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ons Reguested

Revi

ew of the following studies:

& chrenic feeding study in rats

An oncogenicity study in rats

An oncogenicity study ir mice
Mutagenicity assays .

Recomrendaticns and Conclusicns

1.

Rotenone is under review as a Registration Standard, and it has been referred
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to the Toxicology Branch Peer Review Committee for consideration of oncoge-

nicity data (see Points 6. and 7. below). Final conclusions regardng

rotencne's oncogenic potential, data gaps (Point 13. below) end status of

the Acceptable Jaily Intake (Point 1k. below) will not be made until a
Peer Review det :rmination has been made.

Rotenone has higher acute oral’toxicity in female rats (Toxicity Category

I) than it does in male rats (Toxicity Category LI} (see Section I. C. 1.
telow).

The acute toxicity of a rotenone formulation that also contains related
Cute resins and Pyrethrun {see Appendix I) places the formulation into

Toxicity Category II with respect to oral toxicity and eye and skin irri-
taticn end Toxicity Category III for acute dermal toxicity (see Secticn I.

\4. 1. b“’\,-)
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A NOEL of 0.b mg/kg/day was established in a six-month dog study. The
lowest-effect level (LEL) was 2 mg/kg/day, and dose~related effects inclu-
ded emesis and decreased body weight. The highest dose tested was associated
with decreased hematocrit and hemoglobin. serum glucose, cholesterol, and
total lipid levels {see Section I.. C. 2. below).

In a two-year feedirg study with rats, effects in females included signifi-
cantly reduced food consumption, decreased body weight. decreased total
protein and albumin levels in the blood, and increased serum urea nitrogen
levels. At necropsy, female rats with these effects appeared thin, and
organ weights and weight ratios reflected the generally reduced body weights.
In male and female rats the incidence of angiectasis and hemorrhaging in

the adrenals was ingreased. A KOEL for those effects could not be esta-
blished because ro histological examination was made of low and mid dose
group rats. {see Section II. A. below).

An incirease in the incidence of parathyroid adenoras ir male rats given a
T5 ppm diet was noted in an onccgenicity study. However, the study may not
have evaluated a Maximum Tolerated Dose (MID) (see Section II. B. 1. below).

There was no evidence that roterone was carcinogenic in male'or female
mice, but an MTD may not have been achieved in the study (see Section II.
B. 2. below).

In a rat teratology study, the XOEL for maternal toxicity (decreased body
weight and body weight gain) was 3 mg/kg/day. and the LEL was 6 mg/kg
(highest dose tested). The 6 mg/kg dose also caused a reduction in mean
fetal weight and an increased incidence of unossified sternebrae and urinary
tract abnormalities. The NOEL for fetotoxicity was 3 mg/kz/day, ani the LEL
was 6 ng/kg/day. The Adult-toDevelopmental toxicity ratio (A:D ratio) is
equal to one (see Section I. C. 3. a. below).

In teratology studies with mice, the NOEL for naternal effects (weight loss
and mortality) and fetal effects (decreased litter size) is 15 mg/kz/day.
The lowest effect level (LEL) is 2L mg/kg/day. Mo fetoxocity or terata
were found, and the ratio of adult-to-developmental toxicity NOEL's (A:D
ratio) is equal to one (see Section I. C. 3. b. below). .

The NOEIL for effects observed in'a two-generation reproduction study in
rats was 7.5 pmm (approximately 0.375 mg/kg/day). The LEL for maternal
toxicity (decreased body weight gain in dams) and for reproductive effects
(decreased pup weights.during lactation) was 37.5 ppm. Decreased litter

sizes were also observed in rats given the 7S5-ppm diet (highest dose tested) _ .

(see Section I. C. L. belew).

Rotenone did not induce gene mutations in bacteria with or without meta-
bolic activation or in yeast. . Bowever, concentrations of 0.25 to 4.0 ug/ml
without metabolic activation increased the frequency of mutations in mouse
lymphoza cells in vitro. The pesticide failed to induce somatic rmtations
in a mouse spot test at doses of 0.05, 0.17, 0.5, or 1.0 mg/kg/day (see
Secticns I. C. 5. a. and II. C. 1. below).
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11b. Rotenone did not increase the incidence of chromosomal aberrations or
decrease the mitotic index in bone marrow cells of treated rats or the
incidence of polychromatic erythrocytes with micronuclei in bona marrow of
treated mice {see Sections I. C. 5. b. and II. C. 2. below).

llc. No mitotic recombination or mitotic gene conversion was observed in yeast
exposed to rotenone (see Section I. C. 5. c. and II. C. 3. below).

12. Limited metabolism studies in rats indicated that the major route of excre-
tion was in the feces, and females excreted administered radicactivity at
a slower rate than males. Intravenous dosing results indicated that entero-
hepatic circulation is possible in treated rats, and the route of admini-~
stration, dose level, and number of doses had no apparent effect on the
excretion pattern. ~Most of the metabolites in the feces could not be
identified (see Section I. C. 6. beiow).

13. Data gaps for technical grade rotenone include acute dermal and inhalation
toxicity, primary eye and skin irritation studies, and a dermal sensitization
study. Subchrenic oral toxicity studies should be waived based on acceptable
chronic studies, and a chronic toxicity study in a rodent species may be
required unless additional histopathology for low and mid dose group rats
is provided for the feeding study described in Section II. A. belcw.
Cncogenicity studies in two species may not be required if Peer Review
determines that available mouse and rat studies are acceptable. In addition,
reports on sister chromatid exchange and chromosomal aberration assays sum-
warized in the report on rat and mouse oncogenicity studies are needed
before an assessment of the mutagenicity data can be completed (see Section
III. B. below). d

1k, The Provisionasl Acceptable Daily Intake (PADI) is based on the two-genera-
tion reproduction study in rats (NOEL of 0.375 mg/kg body weight/day), and
a 100-fold safety factor. It is calculated to be 0.00375 mg/kg/day.

I. Beckground

In May., 1980, the Agency prepared a support document entitled Rotencne: Pre-RPAR
Review in which rotenone was considered as & potential candidate for & Rebut-—
table Fresumption Against Registration {RPAR}. The document concluded that the
aquatic uses of rotenone should be regarded as food uses because residues might
occur in edible fish. On that basis, establishment of tolerances or an exemp—-
tion from tolerances were recommended, and Toxicology data recuirements were
determined to support those recommendations. Data submitted to meet the
Toxicology data requirements are discussed in Secticns I. C. and II. below.

Ai. Chenical Nature and Uses

Rotencne is a plant root extract (derris or cube roots) which is used as an
insecticide or piscicide. Its chemical name is [2R-{2a, 6a, 12a)]-1, 2, 12,
l2a-tetrahydro-8, 9-dimethoxy-2-(l-methylethenyl)[1]benzopyrano-(3,k-yl-furo{2,
3-dibenzopyran-6,(€aH)-one. The princirel active ingredient is assoclated with
derris or cube resins {depending upon the source of the rotenone extract) which
are also classified as active ingredients. Formulations contain rotenone and
associated resins in a ratio of 1:2 (see Environmental Protection Agency unpu-
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blished report dated May. 1980. Rotenone- PreRPAR Review. Office of Pesticides
ard Toxic Substances.). Rotenone can be separated from the resins to a purity
of 99.5%.

B. Regulatory Considerations

1. Oncogenicity
On July 15, 1981 the Agency published a notice (Federal Register Vol. k6, ¥o.
135, page 367LS) that stated: '

The Agency placed rotenone on the RPAR review 1ist because of
evidence that rotenpne posed the potential of meeting or exceeding
certain of the 40 CFR 162.11 risk criteria. Specifically, with
regard to oncogenicity, a 1973 study that indicated potential
oncogenicity has protocol deficizncies, and attempts to duplicate
its results have failed. More recent testing and scientific review
of rotenone do not suggest the likelihood of oncogenicity or any
other significant adverse effect of concern. Therefore, on the
basis of available data, the Agency has concluded that rotenone has
nct met or exceeded the RPAR risk criteria, and that the issuance
of a Rebuttable Presumption Against R-zistration is not warranted.

The Agency discussed three oncogenicity studies in the PreRPAR support document
as follows: .

+ve, male and female hamsters fed diets containing 0, 125, 250,
500, or 1000 ppm rotenone (0, 6, 12.5, 25, or S0 mg/kg) showed no
significantly increased incidence of tumors after 18 months of
treatment...

<+, groups of 25 male and 25 female Sprague-Dawley rats were dosed
by intraperitoneal injection or oral gavage at 1.7 or 3.0 mg/kg of
rotenone for 42 consecutive days. Groups of 25 male and 25 fersale
Wistar rats were given the same doszges orally by irtubation for
the same length of time. Control groups {15 of each sex) were
dosed with corn oil only. The Spragu: -Nawley rats were observed
for 17 months, at which time survivors were secrificed. Wistar
rats were observed for 12 months prior to sacrifice.

The Agency concluded:
...the presently avaiiable data do not show that the criterion for
oncogenicity (40 CFR [162.11(a) (3)(11)(A)] has been met or excesded
for rotenone and its related compounds.

Hevever, add:itional data were requested by the Agency.

2. Mutagenicity

The Agency's Pre-RPAR support document stated:

Several studies have shown that rotenone is effective in arresting
norrel cell division, or mitosis. Such arrest can lead to chromo-
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somal aberrations such as aneuploidy and polyploidy if the chromo-
somes fail to separate at anaphase...

According to the support document, several experiments showed that rotenone is
canable of causing mitotic arrest, but no chromosomal aberrations were observed.,
Other reports that rotenone did not induce unscheduled DNA synthesis, but did
cause DNA damage. were mentioned in the Pre-RPAR document. On the basis of
Agency reviews of- these studies, the following conclusion was reached:

ss.presently available data are not sufficient to show that the .
criterion for mutagenicity stated in 4O CFR 162.11(a)(3)(ii)(A) has
been met or exceeded for rotenone and its related compounds...there
is sufficient cause for corcern with rotenone's mutagenic potential
to support a requirement for additional mutagenicity testing.

3. Teratology
The Pre-~RPAR support document described & rai teratology'study as Scllows:

. e.doses of 1.5, 3.0, and 6.0 mg/kg body weight were administered

to pregnant rats on days 5 through 13 of gestation. T.e dams in

the high dose group...had reduced weight gain and activity level...
the {fetuses) in the high dose group appeared to have decreased
weights,...Skeletal abnormalities were observed in all dosed grours...

++.The dose range vas too narrow to .determine a no effect level...

”
Based on these considerations, the Agency stated that additional teratology
studies in two species were needed. )

C. Summary of Previously Submitted Data
Appendix II contains the To fcology Branch "One-Liners" for Rotenone.
1. Acute Toxicity

The a~ute toxicity of a rotenone formulation that also contains Cube resins and
Pyrethrum (see Appendix III) places the formulstion into Toxicity Category II
with respect to oral toxicity and eye and skin irritation and Toxicity'Category
III for acute dermal toxicity.

A study with purified rotcnone indicated thet the pesticide should be classified
into Toxicity Category I because of its high toxicity to female rats (LDBO =
39.5 + 2.21 mg/kg for fermale rats and 102 + 12.6 mg/kg for male rats).

2. Chronic Toxicity - Dogs

Groups of six male and six female dogs were given 0, 0.4, 2, or 10 mg/kg/day by
capsule for six months. A NOEL of 0.k mg/kg/day was established in the six-month
study. The LEL was 2 mg/kg/day, and dose-related effects included emesis and”
decreased body weight. The highest dose tested was 10 mg/¥g/day and was asso-
ciated with decreased heratocrit and hemoglobin, serum glucose, cholesterol,

and total lipid levels,




3. Teratology Studies

a. Rats

Groups of 25 pregnant rats were given doses of 0, 0.75. 1.5, 3. or € mg/kg/day
on gestation days 6 through 19. Decreased body weight and body weight gain

vere observed in those rats given daily doses of 6 mg/kz/day. The NOEL for .
these effects was 3 mg/kg. and there were no effects observed at the 1.5 or

0.75 mg/kg dose levels. The 6 mg/kg dose also caused a reduction in mean fetal
vweight telow that cf controls, and an increased incidence of unossified sterna-
brae. renal cavitation. and distended ureters. The adult-to-developmental
toxicity (A:D) ratio (ratio of the NOEL for adult toxicity and the NOEL for
developmental toxicity) is equal to ore.

“b. Mice

Based on results of a range-finding study, the highest dose most likely to
cause slight toxicity in a teratology study with mice was indicated to be
between 12 and 24 mg/kg/day. The doses finally selected for the main study
were 3, 9, and 15 mg/kg/day, and they were administered to groups-.of 30 females
on days 5 through 17 of gestation. Results of the main study suggested a NNEL
for mternal and fetal effects that may be higher then 15 mg/kg/day. Since
there were no dose-related effects observed in the main study, its results were
interpreted alcng with those from the preliminary study. On that basis, the
NOEL for maternal effects (weight loss and mortality) and fetal effects (decreased
litter size) in mice is 15 mg/kg/day. The lowest effect level (LEL) is 2k
rz/kg /day. The adult-to-developmental toxicity ratio (A:D ratio) is equal to
one. '

4. Reproduction Toxicity

Rotenone had no effects in groups of 15 male and 25 female rats given dietary
levels of 0. 7.5, 37.5, or TS5 ppm. The lowest-effect level (LEL) with respect
to decreased body weight gain in dams and in pups during lactation was 37.5
ppm. Litter sizes in the Fg and F1a generaticns were significantly reduced at
T5 ppm, and the reproductive NOEL was 7.5 ppa. The KOEL for maternal toxicity
vas 7.5 prm (approximately 0.375 mg/kg/day). :

5. Mutagenicity

lost of the investigators reported limited solubility of rotenone in aqueous
media (20 ug/m1). )

a. Gene Mutation

Rotenone did not induce gene mutations in yeast with or without metabolic
activation. N -

Mice given 0.05, 0.17, .0.5, or- 1.0 mg rotenore per lg body weight on days 8
through 11 of gestation did not show signs of toxicity or somatic rmtations in
exbryonic melanocytes. A dose of 1000 mg/kg administered to pregnant mice
under the same conditions caused melanocyte toxicity, but did not cause somatic
mutations.
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b. Structurel Chromosomal Aberration

Single oral doses of 0.7, 2.5, or 7 mg/kg did not increase the incidence of
chromosomal aberrations or decrease the mitotic index in bone marrow cells of
treated rats. No increase in the incidence of polychromatic erythrocytes with
micronuclel were cbserved in bone marrow of mice 6 hours after the last of 2
consecutive daily doses of 0, 10, or 80 mg/kg.

c. Other Genotoxicity

No mitotie recémbinaticn or mitotic gene conversion was obsefved in yeast
at dose levels up to 10,000 ug/ml. '

6. Metabolism of Rotenone

A series of limited experiments generally characterized the excretion pattern
of single or repeated (14 consecutive days) low oral doses (0.01 mg/kg) and
sing’e high oral doses (5 mg/%g) as well as a single low intravenous dose (0.01
mg/kg). Almost all of the adainistered rotenone was recovered from the feces,
and most of the administered radiocactivity (approximately 80 to 90%) was re-
covered within 48 hours after dosing. Female rats excreted administered radio-
activity at a slower rate than males.

Intravenous dosing results indicated that enterchepatic circulation is possible
in treated rats.

The route of administration (at the low dose), dose level, and nurber of doses

had no apparent effect on the excretion rattern, and most of the metabolites in
the feces could not be identified. They were characterized as polar compounds

which were unaffected by glucuronidase or aryl sulfatase. HNo radicactivity was
associated with unchanged rotenone.

II. New Data

Dats Evaluation Records for the studies discussed in this section are inclided
in Appendix II belcw.

A. Chronic Feeding Study in Rats

In a supplementary study, diets contairing 0, T.5, 37.5, or 75 ppm rotenone
were fed to groups of 40 male and 40 female Fischer 34l strain rats for tvo
Yyears. - ) ’ ’

Those rats given the mid and high dose levels had significantly reduced terminal
body weights, and food consumption for the mid and high dose group females was
significantly reduced in comparison to that for the control group females.

