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TO: G. LaRocca, PM (15)
Registration Division (H7505C)
and

K. Samek / B. Lowery, PM Team 74
Special Review and Re-registration Divisicn (H7508C)

FROM: Whane Phang, Ph.D. /Aéqﬁ;};fcp ;/g&/yo

Pharmacologist L

HFAS/Tox. Branch II/HED (H7509C)

| =/
THROUGH: K. Clark Swentzel, Secticn Head ;7(&22;é3/4£;5227//
and
Marcia van Gemert, Ph.D. f /j/ /
Branch Chief /%/M« 2 )_//'7/ 70

HFAS/Tox. Branch II/HED (H7509

The registrant, Hoechst Celanese, has subnitted several toxi-
cciogy studies at various times. Some of these studies have been
reviewed by Dynamac Corp. and are approved by HFAS/Tox. Branch II.
The evaluation of these studies have been requested by both the
Registration Division and the Special Review and Re-registration
Division at different times. The Data Evaluation Report (DER) cf
each study is attached, and the conclusions of these studies are
‘presented below:

1) Ebert, E., Endosul fan-Water-Dispersible Powder (50%) (Code: Hoe
002671 OI WP50 A501) Subchronic Dermal Toxicity (21
Treatments in 30 Days) in Wistar Rats. Pharma Research
Toxicology and Pathology, Hoechst AG. May 17, 1987.
EPA MRID No. 410485-05. '

Groups of Wistar rats (1l/sex/dose) received endosulfan by
dermal application for 30 days at doses of C, 160, or 640 mg/kg
(males) or 0, 80, or 160 mg/kg (females). Additional groups
(6 rats/sex) received 40 mg/kg for the same duration. Following
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the treatment period, groups of 5 rats/sex/dose were maintained
without treatment for a 35-day recovery period. The results
showed that 1 mid- and 2 high-dose females died during the study.
There were no signs ¢ neurological disturbance. Body weights and
body weigh! jairs «f the high-dose (64C mg/kg) males were uepressed
from treataent day 10 t. study termination, and tre decrease in
body weight continued during the recovery perioa. In females,
treatment-related effects on body weight were not seen. Neither
gross nor microscopic dermai changes were detected in the test
animals. Following dosing, reticulocyte coun*ts of mid- and high-
dose males and level of cholesterol and total lipids in high-dose

females were increased. In mid- and high-dose females, serum
cholinesterase activity was decrez:ed during treatment pericd and
continued to be decreased during the recovery period. However,

brain and erythrocyte cholinesterase activities were not affected
by the compound. There were no treatment-related effects seen in
organ weights. Compound-related histopathologic changes were not
detected in the treated animals. Based on the body weight loss in
males and mortality in females, the LEL for systemic toxicity was
640 mg/kg for males and 80 mg/kg for females; NOEL, 160 mg/kg for
males and 40 mg/kg for females.

This study is classified as core minimun, and it satisfies the
data requirements for a 21-day dermal toxicity study (Guideline No.
82-2). '

It should be noted that in the Data Review Record the product
manager, G. LaRocca, specifically requests the reviewer to comment
on any possible findings of the kidney effects. Based upon the
data presented, kidney effects were not found in either gross or
microscopic examinations.

2). Thevanaz, P., et al., Subchronic (4-week) Repeated Dose Dermal
: Toxicity Study in Rats. Research and Consulting Co. AG.
Study No. 094590; Oct. 4, 1988. EPA MRID No. 410485-05.

Groups of 15 Wistar rats/sex received endosulfan (emulsified con-
centrate) with dermal application at doses of 0, 27, 54, or 81
mg/kxg for males and O, 9, 12, 18, or 36 mg/kg for females for a
total of 21-22 applications. Additional groups of 15 males and
15 females were treated with the formulation base in distilled
water or the water (vehicle) in a similar fashion as the com-
pound treated animals. Five rats/sex from each dose were de-
signated as the recovery groups which were kept for an additional
4 weeks after the end of the treatment period. The results showed
that there was an increase in the incidence of erythema in the
endosulfan and formulation base treated animals, and this effect
persisted through the first week of the recovery period. Clini-
cal signs such as trenor, trismus, and 2xtension spasms were seen
in 81 mg/kg males and 12, 18, and 36 mg/kg females. Four 36 mg/kg
females, one 18 mg/kg female, and one 12 ng/kg female died during
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the study. Plasma cholinesterase activity of females which
received 12, 18, and 36 ng/kg was decreased. Neither brain nor
erythrocvte cholinesterase activity was affected by the treatment.
No compound-related changes in organ weights were reported. In
additicn, no treatment-related increase in histopathologic changes
was seen. Based upon the mortality and clinical signs irdicative
of the central nervous system effect, the LEL for systemic toxicity
is 81 mg/kg in males and 12 mg/kg in females; NOEL, 54 mg/kg in
males and 9 mg/kg in females.

This study is classified as core supplementary because the report
does not present the incidence data for the treatment-related
clinical signs of systemic toxicity. At the present, this study
does not satisfy the data requirements for a 21-day dermal toxicity
study (Guideline No. 83-2).

3). Brunk, R., Endosulfan-Substance Technical (Code: Hoe 002671 OI
7ZD96 0002) Testing for Toxicity by Repeated Oral Admini-
stration (l1-Year Feeding Study) to Beagle Dogs. Hoechst
Aktiengesellschaft Pharma Research, Toxicology and Patho-
logy: Study No. 87.0643. Jan. 20, 1989. EPA MRID No.
410995-01. ) )

Groups of Beagle dogs (6/sex/dose) received endosulfan -at
dietary concentrations of 0, 3, 10, and 30 ppn for a year. Addi-
tional groups (6/sex) were initially fed 30 ppn which was increased
to 45 ppm after 54 days into the treatment; the concentration of
the test material was further adjusted to be 60 ppm after 106 days.
The animals at 60 ppm developed severe nervous symptoms which in-
cluded a loss or weakening of placing and righting reactions. A
marked weight loss was also observed in this dose level, and the
surviving dogs of this group showed poor health and were sacrificed
on days 146 or 147. At the 30 ppm level, koth males and females
showed signs of tonic contractions of the abdominal muscle and
chaps a few hcurs after feeding. No other compound-related effects
were reported. Based on the decreased weight gain in males and
neurnlogic signs in both sexes, the LEL for chronic toxicity is
30 ppm (0.65 mg/kg): NOEL, 10 ppm (¢.57 mg/kg).

This study is classified as core minimum, and it meets the data
requirements for a chronic feeding study in non-rodent (Guideline
No. 83-1). :

4). Runixman, S. et al., Combined Chronic Toxicity/Carcinogenicity
Study-104 Week Feeding in Rats. Huntingdon Research Centre
Ltd.; Study No. HST 289/881067. April 1, 1989. EPA MRID
No. 410995-02. :

Groups of rats (50/sex/dose) received endosulfan at dietary
concentrations of 0, 3.0, 7.5, 15.0, and 75.0 ppm for 24 months.
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Satellite group:s (20 rats/sex/dose) were also included in the
study. In 75.0 ppm males and females, a significant (p<0.01)
decrease in body weight gains was seen. In gross examination,

an increase in the incidence of bilateral enlarged kidneys ia
75.0 ppn males and females was reported, and this macroscopic
observation in both males and females of 7.5 ppm was associated
with an increase in the incidence of '"marked progressive
glomerulonephrosis". An increase in the incidence of aneurysms
in the blood vessels was seen in the 75.0 ppm males. The tumor
incidence was comparable between the treated and the control
rats. Based upon these findings, the LEL was established as

75.0 ppm (3.45 mg/kg); NOEL, 15.0 ppm (0.65 mg/kg).

The dosage levels of endosulfan appear to be adequately tested
in this study. The study is glassified as core minimum, and it
catisfies the data requirements for combined chronic feeding/
carcinogenicity study in rats (Guideline Nos. 83-1 & 83-2).

&) . Lachman, G., Dermal Absorption of Y%c-endosulfan in Rhesus
Monkeys. Battelle, FRG; Report No. BIEVV-66.697.
May 8, 1987. EPA MRID No. 410485-03.

This study was evaluated by Dynamac Corp., and the Data Evalua-
tion Report (DER) prepared by Dynamac Corp. along with the study
were secondarily reviewed by Dr. Robert Zendzian of HED. The Tox.
Branch II agrees with the conclusion derived by Zendzian that the
study is unacceptable because of the deficiencies in dose applica-
tion, animal handling, and the recovery of the radioactivity.

6). Craine, E. M., A Dermal Absorption Study in Rats with '“c-endo-
sulfan With Extended Test Duration. WIL Research Labs.,
Lab. Project No. WIL 39029. Nov. 17, 1988. EPA MRID No.
4104850,

Female rats were dosed dermally at 1.9, 21.9, and 231.4 mg/cmz,
washed at 10 hours, and followed to 168 hour; 44.8, 46.4, and 20.3%
of the respective doses were absorbed. :

This study has been classified as acceptable, and it meets the
data requirements for a dermal absorption study in rats (Guideline
No. 85-2). : -
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OFFICE OF
PESTICIDES AND TOXIC CUBSTANCESY
MEMORANDUM November 29, 1989
SUBJECT: Endgsulfan, Dermal Absorption Study and DYNAMAC Review
Thereof
TO: Whang Phang Ph.D.

Pharmacologist

Review Sec Il
Toxicology Branch II, HED
5:57//7

=l /s
FROM: Mﬁan Ph’.D.

Senior Pharmacologist
Health Effects Division (H7509C)

At your request I have reviewed the following study and
the DYNAMAC review thereof. The study is of no scientific or
regulatory value. The review is unacceptable.

Dermal Absorption of l4c-Endosulfan in Rhesus Monkeys.,
G. Lachman, Battelle-INstitut Toxikologie und Pharmakologie,
Frank furt, FRG, BIEV-V-66.697, 5/&£/87, MRID 410485-03.

Data Evaluation Record, Endosulfan, Dermal Absorption
Study in Monkeys. N.P. Hajjar & W.L. McLellan, EPA No.
68D80056, DYNAMAC No. 210-C, Task No. 2-10C, Nov 15, 1989.

The following deficiencies are noted in the study.

1. Dosing. Radiolabeled test compound was suspended in the
Thiodan EC blank solution and applicd with a paint brush
to shaved gkin of the neck and shoulders of the monkeys. :
Using this crude nonquantative method only 58 and 71% of the
dose was applied per monkey for doses of 2.2 and 3 ma/kg. The
area dosed was not given. Dermal doses for absorption studies
MUST be on.a mass/unit area (mg/cm2) as the absorption rate
depends critically on this parameter.

2. The dosed animals were exposed for.10 hours in
metabolism cages. The application site was not protected nor
were the animals restrained to prevent ingestion of test material
or loss from falling or being rubbed off. Thus we do not know
if the entire dose remained on the animals for the exposure
period or il the material appearing in the urine was dermally
absorbed, ingested or simply fell into the collection container.

ct
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3. Total recovery of radioactivity was 47.76 and 54.58%
of the administered dose. This is an unacceptably low recovery.
This deficiency raises serious questions about the guantative
analytical procedures used in the laboratory. Since an
apparently complete balance determination was made the only
conclusion that is possible is that the quantitation data are
wrong.

There exists no scientific or regulatory rationale for
using the primate for this kind of study. The Rhesus is a
very valuable experimental animal which is large and hard to
handle. It is not a minature human being and data obtained
from the Rhesus are not necessarily directly applicable to
man. The method of dose application, animal handling and
reccvery of test compound clearly show that the laboratory
was unable to perform an acceptable study in a primate.

