pogitive, Seiler 1976
D4 Damage and Repair

Mice B6CIF1 and Fi44 . MBC MBC was tested for DNA Tong 19812,b

repair using primary hepato-
cyte cultures. MBC did not
induce DNA repair in either
rat or mouse.

o o T ) Tt -0 T '“"'_(2"3(‘0_
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rest Organisms Test Result Reference
Substance
—— -
ﬁiffgrontial Toxicity- ,
pacteria
Bacillus subtillis MBC Negative, Shirasu et al. 1977
gene Mutation-Bacteria
S. tngjmfi“m S~hydroxy- Negative. Cannon laboratoriea
= _ MBC ‘ ) _ 1978 )
- Negative Russell 1977b §
plant Studies |
ALlium cepa ¥BC Positive, Richmond & Phillips §
-_— . 1975
cOMMENTS
ea——————

Carbendazim follows a similar metabolic pathway to benomyl in rats and mice, teing
excreted in urine as S-hydroxy carbendazim (5~HBC). Enzyme induction studies demonsirate
that the rat is more efficient than the mouse in mefabolizing and eliminating carben~
dazim and ite metabolites, -

Carbendazim is not acutely toxic to mammals as demonstrated by acute oral and dermal
LDegs of >10 000 mg/kg in rat and rabtbit, respectively. Groas and histopathological k
examinations performed in many of these acute atudies indicated that doses >1 000 mg/kg
produced adverse effects on the testes (small, soft, discoloured, degenerative changes
of the tubules) and epididymides (reduced or absent spemm).

A three-generation reproduction study in rate demonstrated a NOEL of 50C pym, with
higher doses resulting in reduced average liiter weights.

Teratology studies in which the test material was administered in the diet of rats
indicated in one study the absence of induction of terata at 10 000 ppm and in the second
study a low incidence of misshapen, fused or incompletely ossified bones at 6 CCO ppm.

A limited study in rabbits did not indicate the induction of terata following dietary

administration at 6 COO ppm (see also benomyl).

A short-term dietary study in rats indicated increased liver to body weight ratios
in females at 2 500 ppm, although no compound-related histomorphic changes wers evident.
There were no effects on testicular weight and the NOEL was 500 ppm. Two short-term
dietary studies in dogs demonstrated that 30C and 500 ppm, respsctively, caused no
adverse sffects, However, at doses of 1 000 and 2 500 ppm animals lost their appetite,
lost weight and had increased cholesterol levels and relative liver weight increases,

In two separate long-term feeding studies in ratz, cartendazim produced relative
liver weight increases, deposition of pigment in the spleen and bone marrow, ard decreased
Laemoglobin, haematocrit and red blood cell counts at the higher doses. It was without
adverss effects at 3CO and 500 ppm, respectively, and there was no oncogenic rssponse

at deges up to 10 000 ppm, - .

Beagles appeared to_be more sensitive than rats.to dietary expoeure to.carbendazim, — .- -—!»— :
Hepatic cirrhosis, vacuolated hepatic cells and increased levels of cholestercl, BUN, H
total protein, GPT and alkaline phosphatass, with decreased 4/C ratio, were evidence of

liver toxicity at levels greater than 1CO ppm for two years.
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Oncogenicity studies were performed using thrse strains of mice (CD~1, Swiss SPP
and HOB-NMR). In CD-1 rf:ice there was a significant increase in hepatocellulsr carci
at 1 500 and 7 500 ppm in females and 1 500 ppm in males. However, theres were also
substantial histomorphic changes in the livers of male and female control animels. Tk
a8 no oncogenic response at 500 ppm., Swiss mice, exposed for 80 weeks to 150, 300 ar;‘
1 000-5 000 ppm carbendazim, showed an oncogenic response at 5 (00 ppm, which was
evidenced by significant increases in the incidence of neoplastic nodules and hepato-
blagtomas. There were no compouni-related effects in this study at 300 pm. ROB-NMR
mice exposed to 50-5 000 ppm carbendazim for 96 weeks presented no evidence of an
oncogenic response. It was concluded that carbendazim was hepatocarcinogenic to mice

at high dose levels.

 Mutagenicity studies with carbendazim gave both positive and negative results.
Carbendazim was positive in the micromucleus, yeast, fungi and Drosophila tests. Con~
flicting negative and positive reeults in other tests prevented evaluation of the muta~
genic potential. The potential impact of these resulis on human health camnot be

adequately assessed at this times

The data for benomyl and carbendazim have indicated that the metabolism of the two
conpounds is essentially the same, with benomyl converted rapidly to carbendazim in
mammals. Accordingly, the available data for benocmyl and carbendazim should bs con-
gidored collectively for the evaluaiion of specific studies such as teratology, repro-
duction, chronic toxicity and oncogenmicity, taking into account the different molecular

weights of the two compounds.

Previous Mestings have considersd the aetiology and pathogenesis of liver tumours
in certain strains of mice, with particular emphasis on organochlorine pesticideas {Fi0/
WHO 1970, 1973, 1976). I% was recognized that liver tumours are known to develop anon=
taneously in many strains of mice, at relatively high incidence and without intentionsl
exposures to chemicals, Evidence of such tumours in several strains of mice has been
found in many of the oncogenicity studies performed with benomyl and carbendazim.
Furthermore, one strain of mouse used (HOB-NMR) iz known to have a low background
incidence of liver tumours (1-2 percent) and did not provide evidence for oncogenicity
when exposed to carbendazim at doses up to and including 5 000 ppm. Two additional
studies have been carried ocut in rats using both benomyl and carbendazim. Both studies
were negative for oncogenicity at doses up %to and including 2 500 and 1C 000 ppm,
respsctively. The hepatic tumours produced in mice, therafore, appear to be a spacies~

related phenomenon. )

The Masting expreased concern at the equivocal nature of the resultz of a wide
range of mutagenicity studies. The possibility that conflicting results were due to
variations in the type and amount of impurities was considared, btut the Meeting was
informed that current levels of the impurities in question are very low in technical

material.

In viey of established NOEL determined in several studies, including teratology,
reproduction and chronic feeding, an ADI for both bencmyl and carbemdazim could be
estimated., However, a safaty factor of 200 was umed to reflect the concern of the
Mesting for the peucity of individual animal data for many studies on carbendazim,

TOXICOLOGICAL FVALUATION

Level Causing no Taxicological Effect’

Rat: 500 ppm in the diet; equivalent to 25 mg/kg ¥ 3. °

Dog: 100 ppm in the diet, equivalent to 2.5 mg/kg bew. -2"5%
Rat: Teratology (ses benomyl) L
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a,timatg of Acceptable Daily Intake for Man
S

0-0'01 mg/kg beWe

WORK_OR_INFORMATION
fisvies
pesirable

pata on individuvl animals used in studies on carbendazim that have been identified
in this evaluation addendum,

1o

Additional data to elucidate the mechaniam of degenerative %testicular effecta on
mammals. : -
flucidation of the variability of the mutagenicity data,

2.

3e
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