Lower total protein and albumin levels in females given the 75 ppm diet and
higher serum urea nitrogen levels in 37.5- and T5-ppm dose group females were
observed. These changes were small and probably associated with reduced food
consumption. . ;

The only treatment-related macroscopic finding was thin female rats in the
37.5- and 75-ppm dcse groups. The T5 prn diet was associated with an increased



incidence of angiectasis and hemorrhaging in the adrenals of males and ferales,
and reduced incidences of chrenic progressive nephropathy {females only), hepa-
tocellular degeneration, pituitary aderomas, and mononuclear cell leukemia.

The lowest-effect level for decreased body weight and food consumption was 37.5
ppm, and the no-observed effect level was 7.5 ppm.

Since no microscopic examiné&ions were performed on low and mid dose group
rats, a no-effect level for the adrenal gland lesions could not be established.

The incidence of pituitary adenomas and mononuclear cell leukemias was decreased
in the supplementary chronic feeding study with Fischer 34k rats given dietary
levels of 0, 7.5, 37.5, ‘or TS Pm rotenone for two years. Increased incidence
of other tumors was not observed in treated rats.

At this time the study remains supplementary pending receipt and review of
histopathology for the low and mid dose group male and female rats. ‘

B. Oncogenicity
1. Rats

Rotenone was given to groups of 50 male and 50 female F344/N (Fischer 3LbL)
strain rats at dietary concentrations of 0, 38, or 75 ppm for two years.,

An increase in.the incidence of parathyroid adenomas in male rats given the 75
ppm diet was noted (4/4l in the high dose group compared with 1/k1 in the
control grour). The report noted that the incidence of these tumdrs in the
study was not statistically significantly increased, but it was greater than
historical control incidence (4/1,31k).

Reported body weight decreases were not sufficient by themselves to indicate
that an MTD was achieved in male rats, and adequate doses may not have teen
tested in females based on the rarginally significant decrease in body weight
gain reported for high dose grcup rats.

-A Peer Peview evaluation will determine if an additional oncogenicity study
that evaluates an MTD is required.

2. Mice

Rotenone was given to groups of 50 male and 50 fomale BSC3F1 strain mice at
dietary concentrations of 0, 600 or 1200 ppm for two years in another supple-
mentary study. A dose-related decrease in mortality for treated males was
noted, and no significant effect on mortality in treated female mice was obser—
ved. HNo toxicologically significant changes in body weight gain or histopatho-
logical findings were noted that suggested a Maximum Tolerated Dose <was achieved
in the study. There was no evidence thret rotenone was carcinogenic in male or

female B6C3F] mice at doses tested.

Peer Review will determine if an édditional'study in mice that evaluates an MTD
is reguired. .
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C. Mutagenicity
1. Gene Mutations

In tvo acceptadle studies. rotencne did not induce gene mutations in Salmonella
typhimuriun with or without metabolis activation. Ip another acceptable study,
concentrations of 0.25 to 4.0 ug/ml without metabolic activation increased the
frequency of forwvard rmutaticns at the Tk locus of L5178Y mouse lymphoma cells
in vitro.

2. Structural Chromosomal Damege

Groups of rale =mice were given two consecutive daily doses of 0, 0.56, 1.13, or
2.75 mg rotenone per kg body weight by oral intubation in DMSO. The investi-
gators concluded that rotenone did not induce micronucle wunder the test condi-
tions, but there were inadequate data to sdpport the cor -lusion. There was no
information included cn preliminary studies to select doses used, and the
reported veight losses were similar for all groups excert the positive €ontrol
group. There was also insufficient information on the composition of the
impurities that made up approximately 60% of the test substance. Therefore,
the study is unacceptable as reported. ) .

3. Other Genetic Effects

Concentrations of 0, 1, 100, or 1000 ug rotenone per ml medium with 'or without
metabolic activation by liver ricroscmal fractions did not increase unschedules
DNA synthesis in human fibroblasts in vitro. Because there were no results
presented in readable form (see Data Evaluation Record in Appendix II), no
prelininary toxicity or solubility studies for rotenone in the test system, no -
positive control substences used, and the rerort was often illegible, the study
is unacceptable, ’

Fresh and degraded rotenone at concertrations from 1 to 750 ng/ml was evaluated
in mixed cultures of wild type/mutant V-79 Chinese hamster lung fibroblasts.
The pesticide did not affect "the survival of mutant cells in a manner similar
to Imown tumor promoters. However, this study is unacceptable because .the
nature of the test substances was not characterized in the report. '

ITI. Discussion

A. Oncogenicity <

Data from one of the two rat long-tera studies suggests that rotenone has
oncogenic potential in laboratory ani=als, This conclusion is supported by the
observation that rarathyroid adenomas in male Fischer 344 rats are uncommon ,
and the incidence in rats glven the highest test dose was outside the histo-
rically observed range for untreated control rats of the same str.in. The
conclusion is limited because the stuiies in rats and mice may not have tested
Maximum Tolerated Doses (¥TD). '

This informsticn will te rresented to the Toxicology Branch Peer Review Committes
for evaluation. The results of the evaluation will follew.

H »
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B. Mutagenicity

In addition to the mutagenicity studies described in Sections I. . 5. and

IT. C. above. the National Toxicology Program (NTP) surmarized results from
four mutagenicity assays including an Ames assay with Salmonella tyrhimurium
and the mouse lymphoma cell assay described below. The NTD report also summa-
rized results from a sister chromatid exchange (SCE) assay in Chinese hamster
ovary (CHO) cells and a chromosomal aberration assay in CHO cells. Reports on
the CHO cell assys were not available for review. T

Results of the SCE assay were characterized in the NTP report as equivocal
since rotenone vas associated with an increase in SCE's in :he presence of
liver microsomal activation ard since those results could not be repeated. The
NIP report stated that the cy:ogenetics assay was negative.

The reports for the CEO sister chromatid exchange and chromosomal eberration
assays are needed before an assessment of the mutagenicity data can be completed.

C. Da*a Gaps

As rentioned in Sectic:u T. at_v:, the Agency concluded that the aguatic uses of
rotezone should be regardeé 25 food uses because residves might occur in edible
fish. Based on the assessmen: of Toxicology data in the previcus sections,
acute dermal and inhalation studies, primary eye and dermal irritation studies,
and & dermal sensitization are required for technical grade rotenore. Subchronic
oral toxicity studies should te waived based on acceptable chronic studies, and
a chronic toxicity study in 2 rodent srecles may be required unless additional
histopathology for low and micé dose group rats is provided for the Teeding
study described in Secticn II. A. above. Oncogenicity studies in two species
may rot be required if Peer Review determines that available mouse ard rat
studies are acceptable. Reports on’the sister chromatid exchange 2nd chroro-
somal aberration assays are needed before an assessment of rotencre's mutagzenic
potextial can be completed.

D. Acceptable Paily Intalke

In view of the above mentioned data gaps, & Provisional Acceptable Daily Intalke
{PADI) car be established fror the following no-effect levels:

No-effect levels

Study (speFies) pom (mg/¥g/day)
6-month- feeding (dogs) —— | 0.k
Teratology (mcuse) — >15%%
Reproduction (rat) 7.5¢ 0.375¢

-llo

%Doses were zdministered by gavag2 rather than
Jdietary.
**For maternal and developmental toxicity.

t?or reproductive and paternal toxicity

10
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Data from the rat oncogenicity study suggest that rotenone may have cncogenic
pctential in that species although the Maximum Tolerated Dose (MID) rmay not
have been tested (see abteve).

The PADI is based on the two-generation reproduction-study in rats {NOEL of
0.375 mg/kg body welight/day), a 100-fold safety factor. It is calculated to be
0.00375 mg/xg/day. - -

This PQDI has been approved by the Toxicology Branch ADI Committee.

11




APPENDIX I -

Toxicology Branch "One-Liners" for
Rotenone (Tox. Chem. No. 725)
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APPENDIX II

Data Evaluation Records for the Fcilowing Studies

Tisdel, M.‘(IQBS) Chronic Toxicity Study of Rotenone in Pats: Firal Report:
Study No. 6115-100. Unpublished study prepared by Hazleton Labcratcries.
Americas, Inec. 1222 p. MRID No. 00156739

Abdo, K. (1983) NTP Tecknical Report on the Toxicology and Carcirogenesis
Studies on Rotencne in F34L/N Rats and B6C3F1 Mice (Feed Studies) Draft.
Prepared by Battelle Columbus Laboratories for the National Toxicolegy Prezram,
NIH Publication No. 86-2576. 186 p. MRID No. k0179801 (Separate DEZR's for rat
and mouse studies). :

Haworth, S. (1978) Salmonella/mammelian-microsome Plate Incorporaticn Mutage-
- nesis Assay (Rotenone): Laboratory Project ID: #019-563-165-1. Unpublished
study prepared by EG&G Mason Research Institute. 26 p. MRID No. 40170502.

SRI International. (198727) The Salmonella/microsome Mutagenicity Test System
(Rotenone). Unpublished compilation. 7 p. MRID Nqﬁ$h0170506 :

IRI. (198L) Mouse Lympﬁcma Protocol (Roterone): Laboratory Profect ID: 28037.
Unpublished compila tion. 8 p. MRID No. 40170505 -

Jones, D. C. L., V. F., Simmon, K. E. Mortelmans, A. D. Mitchel, Z. L. Evans,

M. M. Jotz, E. S. Riccio, D. E. Robinson, ané B. A. Kirkhart Sertezter, 1984 In
Vitro and In Vivo Mutagenicity Studies of Environmental Chemicals: “icronucleus
Test (includes Rotencne). Unpublished report prepared by SRI Trternaticpal for
U. S. Environmental Protection Agency. Submitted by U. S. Fish a=d Wilgli<e
Service. MRID No. L01705-01

Ahmed, F. E.; Hart, R. W.; Lewis, N. J. July, 20, 1976. Pasticize Induced DNA
Damage and Its Repair in Cultured Human Cells (Includes Rotercre). Mutation
Research 42:161-174. MRID No. L01705-93 - T
Maltese. L. J.; Hartman, T. July 8, 1985. Stillwell ard Gladsinz S+tud
Relative Safety of Rotendne: Cytotoxicity and Tumor Promoting fctivity
and Degraded Rotenone Resins. Unpublished report prepared by Stillwell andé
Gladding Laboratories. Submitted by U. S. Fish and Wildlife Service. MRID No.
401705-04




Revieved by: Roger Gardner M Y. 1-19-%7
Section 6, Toxicology Branch (TS 769¢C)

Seccndary Reviewer: Judith Hauswirth. Ph. D. 9?4L£°a‘qﬁ#ku*A*U(*kLub5]37
Section 6, Toxicology Branch (TS 769¢C)

DATA EVALUATION RECORD
STUDY TYPE: Chronic feeding - rat (Guideline §83-1)

MRID NUMBER: 00156739 .
TEST MATERIAL: Technical grace rotenone (Lot Ko. 215-ICD-1 1191233 the

stated purity was 95% rotenone, 5% other cube resins) vas used in the study.
The test substance was described as a white povder and was obtained from Penick
" Corporation. According to the report, analysis of the test substance as -
received indicated a purity of 89.6% a. i., and the material was recrystalized
to a purity of 96.4%,

SYNONYMS : 1,2,12,12&—Tetrahydro—8,9-dimethoxy—2-(l-methylethenyl-[1]benzopya
rano-[3,4-b] furo{2,3-h} [1]venzopyran-6(68] ~one; CAS Fo. 83-79-4

STUDY NUMBER(S): 6115-100

SPCNSOR: U. S. Fish and Wildlife Service

TESTING FACILITY: Hazleton Laboratories America; Inc., Madison, WI J'

TITLE OF REPORT: Final Report: Chronic Toxicity Study with Rotenone in Rats.

AUTHOR(S): Tisdel, M.
REPORT ISSUED: December 30, 1985

CONCLUSION: Diets containing 0, 7.5, 37.5, or T5 pm rotenone were fed to male
and female Fischer 34k rats for two years. Male and female rats given the mig
and high dose levels had significantly reduced terminal body weights when
compared to control group rats. Food .consumption for the mid and high dose
group females was also significantly reduced in comparison to that for the con-
trol group females. Lower total protein and albumin levels in females given
the 75 ppm diet and higher serum urea nitrogen levels in 37.5- and T5-pmn dose
group females were observed. These changes were smll and probably associated
with reduced food consumptidn. The only treatment-related macroscopic finding
was thin female rats in the 37.5and 75-ppm dose groups. ' The 75 ppm diet was
associated with an increased incidence of angiectasis and hemorrhaging in the
adrenals of males and females, and reduced incidences of chronic progressive
nephropathy (females only), hepatocellular degeneration, pituitary adenomas,
and mononuclear cell leukemia. ' :

The lowest-effect level for decreased body weight and food consumption was 37.5
ppm, and the no-observed effect leveli was 7.5 prm.

Core classification: Supplementary. Since no microscopic examinations wvere
performed on low and mid dose group rats, & no—effect level for the adrenal
gland lesions could not be established, and a dose-response relationship can
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Core classification (continued):

not be established for the decreasei incidences of chronic progressive nephro-
rethy, hepatocellular degenerationm, pituitary edenomas, and mononuclear cell
leukemia. The classification could be upgraded when histopathology for the low

and mid dose groups is available for review.
I. PROTOCOL
A. MATERIALS

1. Test species: Male and female weanling Charles River Fischer 344 {(cpoe

F-3 /Cr1BR)] strain rats wvere used. The enimals were approximately 6
wveeks of age vhen placed on test diets.

2. Diet preparation: Basal diet consisted of RIHOT rodent diet in meal form.
Test diets were prepared weekly and stored under refrigeration. Samples of
test diets were analyzed for stebility, homogeneity and accuracy of test
concentration before the study tegan. Diets were snalyzed for concentration
of test substance during weeks 1, 2, 3, and L, and one test diet was randonmly
chosen for analysis each week through termination of the study.’

B. STUDY DESIGN

1. Animal essignment: Animals wers randomly assigned to test groups as follows:

Anirmals per sex

Test groups Dose Interin

Fo. Designation (ppm) Main study Pre-test®* Sacrifice
1 Control 0.0 ko 10 -
2 Low (LDT) 7.5 ko 0 _—
3 Mid 37.5 Lo 0 -
i High (HDT) 75.0 Lo 0 -

*In additicn to'animals assigned to test groups.

2. Observations schedule

Rumber of animals

Type of observation - ber sex per group Frequency

Mortality A Tvice & day*

Signs of toxicity All : Twice a day®

Body weight All | On day of arrival at leboratory,

at pre-test during randomized
group assignment, at weekly
intervals through the first 12
weeks, every fourth week there-
after, and on the day of necropsy.
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2.

Type of observation

Observations schedule (continued)

Number of animals
Per _sex per group

8331
Chronic Feeding Rat

Frequency

Food consumption FARE
Blood samples 10
Urine samples 10

Recropsy

Animels found dead
or moribund ’

Survivors

3¢

cage and examined carefully.

Weekly for the first 12 weelks,
and during weeks 26, 39, 52, 65,
78, 92, and 10L.

At 3, 6, 12, 18, and 24 montus.
At 3, 6, 12, 18, and 24 montus.

When found.

At 2k months

*The reporﬁ stated that at least once a week each animal was removed from its
The report also indicated that the incidence,
size, and location of all tissue masses were determined by palpatien.

Observation of blood samples: Blood was collected from the retfo—orbital

sinus, and the animals vere fasted overnight prior to sampling.