The DYNAMAC review notes some of the deficiencies in the
: .udy but fails to reach the necessary conclusion that the
studvy is unacceptable and that the laboratory appears unable
to perform or recognize an acceptable study.



EPA No.: 68D80056
DYNAMAC No.: 210-C
TASK No.: 2-10C
November 15, 1989

DATA ZVALUATION RECORD T . .
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ENDOSULFAN BuEhag 4

Dermal Absorption Study in Rhesus Monkeys

STUDY IDENTIFICATION: Lachman, G. Dermal absorption of c-

endosulfan in Rhesus monkeys. (Unpublished report No. BIEV-V-

66.697 performed by Battelle, Frankfurt, FRG, for H.echst Celanese
Corporation,
410485-03.

Somerville, NJ; dated May 8, 1987.) MRID No.

APPROVED BY:

Signature:

Robert J. Weir, Ph.D.
Program Manager
Date:

Dynamac Corporation

007937
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CHEMICAL: Endosulfan; 6,7,8,9,10,10—hexach10ro~1,5,Sa,
6,9,9a-hexahydro-6,9-methano-2 4,3-benzodioxathiepin~-3-oxide,

(alpha:beta isomer ratio of._

TEST MATERIAL: [5a, 9a-'*C]Endosulfan [l nixture of
alpha:beta isomers) with a specific activity of 26.9 mCi/g and
a radiochemical purity of >98 percent was used.

STUDY/ACTION TYPE: Dermal absorption in Rhesus monkeys.

STUDY IDENTIFICATION: Lachman, G. Dermal absorption of Yo~
endosulfar. in Rhesus monkeys. (Unpublished report Nc. BIEV-
v-66.697 performed by Battelle, Frankfurt, FRG, for Hoechst
Celanese Corporation, Somerville, NJ; dated May 8, 1987.)
MRID No. 410485-03.

REVIEWED BY:

Nicolas P. Hajjar, Ph.D. Signatare:
Principal Reviewer

Dynamac Corporation ) Date:

William L. McLellan, Ph.D. Signature:
Independent Reviewer y
Dynamac Corporation Date:

APPROVED BY:

Roman J. Pienta, Ph.D. Signature:
Department Manager
Dynamac Corporation Date:
K. Clark Swentzel, Ph.D. . Signature:
EPA Reviewer, Section IIX :
Toxicology Branch II Date:
(H-7509C) @
Signature: -
Date:
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7. CONCLUSIONS:

The dermal absorption of [5a, 9a-'“c]-endcsulfan was studied in
two male Rhesus monkeys followin; applicatiorn doses orf 2.2 or
3.0 mg/kg for a period of 10 hours. Radiocactive residues in
blood and plasma increased gradually with time after appli-
cation and reached a plateau level by 24 to 36 hours post-
application (25 to 40 ng/mL). Total recovery of radioactivity
accounted for only 48 and 55 percent of the applied dose.
Approximately 3 percent of the dose was eliminated in the urine

and 4 to 5 percent in the feces. ¢ residues in tissues
accounted for about 1.3 percent, and about 10 percent was
recovered in the remaining carcass. ¥ec residues in brain (8

ng/g) were lower than those found in blood, but e residues for
other tissues were higher (g1.7 pg¢/gj. Endosulfan-diol and an
unidentified metabolite were the major components in urine,
whereas the same unidentified metabolite was the major
component in feces.

Because of the low total recovery of radioactivity, this study
provides only supplementary data.

Items 8 through 10--see footnote 1.

11. MATERIALS AND METHODS (PROTOCOLS):

A. Materials and Methods:

1. Dosing soclutions were prepared by mixing 19 ng (*“ci-
endosulfan in 50 pL thiodan EC blank solution. The
resulting concentration of the test compound was 29.48
percent (v/w). Separate dosing solutions were prepared
for each animal.

2. Two male Rhesus monkeys weighing 5.0 and 4.5 kg were
obtained from Shamrock Farms, Sussex, U.K. The animals
were kept in metabolism cages and acclimated to test
conditions for 2 weeks prior to dosing.

3. The dosing solution was mixed with 2.5 mL of distilled
water prior to application. The resulting suspension
was sonicated: paint brushes were then immediately used
to apply the suspension to the shaved skin of the necks
and shoulders of the animals. The amount of radio-
activity applied was determined by subtracting the.
radioactivity remaining from the total radiocactivity
present in each vial. Monkey 1 received a dose of 2.2
mg, kg, and monkey 2 received a dose of 3.0 mg/kg.

T{tems appropriate to only this DER have been included.

3



Animals were placed in metabolism cages, and the
treated skin was washed with a soap solution 10 hours
postapplication. Blood samples (4 to 5 mL) were
collected at various intervals postdosing, and tctal
radioactivity in blood and plasma was assayed. Urire
and feces were collected at 24-hour intervals. The
cage was also rinsed with distilled water after 24
hours. Samples were radioassayed and stored at -290°C.
Animals were killed 96 hours after dosing, and the
following tissues were removed: liver, kidneys, brain,
fat, and treated skin. The residual carcasses were
then stored at -20°C.

owing to low recovery of radioactivity, the carcasses
were thawed overnight 9 weeks later and the following
tissues were removed: total muscle below the treated
skin, muscle of the hind limb (to compare it with the
muscle below the treated skin), skin at the inner side
of the hind 1limbs, and skin at the back side of the
hind limbs (to compare it with the skin of the inner
side). The residual carcasses were separated into
smaller portions for dissolution.

All sarples were measured in duplicate. Blood, plasma,
feces, and tissues were radioassayed by a liquid
scintillstion counter (LSC) following combustion in a
Packard Tri-carb sample oxidizer. Various extraction
procedures were used to extract radioactive residues
in the various tissues. All values were corrected for
combustion and counting efficiencies, and background
values were subtracted. Dosing vials, paint brushes,
and washcloths were rinsed, then combusted and
radicassayed. Urine aliquots were radioassayed
directly.

Feces were homogenized twice in acetonitrile/water
(4/1; v/v), and the radioactivity in the homogenate and
in the sediment and supernatant following centri-
fugation was assayed. Sediments were also transferred
into dialysis bags, and residues were then dried and
cambusted prior to radioassay by LSC. The 0- to 24-
hour urine samples and extracts of the 72~ to 96-hour
feces samples were further analyzed quantitatively by
thin-layer chromatography (TLC). Samples were also
incubated with glucuronidase and erylsulfatase, and
hydrolyzed products were analyzed by TLC.

Quantitative analyses of urincry metabolites from
monkey 2 were conducted on urine samples collected ©
to 24, 24 to 48, and 48 to 72 hours postdosing. For
feces, equal volumes of extracts from feces collected

4
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from both animals at 24 to 48, 48 to 72, and 72 to 96
hours were pooled and analyzed. Samples were analyzed
and quantified by high-performance liquid
chromatography (HPLC) .

Protocol: A protocol was not presented.

12. REPORTED RESUITS:

A.

Blood and plasma rad10act1v1ty levels increased gradually
following application of [(**Cc]endosulfan. A steady-state
level was reached 24 to 36 hours postdosing (Table 1). *C
residues in plasma were higher than those found in blood
with a ratio of 0.65 (or 1l-hematocrit). This ratio
increased to 0.75 to 0.8 at 72 and 96 hours.

Total recovery of radioactivity accounted for 48 and 55
percent of the dose applied to monkey 1 and 2, respectively
(Table 2). Approx1mately 3 percent of the dose was
ellmlnated in the urine and 4 to 5 percent in the feces.

¥~ residues in tissues accounted for akout 1.3 percent of
the dose, and about 106 percent was recovered in the
remaining carcass.

Residues in brain (8 ng/g) were lower than those found in
blcod, whereas the other tissues contained higher e
re51due levels (Table 3) Approximately 40 to 62 percent
of the radloact1v1ty in liver and kidney was extractable

organic solvents, whereas 85 ©percent of the

radiocact.vity in fat was extractable.

TLC analyses of urine revealed the presence of endosulfan-
diol, R-endosulfan, and ac-endosulfan, together with one un-
1dent1f19d metabolite and radioactivity remaining at the
origin. No qualitative differences were noted follcwing
glucuronidase/arylsulfatase hydrolysis. Most of the
radloact1v1ty extracted from the feces was associated with

origin of the chromatogram even after enzyme

hydrolysis. Low amounts of o- and B-endosulfan and
endosulfan-diol were detected.

Purification of metabolites was performed by HPLC. Tables
4 and 5 present the amounts of each metabolite detected in
the urine and feces, respectively. Endosulfan-diol and an
unidentified metabolite were the major components in urine.

The amounts of the unidentified m=2tabolite increased
following incubation with glucuronidase with a cor-
responding decrease in the concentrat.cr. of diol. Most of
the radiocactivity in feces was assctiated with the sane
unidentified metabolite. The uniden-zified metabolite was
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thought to he an oxidation product of endosuifan. a- and
g-endosulfzn were present in similar proportions as
compared with a ratio of 7:3 found in the test material.

13. STUDY AUTHOR'S CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A. The dermal absorption of {**cjendosulfan was studied with
two male rhesus monkeys after 10-hour applications cf 2.2
mg/kg for monkey 1 and 3.0 mg/kg ror monkey 2.

Blood and plasma levels for monkeys 1 and 2 reached plateau
values of 25 or 35 ng/mL after 36 hours, respectively (mean
values of both animals). The excretion of (**clendosulfan
equivalents amounted to 3.7 percent of the dose for urine
and 4.3 percent for feces (mean values) at the end of the
study (96 hours after application).

At the end of the experiment, 8.3 percent and 13.9 percent
of the dose were detected in the treated skin of monkey 1
and monkey 2, respe-=tively. The radioactivity of the
residual carcasses amounted to 10.9 percent (monkey 1) and
10.2 percent (monkey 2). At the end of the experiment, a
total recovery of radiocactivity of 47.8 percent was
obtained for monkey 1 and 54.6 percent for monkey 2
(including cloths and radioactivity in the cages).

The levels of ['Clendosulfan equivalents in the brain were
very low, whereas xidney, fat, and liver showed higher
values. As compared to the respective blood levels, the
values obtained for kidney, fat, or liver were 3~, 9-, oOr
19~-fold greater. All (mean) values were below 0.5 ppmn.

For urine, endosulfan-diol was vhe most important
metabolite, the maximum amount of which (1.5 percent of the
dose) was excreted between 0 and 24 hours. A second
metabolite, X, presumably endosulfan hydroxycarboxylic
acid, amounted . to 0.6 percent of the dose for the same
sampling interval. Only negligible amounts of &= and 8-
endosulfan were found in the urine.

For feces, X was the most important metabolite (0.4 percent
of the dose, 24- to 48-hour and 72~ to 96-hour sampling
intervals); endosulfan-diol could be detected only for the
54- to 48-hour sampling interval.. The sum of a- and B~
endosulfan amounted to 0.1 percent of the dose for both the
24~ to 48-hour and the 72- to 96-hour sampling intervals.

B. A quality assurance statement was signed and dated October
12, 1937.

11
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14. REVIEWER’S DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

The major deficiency with this study is that total recovery of
radioactivity accounted for only about 50 percent of the dose.
Consequently, the data are of qualitative value since it cannot
pbe determined whether the balance was lost or is sequestered
in various tissues. An attempt was made to analyze more
tissues and the remaining carcass; however, recovery of a few
pci is difficult in larger animals. Nonetheless, the data
indicate that at least 20 percent (and possibly up to 75
percent) of the applied dose is absorbed within 10 hours after
application of 2.2- to 3.0-mg/kg doses. This study provides
supplementary data.