Differential white cell counts

Mean corpuscular hemoglcbin
concentration

Mean cell volure

Mean corpuscular hemoglocbin

Additional Hematology

Hematolggz
X Hematocerit X
X Hemoglobin X
X Red cell count
X Platelet count X
X Total white cell count X
Nucleated red blood cell count
Blood chemistry

_X Alanine amino-
transferase (ALT)
_X_Albumin :
_X_Albumin/globulin ratio
X Alkaline phospha-
tase (AP)
_X_ Aspartate amino-
transferase (AST)
Creatinine
Electrolytes
Gamma glutamyl transferase

[~ |

_X Glucose
____ Lactate dehydro-
genase {LDH)
Total bilirubin
Total cholesterol
Total globulins
Total protein
Triglycerides
Urea nitrogen
Uric acid

4 4 | |
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L, Urine observations

X Volume _X glucose X occult blood

X pH X ketones X urobilinogen

X ©protein "X bilirubin X Appearance
5.

fate, and macroscopic lesions were noted.

a. Weighed organs

X Liver X Spleen
X Kidneys . Heart X Gonads
Organ to body weight ratios were calculated.

b. Tissues preserved for microscopic examination:

X Adrenals

0

(¥

5537

§83-1
Chronic Feeding Rat

X specific gravity
X microscopic examination

of centrifugei deposits

Hecropsy Gross examinations were conducted on all animals regardless of

X Brain
Pituitary

_X Adrenals _X Kidneys _X_Skin and subcutis
Aorta _X_Liver N X Spinal cord

“X_Bone and marrow _X_Lungs _X_ Spleen

“X_Brain _X_Lymph nodes _X_ Stomach

_X Cecum _X V¥Mammery glends _X Testes

_X Colon _X Ovaries _X _Thymus

_X Duodenum _X Pancreas _X_Thyroid with para-

___ Ears _X Pituitary thyroid

_X Epididymides _X Prostate _X_Tongue

_X Esophagus _X Rectum ’ _X_ Trackea

_X Twes with _X Selivary glen X Urinary bladder

____ “nrdarian gland _X Beminal vessicles X Uterus witk cervix

_A_ nzart _X Sciatic nerve _L ‘Vagina

_X JIleum _X_ Skeletal nuscle _X A1l racroscopic

_X Jejunun abrormalities

Tissues from all anicals in the control and high dose groups were examined
microscopically.

6. Stetistical analysis:

o. Continuous varisbles: (body weight, hezatolegy, clinical chemistry, organ
and we 1ghts.

Statistical

procedure Purpose

Analysis of variance| Determine significance of differences between group
: means, % :

Dunnext's "t" test Determine significance of differences between the control
and each treatment grcup.
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b. Freguency data {urine protein, glucuse, ketones, bilirubin, blood, and
urobilinogen)
Statistical
procedure - Purpose
Contingenéy table Determine significance of differences between individual
technigques groups, cverall variations, or trends

A.

IT. REPORTED RESULTS

Mortelity and Signs of Toxicity: Mortality during the study was summarized
in the report as follows:

Fumber of Animals Adjusted Number died Rumber of
Dose Alive at Accidental number or sacrificed survivors
(prm)  initiation deaths alive mor ibund at week 10k
Males
0.0 Lo 1 39 1k 25
7.5 Lo 2 38 14 24
37.5 ko 0 ko 6 34
75.0 Lo 1 39 8 31
Ferales .
0.0 Lo 0 Lo 11 29
7.5 Lo 0 Lo 4 8 32
37.5 ko 2 38 11 27
75.0 ko 1 39 L 35

No sigrificent compound-related effect on survival of treated rats was

noted. ’ '

The investigators noted that during weeks 20 and 21 several animals exhibited
swelling in the neck or submandibular arez. The numbers of males with the
swelling were 4, 5, 10, and 5 in the control, low, mid, and high dose

groups, respectively. The respective nurter of females exhibiting the
svelling were 4, 3, 9, and 1 in the control, low, mid, and high dose groups.
These observations were attributed by the investigators to a transient sia-
lodacryocadenitis (SDA) virus infection.

According to the report, there were no dcse-related effects on the incidence
of palpable masses in male or female rats. There were 19, 16, 1k, and 17
males in the control, low, mid, and high dose groups reported to have
ralpable masses during the feeding period, while 25, 15, 16, and 6 femsles
vwere observed to have palpable masses in the control, low, mid, and high
dose groups, respectively.

Body weight and Food Consumption: Group cean body veights for mid and high
dose group rats were statistically significantly lower than those for the
contrel group. For zales the differences vere significant from week 68 of
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B. Body Weight and Food Consumption {continued)

the study, and the -differences for females were significant throughout the
experiment. The investigators noted that by the end of the study mid dose
group males had a group mean body weight that was 8% less than that for the
controls, and the male high dose group mean weight was 15% less than the
control mean. Female group mean weights for the mid and high dose groups
were 22 and 55% less than their control group mean at the end of the study,
according to the report.

Croup mean body weight gains during the first 12 weeks of the study are
summarized as follows:

Dose level (ppm)

Observation 0 T.5 37.5 T15.0
Males -~

Body weight (g) at week 0 118.3 117.8 115.0%* 115.9

Body weight (g) at week 12 320.5 31h.3  312.7 312.9
Curulative weight gain (weeks 0-12) +202.2 +196.5 +197.7 +197.0

Body weight (g) at termination 358.8 359.7 333.5% '305. L%
Females
Body weight (g) at week 0 90,1  90.5 89.1 89.8
Body weight (g) at week 12 193.7 196.4 186.2% 186.4%

Cumulative weight gain (weeks 0-12) +103.6 + 95.9 + 97.8 + g6.6

Body weight (g) at termination 288.9 287.7 220.0% 168.5%

%¥Statistically significantly different from controls (p<0.05).

The report noted a significant dose-related decrease in food consumption
for ferale rats given the mid and high dose diets. Selected group mean

P P RPN

e s & e Mm% . eh oy emnmm mmceer—— oy & o o - R
foold consumption £or the Temale ravs vwere sumrarized as follows:

Week of Dose level (prm)
study 0 1.5 37.5 75.0
1 81.3 T 87.9% 85.1% 83.8%
2 .+ 90.0 92.7% 86.1%.  8h,5%
3 9k.2 93.3 85.1% 75.8¢%
y 97.8 98.4 86. 7% 78.7%
8 90.8 95.7 80.7% 67.0%
12 86.7 86.0 8309 76. o%
26 83.8 - 81.5 80, kx 6L, 7%
52 93.7  95.2 82.0%  T75.2%
78 102.8 98.7 83.6% 69.2%
104 102.1 107.6 95.4 76.5%

*Statistically significantly different frca controls
(p<0.05).
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B. Body Weizht and Food Consumption (continued)

The investigators noted that the food consumption for mid dose group females
averaged 8% less than that for controls, and the average food consumption
for the tigh dose group femaleg was 20% less than that for the control
grcap during the study.

C. Clinicel Pathology

1. Heratolozy: Although the authors noted statistically significant differences
for some hematological observations, none were dose-related or consistently
observed throughout the two-year study.

2. Clinical chemistry: Total protein, elbumin and urea nitrogen were affected
in treated female rats. Reported mean values for both sexes are summarized
as follovs:

Dose level (ppm)
‘Month of Males® Females »
observation o 1.5 - 37.5 75.0 0 7.5 37.5 - 75.0

Total protein (g/d1)

6.42 6.39 6.66  6.4%  6.LT 6.0k

3 6.62 6.62

6 6.93 T7.04% 7.02 6.92 T.29 T.54 7.30 6.65%
12 7.16  6.97  T.13 7.09 7.76 7.86  7.62 6.95*
18 6.59 6.81 6.71 6.39 7.03 €.99 6.77 6.63*%
2k 6.8 6.8 6.5 6.3% 7.3 T4 1.2 7.1

Albumin (g/d1)

3 3.2k 3.21 3.17 3.25 3.45 3.30 3.33 2.94#

6 2.91 2.94 2,98 2.94 3.21 3.2k 3.23 2,98#
12 3.39 3.4 3.k 3.43 k.06 L.15 3.93 3.50%
18 3.17 3.27 3.U5#% 3.32 3.84 3.80 3.62 3.65
24 2.9 3.0 3.0 3.2 3.4 3.5 3.8 3.5

Urea nitrogen (mg/dl)

3 13.9 15.6%  15.7% 15.9% 1k.5 15.6 16.1 17.1%
6 ik.9 15.5 16.3 16.3 17.2 17.5 17.° 18.6
12 15.8 k.5 16.7 16.2 16.7 16.6 16.4 17.4
18 - 15.5 14,1 " 15.7 16.3 15,4 16.6 17.7T* 20.6%
2 17.9 16.5 18,2 18.2 1L.2 15.3 ° 18.6* 20.2%

%#The group mean was statistically significantly different from the control
group mean (p<0.05).

3.

Urine anelysis: There were no significant ckanges noted in the report for
these parzmeters.
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Chronic Feeding Rat
Kecropsy

Organ weights: According to the report, decreased weights were observed for
the spleen, kidney, liver, and right adrenal in male and female rats given
the T75-ppm diet. Organ-to-body weight ratios were increased for brain,
kidney, ovaries, and right adrenal in high dose group females. The
investigators attributed these changes to the decreases observed in terminal
body weights. Orgen weights and weight ratios are presented for the kidneys
as an example of the changes observed as follows:

Dose level (ppm)
Observation -0 7.5 37.5 T5.0

Terminal body weight (g) 358.8 359.7 333.5% 305.L4%

Absolute weight (g)

Left kidney 1.h9 1.47 1.43 1.37
Right kidney , 1.h7 1.47 1.h1 1.36%
Organ-to-bod&-veight ratio ‘
Left kidney 0.417 0.k10 0.430 0.450%
Right kidney 0.k11  0.413 0.k25 0.LL6*

Females
Terminal body weight (g) 288.9  287.7 220,0% 168,5*%

Absolute weight (g)

Left kidney 1.16 1.13 1.00% 0.8L*

Right kidney 1.17 1.1k 0.99* 0.83%
Organ-to-body weight ratio

Left kidney 0.406 0,393 0.460%  0.500%

Right Kdney 0.k07 0.388 0.453*%  0,Lg3*

#Statistically significantly different from control (p<0.05).

Macroscopic observations: The only macroscopic observation attributed to
treatment by the investigators was an increased incidence of thin females.
There were 1, 3, 10, and 25 of the L0 females in the control, low, mid, and
high dose groups, respectively.

Microscopic observations

Non-neoplastic findings: The only lesions with increased incidence in high

- dose group males and females were angiectasis and hemorrhage in the adrenals.

Female raets in the high dose group also had an increased incidence of

mineralization in the Xkidneys. The incidence of these lesions is summarized
as follovs:

. 29
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3. Microscopic observations (contirued)

a. Non-neoplastic findings (continued)

Dose level {ppm)

: Males Females
Observations 0 T5 0 75
Adrenals
Anglectasis 1/40  13/k0 6/40  13/40
Hemorrhage 3/40  14/k0 7740 . 14/%0
Kidneys ’
Mineralization c/ko 0/k0 0/40 5/40

The investigators noted that other non-neoplastic lesions were decreased at
the high dose. The incidence of these lesions is summarized as follows:

Males Females
Observations 0 75 0 75

Chronic progressive ‘
nephropathy 39740  LO/Lo ko/ho  10/ko
Hepatocellular degeneration 12/k0  18/%0 18/L4o 1/k0

b. Neoplastic lesions: No tumors had a significantly increased incidence in
the high dose group in comparisea to the control group. However, the
authors noted that the incidence of pituitary adenomas and monuclear cell
leukemia were decreased. These results are summarized as follows:

Males Females
Observations 0 75 0 15
Pituitary adenomas 26/40  13/h0 35/40 19/ko
Mononuclear cell leukemia 5/40 2/40 9/40 2/40

III. DISCUSSIOE

A. Authors' conclusions:

In the discussion section of the report's chapter entitled "Pathology'ﬁeport"
the following conclusions were presented:

No toxicologically important changes were observed in this study
except for lower terminal body weights in both sexes treated with
37.5 and 75 ppm of Rotenone. Statistically significant changes in
organ weights were incidental,.and were duve to the lower terminal
body weights of the treated rats. Lover total protein and albumin
levels in 75 ppm dose group fesales and higher serum urea nitrogen
levels in 37.5~ and T5-ppm dose group females were treatrent related.
However, the magnitude of the changes was small and was not considered
bilologically important. The czly treatment-related macroscopic
finding was thin female rats iz the 37.5- and 75-ppm dose groups.
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Authors' conclusions (continued)

This finding correlated with the lower terminal body weights of
these rats. No treatment-related changes were observed in micro-
scopic findings. . :

Reviever's discussion: The conclusions made in the report did not consider
the body weight, or total protein, albumin, and serum ures nitrogen results
in the context of the decreased food consumption reported for the mid and high
dose group females. Cummulative body weight gains during the first 12 weeks
of the study were approximately 7% less in the mid and high dose group

.-Temales than that for the control group (see page 6 above), and group

mean body weights at week 12 were 3 to 3.5% less for mid and high dose
group female rats than that for the control group. Group mean body
veights for the mid and high dose groups were not toxicologically signi-
ficantly different from control values until late in the study (see page

8 above). By the end of the study group mean body weights for the mid
and high dose group females were 2k ang L2% less than that for the control
group females. This rettern of weight changes, the absence of clinical
signs of toxicity or histopathology, and the bresence of changes in total
protein, albumin ang uree nitrogen are more Iikely to be a reflection of
the chronically reduced food consumption noted in the repcert. Therefore,
the lowest-effect level is more appropriately based on reduced palatability
of diets containing 37.5 ppm rotenone or more.

The reduced organ weights and changes. in organ-to-body welzght ratios
noted by the investigators were consistent with reductions in body weights
observed in treated rats.

The investigators did not discuss the significarce of the increased
incidences of angiectasis and hemorrhaging in the adrenals which was
observed in high dose group rats (see page 8 above). Since the protacol
did not include microscopic examirestion of the adrenals in low and ‘mid
dose group rats, a full assessment of the significance of these lesions
can not be made.

31
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Section 6. Toxicology Branch (TS T769C) . 1049/?7
DATA EVALUATION RECORD

STUDY TYPE: Oncogenicity - Rat (Guideline §83-2)

MRID NUMBER: 401798-01

TEST MATERIAL: Technical grade Rotenone (Lot no. 735-RAP-1502) parity >98%)
vwas used. It was described as a white crystaline powder.

SYNORYMS: 1,2,12,12a-Tetrahyﬂro—8,9—d1methoxy~2—(l-methylethenyl-[llbenzopy—
rano~|3,h-b]furol2,3-h]lllbenzopyran—GIGH]—one; CAS No. 83-T79-4

STUDY NUMBER(S): NIH Publication No. 86-2576

SPONSOR: National Toxicology Program (Submitggd by the U. 8. ﬁ;partnent of
the Interior, Fish and Wildlife Service, National Figheries Research Laboratory)

TESTING FACILITY: Battelle Columbus Laboratories

TITLE OF REPORT: NTP Technical Report on the Toxicology and Carcinogenesis
Studies of Rotenone (CAS No. 83-79-1) in F3LL4/N Rats and BEC3F1 Mice. (Feed
Studies) ' y

AUTHOR(S): K. Abdo, Chemical Manager
REPORT ISSUED: August, 1986

CONCLUSIORS: Rotenone was given to male and female F3LL/N strain rats at
dietary concentrations of 0, 38, or 75 ppm for two years. An increase in the
incidence of rarathyroid adenomas in male rats given the T5 ppm diet was
noted (4/LL in the high dose group compared with 1/41 in the control group).

Although group mean body weights for treated rats of both sexes at 3 months
vere comparable to appropriate control groups, weight gain in males given the
38-ppm and T5-pmm diets were 10 and 7.6% greater than that for the controls.
Weight gains for the low and high dose group females were 19 and 9% less than
that of the control group, respectively. In the absence of other effects,
these body weight changes suggest that a Maximum Tolerated Dose (MTD) may not
have been achieved.

Core classification: Supplementary. An MTD may not have been tested.
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MRID No. k40179801
I. PROTOCOL
MATERIALS

Test compound: Technical grade Rotenone (Lot no. 735-RAP-1502) purity
>98%) was used. It was described as a white crystaline powder.

Test species: Male and female 57-day old F3L4L/N strain rats were
used. Breeding stock for these animals originated at the National
Institutes of Health Repository, and those animals used in the study
were provided by the Frederick Cancer Research Laboratory. -

Diet preparation: Test ‘diets were prrepared biveekly and stored at L° C.

The test substance was eadded to Purina Lab Chow®, and samples of test
diets were analyzed for stability, homogeneity and accuracy of test
concentration before the study was begun. Diets were analyzed for concen-
tration of test substance at approximately 8-week intervals during the
two year feeding period.

Preliminary studies: See the Addendum below for & discussion of the feeding -
studies conducted to characterize the toxicity of rotenone and determine
the highest dose to be tested. .

STUDY DESIGN

 Animal aessignment: Animals were randomly assigned to test groups a&s follows:
7

Animals per sex

Test groups Dose Interim
No. Designation {ppm) Main study* Pre-test Sacrifice
1 Control 0 50 5 0
2 Low (LDT) 38 50 0 0
3 High (HDT) 75 _ 50 0 0

%#2L months. .
%*These were examined to determine health status of the anizals
used in the assay.
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B. STUDY DESIGN (continued)

2. Observations schedule

Number of eanimals

Type of observation per sex per group Frequency
Mortality A1l Twice a day®*
Signs of toxicity All Twice a day*

Body weight AllE® - Once per week during the first
. 8 weeks of the study, and cace
a month thereafter, and on the.

day of sacrifice.

Recropsy Animals found dead When found.
or moribund .
Survivors At 2k months

%The report stated that observations were mace only “or;ce each month after the
first 5 months.

#27or each cege of 5 animals.

3. FKNecropsy Gross lesions were noted.

8. Tissues examined microscopically

Adrenals Lymph nodes Stomach

Bone and marrow Mammary glands Testes/ovaries
Brain Pancreas Thyrus

Colon Pituitary Thyroid with pera-
Esophagus Prostate thyroid

Eyes Salivery glarnd Trachea

Heart Skin Urinary bladder
Kidneys Smal) intestine Uterus ~
Liver Spleen Al macroscopic
Lungs abnormalities .

b. Animals examined: The protocol stated that complete histological examina
tions were conducted on all animals in the control and high dose groups
as well as a2ll animals in any test group that died during the course of
the study. When lesions observed in the high dose group were interpreted
as chemically ralated, the appropriate tissues from animals in the low ’
dose group vere also examined. In this study those organs were the
thyroid and parathyroid in low dose males,

C. STATISTICAL ANALYSIS

The probability of survival was determined ty a product-limit method.
According to the report, animals wvere censored from this analysis at the
time they were found dead of other thap natural causes or were missing.
The report further stated thaat those animals dying of natural csuses vere
not censored from the aralysis. A method of testing two grours for
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STATISTICAL ANALYSIS (continued)

equality and a 1ife-tetle method &Y testing for a dose-related trend were
used to analyze the possible dose-related effects on survival. If an
effect vas detected the report stated that additional analyses were
conducted to detect the time point at which survival differences became
significant. Reported p values in these analyses were described as two-
sided.

Three statistical procedures were used for analysis of tumor incidence
data. The first was the Mantel-Haenszel method, and the second was a
pairvise couparison of the high dose group and the low dog&“group with

the control group forﬁsignificant,difference;. -The third test was one for
significant trends. The report described repotrted p values for these )
eralyses as one-sided. ’ )

II. REPORTED RESULTS

Mortality and toxic signs:

Body weight: There were no apparent effects on body weight in treated
male rats (see Table 1 below), and during weeks 58 through 88 the high dose
group females had mean body weights that were S5 to 9% less than group
means for the control group during that time. After the first three
months, group mean body weights were similar in treated and control rats
of both sexes. Low and high dose group males had greater veight gains
than the control group (3 and 6%, respectively). In the females given
the low dose, body weight gains during the first three months were the
same as that for the cntrol group (53 g). High dose females shoved a
vweight gein that was approximately 2% less than that for the control
group during the first three months.

Table 1

Selected group mean body weights (g) in
rats given Rotenone in their diets for two Yyears.*®

Dose (ppm)
Males Females

Week 0 38 75 0 38 15

0 20k -7 199 197 13 - 1k2 7 1k6

12 348 347 350 196 195 19k
- 26 k12 L1y 416 223 220 217
L 463 465  Lsg 280 215 210
19 ke 473 k60 331 318 304
10k 432 L4 - 439 343 321 332°

’Ho>stat13tica11y significant differences were noted
in the report.

Food consumption: There were no statistically significant differences
noted with respect to daily food consumption during the study. The
average daily consumption for the control, low, and high dose group males

-’ 35
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A. Mortality and toxic signs (continued)

was reported to be 17.9, 18.0, and 18.2 g/day, respectively. The respective
values for control, low, and high dose group females were 12.5, 11.8, ang
12.0 g/day. :

Based on these results and body weight observations, the average daily

dose for males and females in the low dose group were 1.7 and 1.8 mg/kg/day,
respectively. High dose group males received 3.4 mg/kg/day, and high

dose group females received 3.6 mg/kg/day.

3. Mortality: Table 2 summarizes ﬁortality during the in—lifé rhase of the
study, and Table 3 shows the results of the survival analysis as reported.

Table 2

Mortality in rats given rotenone
in their diets for two years.

Mortalities* during weeks

Dose Males Females )
(ppm) 1-26 27-54 55-79 80-103 1-26 27-5h  55-79  80-103
0 0 1 3. 2k 0 3 y 16
38 0 0 3 16 0 0 3 1k
75 0 1 2 17 - o 0 3 16
Table 3

Results of the survival analysis (reproduced as reported)

Dose (ppm)
Males Females
Observation 0 38 15 __0 38 75
No. animals/ group S0 50 50 SO S0 50
No. died during study 28 19 20 23 18 19
No. sacrificed at terminaticen 22 31 30 2T . 32 31
Survival P values®* 0.109 0.076 0.1k2 0.&38»"0.3577_0.505

*Results of the life table.trend test is in the O Ppm column, and results of

pairvise comparisons of each dose group with the control group are in the
appropriate column. : »

B. Fecropsy

1. FNon-neoplastic observations: The only non-neoplastic lesion found to be
significantly increased by rotenone administration was focal hyperplasia in
the anterior pituitary glands of high dose male rats. The report stated
that the observed incidences of that lesicn were T of Lo (1L4%), 2 of 15
(13%), and 13 of 50 (26%) in the control, low, and high dose groups,
respectively.

(9% B
<o
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2. Feoplastic observaticns {continued)

2. FHeoplastic cbservations

e. Males

Table b summerizes the results for tumors considered to be related to test
substance ad=inistration.

Table &

Surmary of the incidences for tumors reported to be
associated with adainistration of rotenone. ¥

Dose (pm) =
Observation 0 3877 75
Farathyroid Adenoma
Intercurrent deaths c/23 0/17 2/18
Terminal sacrifice 1/18 0/27 2/26
Overall i/l 0/kk - Lfuh
Week of first observation 10k — 91

*Ho statistically significant trends or differences were noted
in the report. e

Tre report stated that the adenomes were not observed grossly, and microscopically
tey appeared as spherical masses with enlarged cells with vesiculer nuclei.

Ttese tumors elso slightly compressed adjacent normal tissue according to the
repert. Althcugh no statistical significance was associated with the inciderce

of the tumor, the investigetors cited historical control data for the Fisher

344 strein used in this study which indicated that the parathyroid adenoms is
uzcommon in tke test strein. The historical incidence of the tumor was

reported to be 4 in 1,31k male P34k rats, and no more than one parathyroid

adencma was observed in eny single centrol group. The reported range was

from 0 of 70 to 1 of 38. :

b. Females

Teble 5 summarizes the statiétically significantly 1hcreased inéideﬁces of
subcutaneous tissue tumors which the report noted. ) i

-rag

W
-J
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2. Neoplastic observaticns {continued)

Table &

Summery of the incidences for tumors reported to be
statistically significantly increased in a treatment group.

R - Dose (pm)
Cbservation 0 38 75
Fibroras .
Overall incidence - 0/50 1/50 0/50
Neurofibroma ‘
Overall incidence 0/50 i1/50 0/50
Sarcoma : -
Overall incidence 0/50 1/50 1/50
Fibrosarcoma
Overall incidence. " 0/50 1/50 2/50
Myxosercom - ’
Overall incidence 0/50 1/50 0/50
Combined Incidence
Intercurrent deaths . 0/23 3/18 3/19
Terminal sacrifice 0/27 2/32 0/31 ,
Overall 0/50 5/50% 3/50
¥eek of first observaticn - 6% 17

*Statistically significantly different from contrecle (p=0.049
- --1in life table tests; p=0.013 by Fisher Fxact Test).

The historical incidence of thé.tumor was reported to be 50 in 2,02 female
F3L4LY rats, and the reported range was from 0 of 70 to 5 of 49.

III. DISCUSSIOR
A. Conclusions of the Investigators: The report ncted no dose-related

effects on mortality in the study, and body weight decreases indicated
that the doses tested were reasonsble. . ]

The incidence of parathyroid tumors.vas described as follows:

R Adenomas of the parathyroid gland occurrei in 1/b41 control,
0/kY4 low dose, and 4/hk high dose male rats, Altheugh not
statistically significant, the incidence in the high dose group
greatly exceeds the historical incidence in untreated control
zele rats (4/1,314, 0.3%). The blolcgic tehavior of this
Proliferative lesicn is unknown, Carcinozas of the Parathyroid
have not occurred in KTP untreated control male F3ih/x rats,
nor does morpholcgic evidence exist for progressien from adencea
to carcincma. Parathyroid adenors is distinguishe:d from
hyperplasia by its foeal nature ard compression of ad jacent
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A.

Conclusion of the Investigators (continued):

normal tissue. Parathyroid hyperplasia is relatively much
more common in male rats and generally occurs secondary to
severe renal disease {srontaneous progressive nephropathy);
whether parathyroid aderoma is related to this process is
unknown. The unusually high incidence of parathyroid adenoma

" in high dose male rats ray be related to the administration
of rotenone. However, the severity of renal disease in the
four high dose male rats was not marked.

««s, focal hyperplasia in the anterior pituitary occurred with
an increased incidence in the high dose males (control, 4/L9,
8%; low dose, 2/15, 13%; and high dose, 13/50, 26%), but the
incidence of tumors of the anterior pituitary gland did not
increase. .

««sBecause of a lack of = significant .dose-related trend...and
becsuse statistical significance was attained by combining
tunors of differing morrhology, the evidence for an association
betveen rotenone administration and subcutaneous tissue tumors
in female rats is equivocal. )

Reviever®s Discussion: Reported body weight decreases were not sufficient

to indicate toxicity in male or female rats at the highest dose level (see
rege 4 and Table 1 above), and results from the thirteen-veek study (see
Addendum,belov) suggest that tte highest dose probadly could havé been
increased. Body weight gain fer males given the TS5, 150, and 300 P diets
during the thirteen-week study were decreased by 7.2, 11.5, and 34.7%,
respectively, end the respective body weight gains for females at thecse

dose levels were 12.7, 32.3, and 53.9% less than that for the control.

Indey. =x<." analyses of the apperently dose-related increased incidence of
hyperr.:s:. in the anterior pituitary gland showed no significant linear
trend (p>0.05, Cochran-Armitagze trend test), and there were no significant
difference between the control end high dose group (p = 0.115 by the Fisher
Exact test).

These results suggest that a Meximum Tolerated Dose (MTD) may not have been
achieved in the study. - i
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I. First 14-Day Feeding Study
Materials and Methods: Groups containing 5 male and 5 female seven week old

F33L/N strain rats were given diets containing 0, 50, 100, 200, 400, or 600
pra test substance for fourteen days.

According to the report, the animels were observed twice daily, and meri-
bund anirmals were sacrificed. Feed consumption was determined for each

cage of five animals, and individual body weights were measured weekly. At
the end of the lh-day'feediné reriod, surviving rats were sacrificed and
subJected to necropsy. Those animals dying during the study were necropsied
when possible. ;

The tissues examined microscopically were not listed in the report, bu: the
protocol stated that the animals given the highest dose level and those in
the control group were subjected to histological examination.

Reported Results: The group mean body weights for treated males at the end
of the li-day feeding period were 8 to 13% lower than that for the entrol
group, and the final group mean body weights for the female rats receiving
the 200, 400, and 600 pmm diets were L, 8, and 13% less than that for the
control group female rats.

There vere no mortalities, clinical signs, macrdScopic—observationg, or
microscopic findings that could be associated with treatment.

Discussicn and Conclusions: Based on the results of the firstllh—day study
the investigators initiated g second study at higher doses to characterize
the potential toxicity of rotenone in rats.

II. Second 1k-Day Feeding Study
Materials and Methods: Groups containing 5 male and 5 female nine-week old
F3L1/N strain rats were glven diets containing 0, 300, 600, 1200, 2L4c0, or
4800 ppm test substance for fourteen days.

According to the report, the animals wvere observed twice daily, and rori-
bund animals were sacrificed. Feegd consumption was determined for eack
cage of five animals and individual body weights were measured veekly. At
the end of the lh-day feeding period, surviving rats were sacrificed ari
subjected to necropsy. Those animals dying during the study were necrcosied
vhen possible, . :

. The tissues examined microscopically were not listed in the report, but the

protocol stated that the animals given the highest dose level and those in
the control group were subjected to histological examination.

Reported Results: Three males in the 2400 Ppm dose group, one male in tze

L80C prm dose group, and four ferale rats in the 2L00 pm dose group dted.
Body weight and feed consumption were also reduced by treatment (see Te:le
1 below).
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Table II-1

Summary of group mean body weights and feed consumption
in the second fourteen day feeding study of rotenone in rats.®

Mean Body Weight (g) Food consumption (g/day)
Dose (ppm) Week 0 _ Week 2 Veek 1 Week 2
Males .

0 130 189 25,2  25.2
300 128 176 21.6 23.L
€00 131 1€7 21.6 23.3

1200 128 108 16.2 16.3

2Lo0 131 79 11.1 11.3

4800 131 90 12.2 11.9
Femles

0 105 138 18.8 17.3
300 106 134 17.2 18.7
600 102 102 16.7 16.5

1200 105 83 16.0 16.3
2400 103 69 12.0 11.7

4800 - 105 71 11.8 11.8

Vi

*No statistical analysis wes reported for these results.

According to the report, all male and female rats given the 1200, 2400, &nd
4800 prm diets had rough hair coats. Those rats given the 2100 and L4800
P diets also had hard feces and hunched posture. No treatment related

£ s or nmicroscopic lesions were cobserved at necropsy.

Discussion- and Conclusions: The results as presented supported the conclusions
of the ivestigators that the 1200 ppm diet should be the highest dose in a
thirteen-week feeding study (see Section III. below). The conclusion was
based on the absence of compound-related lesions and deaths at the 1200 pro
dose level.

ITI. Thirteen-Week Feeding Study

Materials and Methods: Groups containing 10 male and 10 female four to five
week old Fischer 344/N strain rats vere given diets containing 0, 75, 150,-
300, 600, or 1200 prm test substance. for thirteen weeks.

Acccrding to the report, the animals were observed twice daily, and mori-
bund animals were sacrificed. Feed consumption was determined for each
tage of five animals, and {ndividuel body weights were measured wveekly., At
the end of the 13-week feeding period, surviving rats vere sacrificed and
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IIX. A. Materials and Methods (continued)

B.

1.

subjected to necropsy. Those animals dying during the study were necropsied
when possible. S

The folloviné tissues were examined microscopically:

Adrenals Heart Ovaries/uterus Stomach
Brain Kidneys .- Pancreas Thymus
Colon Liver “Pituitary Thyroid with para-
Esophagus Lungs Salivary gland thyroid
Eyes Lymph nodes Srall intestine Trachea
Femur Mammary glands Skin Urinary bladder
. Spleen

The report ncted that these tissues from the control, 300, 600, and 1200
rpm dose groups were the only ones examined. The bone marrow and stomach
of 75 ppm female rats, liver, bone marrow and stcmach for 150 prm male -
rats, and bone marrow and stomach for 150 prn femele rats were also examined
microscopical;y.

Reported Results

Mortality, body véighﬁ end feed consumption: A1l 10 of the males and 6 of
the 10 females given the 1200 pmm diet died before the end of the 13~week
feeding period. In the 600-ppm dose group 3 of 10 males and % of 10 females
died. . . , '

-
The group mean body weights for the 300 ang 600—p1n dose group males were
21 and 52% below that for the control group at the end of the 13-week
feeding period, respectively. Female rats glven the 150 and 300 ppm doses
hed group mean body weights that were 16 and 26% less then control group
mean body weight at 13 weeks, vhile tte respective weight decreases for the
600 and 1200 ppm dose groups vere 54 end 58% less than the control group
mean weight (see Table III-1 below).

Reported mean body veight gains for tre 75 Prm dose group males and ferales
were approximately 8% and 13% less then appropriate control group meen body
weight gains, respectively.

There were no effects noted on feed ccnsumption (see Table III-2 below).