12

18



;

¥

oree
A
QER A

1

J.i“‘

an

THE

MANUFACTURING PROCESS INFORMATTON IS NOT

09793

~d

~I

Data Evaluation Report

Compound Ekldosdifan

Citation ,
A dermal absorption study in rats with 1l4c-endosulfan with extended test duration,
E.M. Craine, WIL Research labs., WIL 39029, 11/17/88, MRID 410485-04

S 2 2/t
Reviewed by Robert%m.o./ /74

Senior Pharmacologist

Core Clasification Acceptable

Conclusions

Female rats were dosed dermally at 1.9, 21.9 and 231.4 mg/cm2, wagshed at 10
hours and followed to 168 hours. 44.8, 46.4 and 20.3 % of the respective doses was
absorbed.

Materials

14¢ rirg labeled endosulfan, from Hoerst Bktienesekkschaft

Preparation 16014, Code HOE 002671 OI ZE98 0002, 27.2 uCi/mg, radicpurity
94.6%, :
Preparation 16014 I, Code HOE 002671 OI ZE98 0003, 5.47 uCi/mg, radicpurity
94.6%,

Blark formulation, for Thiodan 3CE, E 4847:27, code 519

Female Crl:CD®(SD)BR for Charles River, 7-10 weeks of age ’ ..

s

Experimental Design s

Rats were exposed for 10 hours, the applicaton site washed and terminated &s
follows:

No. Rats at

Group Nurber Dose Wash Termination {hr)
NMumber ~ Rats mg/kg mg/rat (hxs) 24" 48 72 168
1 16 0.1 0.021 10 4 4 4 4
11 16 1.0 -0.237 10 4 4 4 4
III 16 10.0  2.500 10 4 4 4 4

Dosing -

L4 .

Radiolabeled endcsulfan was suspended in the formulation blank. Suspensions
were analyzed and -dosing volumes based on the analytical concentration.

On the day before dosing the hair was clipped from an area on the rats back.
About 30 miautes before dosing the clipped area was washed with acetone. "a :
rubber ring (insice diameter = 3.7 cm, area.inside the ring = 10.8 cm?, width = 1
cm) was cemented to the shaved skin with cyanancacrylate glue forming an application.
site. The dose of test material, was applied evenly to the application site with
a positive displacement glass pipet (Micro-Petter). The pipet was washed with

i9
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ethanol. The amount of 14C 1n the wash was determined to quantitate the applied
dose. A circle of Whatman #1 filter paper (5.5 am 1in drameter) was cemented to the
rubber ring covering the application area using "liquid nails" (SCM Macco Adhesive)."
Rats were placed individually in Nalgene metabolism units for collection of urine
and feces.

Ten hours after dosing the filter paper was removed and the application site
washed with 1% Liquid Ivory and rinsed with deionized water. Rats were returned
to the metabolism cages. At the end of the absorption period individual rats were
euthanized with nitrogen and a 4 ml blood sample removed from the vena cava. The
application site skin with rubber ring attached, the liver, both kidneys, about
1.0 gm subcutanecus fat, muscle, the entire brain, a section of untreated skin
and the residual carcass were collected for analysis. Residual urine in the
Pladder was added to the urine collection. Total urine and feces were collected
for analysis.

The following samples were analyzed for each rat;

skin wash brain liver carcass
filter paper fat kidney

ruboer ring miscle Urine

Application site skin bleod feces

Results

Table 2 from the report presents the mean concentrations of endosulfan
equilivants in the tissue samples. Table 3 from the report presents the mean.
disposition of endosulfan 1in the treatment groups.. :

Discussion

This study was performed with two variations fram the standard experimental
design which can be expected effect the data generated. The performing laboratory
1s aware of the standard design and did not present reasons for the variations.
Female rats, rather than males were used. We have some experimental data to
indicate that there are significant sex related differences in skin permeability.
The standard design requires cleaning the application site with acetone 24 hours
before dosing. This removes surface fats and oils and extracts some lipoid material
from the skin. In 24 hours the extracted material is replaced by the skin. In.
this study the acetone wash was performed 30 minutes before dosing. Thus, the
application site is abnormally deficient in lipoid material to an extent that can
‘be expected to effect its permeability. At this time we do nct have the data
necessary to prediction the direction and magnitude o the loss of lipoid material - -
on the dermal penetration of the test material.
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Under the conditions of the study, endosulfan was not oncogenic
when administered to Sprague-Dawley rats for 2 years at dietary
levels of 0, 3.0, 7.5, 15.0, or 75.0 ppm.

No effects of dosing on clinical signs, mortality, food and water
consumption, ophthalmological examinations and urinalyses were

observed. Mean body weight gains were significantly decreased
(p <0.01) when compared with controls in nales and females
receiving 75.0 ppmn. No toxicologically important changes in

hematology and clinical chemistry pararscters were observed. An
increased incidence of bilaterally enlarged kidneys in fenales
receiving 75.0 ppm was seen on gross examinaticn. Ancurysms of
blood vessels and enlarged lumbar lymph nodes were also observed
with increased incidences in satellite group rale rats receiving
75.0 ppm. Other grossly observed pathological findings occurred
sporadically and were considered to be incidental. Organ weights
were not affected by dosing. Histopathologically, an increased
incidence of marked progressive glomerulonephrosis in the kidneys
and an increased incidence of aneurysms of the blocod vessels were
seen in male rats receiving 75.0 ppm endosulfan. Neoplastic
lesions had a similar incidence in control and dcsed groups and
were considered incidental.

The LOEL is 75.0 ppm (3.45 ng/kg/day) based on reduced body weight
gain.in.males and females, and/or an increased incidence of marked
progressive glomerulonephrosis and of blcod vessel aneurysms in

males. The NOEL was 15.0 ppm {0.65 mg/kg/day) vwhen endosulfan was
fed to rats for 2 years.

Classification: CORE mininumn.

A. MATERTALS:

1. Test Compound: Endosulfan (technical); dcescription: buff
colored flakes; batch No.: 381(A-D); purity: 97.1%.

2. Test Animals: Species: rat; stsrain: CD(SD)BR; age:
4 weeks; weight: males--23 g and females--27 g; source:
Charles River Breeding Laboratories, Portage, MI.

B. STUDY DESIGN:

1. Animal Assignment: Animals were acclirmatized for 5 days
and their health was observed. Males and fenales free- of
abnormal signs were assigned to one of the following four
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test grcups or a centrol group wusing a computer
randomization methed with consideration cf zpproximate
homogenecus group weights:

0079:

Dose in Main study
Test diet (24 months) Satellite Groups?
group (ppm) Males Females Males Females
1 Control 0 50 50 20 20
2 Low (LDT) 3.0 50 50 20 20
3 Mid-1 (MDT) 7.5 50 50 20 20
4 Mid-2 (MDT) 15.0 50 50 20 20
S High (HDT) 75.0 50 50 20 20

*These animals were intendad for toxicity evaluaticn and were

sampled at intervals for hematology and clinical chemistry;
survivors were sacrificed after 104 weeks. 2n zdditional

group of 10 rats/sex werz used for pretest hermatology and
health check.

The above dose levels vwere selected from the results of a
90-day study (HRC Report No., HST 204/83763) and a
multigeneration study (HRC Report No. HST 230/84176);
neither the results nor the dose levels were reported.

Animals were housed five to a cage, and after prcper
identification and 1lekeling, cages were rplzced in a
temperature- and humidity-controlled rocm with a 12-hour
light/dark cycle.

Diet Preraration: A premix of endosulfan in thz diet was
prepared weekly by dissolving endosulfan in acetone, then
mixing in corn oil and zdding to labsure Labcratary Anlwal
Diet No. 2. The concentrations were adjusted by direct
dilution of the premix with untreated dlet eand mixing in
a double cone blender for a mininmuna of 7 rinctes. The
concentration of test article in the diet was determined
during weeks 1, 12, 25, 38, 51, 65, 77, 90, and 104 of the
study. The mixtures containing the test article were
analyzed for homogeneity and stability.

Results: Table 1 summarizes mean concentrations of
endosulfan in test diets analyzed in duplicate at eight
intervals during the study.  All diets were within 10% of
the nominal concentration. Diets were repor:ied to be
homogeneous and endosulfan was demonstrated to be stakle
for up to 18 days under storage ccnditions. The relative
standard deviations for homogeneity were 4.1, 1.6, and 1.6%

for diets at 3, 10, and 75 ppm (These do not correspond to
levels used in th@ stucdy) .



TABLE 1. Mean Analyzed Concentrations of Endosulfan in Diets of Rats®

Nominal Yean Anzlvzed
Level Concentration
(ppm) (ppm = S.D.)

3.0 3.00 £ 0.079
7.5 7.09 + 0.231
15.0 14.35 £ 0.410
75.0 73.01 + 2,02

3pata were extracted from Study No. HST/289, Addendum 3.
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ood and Water Consunmption: Animals rcceived food (Labsure
Laboratory Animal Diet No. 2) and water ad libitun.

Statistics: The following procedurcs were utilized in
analyzing the data: food consumption, water consumption,
body weight, organ weight, and clinical pathology data were
analyzed by frequency analysis if data consisted
predoninantly of one particular value using Fisher’s and
Mantel’s tests; otherwise, Bartlett’s test was applied to
detect heterogeneity of variance between treated groups.
If no significant heterogeneity was detected, a one-way
analysis of variance (ANOVA) was carried out. If
hetercgencous variances could not be rermoved by log
transformation, the data were further examined using the
Kruskal-Wallis analysis of rank. ANOVA was followed by
Student’s t-test and Williams’ test for a dose-related
response. The Krusral-Wallis analyses were followed by a
non-parametric equivalent of the t-test or by the Shirley’s
test.

Food consumption data were analyzed on a cumulative cage
basis and body weight data were analyzed using weight
gains.

Analysis of covariance was used in place of analysis of
variance for organ weight data where appropriate, using
final body weight as the covariate. Mortality data were
analyzed using the log ranks methed.

ouality Assurance: A quality assurance statement was
signed and dated larch 29, 1989,

C. METEODS AND RESULTS:

Observations: All animals were observed daily every
weekday for the first 4 weeks of the study; thereafter,
they were examined once weekly. Each rat received a

detailed clinical examination including signs of 1ill
health, toxicity, behavioral =2ffects, mwortality, and
moribundity. In addition, all rats were palpated for
tissue masses and a weekly record of progression or
regression of these masses was maintained.

Results: No treatment-related signs of toxicity or
cTinical® symptoms were reported. The most cormmon findings
were brown fur staining, hair loss, hunched posture, pale
extremities, prominent vertebrae, and piloerection. All
these findings were considered to bhe incidental, and were
observed in dosed as well as control groups. A summary
tabulation of clinical observations was not provided, but
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findings were recorded on the indivicual animal patholcgy
sheets (Sce Reviewer’s Discussion, Sectien E.)

Table 2 presents mortality incidence and percent survival
in the main study. No indication of a treatment-related
effect on mortality was observed. No dose-related
increcases in mortality were scen in the animals of main
"study. At 78 weeks, survival ranged betwcen 74 and 20% in
all groups of males and between 78 and ¢0% in all groups
of females. At termination, survival in male groups ranged
from 38 to 42% and in female groups from 28 to 42%.

In the satellite groups, total mortality was reported to
be 7, 11, 14, 16, and 14 in males and 16, 12, 10, 14, and
10 in femzles receiving 0, 3.0, 7.5, 15.0, or 75.0 ppm,
respectively. However, examination of the individual
histopathology data indicated that the terminal sacrifice
for some satellite rats was after week 104 and it was not
completed until week 107. Several deaths occurred in the
period between week 103-107 (See Reviewers Discussion).