2. Organ weights: Table III-3 shows‘ the results for live~- veight data. The re-

port noted that the increases in liver-to-body weight ratios were the result
of decreased body weights in treated animals because there were no statisti-
cally significant dose-related differences with respect to absolute liver weight.
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B. Reported Results (continued)

Table III-1

Group mean body weight (g) for rats
given diets containing rotenone for 13 weekst

, Males Females
Dose (ppm) Week 0 Week 13 Week 0 Week 13

(¢} 122 357 101 203
T5 126 3Ly . 103 - - 192
150 132 3ko 101 - 170
300 128 282 103 150
600 122 170 104 93
1200 133 ——f 100 84

tNo statistical analyses for their results vere reported
for these data.
*A1l animals in the group died before determination.”

Table III-2

Group mean feed consumption (g/day) for rats
glven diets containing rotenone for 13 weeks

Males ' Females
Dose (pmm) Veek I Week 12 Week i Week 12

0 ~19.3 15.8 13.6 11,6
15 17.9 14,7 12.8 10.0
150 17.5 16.7 12.0 11.h
300 17.8 15.6 16.0 9.8
600 16,7 16.3 15.3 15.6

1200 18.5 — 15.8 11.5

%411 snimals in the group died beforé'determination.
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Reported Results (cont inued)

Table ITI-3

Group mean liver weight (mg) end liver-to-body
veight ratios (mg/g) for rats given diets
containing rotenone for 13 veeks

Males Females
Dose (ppm) Weight Ratio Weight Ratio
0 13,850 . 37.9 1,382 36.2
75 15,744t  LL.2 8,533+t bl.S
150 1k, 234 39.7 1,262 37.2 E
300 13,232 k5.0t 71,522 k2.2 :
600 8,780t Lk.S 1,540 60.2t+
1200 —— — 6,812 64.0t4

#3411 enimals in the group died before determination.
+Statistically significantly different from controls
(p<0.05) : .
+4+Statistically significantly different from controls
(p(0.0l)

. Clinical observatiops: The euthors stated that rough hair ccats and arched
Lecks were exhibited by 600~ and 1200-ppm dose group animals, and males in
tze 600 prm dose group also exhibited generalized wealness. 7

.. FKecropsy findings: Lesions observed to be dose-related included bone zarrov
etrophy and inflaxmation and hyperplasie in the forestomach. The incidences
of these lesions are summarized in Table III-k below.
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Reported Results (continued)

Table III-h

Incidences of dose-related lesions in rats given diets
containing rotencne for 13 weeks.

Observation 0 15 150 300 600 1200
Males
Bone marrow atrophy 0/10 —— 0/10 10/10 10/10 9/10
(severity)® - S — 2.2 2.8 3.9
Forestomach : ,
Inflammation 0/10 —_— 0/10 3/10 L7g o aw
(severity)* —— — -— 2.3 3.8 e
Hyperplasia 0/10 ——— 0/10 3/10 478 ———
(severity)* == == —— 2.3 2,8 ___ssx
\_ Females
Bone marrow atrophy "0/10 1/10 6/10 9/10 9/10 9/10
(severity)* — 1.0 1.0 1.8 3.2° 3.8
Forestomach
Inflammation ' 0/10 0/10 L/10 T/9 3/7 ——-
(severity)® -— -—— 2.3 2.3 3.0 kR
Hyperplasia 0/10 0/10 s5/10 6/9 /7 -
(severity)# — —— 2.8 2.5 2.0 —EER

¥Severity is determined according to the following scale: 1=minimal,
2=milqa, 3=moderate, lY=severe. The values entered above represent means
of the animals examined ang having the lesion in each group.

Discussion and Conclusions: Based on the 8 to 13% decrease in body weight
gain observed in the 75 ppmm dose group, mortality in groups given doses of
6C0 or 1200 prm, and the incidence of bone marrow atrophy in the 150, 300,
and 600 ppm dosed groups, the highest dose selected for the two-year
oncogenicity assay was 75 Prm.

The datsa as presented supported the conclusion of the investigators regarding
dose selection for the long-term feeding study. ;
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1 //9 /87
DATA EVALUATION RECORD
STUDY TYPE: Oncogenicity - Mouse (Guideline $83-2)

MRID NUMBER: L401798-01

TEST MATERIAL: Technical grade Rotenone (Lot no. 735-RAP-1502; purity >98%)
was used. It was described as a white crystaline powder.

SYNONYMS: 1,2,12,12a-Tetrahydro-8,9-dimethoxy-2-( 1-methylethenyl-[1]benzopy-
rano-[3,4-b] furo[2,3-h] [1]benzopyran-6 [6H] -one; CAS No. 83-79-4

STUDY NUMBER(S): NIH Publication No. 86-2576

SPONSOR: National Toxicology Program (Submitted by the U. S. Department of
the Interior, Fish and Wildlife Service, National Fisheries Research Laboratory) -

TESTING FACILITY: Battelle Columbus laboratories

TITLE OF REPORT: KTP Technical Report on the Toxicology and Carcinogenesis
Studies of Rotenone (CAS No. 83-79-4) in F3LL/N Rats and B6C3F1 Mice. (Feed
Studies) '

AUTHOR(S): K. Abdo, Chemical Manager 4
REPORT ISSUED: August, 1986

CONCLUSIONS: Rotenone was given to male and female B6C3F; strain mice at
dletary concentrations of 0, 600 or 1200 ppm for two years. A dose-related
decrease in mortality for trested males was noted, and no significant effect
on mortality in treated female mice was observed. Group mean body weights at
the end of the study for low and high dose group males were 92 and 87% of
that for the control group, respectively. Final group mean body weight for
the low dose group females was 83% of the control group value and the high
dose group females had a mean body weight that was 76% of the control group
&t the end of the study. :

During the first three months of the study body veight gain for the low dose
group males was increased by 5% above the control group weight gain, and that
for high dose group males was decreased by 8% in comparison to controls.
Weight gains for low and high dose group female mice during the first three
months were decreased by 15 and 9% below that of the controls, respectively.
These weight changes are of questionable toxicologicael significance in the
absence of histopathological effects, and in the case of female mice the
decreased weight gain is not dose-related.

In the absence of other effects, these ‘bddy weight changes suggest that a
Maximum Tolerated Dose (MTD) may not have been achieved.

Pt
-2
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CONCLUSION (continued)

The report concluded that there was no evidence that, under the conditions of
the study, rotenone was carcinogenic in male or female E6C3F1 mice.

Core classification: Supplementary. -An MTD may not have been tested.
o " I. PROTOCOL
A, MATERIALS

1. Test species: Male and female 56-day old B6C3F) strain mice were
used. Breeding stock for these animls originated at the National
‘Institutes of Health Repository, and those animals used in the study
vere provided by the Frederick Cancer Research Laboratory. ‘

2. Diet preparation: Test diets Were prepared biweekly and stored at 4° C.-
The test substance was added to Purina Lab Chow®, and samples of test
diets were analyzed for stability, homogeneity ang accuracy of test
concentration before the study was begun. Diets were analyzed for concen-
tration of test substance at approximately 8-week intervals during the
two year feeding period. -

3. Preliminary studies: See the Addendum below for a discussion of the feeding
studies conducted to characterize the toxicity of rotenone and determine
the highest dose to be tested.

B. STUDY DESIGN ;

1. Animal assignment: Animals were randomiy assigned to test groupé as follows:

Animals per sex

Test groups Dose Interim
No. Designation {pmm) Main study* Pre-test Sacrifice
1 Control ) 0 50 5 0
2 Low (LDT) 600 50 0 0
3 High (HDT) 1200 50 0 0

*2l months.
*%These were examined to determine health status of the anizals
used in the assay, ’
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B. STUDY DESIGN (continued)

2. Observations schedule

Rumber of animals

‘Type of observation per sex per group Frequency

Mortality A1l Twice a day®

Signs of toxicity A1l Twice a day*

Body weight All%® Once per week during the first

8 weeks of the study, and once
a8 month thereafter, and on the
day of sacrifice.

* Necropsy Animals found dead When found.
or moribund

Survivors At 2% months

*The report stated that observations were made only once each month after the
first 5 months. . o )
*¥For each cage of 5 animals.
3. Recropsy Gross lesions were noted.

a. Tissues examinegd microscopically

Adrenals Lungs Stomach

Bone and marrow Lymph nodes Testes/ovaries
Brain Mammary glands Thymus

Colon Pancreas Thyroid with para-
Esophagus Pituitary thyroid

Eyes Prostate Trachea

Gall bladder . Salivary gland Urinary bladder
Heart Skin Uterus

-Kidneys Small intestine A1l macroscopic
Liver Spleen abnormalities

b. Animals examined: The brotocol stated that complete histological examina—
tions vere conducted on all animals in the control and high dose groups
as well as all animals in any test group that died during the course of
the study. When lesions' cobserved in the high dese group were interpreted
as chemically ralated, the appropriate tissues from animals in the low
dose group were also examined. In this study those organs were the
liver and lung in low dose males.

C. STATISTICAL ANALYSIS

The probability of survival was determined by e product~limit method.
According to the report, animmls were censored from this analysis at the
time they were found dead of other than natural causes or were missing.
The report further stated that those animals dying of natursl causes were
not censored from the analysis., A method of testing two groups for
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STATISTICAL ANALYSIS (continued)

equality and a life-table method of testing for a dose-related trend were
used to analyze the possible dose-rélated effects on survival. If an
effect was detected the report stated that additional analyses were
conducted to detect the time point at which survival differences became
significant. Reported P values in these analyses were described as two-
sided. . - -

Three statistical procedures were used for analysis of tumor incidence
data. The first was the Mantel-Haenszel Eethod, and the second was a
pairwise comparison of the high dose group and the low dose group with
the control group Tor significant differences. The third test was one for
significant trends. The report gescribed reported p values for these

analyses as one-sided.
II. REPORTED RESULTS

Toxic signs and mortality:

Body welght: According to the report, group mean body weights for the

high dose group males were 5 to 10% lower than those for the control
group during weeks L4 through 33 of the study. During weeks 37 through 103
group mean weights for the high dose males were 10 to 19% lower than
controls (see Table 1 below). Mean body weight for the low dose group
males were also 5 to 13% lower than controls from week 29 to the end of
the study. ' P

During weeks 15 through 103 the treated group female mean body Qeights
were T 1o 30% less than group means for the control group (see Table 1).

.. Table 1

Selected group mean body weights (g) in
mice given Rotenone in their dlets for tvo years.®

Dose (ppm)
Males . Females

Week 0 600 1200 0 38 75
0 23.3 22,8 22.9 17.8 18.0 1T.K
12 31.8 | 31.7 30.7 24 4 23.6 23.4
24 3k.9 3.1 32.1 30.0 27.0 27.0
51 ko.7 38.0 35.7 36.5 31.8 29,1
T1 " k.0 38.1 35.8 b1.6 3.4 31,0
103 38.9 36.6 34,0 42,6 35.5 32.3

®No statistically signi}icant differences were noted
in the report.

=0
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A. Toxic signs and mortality (continued)

2. Food consumption: The reported noted that food consumption for low and
high dose group male mice was 103 and 106% that of the control group,
respectively. Those respective values for low and high dose group female
mice were 113 and 115%.

Based on these results and body weight observations, the average daily

dose for males and females in the low dose group were 111 and 12k mg/kg/day,
respectively. High dose group males received 2L2 mg/kg/day, and high

dose group females received 265 ng/kg/day.

3. Mortality: Table 2 summarizes mortality during the in-iirevphase of the
study, and Table 3 ghows the results of the survival analysis as reported.

Table 2

Mortality in mice given roterone in their diets for two years.
(Derived from Table IIT-1k of the original report.)

Mortalities* during weeks

Dose . Males Females
(ppm) 1-24  25-51 S2-T7 73-103 1-24  25-51 5277 78-103
0 6 6 2 T 0 2 3 8
600 1 2 3 7 1 0 5 3
1200 0 1 0 2. 0 0 1 7 %
Table 3

Results of the survival analysis
(Reproduced from Table III-15 of the original report.)

Dose (ppm)
Males Females
Observation 0 €00 1200 0 600 15
Fo. animals/ group 50 50 50 50 50 50
No. died during study 21 1hx 3 12%% e
No. sacrificed at termination 29 36 L7 38 43 45
Survival P velues® .- <0.001 0,143 <0.001 0.071 0.351 0.093

*Results of the life table trend test is in the O ppm‘column, and results of
rairvise comparisons of each dose group with the control group are in the.
appropriate column.

#¥This number inidicated one more death during the study than was shown in
Table 3 above.

These results suggested that rotencne significantly increases survival of
male mice (see Table 3 above).
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Tables 4 and 5 summarize the result

Necropsz

Non-n

eoplastic cbservations: No non-neoplastic lesions were reported to be

signi
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ficantly increased or decreased by rotenone in the diets of mice after
tvo years. : :

Neoplastic cobservaticns

Males

test substance administration.

Table 4

8 for tumors considered to be related to

?

Summary of the incidences of liver tumors reported to be
associated with administration of rotencne.*

Observation -

Hepatocelluler Adenomas
Iatercurrent deaths -
Terminal sacrifice
Overall

Week of first observation

Hepatocéllular Carcinoma
Intercurrent deaths
Terminal sacrifice

Overall

HWeek of first observation

Hepatocellular Adenomas and Carcinoma

intercurrent deaths
Terminal sacrifice
Overall :

.Hbek of first observation - Tz

Dose (ppm) =
0 800 1200
2/13 2/13 0/3
5/29 7/36 1/h7
T/47+ 9/k9 1/50tt -
89 88 104
2/13,  1/13 0/3
b/29 2/36 o/uT
6/LT* 3/49 0/50%%
76 81 -
L/13 3/13 0/3
8729 9/36 1/47
12/kTt  12/h9 1/50tt
(IS AR

tStatistically significant negative trend (p<0.001; life table

analysis)

t1Statistically significantly decreased

comparison, life table analysis

*Statistically significant negat

- analysis)

t1Statistically significantly decreased'i

)

incidence (p<0.001; pairwise

ive trend (p=0.002; 1ife table

comparison, life table analysis)

ncidence (p<0.002; pairwise

52
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Table 5

Summary of the incidences of subcutanéous tissue tumors reported

to be associated with administration of rotenone to male mice.®

Observation

Dose (ppm)
0 600 1200

Subcutanecus Tissue Fibrosarcomas

. Intercurrent deaths
“Terminal sacrifice
Overall

' k/20.  -af1k-. 0/3
2/29 1/36 0/L7
6/49 2/50 0/50

Week of first observation 83 88 —
Life Table Tests* P=0.002 P=0,087 P=0.00L
Incidental Tumor Tests® P=0.008 P=0.086 P=0.01T7
Cochran-Armitage Trend Test® P=0.007 — —

Fisher Exact Test#®

-—— -P=0.128 P=0.012

Subcutaneocus Tissue Sarcomas, Fibrosarcomas, or Neurofibrosarcomas .

Intercurrent dedaths
Terminal sacrifice
Overall )
Week of first observa

5/20 1/14 0/3

3/29 2/36 2/h7

8/k9 3/50 2/50
tion = - T2 88 T 104

Life Table Tests® P=0,008 P=0.059 P=0.01Qf
Incidental Tumor Tests* - P=0.028 P=0.05% P=0.070
Cochran-Armitage Trend Test* P=0.023 -—— —

Fisher Exact Test*

-— P=0.094%  P=0,043

Subcutaneous Tissue Fibrome or Fibrosarcomas

Intercurrent deaths
Terminal sacrifice
Overall

Lf20 171k 0J3
2/29 2/36 0/L7
6/49  3/50.  0/50

Week of first observation 83 . 88 -

Life Table Tests#*
Incidental Tumor Test
Cochran-Armitage Tren
Fisher Exact Test®

P=0.002 P=0.162 P=0.004

s* P=0.011 P=0.171 P=0.017
d Test* P=0.019 oo ———

— P=0.233 P=0.012

Subcutaneous Fibromas, Sarcémas, Fibrosarcomas, or Reurofibromas

Intercurrent deaths
Terminal sacrifice
Overall

Week of first observa
Life Table Tests®*
Incidental Tumor Test
Cochran-Armitage Tren
Fisher Exact Test*

5/20 1/14 0/3
3/29 © 3/36 - 2/u47
- 8/k9 4/s0 - 2/s0
tion ¢ T2 88 104

. P=0.Q06 P=0.107 P=0.010
s* P=0,030 P=0.104 P=0.070

d Test® P=0,027 — -—
— P=0.168 P=0.043

®P values -listed under the control group column indicate the

significance of trends,
significance of pairwise
control group.

and these under dose group columns indicate
comperisons for that dose groap and the
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2. FKeoplastic cbservations (continued)

b. Females

There were no significant increases or decreases in the incidences cf tumors in
female mice given rotenone in the diet according to the report.