Body Weiaht: Bedy weights were recorded prior to study
initiation, at study initiation, and every week thereafter
through study weekK 104,

Results: Table 3 presents mean body weight changes between

selected weekly intervals. Mean weight gains tended to
be decreased in both males and females receiving 15.0 and
75.0 ppm. ¥eight gains were significantly depressed

(p <0.05) during weecks 6-18 in ma'es receiving 15.0 and
75.0 ppm when ccmpared with contrcls; decreases did not
achieve a level of significance in rales or fenales
receiving 15.0 ppm at other intervals of analysis.

Between weeks 0 and 64, body weight gains were 9% and 13%
lower in males and females of 75.0-ppm droups,
respectively, than those of the controls. Overall weight
gains (weeks 0-104) were 17% lower than the controls in
both males and females receiving 75.0 ppm endosulfan and
9% lower in rats receiving 15.0 ppn. The gains were
significantly lower (p <0.01) in both sex2s at the 75.0-ppm
dose. No weight gain effects were seen in males and

females receiving 3.0 or 7.5 ppm when compared with
controls.

30
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. TABLE 2. Cumlative Mortality Incidences and Percent Survival in Rats Fed Endssulfan for 2 ‘.'cars"'b

Cuwlative Fertality and (Percent Survival) at Wecks:

- Dictary Level Hales ] Fermales
Copma) 52 78 103 . 52 78 104
0 2 (96) 9 (82) 29 (62) 0 (100 7 (86) 36 (28)
3.0 2 (56) 11 (78) 31 (38) 1 (S8 9 (82) 30 (40)
7.5 1(98) 5 (70) 30 (40) 3 (S0 12 (76) 32 (36)
15.0 ¢(100) 10 (80) 30 (40) 0 (100) 5 (50) 2% (L)
75.0 2 (96) 11 (74) 31 (38 3 (%0 11 (78) 32 (38)

2pata were extracted from study No. HST 2897881067, Addendum 4.

b:—‘.ascd on 50 rats/sex/grour in the main - tudy.
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Food and Water Consumption, Food Efficiency, and Compound
Intake: Food consumption was recorded weekly on a cage
basis. Watcr consumpticn was meéasured by weight over daily
periods during weeks 1i, 26, and 50 for all satellite group
animals. Food efficiency was calculated from the body
weight and food consumption data. The mean compound intake
was calculated daily for each week.

Results: Table 4 summarizes mean food consumption data
between selected weekly inteivals. No apparent treatment-
related effects were noted in food and water consumption
among males or females at all dietary levels. Although
males receiving 15.0 or 75.0 ppm showed a tendency for
slightly lewer rean food consumption (3 to 4%) from weeks
1 to 64, significantly reduced (p <0.05) rean values of
food consumption when compared with controls at these dose
levels were noticed between weeks 65 and 104; the
reductions were sporadic, were only marginal (5-6%), and
were not considered to be of importance. lNo treatment-
related effects on food conversion ratios were found,
although data for females receiving 75.0 ppm indicated
marginally decreased efficiency compared with controls for
the first 26 weeks.

The calculated mean achieved intakes for the entire study
were 0.1, 0.3, 0.6, or 2.9 ng/kg body weight/day for males
receiving dietary levels of 3.0, 7.5, 15.0, or 75.0 ppm and
0.1, 0.4, 0.7, or 3.8 mg/kg body weight/day for females
receiving the same dietary levels of endosulfan.

opnthatrnological Examinations: Ophthalmological exami-
nation:s were conducted for animals of control and high-dose
groups prior to study initiation, during wecek 50, and at
study termination (week 104).

Results: No significant differences in cphthalmological
findings were observed between control and hich-dose
groups.

Hematology and clinical Chemistry: Prior to study
initiation, =~ a routine hematological evaluation was
performed on 10 rats/sex allocated to the health check
group. . Blood was collected from the 10 fasted
rats/sex/group via orbital sinus under 1light ether
anesthesia during weeks 13, 26, 52, 78 and prior to study
termination (week 103). Samples were obtained from
satellite group rats through week 78. Terminal sampling
included rats of the main group where necessary to maintain

the sample size of 10 rats/sex/group. The CHECKED (X)
parameters were examined:
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a. Hematoloqy:

X Hematocrit (HCT)' X Leukocyte differential count

X Hemoglobin (Hee) ! Mean corpuscular HGB (MCH)

X Leukocyte count (WBC)1 X Mean corpuscular HGB concen-

X * Erythrocyte count (RBC)! tration (}MCHC)

X Platelet count! X Mean corpuscular volume (MCV)
Reticulocyte count (RETIC) X <Coagulation:thromboplastin

X Red cell morphology time (PT)

Results: Table 5 presents selected mean heratology data
at 13, 52 and 103 weeks. The study authors reported that
no treatment-related changes were noted between control and

treated groups in hematology parameters at 13, 26, 52, 78
and 103 weeks of study.

At week 13, RBC counts were increased (p <0.01) and there
was a corresponding decrease of MCV in all dcsed groups of
females compared to controls. However, there were no
changes at any other interval of sampling in females and
no effects in males. All values were also within the

normal range, so the effect was not considered to be of
toxicologic importance.

Significant decreases (p <£0.05) in total leukocyte counts

(at week 26, and lymphocyte counts (at weeks 26 and 52)

were noted in males receiving 75.0 ppm when comparcd to

controls. These decreases were margiral, were not-
consistent over intervals or dose-related, and were within

the normal range of background data provided by the study

laboratory.

All other changes that reached a level of significance were
considered to be incidental and were within the normal
range of biological variation.

'Recomnended by Subdivision F (October 1982) Guidelines.
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clinical Chenmistry

Electrolytes Other
calcium X Albunmin'
Chloride! Albumin/globulin ratio
Maghesium! X Blood creatinine!
Phosphorus! X Blood urea nitrogen!
Potassium! Cholesterol!
Sodium! X Globulins
) X Glucose!

Enzymes Total bilirubin'
Alkaline phosphatase (ALP) Direct kilirubin
Cholinesterase X Total protein'
Creatinine phosphokinase! Triglycerides
Lactic acid dehydrogenase
Serum alanine aminotransferase

(scpT)!
Serum aspartate aminotransferase

(sGoT)*

Gamma glutanyltransferase (GGT)

Results: The study authors reported that there were no
treatment-related <changes in the clinical chenistry
parameters throughout the study. »

Slight alteraticn in the protein parameters (total protein,
albumin, and globulin) and serum electrolyte  1levels
(calcium, sodium, potassium, phosphorus, and chloride)
reached a level of significance in the treated groups when
corpared to controls; these effects were not coensistent
over intervals of sanmpling, nor were they dose-related.
These differences were ¢onerally within the normal range
of background data provided by the study laboratory.

Urinalysis: Urinalyses were performed during weeks 12, 23,
51, 77, and 102 by collecting overnight urine samples.
Drinking water was withheld during urine collection. The
CHECKED (X) perameters were examined:

Appearance!

X Glucese!
Volume! X Ketones!
Specific gravity! X Bilirubin!
pH X Blood!
Sediment (microscopic)? X HNitrate
Protein! X Urobilincgen

2comzended by Subdivision F (October 1982) Guidelines.
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Results: Table 6 sumrmarices results of selected urinary
parameters at the 102-week interval c¢f  sampling.
Significantly increased urinary protein concentrations were
noted in males receiving 15.0 (p <0.05) and 75.0 (p <0.01)
ppm at week 102 when compared with controls. Increases
were observed only in a few of the rales and only at the
terminal sampling, and they were not observei in fenmales.
The increased values were within the norrmal biological
variation and were not considered to be of toxicologic
importance.

Sacrifice and Pathologv: All anirals that died or were
cacrificed on schedule were subject to gross pathological
examination and the CHECKED (X) tissues were collected and

fixed.

Tn addition, the (XX) organs were weighed:

Digestive System Cardicvasc./!enat. Neurologic
Tongue X Aorta, XX Brain
allvaxy glards! XX Heart' X Peripheral nexve
Esophagus X Bone marrow! (sciatic nerve)!
Stomach! %X Lyrph ncdes! X Spinal cord
Duodenun! X Spleen (3 levels)
Jejunum! X Thyrus XX Pituitary!
Ileun! X Eyes
cecum! (optic nerve)!
Colon'
Rectum Urogenital Glandular
Liver! XX Kidneys! XX Adrenals ,
Gallblad.ler! X Urinary bladder! Lacrimal gland
Pancreas’ XX Testes X Marzary ?land
X Epididyricdes XX Thyroids
X Prostate X Parathyroids!
X Seminal vesicle Harderian glands
Respiratory XX Ovaries
Trachea X Uterus
Lung!
Other
" X Bone (sternum and
fer u*)
X Skeletal nu:.:le!
X Skin
"X All gross lesions

and masses

commended by Subdivision F (October 1982) Guidelines.
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Lung, liver, and kidneys were examined histologically in
all groups at termination. All checked tissues were
examined for animals in the control and 75-pra groups (both
satellite and main greups). In the groups receiving 3,
7.5, and 15 ppm, a complete complement of tissues was only
examined for rats that died or were sacrificed moribund.

Results:

a. Organ Weights: The study authors reported that there :
were no treatment-related changes in organ weights at o
termination. FKean testicular weights were sig- f
nificantly decreased (p <0.01) in males receiving 15.0 H
or 75.0 ppm when compared with controls. These
decreases were within the normal background range 5
provided by the study laboratory znd were not -
considered to be of toxicological impor-ance. o

There were no other apparent differences in other crgan
weights, comparing control and treated rats of either
sex. No notable effects were observed in organ weight
data of animals that died prior to the terninal
sacrifice.

b. Gross Pathology: Tables 7 and 8 summzrize selected
frequent gross pathological findings in rats of the
satellite groups and main study, respectively.

oy g

The incidence of bilaterally enlarged kidneys was ‘
incrcased in fem:les of both satellite and main groups :
receiving 75.0 ppm when cempared with controls. Other
findings in the kidreys (paleness, irregular or uniform
cortical scarring, and cysts) occurred at sinilar
frequencies in control and dosed groups.

The incidence of aneurysms in blooé vessels was
increased in satellite males receiving 75.0 ppm when
compared with controls; in the main group, the increase
at the same dose was not marked.

J—

NERBEREN

A variety of other gross pathology finiings occurred
sporadically in both control and dosed croups and were
not considered related to dosing.

o i g e SRR
A s

c. Microscopic Patholcagy:

1) NKarneoplastic: Table 92 summarizes frecuent
nonneoplastic lesions combining data for rats in
the satellite and main groups.

18
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TASLE 7. Selected Gress Patholegical Firding: in Sstellite Croup Rats Fod Endisulfor
for 2 Years®:

Cietary level {por) .
¥ales ferzles

finding 0 3.0 7.5 15.0 75.0 0 3.0 7.5 5.9 75.0
No. i—als

exanired 20 s} 20 20 20 20 2J 20 22 20
gload Vecsels
Ericurysmn(s) 1 2 2 3 6 0 0 1 1 0
Xid-eys
pPaleress 2 7 4 3 4 2 2 1 2 4
Enlargad,

bitataral 9 3 12 8 12 2 6 5 4 8
Cotticzl scarring,

LAiform 7 i 13 b4 13 3 6 . 6 4 b
Corticzt scarring, ;

irrezailar 0 1 2 0 1 1 1 1 0
Cyst{s) 3 2 2 3 g 1 1 0
Lturtar Lymph Nodes
tnlargzd (cystic) 2 2 3 2 S 1 0 Q 1 1
Lurcs
Fale fozus 5 2 4 1 4 2 0 3 S
Fetechial 3 2 1 1 ] 4 1 3 2 2
Czrgestad 3 2 6 3 2 6 1 2 4
ti.ar
Tntargad 2 3 ] 1 2 1 2 & 1 5
Tark zraa(s) 4 ‘5 15 HA 12 13 16 18 16 16
c.ollen 0 12 9 8 7 14 i 14 12 14
Testes
s-all 2 4 [ 3 2
Flaccic 1 3 2 2 4
Tvaries
Cyst(s) 4 2 1 0 4
Stbecutarecus Mass .
Yass(es) 4 S 9 -5 5 12 .8 17 15 8

2Data were extricted from study No. KST 289/881247, pp- 83-%% =nd Tzble Sh.

sfsex/group were exarines; this total irzludes rats fourd dead or secrificed in extronis
sse sacrificad after 104 nceks of treatoent (Satetlite term).
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TABLE 8. Seclec:rd
for 2 tears?:

grong Patholesical Findings in Rats of Main Study Fed £ndn Lifan

0Jd7927

Dietary level (por)

Gross
Fattzlegical Males foms e
firdings 3 3.0 7.5 5.0 5.0 (¢} 3.0 7.5 15.0 75.0
Yo, znimals
casnined 30 S0 50 50 S0 50 50 50 <0 50
Aroarysn(s) 9 3 10 S 12 0 0 1 2 3
Kid-ays
Palzness 12 10 13 12 10 [ 4 7 & 9
Enlarged,
titateral 29 2% 27 26 27 8 12 14 13 18
Certical scarring,
caiferm 7 24 34 32 n 12 6 12 g 14
Certical scarring,
irreguler 1 5 3 2 ] S 5 S 3 3
Cysi(s) 4 8 7 7 9 0 1 0 3 2
Lurbar Lymph Koces
Entsrged (cystic) Y B S 5 14 o] 2 ] ] 2
LunIS
[ 6 9 9 8 7 7 S 1 9
2 L} 4 6 7 6 10 7 S 3
5 7 4 3 4 5 N 5 5 9
vass(es) 3 1 1 3 3 0 1 1 o] 1
Crlarged 6 4 8 4 6 7 8 12 6 S
T57% area(s) 9 37 35 39 30 35 38 39 &2 34
cwoilen 33 22 2z 29 22 37 35 35 37 27
Testzs
ezt s ¢ 9 11 7
Fizccid 4 6 9 8 6
Cvearies
Cyst(s) - 5 g 6 1 10
Mass(es) 11 " 15 9 6 &0 40 42 35 35

¥pata wege extracted from stidy Wo. 5ST 2867881057, pp. 73 and 23 and Table 9a.

’bF
LS

]
x
2]

weeks).

ity rats/sex/group were exzained; this tctal ihcludes rats feund desd or sacrificed in extrenis and
cse sacrificed at termination (

| BEST AVAILABLE COPY
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| T1SLE 9.

©
~

froquent Konngeplastic Lisicrs in 8ats fed Endssalfsn for 2 vez-g? P

Cietary tevel (pom)

¥ales forz'eq
Crgan/finding 9 3.0 7.5 35.0 75.0 0 3.0 7.5 15.0 75.0
Blgod vescels®
Arcurysm(s) 10 6 % 10 i9 1 2 5 4 3
KiZneys ot go o e (7o) (70 Y G 0D (70)
Frogrossive
sloscrutoneptresis 55 52 64 61 44 29 37 L2 39 37
vir‘mal/moderates: 35 34 42 37 3 28 31 35 34 29
Paried: 20 18 22 24 39 1 [ S 8
Heart (70) (50) (€2 )) (553 (@3] (70) (5 1$1)) (523 {70)
Myocardial scarring 48 37 31 31 [43] 45 23 3 22 23
spleen (70)  (43) (48 7 G» (70) (&) 35 (4&) (70)
Hamosidercesis 40 25 18 22 36 33 27 2 28 47
Ovaries (7%) £9 el (59 (70)
. Tubuler hypergtasia 22 3 14 14 16
follicular cyst(s) 13 6 32 20 14
Testes 70) (S0 (35) (59 (70}
Testiculsr wiroooy g 12 17 13 1
Folyarteritis 12 10 \7 12 13
Pisuitay (70) (53) [€3D) [63:)] (€20 (79 27y £3) (84) (&)
Hyperglasia 21 13 19 13 3¢ 22 13 g " 18
Adreral Cortex (70) (58) (£4) [61:3] (70) (70) (€] (633 (61) (79
Cystic degerarstion S P 2 7 53 €5 52 57 <6
Sciatic Nerve (70) 3) 0 (35) (46 (7D) (78 (3 L %)) G0
Sxcllen dogenerate
nerve fiters 56 30 36 31 [4:] 42 ez 2% 19 LL

2psta were extracted for study No. hST ‘289/881007, Table 122 (pp. 116-140) and Teble 12z (pp. 141-161).

Bihis total includes rats feund dead or sacrificed in extrexis zd these sezrificed zfter 104 weers of
treat-znt in bath the main and satellite groups.

€The nober of anirmal
tabulzted data.

s with blood vessels examirzd histclesically could not Se.dster=irzd from the

durbers in parantheses are the number of animals with the specific ergan erz=ired =icrosc

21
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The incidence of progressive glomerulsonephrosis was
high in @all greoups including ccntrols. The
severity appecared to be dose-related. The
incidence of severe (marked) glomerulcnephrosis was
increased in both males and females receiving 75
rpm. In nmales, the increased incicence at 75 pom
was accounted for by rats that died. In éeccaents,
the incidence combining both males in the main and
satellite groups was 10/41, 19/43, 17/46 and 14/46
and 20/46 at 0, 3.0, 7.5, 15.0, aad 75.0 ppm. The
incidence in high-dose males (30/70, 43%) wvas
reported to be higher than ncrmzlly seen for
historical contrcls. The laktoratory control
‘ncidence in six studies was 704300 (19.7%) with
a range of 10 to 38%. T

The incidence of aneurysms of the blced vessels was
increased in the high-dose males of both the
satellite (6/20) and the main study {(13/50) when
cempared with contrels (1720 zand 9/50). The
percent Incidence (27%) in tae combined high-dcse
rales was higher than nornally found in historical
controls (10%, range in five studies 4-18%). Other
ronneoplastic firdings were considered with the
noraal range of backsround. The nost comrnon
findings were myocardial scarrirg, hemcsiderosis
cf the spleen, cystic degensration of the adreral
cortex, and peripheral nerve filker degeneraticn.

2) xeopnlastic: Table 10 summarize selected reoplastic
lesions. Yo effect of decsing on the incidence or
type of ftuncrs was csen. The =eost cemmonly

cccurring neoplasts were adanonmas of the anterior
pituitary in males and ferales znd fibroadenonas

and adenocarcinomas c¢f the mnanmary glands in
females.

STUDY AUTHORS’ CONCIZSTIONS:

The study authors ccncludcd that endesulfan was nct oncog.ric
in this study. The Xidneys were the primary tariset organ “or
toxicity indicated ky an increase in the incice..ce of mar¥ed’
progressive glomerulcnephrosis in the high-dcse nale rats trat
died. “An increased incidence of blocdi vessel anecurysms in
mal. s receiving 75.9 ppn may have keen associated with the
renal 1lesions. Meazn bedy weight cains were significantly
decreasz2d (p <0.01) when compared to controls in wmales znd
females receiving 75.0 ppm and were considered to ke of
toxicological importance. lic treatmenti-relzted effects vere
noted in other mneasured in-life parazeters and no nctarle
effects were observed in organ weight data and rneoplastic

22
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1251 10. Sclected Nesplastic Lesicns in Pats of ¥ain Study Fed Eraisulfon foo 2 Years® P

)

- |

Dietary Ltevel (o)

Pales icmles
2rguny/Nesplasm o 3.0 7.5 15.0 75.9 3 3.0 7.5 i5.0 75.9
tives N (1)) (70} ()] 73 {70) (7N (%49 (70) (70
Hepatccetiviar
czrciroma 1 1 2 2 2 0 ] G 0 1
Ecgatocetlular
5020073 o] 1 4 2 i [v] 0 0 0 0
Femangicsarzoma 0 0 1 0 3 0 0 1 1] 0
Xicrays @) ad ) () (73 (70) (70) (€19} 70 (70
noratl carcinoma 0 1 1 1} 3 0 0 1 0 0
Reral lipesarsinos 2 1] 2 1] 1 1 0 o 0 0
ETETe3s (@9 (£8) (63) 57 [&p)] (73) (48) (&7} (51) (703
islet cell
czreinma 5 10 3 7 5 0 2 1 1 1
Islet cell
z3rciro™a i1 9 11 5 3 3 6 2 7 [
Thyreid elad (€Al (+8) (51} [€2p] ()] (7N (&) {48) (45> (70)
3 3 3 1 3 1 4 1 2 0
0 0 i ] 2 0 1 € (1] 0
felticular carciro™a 2 & 8 2 2 1 2 < 0 0
Feitienior edomas 1 3 4 5 5 0 C 1 Q 1
#drz-al eland (€D (&0) £4) (£2) (%)) 7y 7o) (7 (6%) (70)
Fhzzchroocytora 3 3 2 3 2 S 1 0 ¢ 0 1
Pheochromecytons K 0 0 2 1 i 0 0 ¢ 0 0
Zituitary 3iand
(eateries) (70) (57) (61) &) (&) (7 (&7) €6%) (64) (70)
Acznoma 29 29 22 9 34 &0 59 53 47 57
Czrciroma 2 0 1] 0 0 3 1 ¢ 2 2
Tesios L0y 0 (58 G GY
irterstitial
czll tumer 0 2 3 2 3
(centinesd)
1 BEST AVAILABLE C@
23

< 45

e

-t




TABLE 10. (continucd)

Sictary level (ppom)

. N v-les Femaics
GCrgon/Cinznesis 4 3.0 7.5 15.0 75.0 0 3.0 7.5 15.0 75.0
Siirfsubzutis & TN 45 SR -6 TN ¢+ ) B €'£:) (70)  (&B) (A7) () (70)

Fibroma 9 0 2 3 0 g " 0 0 1 0

Fitroma, dormal 5 3 r 2 1 0 0 0 0 o

Xeratcazanthoma 2 & 8 5 2 4] 1 0 (4] 0
1 0 0 0 2 0 ] 0 ¢} 1}

Ya-mary fitco-

~2enota 2 2 3 1 9 42 52 8 41 45

¥ rary

alenccarcinoma 3 0 1 2 0 19 16 20 21 24

21ncludes crimals in both the main and sztellite groups and cxelines data for aninals that died or were
szerificed Tn etre~is amd those sacrificed at study terainetion. Data w2re extracted from Tables 11a
and 11b of the study (po. $2-11%). Neeplasms otcwrring at &3 incidence of 1.5% z2r less in all groups
wore not nocessarily ircluded.

®ihe nrbers in farentheses denote the nuber of rats with 2 specific tissue or organ exzmineg microscapically.
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findings. It was concluded that the LOEL was 75.0 ppm and the
NCEL was 15.0 ppm for rats when endesulfan was fed for 2 years.

REVIEWFERS’ DISCUSSION AND INTIZRFRETATICH OF RESULTS:

The protocol was complete and the conduct of the study was
adcquate. Reporting of data was generally adequate. However,
a tabulation of animal dispcsition data (animal nurbers at
dates of death or sacrifice) was nct present, and a sunmary of
clinical signs was not presented. The individual &aninal
pathology sheets provided data for week of death and noted
clinical findings during the study and prior to death.