III. DISCUSSION

A. Conclusions of the Investigators: The rerort noted a dose-related decrease
in mortality of the high dose group males, and no significant effect on
mortality in treated female mice. Group mean body weights at the end of
the study for low and high dose group males were 92 and 87% of that for the
control grougp, respectively. Final group mean body weight for the low dose. .
group females was 83% of the controil group value and the high dose group
fexales hed e mean body weight that was T€% of the control group at the end
of the study. .

The report concluded that there was no evidence under the conditions of .the
study of carcinogenic activity for rotenone in male or female B6C3F) mice.

B. Reviever's Discussion: As indicated in Table 1 (page b above), group mesn
terminal body weights vere reduced in the high dose group males by apprexi-
metely 12.6% and in the high dose group fezales by about 24,2%. During the
first three months of the study body weight gain for the low dose group
males was increased by 5% above the control group weight gain, and that
for high dose group males was decreased by 8% in comparison to controls.
Weight gains for low ang high dose group female mice during the first three
months were decreased by 15 and 9% belov that of the controls, respectively.
These weight changes are of questionable»toxicological significance in the

. absence of histopatholegieal effects, and 'in the case of female mice the
decreased weight gain is not dose-related.

In the preliminary thirteen-week feeding study body weight gains for male
mice given die’s containing 600, 1900, and 5000 Pm were 17.6, 23.5, ané
L9% less than that for ¢ontrols. Respective group mean body weights for
the 600, 1900, and 5000-ppm dose group males were 8.6, 5.0, and 13.6% below
control mean weights at the end of the study. Respective veight gains for
ferale mice given 690, 1900, or $000-pmm diets in the preliminary study
were 19.3, 6.8, and 51.1% less than controla, and respective mean body .
welghts for those animals at the end of the study were 6.8, 5.7, ana 22.1%
‘less than that for the control group. Although liver weights and weight
ratios were increased in both sexes (see Addendum. Table III-3 below), there
vere no indications of histopathology observed at necropsy.

The results of the preliminary.-and main experiments suggest that g Maximum
Tolerated Dose {MTD) may not have been achieved in the.tvo-year study vizh
mice,

b

FICRE THY DA M
q

ot
3

B

SRR




006537

ADDENDUM

Reviev of Preliminary Feeding Studies
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MRID FKo. h0179801
I. First 1b-Day Feeding Study
Materials and Methods: Groups centaining 5 male and 5 female eight-week olgd

BO6C3F; strain mice were given diets containing 0, 50, 100, 200, 400, or €00
ppm test substance for fourteen days.

According to the report, the animals were observed twice daily, and rori-
bund animals were sacrificed. PFeed consumption was determined for each

cage of five animals ang indivicénal body welghts were measured wveekly. At
the end of the 1hgay feeding period, surviving mice were sacrificed and
subjected to necropsy. Those animals dying during the study were necropsied
vhen possible, )

The tissues examined microscopicaliy'vere not listed in the report, but the

© Protocol stated that the animals given the highest dose level and thg;e in

the control group were subjected to histological examnination.

Reported Resulis: According to tte report, there were no effects observed
on group mean body weights, mortality, clinical signs, macroscopic obser-
vations, or microscopic findings that_could be associated with treatment,

Discussion and Conclusions: Based on the results of the first 1k-gay study
the investigators initiated 8 second study at higher doses to chgractgrize
the potential toxicity of rotencre in =ice,

II. Second 14-Dey Feeding Study
Materials and Methods: Groups containing 5 male and 5 female eightiveek old
B6C3F) strain mice were glven diets coctaining 0, 300, 600, 1200, 2420, or
4800 ppm test substance for fourteen deys.

According to the report, the anirals were observed twice daily, and mcri-
bund animals were sacrificed. Feed corsumption was determined for each

cage of five animals and individuval body weights were measured weekly. At
the end of the lb-day feeding perfod, gurviving mice were sacrificed and-
subjected to necropsy. Those anirals Cring during the study were necrcpsied
wvhen possible. )

The tissues examined microecopically were not listed 4in the report, but the
protocol stated that the animalg g1ven the highest doge level end those in
the control group were subjected to histological examination.

Reported Results: According to the report, there were no effects observed
on group mean body veights, mortality, clinical signs, macroscopic obger-
vations, or microscopic findings that cculd be associated with treatment.

ITI. Thirteen-Week Feeding Study

Materials and Methods: Groups containing 10 male and 10 female five to six
week old B6C3F) strain mice vere g:ven dlets containirg 0, 600, 1700,
5000, 16,000, or 50,000 ppm test substatce for thirteen veeks,

According to the report, the anima’s were observed twice daily, and mori-
bund animls vere sacrificed, Feesd consumption wasg determined for each

(&1
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III. A. Materials and Methods {continued)

cage of five animals and individual body weights were measured weekly. At
the end of the 13-week feeding period, surviving mice were sacrificed and
subjected to necropsy. Those animals dying during the study were necropsied
when possible.

The following tissues were examined microscopically:

Adrenals Heart Ovaries/uterus Stomach
Brain Kidneys " Pancreas Thyms
Colon Liver Pituitary Thyroid with para-
Esophagus Lungs Selivary gland thyroid
Eyes Lymph nodes Small intestine Trachea
Femur Mammary glands Skin Urinary bladder
‘ Spleen

The report noted that these tissues from the control, 5000, 16.000, and
50,000 ppm dose groups were the only ones exemined. The liver, spleen,
and testes of 1900 ppm male =aice, and the livers of 1900 ppm female
mice were also examined microscopically. . ‘

Reported Results : -

Mortality, body weight and feed consumption: All 10 of the mnales and females

given the 50,000 ppm diet died before the end of the 13-veek feeding pericd.
In the 16,000-ppm dose group 9 of 10 males and 8 of 10 females died.

The group mesn body weights for the 5000 and 16,000-ppm dose grouﬁ males

‘were 14 and 26% below that for the control group at the end of the 13-week

feeding period, respectively. Female mice given the 5000 and 16,000 ppm

diets had group mean body weights that were 22 ang 12% less than control

group mean body weight at 13-weeks (see Table III-1).

There were no effect aoted on feed consumption (see Table III-2 below).
Table II1I-1

Group mean body veight (g) for mice
given diets containing rotencne for 13 weekst

Males : Females
Dose (ppm) Week 0 Week 13 Week 0 Week 13

0 23.6 33.8 o 19.2 28.0
600 22.6 31.0° 19.0 26.1
1,900 24.3 32.1 18.2 26.4
5,000 24,0 29.2° 17.5 21.8
16,000 24,5 25,0 19.5 24,5
50, 000 2k.i — 19.3 ——

tJo statisetical analyses or their results vere reported
for these data.
#A11 animals in the group died before determination.
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B. Reported Results {continued)

Table I1I-2

Group mean feed consumption (g/day) for mice
given diets containing rotenone for 13 weeks

Males - Females

Dose (ppm) Week I Week 12 Week I Week 12
0 7.3 6.9 6.8 10.4
600 7.3 8.0 7.3 7.7
1,900 1.6 8.1 8.2 7.5
5,000 8.3 10.9 T.2 9.3
16,000 — — _— —
50,000 - —— - ——

*All animals in the group died before determination.

2. Organ weights: Table III-3 shows the results for liver weight data.

Table III-3

Group mean liver weight (mg) and liver-to-body
veight ratios (mg/g) for mice given diets
containing rotenone for 13 weeks

, Males Females s
Dose (ppm) Veigh Ratio Weight Ratio
0 1.k01 L5.6 1,183 45.6
600 1.915tt  62.5t+ 1,410 Sh.ht
1,900 1.903t+ 59.2t+ 1.516t+ 58.2+¢
5,000 1.87T7t+  62.8t¢ 1,612t+ 62.4t+
16,000 —— —- 1,555 51.9

#A11 animals in the group died before determination.
tStatistically significantly different from controle
X (p<0.05)
t1Statistically significantly different from controls
(p<0.01) , .

3. Clinical observations: The authors noted no'efrects.

L, Necropsy findings: No findings vere reported.

C. Conclusions: Based on thé decrease in body weight gain and mortality, the
investigators selected dietary levels of 600 or 1200 ppm for the two-year
feeding study.
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Reviewed by: Roger Gardner N &—‘ ll*”"{-\
Section 6, Toxicology Branch (TS 769C)

Secondary Reviewer: Judith Hauswirth, Ph. D. %}L44Lﬁ-k}-bhwbb‘4U“ZJL
Section 6, Toxicology Branch (TS 769C) n{21¥?
' DATA EVALUATION RECORD
STUDY TYPE: Mutagenicity - Ames Assay (Guideline §8u-2)
MRID NUMBER: 40170502

TEST MATERIAL: Rotenone (Lot no. 735-RAP-1502; purity unspecified) was used.
It wvas described as a vhitg crystaline solid.

SYNONYMS: 1,2,12,12a-Tetrahydro-8,9-dimethoxy-2-(1-methylethenyl-[1]benzopy-
rano-[3,4-b] furo{2,3-h] [1]venzopyran-6[6H]-one; CAS Ko. 83-79-L

STUDY NUMBER(S): Study No. 019-563-165-1

SPONSOR: U. S. Fish and Wildlife Service

TESTING FACILITY: EG&G Mason Research Institute » o

TITLE OF REPORT: Salmonella/Mammalian Microsome Plate Incorporation Mutagenesis
Assay (Rotenone) . :

AUTHOR(S): Haworth, S. R.

REPORT ISSUED: November 3, 1978

DISCUSSIOR AND CONRCLUSIONS: There were adequate data presented to support the
conclusions of the investigators. They concluded that rotenone did not induce
mutations in five strains of Salmcnella typhimtrium in the presence or abserce
of metabolic activation. The concentrations tested were from 30 to 10,000
ug/plate, and preliminary studies indicated that concentrations of L8 ug/plate
or more precipitated suggesting that several test doses exceeded the limit of
solubility for the test substance. '

Core classification: Acceptable

I. FPROTOCOL
-A. Materials

1. Reference mutagens: 1,3-propane sulfone, 2-nitrofluorene, and 2-amincan-
thracene were used as positive controls.

2. Vehicle: Dimethyl sulfoxide (DMSO) was used as the vehicle fer the test
substance.

"3. Test species: The bacterial strains used were TA98, TA100, TA1535, TA1537,
and TA1538 of Salmonella typhimurium.

[
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) Ames Test
L. Bacterial culture media: Top agar for selection of histidine revertants

2.

contained 8 g/1_agar, and 5 g/1 NaCl, and the medium also contained 0.05 m¥
L-histidine and 0.05 mM biotin. Minimal bottom agar with salts and glucose
(Vogel-Bonner Medium E) was used for plating of test strains with and
without metabolic activation mixture.

Microsomal enzyme (S-9) preparati on: Liver microsamal prepérations were
obtaired from Aroclor 1254 induced rats. Each ml sample of the S-9 mix
contained the following:

S-9 0.05 ml
0.4M MgClo 0.02 ml
1.65M KC1 0.02 m1
0.04M KADP 0.10 m1
0.05M glucose-6-phosphate 0.10 m1
1.0M sodium phosphate buffer (pH 7.L) 0.10 m1
Water 0.61 m1
Methods
Toxicity testing and dose-selection procedures: Concen&rations of 2, 5; 15,

48, 153, kB3, 1563, 5000, and 10,000 ug test substance per ml medium were
tested with and without metabolic activation. The remainder of the -
prelirinary assay protocol is similar to that described below for the main
experiment.

Mutagenicity assay procedure: The test substance was dissolved in DMSO and
added to test plates at concentrations of 0, 30, 100, 330, 1000, -3300, and
10,000 ug/plate. Each dose, vehicle and positive control was tested in
triplicate and two serarate assays were conducted. For tests without
metabolic ectivation, 50 ul of each tester strain culture and 50 ul test or

control solution were added to 2.5 ml top sgar. In tests with metabolic

activation, 0.5 ml of the activaetion mixture were added to 2.0 ml top agar.
These solu-lons were overlaid on minimal bottom agar, and the plates were
thon incubated under unspecified conditions. After incubation the revertant
colonies on each plate were counted, and the arithmetic mean of plate
counts at each test concentration was calculated. The authors stated that
the results were considered to be positive if the colony count at any test
concentration was at least double that of the vehicle control, and & dose-
related increase in the number of revertants/plate was observed.

¢0
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Ames Test

II. REPORTED RESULTS
Table 1 summarizes the results of the preliminary toxicity assay with strain
TA100.
Table 1

Summary of results for the preliminary
toxicity assay with strein TA100

Dose (ug Count Reveratnts
per plate) per plate per plate
50 ul DMSO 353 103
100 ul DMSO 186 ok
2 355 106
5 E6! 93
15 333 ) 102
Lg# 317 93
153% 213 95 . -
L8gx 291 10k -
1,563% 339 81
5,000%% 3.8 97
10,000%#% 2k6 . 85

*Precipitation of test substance noted.
%®*Heavy precipitation of test substance
ncted.

Ko significant differences were noted ét any cbﬁcentration of the test substance
with respect to"the number of revertant colonies per plate when compared with

that for the vehicle control (see Tables 2 and 3).

Ly
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Table 2

Summary of revertants per plate for the first trial

Dose (ug '
per plate TA98 TA100 TA1535 TA1537 © TA1538
Without activation
0 21 151 9 8 1k
30 - 17 1ko 3 8 19
100 16 . 153 8 8 1k
330 15 148 6 .9 15
1,000 16 152 1 8 17
3,300 16 130 T T 10 .
10,000 8 115 2 5 11
2-Nitrofluoone . . :
10 1066 — ——— — 1039
1,3-propane sultone .- -
0.0k u1 - 1100 1005 — —
9-Amincacridine
75 - — - T22 —-—
With activation
0 24 119 12 6 2k
30 28 131 9 7 21
100 30 120 12 - 9 . 23
330 24 135 11 10 23
1,000 26 119 10 8 25
3,300 .24 125 9 Y 17
10,000 23 122 9 _ 5 17

2-Amincanthracene
1.0 1480 2517 — — _—
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Table 3

006537
§8L4-2
Ames Test

Summary of revertants per plate for the second trial

-,

Dose (ug
per_plate TA98 TA100 TA1535 TA1537 TA1538
Without activation
0 19 109 23 6 15
30 11 121 20 5 15
100 19 116 18 6 13
330 21 116 20 T 1T
1,000 21 129 21 6 16
3,300 - 18 107 21 S 17
10,000 16 107 13 6 15
- 2-Nitrofluoone
10 1351 —— —— —— —
10 - —-—— —-— — 931 _
1,3-propane sultone
0.04 ul - 1247 1349 —— —
9-Aminocacridine
75 —~— —_— —-— 1543 ——
With activation
0 : 23 106 11 8 22
30 2 g9 11 - 8 . 21
100 22 93 11 6 27
330 21 111 13 6 - 25
1,000 25 106 9 6 20
3,300 23 103 8 T 27 .
10,000 13 83 7 k 16
2-Amincanthracene
1.0 - 1509 © 1300 — — —
1.0 — 3793 | m— ——— —

63
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Reviewed by: Roger Gardner K-# H-{,—ﬂ
Section 6, Toxicology Branch (TS T69C)
Secondary Reviever: Judith Hauswirth, Ph. D.
Section 6, Toxicology Branch (TS 769C)

DATA EVALUATION RECORD
STUDY TYPE: Mutagehicity ~ Ames assays (Guideline §8L-2)
MRID NUMBER: L0170506

TEST MATERIAL: Technical grade Rotenone (Lot no. T35-RAP-1502) purity >98%)
was used. It was described as a wvhite crystaline powder.

SYNONYMS: 1,2,12,12a~-Tetrahydro-8,9-dimethoxy-2-(1-methylethenyl-[1 Jbenzopy-
- rano-[3,k-b] furol2,3-h] [1]venzopyran-6[£5] -one; CAS No. 83-79-4

STUDY NUMBER(S):

SPONSOR: National Toxicology Program (Submitted by the U.-S. Depa;tmentygf_
the Interior, Fish and Wildlife Service, National Fisheries Research Laboratory)

TESTING FACILITY: SRI International T -

TITLE OF REPORT: The Salmonella/Microscme Mutagenicity Test System {Rotenone

AUTHOR(S): Anon.