Mortality in the satellite groups at termination was stated in
the text of the report. Scarning of the individual patholegy
sheets, however, indicated that deaths were reccrcded through
week 107. It would appear that nmortality at 103 weeks was not
greater in the satellite groups tkan in the main groups.
Secveral deaths occurred after 1903 weeks when the main groups
were terminated. At week 78, surviwval in groups of satellite
rales ranged tetween 80 to 95% and in females 65 to 85%. Only
one death was related to a bleeding accident.

i.e reviewer checked the incidence of clinical signs in
ccntrols and high-dose mnales and females with particular
attention to reurologic signs. Brcwn staining of fur, hair
lcss, and prominent vertebrae were frequent findings in
centrols and high-dose groups, &s was hunched posture and pale
extrenities prior to death. &2ltered gait and hypsarsensitivity
woere seen in ahout 10 to 5% of  the rats in contrel and
high-dese greurs; tromors, circular ~otion, and linmb function

i

lass were infracquent.  No adverse findings were increased by
cosing.

2n MTD for the study was achieved based on decreased mean kody
weights and kcdy weight gains in males and ferales receiving
75.0 ppm. rlthough there were sone decreases in fcod

consumption in males at 15.0 &nd 75 ppn (weeks 65 to 104 cnly),

we do nrot =zssess these tc ke cf biolcgical irmportance;
lixewise, the decreased fcod ccnversion in dosed males fron
weeks 1 to 26 Is not considered of Irzortance sirnce there were
both incréases (weexXs 1 to 4 and 13 tc 16) and decreases (weeks
5 to 8 and ¢ to 12) at subset intervals and the effects were
marginal. - -

We agree with the study authcrs’ conclusions that ther2 were
no effects of biological importarce” on clinical laboratcry
parameters; organ weight data were not affected by dosing.
Gross findings in the kidney and blcod vessels were supported

by histologic changes. Areurysms in blood vessels were

increased in high-decse nmales when ccnpared to controls; the
increase was seen in both *the satellite and main groups.

25
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Although the incidence of glonmeruloncphresis of the kidneys was
frequent in all groups of males and females, the severity of
the finding was incrcascd with dosing, and the incidence of
rarked glomerulonephrosis was definitely higher in high-dose
males and females than in controls. The inciderce. of
follicular adenoma in the thyroid of dcsed males was 7.1% in
mid- and high-dose males when compared to 1.4% for cencurrent
controls. Since the control incidence rormally raages up to
5% (0 to 5%), the cbserved increase is not considered to be of
toxicologic inportance. The incidence of all other necplasms
is within the normally experienced control range in all dosed
groups and there were no increases ccnsidered related to
desing.

ssess that the $CEL for this study is 75.0 ppm, based on
locreased body weight gains and an increased inciderce of
rarked gloneruleonephrosis in males and ferales and an increased
incidence of ancurysrs in males. TheA/CEL is 15.0 ppm endo-
sulfan.

26
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DATA EVALUATION RECORD-

GUIDELINE §83-1

STUDY TYPE: Chronic Toxicity Feeding Study'in Dogs.
MRID NUMBER: 410995-01.

TEST MATERIAL: Endosulfan-technical.

SYNONYMS: 6, 7, 8, 9, 10, l1l0-Hexachloro-1,5,5a,6,9,%a hexahydro-
6,9 methano-2,4,3-b endodioxanthiepin-3-oxide.

STUDY NUMBER(S): 87.0643,

SPONSOR: Hoechst Celanese Corporation Scmerville, N5 08876.

TESTING FACILITY: Hoechst Aktiengesellschaft Pharma Research,
Toxicolocy and Pathology-West Germany.

TITLE OF REPORT: Endosulfan-Substance Technical (Code: HOE 002671
OI ZD96 0002) Testing for Toxicity by Repeated Oral Administration
(1-Year Feeding Study) to Beagle Dogs.

AUTHOR(S): R. Brunk.

REPORT ISSUED: January 20, 19E9.




MANUFACTURING PROCESS INFORMATION IS NOT INCLUDED

CONCLUSIONS: Endosulfan was fed in the diet to beagle dogs for 1
year at levels of O, -10,  and 30 ppm. An additional group of six
degs/sex received 30 ppm for 54 days <hen the dose was ircreased
to 45 ppm and continued at that leve: until a final increase to 60
ppm at 106 days. At the highest dose, severe nervous symptcms
developed. A loss or weakening of placing and righting reactiocns
was seen and substantial weight loss resulted. This group was
sacrificed at 146 to 147 days owing to poor overall condition; cne
male had been sacrificed at 126 days. 1In dogs receiving 30 pgm,

(N

there were decreased weight gains in males and tonic contracticns’

of the muscles of the abdomen and chaps a few hours after feeding
in both sexes; one nale was sacrificed humanely at 39 weeks. There
were no effects of dosing on clinical laboratory findings. Orcgan
weights and gross findings were not affected by dosing. The
sacrificed dog dosed at 30 ppa had gross and histologic changes in
the lungs. The sacrificed dog receiving 60 ppn had pulmonary
edema. The histologic findings in decsed and control grcups for
dogs sacrificed by design were generally unremarkable and
jncidental. No histologic effects on the brain, spinal column, or
sciatic nerve accompanied the neurolegic signs. Based on decreased
welght gain in males and neurologlc findirngs in toth sexes, the
LOEL is 30 ppam and the NOEL is 10 ppn, which corresponds to an
average daily endosulfan intake of 0.65 and 0.57 mg/kg body weight
in males and fenmales, respectlvely

Classification: CCRE minimum.
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A. MATERIALS: /

1. Test Comnound: Endosulfan technical——approximately-
alpha- andﬁbeta—Endosulfan; batch No. 4039; purity:
96.5% (see Appendix 1 for impurities).

2. Test_ Animals: Species: Beagle dog: strain: BEAK
(Hoechst); age: 6 months:; weight: 7.9-13.3 kg--females;
8.3-14.0 kg--males; source: Hcechst breed. The dcgs were’
vaccinated four times for distemper, hepatltls,
leptospirosis, rabies, and parvovirosis.

B. STUDY DESIGN: »

1. Animal Assignment: Dogs were assigned randomly to the
following groups according to kedy weight:
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Dose in Main Study
Test Diet {54 weeks)
Group {ppm) Males Fenales
1 Control (¢} 6 6
2 Low (LDT) 3 6 6
3 Mid (MDT) 10 6 6
4 High (HDT) 30 6 6
5 Highest? 30/45/60 6 6

’This group was started approximately 3 months after the other
groups. The dietary level was increased from 30 to 45 ppm
after 54 days of dosing; it was further adjusted tc 60 ppm
after 106 days. The group was terminated after 146 or 147
days.

2. Rationale for Dose Selection: The dose levels were based
on a l4-day feeding study using one male and one female per
dietary level. There were no effects at 3 ppm. A% 30 ppm,
delayed eating and leftover food resulted; in the female,
vomiting and staggered gait were observed. Treatzent wita
60 ppm for 2 days resulted in focd refusal by both the mals
and female, and veniting by the female.

Dogs were housed in separate kennels (0.%5 x 1.0 m), andi
dogs of the same group and sex had access to an outdoor
exercise area.

3. Diet Preparation: Premixes of the test compound in cora
meal were supplied to the testing laboratory:; batches of
400 g at levels of 3000, 10,006 and 20,000 ppm tes:
compound were received monthly and were analyzed for tesz
compound content. Cornmeal premixes (0.8 to 1.0 g) wers
mixed with the individual dietary rations daily, aaid ths
dry diet was made up with two parts of water. The controls
received "cornmeal mixed in the same proportions in their
diet. . ' '

Results: Stability of prenixes was analyzed at 1, 3, 6,
and 9 months. Premixes were completely stzble for 30 days.
The mean analyzed concentrations (% S.D.) of test compouni
in premixes were 97 * 10.4, 102 + 6, and 90 + 6% cf targe:
at 30600, 10,000, and 30,000 ppm, respectively. The tes:
compound was found to be completely stable in the moisz
diets for 24 hours (measured once for a 30-ppm diet).
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Fcod and wWater Consumption: Animals received Vipromix in

daily portions of 1000 g for males and 800 g for females.
Water was available ad libitum.

Statistics: The following parameters were evaluated
statistically: hematology, clinical chemistry, wurinary
volume, specific gravity and pH, absolute &nd relative
organ weights, and final body weights. Data for males and
fenales were conmbined for analysis of hematoclogy, organ
weight data, and several clinical chemistry parameters.
Data for calcium, bilirubin, urea, creatinine kinase,
aspartic aminotransferase, alanine aminotransferase, and
alkaline phosphatase were separated by sex fcr analysis.
Cunnett's test or the method of Sidak was used for
parametriec data, and the distributed free method of
Hemenyi-Tunnett was used for other data.

Cuality 3Assurance: A quality assurance statement was
signed and data March 28, 1989. A Good Laboratory Practice
Compliance statement was also present.

METHCDS AND EESULIS:

Orservations: Animals were inspected at least twice daily
for mortality. General health checks were performed daily.
Dogs werzs observed 2 hours after feeding to identify
aninals with cdelayed food consunmption.

Reosults: No spontanecus deaths coccurred. A male receiving
30 ppm (animal Y¥o. 4141) was sacrificed humanely on day
276; it was in generally poor condition and had edematous
swelling of the knee joints. All dogs in the highest dose
group (60 ppm) were sacrificed on days 146 and 147 becauce

. of markedéd and increasing nervous symptoms. One of the

males in this group (animal No. 4298) showed poor general
condition and was sacrificed in extremis on day 126.

Beginning on day 126, the dogs were fed early in the
morning so that signs of toxicity occurring several hours
after feeding coculd be observed. Violent contraction of
the abdozinal muscles and upper abdomen and a convulsive
movement of the chap muscles was observed 2.5 to 6 hours

after feeding in three males and two females receiving 30
rom; no vomiting occurred. All dogs in group 5 had
pronounced nervous synptcms after delng with 60 ppn.
Extreme sensitivity to noise and optical stimuli and tonic
contracticns of the muscles of the extremities, face, and
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chaps were observed. In sore cases, these reacticns were.

violent. There were no toxic signs in dogs in the 3- and
10-ppn dose grougs.

Body ¥eight: zcdy weights were recorded e kly ard at
sacrifice.

Pesults: Table 1 surnarizes data on mean body welichts ard
body weight gains. Mean kody weights were similar in con-
trols and grcups dosed at 3 or 10 ppm. Mean body weights
in males receiving 30 ppn shcwed a downward trend from week
46 to termiration. The cverall weight gain in nales
receiving 30 opn (to week 354) was 3¢% lower than ccntrols.
In the groups receiving 30/45/60Q pen, the weights were
sinilar to controls anéd other groups for the first 12
weeks. When the dcs2 was increased to 60 ppnm (week 153,
there was a Cecreased weight gain which was most nctable
in the last few weeks kefore terniration. At 60 rpm, the
nean weight loss ketween weeks 135 and 21 was 0.36 znd 0.45
kg for males and fenmales, respectively.

Fcod Consumption and Ccrroournd Intake: Dcgs were cksearved
5> nours after fcod was offered and those dcgs with foccd
remaining were recorced. The dlet remaining the fcilowing
norning was weighed.

Results: Focd consu-pticn was affected only in scre dogs
in groups 4 and 5. Consunption was cdelayed in hali cof thx
degs in group 5 durirg the first 2 weeks and in thrze nales
and three females in arcup 4 ketween weeks 1 to 7. One
rale {Animal No. 4141) receiving 30 ppm (group 4) refused
fcod for 5 days pricr to death. One male in croup =2
(Ainimal No. 4295) hail reduaced fcod consumption fron weexs
16 to 21; its overall fccd consumption was reduced i0% when
compared to controls. Two zdditional males in grcuip 5 hacd
reduced food constmpticn during the week pricr <¢
termination cf the group. The report did not tabulate date
for compound intake on fcod --fficiency.

Ophthalnology: cphthal-ological exaninatiors were
performed prior to initiation and termination on all dcgs

and every 3 ronths in contrels and in the groups receiving
30 ppm oOr 30/457/€0 prm. Fupils were dilated and
examinations mnade using direct ophthalnoscopy (fundus

camera) and a slit lamp mlcrosccpe.
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Results: There were no cocapcund-related effects on
cphthalmic findings. There wWere ninor charges prior to
initiation in three males assigned to grcup 5 (small
glittering spots on the lens beorder of two males ard clear
lens suture lines on one male)}, but these findirgs were
absent from the dogs at 6 weexs and 3 =ncnths. Yo other
abnermal findings were noted.

5. Neurological Examinations: Examinations were conducted on
all dogs prior to initiation of dosing, at 6 weeks (groups
4 and 5 only), and every 3 months in ccntrols andé groups
i and 5. Flexor, patellar, oral, cutaneous, corneal, and
blink reflexes were checked. The extensor thrust was
evaluated; visual and tactile stinulated placing reactions
and righting reactions were also evaluated. FKearing tests
w~were conducted at the same intervals. ’

Results: The male receiving 60 ppm that was sacrificed
moribund at day 126 (2nimal Ko. 4298) had a deficit in
placing and righting reactions after tactile stimuli, and
ancther male in the same group had a similar finding when
exanined prior to ternination (day 14¢). Four of six
ferales receiving the 60-ppm dose also had a deficit in
placing or rightinc reaction at the examination prior to
termination. Reactions in these fenales were not cbtained
by tactile stimuli and they were delayed afte visual
stimuli. There were no effects of dosing on cther zostural
or reflex actions. No neurclegical effects were gbserved
" in dogs decsed at 3, 10, or 20 ppx.

6. Heratolcogy and Clinical Chemistry: Bloocd was ctllected
frcm the vena cephalica antebrachii of fasted znimals prior
to study initiation, after 6 weeks and every 3 months
(interim values), and tefore termiration. Hematclogy and
clinical analyses were performed on all dogs. The CHECXED
{X) parameters were examined:

a. Hematology:

X Eematocrit (HCT)! X Leukocytedifferential count

X Hemcglobin (HGB)' X Mean corpuscular HG3 (¥CH)

X leukocyte count (WBC)’ X Mean corpuscular HGR ccncen-

X Erythrocyte count (RBC)* tration (MCHC)

X Platelet count! X Mean corpuscular volume (MCV)

X Reticulocyte count (RETIC) X Coagulation:thrombcplastin
Red cell morphology time (PT)

X Heinz bodies
X Methemoglcbin {study
ternination only)

YRecommended by Subdivisicn F (Octoter 1%82) Guidelires.
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Results: There were no treatment-related cr dose-related
effects on hematology parameters. The hematscrit value and
erythrocyte count were slightly increased in males and
females dosed at 30/45/60 ppm at 6 weeks and 3 months when
compared to controls or compared to pretest values. These
increases were reported to be associated with decreased
fluid intake. All hematology values were generally within
the normal range.

k. Clinical Chemistry

Electrolytes Other
X calcium! X Albumin'
X Chloride! X Albumin/glcbulin ratio
X Magnesium'® X Blood creatinine
X Phosphorus* X Blocd urea nitregen!
X Potassium’ X Cholesterol’
X Scdium! X Globulins

X Glucose'

Enzymes X Total bilirubin'
X Alkaline phosphatase (ALP) X Direct Eilirubin
X Cholinesterase (CHE)b X Total proteint
X Creatinine phosphokinase‘ X Triglycerides
X Lactic acid dehydrogenase X TIron
X  Serum alanine aminotransferase X Total Lipids?®

(scpT)! X Electrophoresis

X Serum aspartate amino- X Uric Acid

transferase (SC-OT)f
¥ Ganma glutamyltransferase (GGT)

Hepatic and renal function tests were perforzed on all dogs
prior to dosing and in groups receiving 30 ppm (Groups 4
and 5) at 6 weeks, and in controls and groups 4 and S5 at
3-month intervals. Bromsulphthalein was wmeasured at 2 and
45 minutes after injection, and phenosulfothalein was
neasured at 10 and 30 minutes after injection. .

‘Reconmended by Subdivision F (October 1982) Guidelines.
*Perminal value only. -

*serum and erythrocyte-CHE activity were determined twice
prior to initiation, 24 hours after one and seven treatments,
after 6 weeks, every 3 months, and prior to termination.
Brain-CHE was determined at group termination.
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Results: The study authors reported that no compcund-
related effects on <clinical chemistry paramneters or
cholinesterase activity were found. Serum alkaline
phosphatase (AP) levels in control and dosed groups
decreased markedly compared to the pretest values with time
(Table 2). In control males, the activity at 6 months
was 33% of pretest and in females it was 54% of pretest.
When pairwise comparisons were male ketween control and
dosed groups, there was a significant increase (p <0.05)
in AP activity in males and females receiving 30 ppm at all
intervals beginning at 1.5 months and in bocth sexes
receiving 10 ppm at several intervals. There were no
effects on any other serum enzymes.

There was no compound-related depression of plasma (PCHE)
or erythrocyte cholinesterase activity (RCHE). The RCHE
activity at-day 7 of dosing was about twice the value of
control activity in group 5 males and females receiving 30
ppm; however, there was no comparable effect on dogs in
group 4 that were also receiving 30 ppm. The high values
are considered anomalous and of no toxicologic importance.
The study authors considered that there was no effect of
dosing on brain cholinesterase activity. However, the data

do not support any conclusion (see Reviewers Discussion,
Section E).

Hepatic function testing did not indicate any impairment
in bromosulfothalein retention caused by dosing. Renal
function testing did not show any delayed excretion of
phenosulfcphthalein caused by endosulfan administration.

6. Urinalysis: Urine was collected from 211 animals at
guarterly intervals as well as at week 6. The CHECKED (X)
parameters were examined:

X Appearance! X Glucose!

X Volune' X Ketones

X Specific Gravity' X Bilirubin'

X pH X Blood!

X 3ediment (microscopic)! Nitrate

X Proteint X Urcbilinogen
X Color

Results: Urinary parameters were similar in control and
dosed dogs.

"Recommended by Subdivision F (October 1982) Guidelines. -
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TABLE 2. HMean Serum Alkaline Phosphatase Levels (U/L) in Dogs Fed Endosutfan for 1 Year

007937

Irterval Dietary Level (ppm)
(=onths) 0 3 10 30 30/65/60°
Males
0 220 224 230 235 193
1.5 137 151 156* 214* 205
118 139 157+ 196+ 199
3 98 117* 1346% .-
75 91 92 141* .
12 61 80 99 146* .-
Females
0 182 164 224 205 195
1.5 135 128 175* 245* 201
3 3 125 152* 201* 212
6 99 87 117 168* --
9 117 108 135 199* -
12 o5 99 129 183~ .-

¥cgs in this group were sacrificed after 146 days; statistical notations were noct provided

fcr this group.

*Significantly different from control value, p <0.05.

12
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sacrifice and Pathology: .All animals that died and that

were

sacrificed on

schedule were

subjected to gross

pathelogical examination, and the CHECKED (X) tissues were
collected for histological examination.
(XX) organs were weighed:

Digestive System
Salivary ?lands’
Esophagus
Stomach!
Duodenun'
Jejunum!
Ileun!
Cecum!
colon!
Rectum
Liver!
Gallbladder!
Pancreas!

Respiratory

Trachea
Lungf

X
XX
X
X

XX
XX

XX

XX
XX
XX

XX
XX

In addition, the

Cardiovasc./Hemat. Neurologic
aorta’ XX Brain
Heart! X Peripheral nerve
Bone marrow' (sciatic nerve)!
Lymph nodes! X Spinal cord
(cervical iliac) (3 levels)
Spleen XX Pituitary!
Thymus X Eyes
(cptic nerve)!
Urogenital Glandular
Kidneys XX Adrenals!
Urinary bladder! Lacrimal gland
Testes X Mammary ?land’
Epididymides XX Thyroids
Prostate XX Parathyroids!
Seminal vesicle Harderian glands
Ovaries X Tonsils
Uterus
Other
X Bone (sternum and
femur)!
X Skeletal muscle!
X Skin
X All gross lesions
and masses
X' Nasal septunm
X Diaphragmatic
nuscles

'Recommended by Subdivision F (October 1982) Guidelines.
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Results:

a. Organ Weights: Mean organ weights were similar in con~
trol and dosed dogs and were within the normal range.
A male that had received 60 ppm and was sacrificed in
poor condition on day 126 (Animal No. 4298) had.an
increased 1lung weight, which was associated with
pulmonary edema and pneumonia.

b. Gross Pathology: No gross abnormalities were found in
dogs that were sacrificed at study termination at 12
months; in addition, there were no gross abnormalities
in the dogs in group 5 that were sacrificed on days 146
and 147 after severe neurological disturbances caused
by dosing at 60 ppm. The male receiving 30 ppm (Animal
No. group 4) that was sacrificed in extremis on day 126
(Animal No. 4141) had connective tissue induration in
the hilum of the lung and enlarged hilar lymph nodes.
The male of group 5 that was sacrificed after receiving
60 ppm had pulmonary edema and hyperdistention of the
lungs. All other dogs had only incidental findings.

c. Microscopic Pathology: Histologic examination of the
male receiving 30 ppm (group 4) that was sacrificed on
day 270 confirmed the gross findings. There was severe
purulent mediastinitis involving the pleura and paren-
chyma of the lungs, which extended to the vicinity of
the thymus. The group 5 male sacrifice? at day 126 had
severe confluent aspiration pneumonia. The finding
may have been secondary to the neurological symptoms.
There were no histologic findings in the cerebrum,
cerebellum, brainstem, medulla oblongata, or the three
levels of the spinal cord examined in dogs in the
control or dosed groups. Table 3 summarizes lesions
that were frequent in dogs. The grade of most lesions
was minimal or slight (grade 1 or 2). There were no
increases in any histologic findings considered related
to dosing. No neoplasms were noted.

D. STUDY AUTHOR’S CONCLUSIONS:

All dogs at the highest dose (30/45/60 ppm) had to be killed
prematurely (days 126, 147-148); a male receiving 30 ppm was
killed intercurrently on day 276. All other dogs survived to
12-months. There were no compound-related changes at 3.0 or
.10.0 ppm. Average body weight gains were lower in males re-
ceiving 30 ppm, but there were only slight depressions of food
consumption. Administration of 30 ppm resulted in tonic con-
tractions of the abdominal and chap muscles. There were no
effects on clinical laboratory findings or on cholinesterase

14
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TABLE 3. Histopathologic findirgs in Dogs Fed Endosulfan for 1Year?

Dietary Level (ppm)

- Males females
~  Crgan/findings 0 3 10 30 30-60 0 2 10 30 30-60
Kidneys

frequent concretetents 4 3 3 2 4 4 4 1 3 4
Liver

Kupffer cell nodules 0 2 ¢} 1 1 2 3 1 3 2
Lurgs

Feribronchial round cells 0 2 0 9 2 2 1 1 V] 0

Focular tubular atrophy 0 1 4 0 1

Uterus

Proliferation of endometrium 3 4 1 3 1
Lymph nodes/cervical

Kyperplasia (T region) 2 2 [t} 0 3 3 4 1 1 4

25ix dogs/sex/group were examined histologically.
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activity. At the highest dosage (30/45/60 ppn), therz were
1mpalrment of the general condition and decreased body weight
galns from 12 weeks onward. Administration of 60 ppm resulted
in nervous symptoms and a weakening of abolition of the placing
and righting reactions, indicating effects on the central
nervous system. Erythrocyte counts and hematocrit values were
increased compared to controls and the pretreatment values in
dogs receiving 38/45/60 ppm; this effect was attributed to
reduced water consumption. There were no effects on other
clinical laboratory findings or on histopathologic findings.
The NOEL was approximately 10 ppm, corresponding to a mean
substance intake of 0.65 mg/kg/day for males and 0.57 mg/kg/day
for females.