REPORT ISSUED: Undated

CONCLUSIONS: Rotenone was not mutagenic in Salronella typhimurium at concen-
trations of 100 to 10,000 ug/plate with or without metabolic activation by rat

or hamster liver microsomal enzymes. - ’
. . - ~ >

Core classification: Acceptable

I. PROTOCOL
A. Materials

1. Reference mutagens: 2-Aminocanthracene, 9-arminoacridine, sodium azide, and k-
nitro-o-phenylenedidiamine vere used as positive controls.

2. Vehicle: Ethanol (95%) was used as the vehicle for the test substance.

3. Test species: The bacterial strains used were TA98, TA100, TA1535, and
TA1537 of Salmonella typhimurium were used in the as588ys.

L, Bacterial culture media: Media used in the assay were not described in
detailo : - B

5. Microsomul enzyme (S-9) preparation: Liver microscmal preparations were obtained
from Aroclor 125L4-induced male Sprague-Davley rats or Syrian hamsters. No
further details were included in the report.
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B. Methods

1. Toxicity testing and dose-selection procedures: The report stated that
selection of the high dose was limited by toxicity or solubility of the
test substance, but it was not to exceed 10.0 mg/rlate. No indication of a
toxicity study or determination of rotenone's solubility was included in
the report. The doses selected for the assay were 100, 333, 1000, 3333,
and 10,000 ug/plate. A solvent control and positive control were also
tested. .

2. Mutagenicity assay procedure: The test substance was dissolved in DMSO, and
each dose, vehicle, and positive control was tested in triplicate. The
report stated that the test chemical was incubated with the test strain in
rat or hamster liver microsomal fraction rlus cofactor mix or a buffer for
20 minutes at 37°C. Then top agar was added to these solutions, and the
resulting mixtures were overlaid on minimal bottom agar. No further infor-
mation regarding subsequent procedures was ircluded in the report.,

The protocol also stated that the entire assey or those portions which i
resulted in a positive response were repeated at least one week after.the
first assay was conducted. e

The revertant colonies on each plate were counted, and the arithmetic mean

of plate counts at each test concentration wes calculated. The authors
stated that the results were considered to be positive if a reproducible dose
response was observed in the number of revertants per plate. Results were

to be described as equivocal if either a non-dose related increase or a non-
reproducible response was observed. 4

II. REPORTED RESULTS

No significant differences were noted at any concentration of the test substance
with respect to the number of revertant ‘colonies per plate when compared with
that for the vehicle control (see Addndum below). Accerding to the report the
two highest -concentrations of the test substance (3333 and 10,000 ug/ml) formed
a precipitate. ' ST

III. DISCUSSIOX

Althcugh individual plate counts for each series of assays were not included in
the report, there are adequate data pressnted to support the conclusions of the
investigators. - -

o F




- ADDENDUM -

Resul%s of a Selmonella Mutation Assay

with Rotenone

-

(Reproduced frem MRID No. 40170506)
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Reviewed by: Roger Gardner ﬂ,-# IHY—n

Section 6, Toxicology Branch (TS 769C)
Secondary Reviewer: Judith Hauswirth, Ph. D. S}qﬁ&iA_&).Ha4»ou/vU¢~
Section 6, Toxicology Branch {TS T769C) wfigrs?

DATA EVALUATION RECORD
STUDY TYPE: Mutagenicity - Mouse Lymphoma cells (Guideline §°':-2)
MRID NUMBER: 40170505 ,

TEST MATERIAL: Technical grade Rotenone (Lot no. 735-RAP-1502) purity >98%)
wvas used. It was described as a vhitg crystaline powder.

SYNONYMS: 1,Z,12,12a-Tetrahjﬂro—8,9—dimethoxy—2—(l—hethylethenyl—lllbenzopya
rgno—l3,h-b]furo[2,3—h][l]benzopyran-GlSB]-one; CAS No. 83-79-4 :

STUDY NUMBER(S):

SPONSOR: National Toxicology Progrem (Sudbmitted by the U. S. Department of
the Interior, Fish and Wildlife Service, National Fisheries Research Laboratory)

TESTING FACILITY: IRI ‘ o : ,'_ )

TITLE OF REPORT: Mouse Lymphoma Protocol (Rotenone)

AUTHOR{S):

-

REPORT ISSUED: November 27, 1984

COKCLUSION: Concentrations of 0.25 to 4.0 ug rotenone per ml of medium without
meteboiic activation increased the frequency of forward nmutetions at the Tk
locus of L5178Y mouse lymphoma cells under the test conditions.

Core classification: Acceptable

I. PROTOCOL
A. Materiels

1. Reference mutagens: Methylmethane sulfonate (MMS) was used as positive
- control substances. ' ST

2. Vehicle: Acetone was used as the vehicle for the test substance.
3. Test species: L5178Y mouse lymphoma cells (Tx*/-) wvere used.

k., Cell culture conditions: Cultures were grown in unspecified medium. Cloning

and selective media were also unspecified, and the report indicated that
cultures vere incubated at 37°C in 5% COo.
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5. Microsomal enzyme (S-9) preparation: Aroclor 125h-induced S9 from an
unspecified source vas used when the assays without metabolic activation
resulted in & negative response according to the report. No further details
were provided.

B. Methods

1. Experimental procedures---Preliminery toxicity assay: The report stated
that the highest dose tested was determined by solubility or toxicity, and
was not to exceed 5 mg/ml. Ko further details were included in the report.

2. Experimental procedure—--Main study: Cultures (6 X 106 cells) were incubated
with test substance for L hours., The five concentrations used in the assay
without metabolic activation vere 0.5, 1, 2, L, and 8 mg/ml in the first
trial and 0.125, 0.5, 1, 2, and L4 in the second trial. The cells were.then
washed and resuspended in medium for 2 days to allow expression of mutants.
Cultures were kept in the log phase of growth during the expreésion period.

At the end of the 2-day expression period, samples of each culture were
plated {0 determine cloning efficiency (600 cells) and mutant counts

(3 x1 cells). The report stated that cells plated for counting of .
mutants were treated with trifluorothymidine. All plates were incubated
for 10 to 12 days before they were counted. : o

The criterie for a positive result included: a statistically significant
increase (p<0.05) in the mutation frequency at any of the 3 highest concen-
tration in comparisor to the solvent control wvalue and a significant posi-
tive trend (p<0.05).. In addition, & positive response must be confirmed
with a second assay. ‘The results are considered questionable if there is
significance for only one of the two statistical tests. Results are consi=
dered negative if there is no significance for either stetistical test in
assays with end without metabolic activation.

II. REPORTED RESULTS

The results are summarized in Table 1 below. According to the protocol, there
vere no assays ccnducted with metebolic activation because those without the
microsomel fraction indicated a positive response.

III. DISCUSSION

The report was limited with respect to descriptions of the methods used in the
assay. The details of the protocol that vere included in the report are described
in Section I. above. The report also cited Myhr et al. 1985, as the basis of

the procedures used. : ’

There were adequate data presented to indicate that rotenone-induced'forvard
mutations in mouse L5178Y lymphoma cells in vitro at concentrations ranging
from 0.25 to b ug/ml without metatolic activation.
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Table 1
Summary of reported results from the mouse lymphoma
assay with rotenone. .
_ Mutation
Concentration Cloning Relative A freqyency
Compound (ug/m1) efficiency (%) total growth (%) ~ (per 100 cells)
- ' First trial ‘
Acetone -— 17.7 100.0 ' 59
-~ . Rotenone 0.5 60.0 - 21.0 - 208+
' 1.0 K 55.5 14.5 oo ‘322%
2.0 0.0 6.5 ) 1,310%
k.o 15.0 2.5 C3,1k2%
8.0 Lethal _— —
MMS 15.0 38.0 31.5 ' 236%
, Second trial c
Acetone —_— 7.8 100.0 . Mn
Rotenone 0.25 640 25.0 116%
. 0.5 58.0 _ 32.5 119%
1.0 65.0 20.0 - 238%
2.0 54.0 17.0 -7 268%
k.0 Lethal — _—
MMS 15.0 35.0 28.0 191%

¥Statistically significantly increased (p<0.05) when compared with the control
group rutation frequency (Statistical test was not specified in the report).

IV, REFERENCE
Myhr, B.; Bovers, L.; Caspary, W. (1985) Assays for the induction of gene

mutations at the thymidine kinase locus in L5178Y mouse lymphoma cells in.
culture. Prog, Mutat. Res. 5:555-568.

PR3
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Reviewed by: Roger Gardner & g‘ 2~ 9- %7
Section 6. Toxicology Branch (TS T69C)

Secondary Reviewer- Judith Hauswirth. Ph. D. ?441(&{; w }kzbaobotﬁci-/3/¥y$7
Section 6., Toxicology Branch (TS T69C)

DATA EVALUATICN RECORD
STUDY TYPE: Mutagenicity - Micronucleus Test (Guideline 884-2)
MRID NUMBER: 401705-01

TEST MATERIAL: Technical grade Rotenone (Lot no. IN#-772-262; purity 41.59%)
vas used.

SYNONYMS: 1,2,12,12a-Tetrahydro-8,9-dimethoxy-2-(1-methylethenyl- [1]benzopy-
-rano-[3.4-b]furol2,3-h] [1]benzopyran-6{6H]-one; CAS No. 83-79-4 .

STUDY NUMBER(S): NIH Publication 86-2576

SPONSOR: National Toxicology Program ; .

TESTING FACILITY: SRI International

TITLE OF REPORT: In Vitro and In Vivo Mutagenicity Studies of Env1rormenta1 :
Chemicals: Hicronucleus Test (includes Rotenone)

AUTHOR(S): D. C. L. Jones, V. F. Simmon, K. E. Mortelmans, A. D. Mitchel, E. L.
Evans, M. M. Jotz, E. S. Riccio, D. E. Robinson, and B. A. Kirkhart

REPORT ISSUED: September, 1984

CONCLUSIONS: Groups of male mice were given two consecutive daily doses of O,
0.56, 1.13, or 2.75 mg rotenone per kg body weight by oral intubation in DMSO.
The investigators contluded that rotenone did not induce micronuclei under the
test conditions, but there were inadequate data to support the conclusion. There
was no information included on preliminary studies to select doses used, and

the reported weight losses were similar for all groups except the positive
control group. There was also insufficient information on the composition of
the impurities that made up approximately €0% of the test substance.

Core classification: Unacceptable

< . I. PROTOCOL
A. Materials

1. Tést species: Male Swiss-Webster strain mice vere used. They weighed froam
20 to 30 g. N

2. Positive control substance: Trimethyl phesphate was used as the positive

control.
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A.

3.

Micronucleus Test

Materials {continued)

Preliminary consideraticns The investigators stated that dose selection was
based on the acute oral LDgg for mice. No description of an acute oral

LDgg study in mice was included in the report, but the authors stated that
the doses were selected at 20, L0, and 80% of that value.

Methods

Experimental procedure: Groups containing 2k male mice were given two
consecutive daily doses of 0.56, 1.13, or 2.75 mg/kg by oral intubation,
and a group of 24 animals was given the DMSO vehicle without test substance.
Another group containing 8 mice was glven two consecutive daily doses of.
1250 mg/kg TMP by intraperitoneal injection. The animals were weighed and
observed daily for toxic-signs during the study. ST -

Subgroups of 8 animals of each treated group and vehicle control group were

' subsequently sacrificed 30, L48, and 72 hours after administration of the

Para

last dose. The 8 male mice in the positive control group were sacrificed 2L
hours after the last treatment. T

Two blood smears were made for each animal by mixing a drop of cardiac.
blood with a drop of fetal calf serum, and three bone marrow smears were
made for each mouse. The report stated that the slides were stained -
with buffered Giemsa stain and air dried. They were then covered with
coverslips for scoring. No other details of these procedures were included
in the report.

Slides were scored by examining 500 polychromatophilic erythrocytes (PCE)
and noting the micronucleated cells. The number of mature erythroéytes was
also counted while ‘examining the first 2C0 PCE's, and a ratio of mature
erythrocytes to PCE's was calculated.

Analysis of data: The procedures used to analyze the results were described
as follows:

The method of Mackey and MecGregor {41, reference not included

in the report) is used to determine vhether a dose grcup is

positive or negative in the micronucleus test. This method is

based on the negative binomial distribution and uses a decision
" table constructed using the following parameters:

Value in

reter Definition ; this study

X1 The mean number of micronucleated célls_per SQO ’ ’ 0.9
- PCE's scored in the historical control animals.

X2 The true mean number of micronucleated cells per - 3.0
1000 PCE's needed to declare a compound mutagenic.

k The negative binomial constant, estimated from 6.9
historical control data using a FORTRAN program
supplied by Bruce Mackey. -
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2. Analysis of data (continued);

Value in
Parameter Definition this staiy
alEha The chance of declaring mutagenic a group whose (from table)
true mean equals xj (false positive). The alpha -
error decreases as the true mean for a group
increases.
beta The chance of declaring mutagenic a group whose (from table)

true mean equals xp {false negative). The actual
beta error decreases as the true mean for ‘any
particular group decreases. .
Using these values in the formulae of Mackey and MabGregor,vﬁhe
following decision table has been calculated: - :
No decision

. alpha & beta -

No. of Negative decision beta < >0.10 Positive decision alpha <

.

animals 0.001 0.005 0.01 0.05 0.10 0.10 0.05 0.01 0.005 0.001
5 <1 2,3 —=~ U4 6 7-10 11 12,13 - ih_,lS_ 16
6 <3 L 5 — T 8-12 13 1k 15 16 18
7 <4 6 T 8 9 10-1% . 15 17 18 20
8 <6 7,8 --- 10 11 12-15 16 17,18 19 20 21

To use the table, the row for the number of animals in the group
is read across until the value for the total number of
micronucleated cells found in the group is located. The decision
and level of significance of the decision are indicated at the
top of the column in which the total is located.

The data gererated are considered unacceptable if the positive
or the negative control group dces not fall within its range in
the decision table. If either control group is unacceptable,
the slides are recoded and evaluated by another observer. If
the results remain cutside the acceptable range for the group,
the study is repeated.

According to the report, a compound is considered mutagenic when two of the
dose~time observations fall within the rositive range shown in the above
decision table. »

P

A test substance is characterized as negative if the highest dose is a

maximum tolerated dose for the test aniral, and the number of micronuclei

observed falls into the negative range indicated in the decision table.

The maximum tolerated dose was defined in the report as the dose that .
causes significant weight loss in treated animals or some animals die

before they are scneduled for sacrifice.

Results are classified as inconclusive vhen the number of micronuclei in
all greups falls within the "no decision" range shown in the table above. -
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2. Analysis of data {continued):

Results can also be called inconclusive if extreme bone marrow depression
is indicated (mean ratio of PCE's to red blood cells is less than 0.1 to
0.15) in all dose groups in a negative study.

IT. REPORTED RESULTS

The animals in each test group {including the vehicle control group) lost weight
during the study. The vehicle and positive control grouprs lost 1.2 and 2.4 g,
respectively. Reported weight losses for the low, mid, and high dose groups
were 1.3, 1.0, and 1.0 g, respectively. No deaths were reported.

Rotenone was described as negative at all doses with a beta error less than
0.005 (see Addendum for resylts)s The PCE to mature erythrocyte ratios were
characterized as within normal ranges (1.0 to 1.5) with the exception of the
.low dose 96-hour group. The investigators attributed the increase in the PCE
to RBC ratio for that group to one of the eight animals in the group (see
Addendum). ~

III. DISCUSSION

[y

The investigators confludéd that rotencne met all the criteria

fof-classification
as non-mutagenic under the conditions of the test. -

There were inadequate data to support the conclusions of the investigators since
there was no information included on preliminary studies to select doses used,
and since the reported weight losses were similar for all groups except the
positive control group. There was also insufficient information on the compo-
sition of the impurities that made up approximately 60% of the test substance.

Based on these considerations the assay as reported is uracceptable.
IV. REFERENCES

References were not included with the report. Only the citations were included.

-
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ADDENDUM

Reported Results of a Micronucleus
_Test in Male Mice with Rotenone

-

MRID do. k0170501

77
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Table 294
INCIDENCE OF HICRONUCLEATED
POLYCHROHATOPHILIC ERYTHROCYTES*
(500 PCe scores per animal)
48 Hours 72 Hours 96 Hours
Anfimal PCE PCE  Anipal FCE PCE  Animal PCE ° pcg
Group No. vith MN ReC No.  with My REC No. vith MN ReC
DMSO 1014 1 1.30 1034 1 1.98 1024 -0 0.70
2 x5 ml/kg 101r 0 1.49  103¢ 1 1.83 102¢ 1 1.00
Vehicle 101t 2 1.09 103z o 1._61 1022 ) ) 1.09
Control . 101b o 0.88- 103p 2 . 0.5%  102% Q" 0.81
1044 i "0.81. 106r 1 1.28 1054 1 0.98
104r 1 0.75 1062 1 1.47 105r 1 1.56
1042 1 0.92 106y 1 1.23 1052 1 1.24
_ 104 0 1.47 -105b - 0, 1.67
Total 6t . 75 4t o
‘Mean 1.09 ; 1.43 ‘ ’ 1.13
‘ ‘ 7T E
Rotenone 1124 0 1.4 1114 0 -0.93 2194 0 1.45
1x0.56 my/kg  112r i & .79 111r 0 l.08 1i10r 1 1.62 -
: 1122 0 0.73 111 0 1.26 1102 1 1.74
1154 0 .17 111p 0 1.45  3iich 0 0.33
115« 0 1.18 114 J 1.€1. 1134 0 2.94
115¢ ¢ 1.18 1°°p 0 1.76 113, 1 1.77
115 [¢] 1.09 1142 9 0.92 1132 [ 1.28
114y 1 0.73 113b ] 0 X.44
Total 1+ 1¢ 3¢
Hean 1.23 1.1¢ 1.65
Lotencne 1170 V] 1.34 1164 1 0.93 1160 (4] 1.26
<x1.13 wg/kg 117« 0 1.09 1l16r 0 1.2¢  118¢ 0 0.87
: 1172 0 1.0 1162 1 1.30 1132 1 1.58
. 117b 1 0.46 116b 1 1.27 118b 0 0.74
1104 0 0.92 31204 0 0.10 124 1 0.84
119¢ 1] 1.80 120r (¢} 0.81 121r 1 . 2.27
1192 1 9.99 120t 4] 2.51 1212 1 1,13
119b 0 1.37  120b 1 0.60 121p 2 0.90
Total 24 &t 6+
Mean 1.13 1.10 1.23
::’I e POchhroma;\phllic e:ythrocy:es. REC = macure erythrocyces, N = oicronucleys.,
£ 0.00;1. . ’ S :
Yo 0.9).
39
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Table 294 (Concludcd)
48 Hours 72 Hours 96 Hours
Animal PCE PCE Anical PCE PCE An{ma} PCE PCE )
Group o,  with N BBC Mo, wyen oy 3B _No. wich i wag 5
Kotenone 1254 0 1.40 1224 0 1.35 1268 - 1.00
2 x2.25cg/kg  125¢ 1 .28 120¢ 0 1.63 124 1 0.64 ;
1252 1 - 1.90 1222 0 1.26 124p 1 1.59 :‘
1254 0 1.18 122b 1 1.08 1264 (4] 1.64 d
1274 0 1.40 1234 9 0.91 126r 2 1.59 . 3.-
127r 2 1.34 123c 2 1.41 1262 1 1.20 :
1271' 1 1.30 123 4] .11 126b 0 0.83 K
T 1270 2 1.16 123 ] 0.78 - di
. . - . 3
Total 7¢ 3t ‘S¢ i
Hean 1.37 R 1.19 - 1.21 '
ne 1074 4 0.92 _
2 x 1 g/kg 107¢ 18 0.62 :
Posicive 107¢ 2 0.92 . "f
" lontrol 107b 3 1.51 i
1084 3 .71 1
108r 4 1.32 .
1682 o 1.01
- 108y 2 0.90 f
Total ) 38** Lo
Hean ' 0.99 P H
i-
* 20,001, .
2 0 005, ¥
F IRy 0.00].
!
397 i
]
!
[}
T - ‘ 9
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Reviewed by: Roger Gardner ﬂ'#' ‘)—“’47
Section 6, Toxicology Branch (TS T69C) ol
7

Secondary Reviewer: Judith Hauswirth, Ph. D. Quebtede 22 o enpmud #~
Section 6, Toxicology Branch (TS T69C) '

DATA EVALUATION RECORD
STUDY TYPE: Mutagenicity - Unscheduled DNA Synthesis (Guideline §84-2)
MRID NUMBER: 401705-03

TEST MATERIAL: Rotenone (Lot no. unspecified; purity unspecified) .
vas used.. . . :

g

SYNONYMS: 1,2,12,12a-Tetrahydro—8,9-dimethoxy=2-(l—methylethenyilIl]benzopy—_
rano-[3,4-b]furo[2,3-h] [1]venzopyran-6 [6H] -one; CAS No. 83-79-4

STUDY NUMBER(S): Mutation Research 42:161-17Tk

SPONSOR:

TESTING FACILITY: Ohio Stéte University, Columbus, OH

TITLE OF REPORT: Pesticide Induced DNA Damage and Its Repair in Culturegd Hum;n
Cells {Includes Rotenone)

AUTHOR(S):" Ahmed, F. E.; Hart, R. W.; Lewis, N. J.
REPORT ISSUED: July, 20, 1976

DISCUSSION AND CONCLUSIONS: Concentrations of 0, 1, 100, or 10CO ug rotenone

rer ml medium with or without metabolic activation by liver microsomel fracticns
did not increase unscheduled DNA synthesis in human fibroblasts. Because there -
were no results presented in readable form (see Addendum belcw), no Freliminary
toxicity or solubility studies for rotenone in the test system, no positive
control substances used, and the report was often illegible, the study is
unacceptable.

Core classification: Unacceptable

I. PROTOCOL
A. Materials

1. Reference mutagens: None were used.

2. Vehicle: Acetone was used as the “vehicle for the test substance.

3. MATERIALS AND METHODS

L, Test species: SV L0 transformed human fibroblast line VA-1 cells were usesi.

S0
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B. Materials (continued)

5. Cell culture conditions: Cultures were grown in Minimum Essential Medium (MEM)
supplemented with 5% fetal bovine serum and antibiotics (streptomycin,
penicillin, and fungizone). They were incubated in a humidified 5% COo
atmosthere., Cultures were grown on 11 X 22 mm coverslips contained in 100 mm °
diameter Petri dishes. These coverslips were seeded with cells {amount was
not legible) 2% hours before the assays were begun. In order to inhibit
unscheduled DNA synthesis, hydroxyurea was added to a concentration of 2 mM
five hours prior to addition of the test substance.

6. Metabolic activation (5-9): Microsomal preparations were obtained from
livers perfused with cold KCl-and 0.05 M Tris buffer (pH 7:k). "The livers
vere éxcised from uninduced rats, and the tissue was.homogenated and. cen-
trifuged at 9000 X g and 4°C for 20 minutes. The supernatant was separated
and certrifuged again under the same conditions for 15 minutes. To each .
volume of the S-9 was added an equal volume of a cofactor solution containing
NAD (0.1 mM), NADP (0.k mM), glucose-6-phésrhate (5 mM), and MgClo (25
uM). . . .

B. Methods -

1. Experimental procedures---Preliminary-toxicity-assay: Concentrations of 0,
1, 10, and 1000 ug/ml were evaluated in the assay. Medium was removed from
prepared cultures (see Section A. 5. above) and replaced with fresh medium
containing the test substance, 3H-thymidine-(specific activity of 5 Ci/mM;
at a concentration of 2 uCi/ml), and hydroxyurea at a concentration. of 2
mM. The 5-9 mix was also added to cultures in which metabolic activation of
the test substance was required.

At intervals (0.5, 3, 5, and 8 hours), coverslips were removed from the test
redium. The cultures were fixed, mounted, and coated with an emulsion for
radiography; details of these procedures were not legible in the report.

The prepared slides were storéd in the dark for b days before they were
developed and scored for the number of granules per nucleus (corrected for
background). One to fifty cells were ~ounted according to the report.

2. Analysis of results: A t test was used to determine the significance of the
differences between mean grain counts for each concentration of test
substance at each time interval and the vehicle control group values. The
report pnoted that the level of significance was 95%.

~ II. REPORTED RESULTS

According to the report, there was no induction-of unscheduled DHg: synthesis by
rotenone with or without metabolic activation. Although the report indicated
that grain counts for cultures exposed to rotenone without metabolic activation
for 8 hours were reported, none were readable (see Addendum below).
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ADDENDUM

Eiesuits as Reported for an
Unscheduled DNA Synthesis Assay
with Rotenone in Humen Fibroblasts
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TABLE}

THE INDUCTION OF UNSCHEDULED DNA BYNTHESIS §N HUMAN FIBRORLAST CULTUM?
(YA-§) BY VARIOUS PESTICIDFS

Results shown represrnt thnge oblatned following an 8 b exposure tu the chemoral agents. dave of egp
wie to Hiford-4 photegraphic emulunn 2t 4°C and the dark siver gralns aver the nuclrus sa 30 cells p
covey sip counted snd corrected for hidkground. Results were saslysed by subpresgram 1-teat that coue
pared the mean sumber of graimg i controls and cells treated =Ith pesticides 8t 857 tonlidence fove

Comprnund Concentration Unerheduled DNA synthems ¢
(7] — e e - -
< Nonsctnsted . Actmated
landane 100 € R -
1
lh:l(fnuur 1000
fo
. ' i
Chlerdarne 1000 . b -
100 .
10 ®
‘ -
Heplochlog 1000 .
. s N - 100 .

Heplachlurwpans 1000 °

toon

o
Q

b e o o
®

5

we [ BEST ATAILABLE CoPT”

§ .
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DATA EVALUATICN RECORD
STUDY TYPE: Mutagenicity - Cell Transformation (Guideline SB&-Q)
MRID NUMBER: L01T705-0k ’ - -
TEST MATERIAL: Commercially available (source unspecified) technical grade

rotenone (purity unspecified) was used. The test also evaluated "degraded"
rotenone resins. No further descriptiors of the test substances were provided.

SYNONYMS: 1,2,12,12a—Tetrahy€ro—8,9-dimethoxy=2-(1-methy1etheny1—Il]benzopy—
rano-!B,h-b]furo(2,3—h][1]benzopyran-6[6H]~one; CAS No. 83-79-k :

. Ve
STUDY NUMBER(S): None -

SPONSOR: None

TESTING FACILITY: Stillwell and Gladding Laboratories : T -

TITLE OF REPORT: Stillwell and Gladding Study on Relative Safety of Rotenone:
Cytotoxicity and Tumor Promoting Activity of Fresh and Degraded Rotenone Resins.

AUTHOR(S): Maltese, L. J.; Hartman, T.
REPORT ISSUED: July 8, 1985

DISCUSSION AND CONCLUSIONS: Fresh and degraded rotenone at concentrations from
1 to 750 ng/ml was evaluated in mixed cultures of wild type/mutant V-T9 Chinese’
hamster lung fibroblasts. The pesticide did not affect the survivel of mutant
cells in a manner similar to known tumor promoters. -

Core classification: Unacceptable because the nature of the test substances was
not characterized in the report. ‘

5 I. PROTOCOL
A. Materials

1. Reference mutagens: 12-0 Tetradecanoyl-phorbol-13-acetate (TPA) was used.

2. Vehicle: Dimethyl sulfoxice (DMSO) was used as the vehicle for the test
substance. : : ’

3. Test species: Chinese hamster V-79 lung fibroblasts were used. Genotypes
for the cells were wild type (HG-PRT +) and mutant {HG-PRT -). The wild
type possesses the gene for hypoxanthine guanine phosphoribosyl transferase,
an enzyme that phosphorylates guanine in a salvege pathway that recovers
free guanine for DNA synthesis. The matant lacks HG-PRT enzyme activity
and can not recover free guanine; mutant cells must synthesize guanine de
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3. Test species (continued)

novo. The HG-PRT enzyme is also capable of phosphorylating 6-thioguanine
which is substituted for guanine in DNA synthesis. Such a substitution
results in cytotoxicity in HG-PRT + cells. In mixed wild type and mdtant
=onoiayer cell cultures, metabolic cooperation takes place, and mutant

cells become susceptible to 6—thioguanine toxicity also. Tumor promotors
inhibit the processes making coqperative metabolism possible and can enhance
survival of mutant cells in a mixed mutant /wild type monolayer culture.

L, Cell culture conditions: Cultures were grown in 5 ml Modified Eagles Medium ™
(4EM, formula #78-5G70) supplemented with 5% fetal calf serum in 60 X 15 mm
tissue culture dishes. The report indicated that cultures were incutated
at 37°C in a humidified atmosphere containing 5% CO5.

B. Methods

1. Preliminary cytotoxicity assay: Concentrations of 0, 50, 100, 250, 500,
750, and 1000 ng/ml of fresh rotenone and 0, 250, 500, 750, 1000, 1250, or
1500 ng/ml degraded rotenone were evaluated with HG-PRT ~ éells.\ Approximately
100 cells were seeded in 5 ml of medium and 50 ul of a test solution, and.
the cultures were incubated for 3 days. At the end of incubation, medium
was decanted and the cultures were stained with 1.0% crystal violet. The
"humber of live cells was counted in each culture. -

2. Transformation assay: Cultures seeded with 100 HG-PRT - and k.5 X 10% HG-
FRT + cells were incubated for 4 hours to alloyw attachment of the cells.
Then test solutions were added. so. the final concentrations of fresh rotencre
were 0, 1, 10, 50, 100, and 250 ng/ml, and final concentrations for-the
degraded rotenone were 0, 50, 100, 250, 500, and 750, ng/ml. 6-Thicguanine
was also added to a final concentration of 10 ug/ml. The positive control
substance was added to a final concentration of 100 ug/ml, and the vehicle
control cultures contained 10 ul DMSO. The cloning efficiency control
cultures were seeded with 100 HG-PRT - cells.

Ten plates were used at each concentration, and all cultures were incubated
for 3 days. At the end of the incubation period the medium was replaced

withcut addition of test substance, and incubation was'continned_for 3 more
ays. At the end of the second incubation the medium was decanted, and the
ells were washed with phosphate buffered saline (pH 7.2) and stained with

.0% crystal violet. The number of colonies on each rlate was then counted.

>

4O

II. REPORTED RESULTS

According to the report the cybotoxicity assays indiéated Lcso values for fresh
&nd cegraded rotenone to be 691 and 1265 ng/ml, respectively.. Table 1 summarizes
- the rmean survival rates for HG-FRT - cells in. the preliminary assays.

In the main assay fresh or degraded rotenone did not enhance the growth of HG-~
FRT ~ cells as tumor promotors do under the experimental conditions described
above. The reduced survival (see Table 2) indicated that cooperative metabolisa
cccurred between the HG-PRT + and HG-PRT - cells in the treated cultures
resulting in cytotoxicity to the mutant cells.
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IT. REPORTED RESULTS (continued)
Table 1
Results of the Preliminary Cytotoxicity Assays with Fresh

and Degraded Rotenone and V-T9 Chinese Hamster Lung Cells

% Survival (HG-PRT - cells)

Zest group or Fresh Degraded
concentration (rg/ml) Roternone Rotenone - )
Plating efficiency controls 91.2 91.2
Solvent control : 89.% 89.4
50 S 89.4 ——%®
100 90.2 -
250 86.0 83.7
500 , 67.2 ’ 89.3
) 750 39.6 8k.s .
1090 18.4 61.6 .
1259 ~-¥ e 36.8 , T "
1560 d ’ 32.2 -

*Concertrations nct tested with fresh rotencne.
*¥*Concertraticns not tested with degraded rodtenone.

Table 2 ;

Fromoting Activity of Fresh or. Degraded Rotenone
in V-79 Chinese Hamster Lung Cells

% Survival (HG-PRT - cells)

Test group or Fresh - Degraded
concentration {(nz/ml) Roterone Rotenone
Plating efficiency controls 88.0. - 88.0
Positive cortrol {TPA) 82.0 82.0
Sclvent control ' 20.0 20.0
1 19.3 T
10 ' 20.0 R
50 o 20.3 20.9
1C0 ’ 20.0 20.6
250 17.7 21.3
'SCO - 21.3
. 150 - 21.1

*loncertraticns not tested with fresh rotencne.
**Concentraticns not tested with degraded rotenone.