REVIEWERS’ DISCUSSION AND INTERPRETATION OF RESULTS:

The conduct of the study and reporting of the results were
adequate. Individual data for all parameters were presented.
Summary tabulation data for clinical laboratory data were
conplete, but the format for presentation made intergroup

omparisons difficult. The summary tabulation for hematology
and clinical chemistry data (means and standard deviations) was
153 pages long, and statistical notations were tabulated
separately (31 pages). Normal testing ranges were not provided
and would have been useful in evaluating some of the clinical
data. The levels of alkaline phosphatase -at pretest (see
Table 2) were considerably higher than we have experienced.
Data from another laboratory gave mean values of 62, 45, and
26 IU/L for dogs 0-6, 7-12, and >12 months of age. The study
authors do not con51de1 the 51gn1flcant increases in alkaline
phosphatase when dogs receiving 10 or 30 ppm are compared to
respective controls to be toxicologically important. However,
we do not feel we can judge the importance of the changes
without laboratory reference data. High values for erythrocyte
cholinesterase activity in both males and females of group 5
at day 7 are considered by the reviewers to be due to technical
error. The mean values (504, U/L males; 597 U/L, females) are
approximately twice the value of group 4 dogs at the same dose
at éday 7. Values at other intervals for the group 5 dogs were
similar to values in other groups and did not differ from
controls. We agree with the study authors conclusion that was
no. effect of dosing on cholinesterase activity of plasma or
erythrocytes. However, it is our assessment that data on brain
cholinesterase activity do not support any conclusion. Table
4 presents mean data. There was a large range c¢f values for
individual dogs in most groups. It cannot be determined if
this is due to technical errors or normally experienced
variability. Ranges of normal values for the testing
laboratory may clarify this. - :

We agree with the study author’s conclusions that the LOEL is
30 ‘ppm based on decreased weight gain and neurologic symptoms,
and that the NOEL is 10 ppm.
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TABLE 4. Mean Brain Cholinesterase Activity (U/kg ¢ S.D.)
for Dogs Fed Endosulfan for 1 Year®

Dose Group ' Males ' Females
0 1268 * 708 578 * 100
3 862 * 654 1729 * 1572
10 1031 £ 706 738 + 524 )
30 563 * 143(5) 3710 * 2389
30/45/60° 589 * 53(5) 815 + 528

-Unless otherwise noted, mean values represent results for
six dogs killed after scheduled sacrifice.

bRresults for five males and six females killed on day 146
(early group termination); no data were available for one
dog killed for humane reasons on day 126.
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Page is not included in this copy.

Pages bz through ég are not included in this copy.

The material not included contains the following type-of-
information:

____ Identity of product inert ingredients

Identity of product impurities

Description of the product manufacturing process
Description of product quality control procedg;es
Identity of the source of product ingredients;
Sales or other commercial/financial information
A draft product label

The product confidential statement of formula
____ Information about a pending registration action
Jﬁ; FIFRA registration data |

The document is a ddplicate of pagé(s)

The document is not responsive to the request

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

GUIDELINE §_82-2

STUDY TYPE: Subchronic dermal toxicity study in rats.

MRID NUMBER: 410485-05.

TEST MATERIAL: Endosulfan Emulsifiable Concentrate; Code No. HCEZ
002671 OL EC34 AlOl.

SYNONYM(S): 6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro—6,9-
methano-2,4,3-benzodioxathi epin-3-oxide; Thiodan: Cyclodan; HOE
2671.

STUDY NUMBER(S): 094590.

SPONSOR: Hoechst Celanese Corporation, Somerville, NJ.

TESTING FACILITY: Research and Consulting Co. AG, Itingen,
Switzerland.

TITLE OF REPORT: Subchronic (4-week) Repeated Dose Dermal Toxicity
Study in Rats. ’ .

AUTHQR(S) : Thevanaz, P., Leutkemeier, H., Chevalier, - H. J.,
Vogel, W., and Terrier, C.

*REPORT ISSUED: October 4, 1988.

71




CONCLUSIONS: Groups of 15 male and 15 female rats were dosed with
dermal applications of endosulfan for 6 hours per day, 5 days per
week for a total of 21-22 applications. Dose levels were 27, 54,
cr 81 mg/kg for males and 9, 12, 18, or 36 ng/kg for females.
Additicnal groups of 15 males and 15 females were treated with
formulation base administered in the vehicle or wich the vehicle
alcne. Ten rats/sex/group were sacrificed at the end of the
rreatment period. The remaining five/sex/group were sacrificed
after a 4-week recovery period. Marginal to slight erytherma and
marginal edema were exhibited in rats dosed dermally with
endosulfan; erythema persisted through the first week of recovery
Rats dosed with the formulation base exhibited minimal to ncde
erytherma and ninimal to slight edema; erythema persisted thrcu
the recovery period. At necropsy, sores and red discoloration we
cbserved at the treated skin site. Hyperkeratosis and inflammaticn
of the skin were evident upon microscopic examination in all grcugs
including the vehicle control. The severity and incidence of thess
findings were more prominent in rats treated with the formulaticn
base. The presence of these findings in controls and endosulfan-
~voated rats were considered to reflect mechanical irritaticn
resulting from hair clipping.
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clinical signs indicative of central nervous system involven
.-are seen in nales dosed with 81 mg/kg and females dosed with
12, or 36 mg endosulfan/kg. These signs were transient, generz
cccurring within hour of dermal application and disappear
<sithin 30 minutes >f onset. Four females dosed dermally with
-3 ¥g, one female aosed with 18 mg/kg, and one female dcsed

12 mg/kg died during the study period; the death of two additicn
animals (one nale, one female) were considered to be unrelated
dcsing. Beds weights of males dosed with 54 and 81 mg/kg
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slightly deprsssed throughout the dosing period:; body weights
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-als of alkaline phosphatase were increased in females dosed wi
-~g,/kg, while albumin levels of females dosed with 18 and
kg were decreased following dosing. Plasma cholinestera

7ities of females dosed with 12, 18, and 36 mng/kg wer

essed following dosing. No effects on erythrocyte or Erain
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nts or systemic pathology that were considered to be a result
icsing. Based on mortality and clinical signs indicative of
sen-ral nervous system involvement, the LOEL for systemic toxicity
s 3. =g, kg in males and 12 mg/kg in females, and the NOEL is 33
~g &g in males and 9 mg/kg in females. The formulation base was
-~2re toxic dermally than treatment with endosulfan.
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~1assification: CORE Supplementary. The systemic LOEL and NC
cere based in part on the clinical signs of central nervous syst
coxicity seen in ‘animals following dosing. However, no
quantitative data for these effects were included in the
latoratory's report; therefore, it is not possible to adequatelr
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nesterase were exhibited. There were no changes 1n organ
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evaluate the reported conclusions. This study will be upgraded
upon subnission and satisfactory review of these data.

A, MATERIALS:

1. Test Compoun . Fndosulfan emulsifiable concentrate (HGCE
002671 OT EC34 Al01l): description: brown liquid: katch
No.: PL 84/167; purity: 33.3% active ingredient.

2. Test Animals: Species: rat; strain: Wistar; age: 1
weeks: weight: males--214-266 g, females--200-270 g
source: KFM Kleinterfarm Madoerin AG, CH 3315
Fuellinsdorf, Switzerland.

B, STUDY DESIGN:

1. Animal Assignment: Following a é6-day acclimation pericd,
animals were assigned randomly to the following test

groups:

Cermal Main Group Recz.ery L71.C
test Applied Jose (b weeks) Te aB20 %
eiatl¥t.] Substance (mg/kg) Males Fema.es LERE-H L N

- venicte? 0 10 3 s 3
2 Farmulation pase® Q 10 "3 3 2
3 Endosul fan 2719° 10 g 3 s
- g£ndosul fan 56/12° 10 3 S 5
3 gndosul fan 81/18° 10 3 S b

5 Endosul fan -/36° -- "0 .- 3

v

J2:  ao.esus 4% carpoxymethylcellulose (CHC) solution.

o
"

_3=+2m =ase: HCE 002671 Ol ECO0 A302 administered in aqueous 4% CMC soluricn,

‘w3,z 2232, ‘2male dose; group 6, females only.

Dose levels were determined based on a previously conducted
dermal study (Hoechst project No. 8470284) that yielded a
NOEL of 48 mg/kg in male rats and 9 mg/kg in ferale rats.
A lethal threshold dose of 500 to 1000 mg/kg in males ari
200 nmg/kg in females resulted from preliminary testin
for acute dermal toxicity (RCC Project No. 095242). o
further information was reported.
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2. Test Article Preparation: Endosulfan emulsifiable
concentrate or the formulation base was combined with the
vehicle (distilled water containing 4%

carboxymethylcellulose) on a w/Ww basis; the mixtures were
prepared daily prior to application. The stability of the
test compound and formulation base in the vehicle was
analyzed at study initiation; concentration and homogeneity
analyses were performed during study weeks 1 and 4.

The mean test concentrations varied within a range of 83.13
to 104.6% of the nominal concentration with the excepticn
of one sample (81 mg/kg) with a mean concentration cf
68.3%. Homogeneity was within *10% of nominal with the
exception of one sample (81 mg/kg), which was within *70%.
The study author reported that the unacceptable results of
this sample analysis were due to error during analysis and
not to sample preparation. The test compound was stable
in the vehicle for a period of 2 hours.

3. Preparation of Animal Skin and Method of Application: The
hair was clipped from the animals’ backs weekly throughout
the study. The test material, formulation base, or vehicle
was applied evenly on the shaved skin at a dose volume of
2 mL/kg body weight over an area of approximately 10% of
the total body surface area. The treated area was covered
with a semi-occlusive dressing and held in place with an
elastic adhesive bandage. After a 6-hour exposure pericd,
excess test material was removed from the applicaticn site
with lukewarm water. Doses were administered on a 5-day
per week schedule for a total of 21-22 applications over
a 29- to 30-day period. At the end of the treatment
period, animals assigned to the main study groups
(10/sex/group) were sacrificed. Animals assigned to the
recovery groups (5/sex/group) were sacrificed after a 4-
week recovery period.

Food .and Water Consumption: Animals received food
(pelleted Standard Kliba No. 343 rat maintenance food) and
tap water ad libitum.

£

Statistics: The following procedures were utilized in
analyzing the numerical data:

181]

Body weights, food consumption, organ weights, and clinical
laboratory data were analyzed using the univariate one-way
analysis of variance to assess the significance of
intergroup differences. If variables could be assumed to
follow normal distribution, Dunnett’s t-test based on a
pooled variance estimate was applied for the comparison
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between treated and control groups. The Steel test was
applied when the data could not be assumed to follow a
normal distribution. Spontaneous mortality data were
analyzed by Fisher’s Exact test.

Quality Assurance: A quality assurance statement was
signed and dated October 7, 1983.

C. METHODS AND RESULTS:

1. Observations: Animals were inspected twice daily f£c
mortality and morbidity and once daily for signs =3
systemic toxicity. The application site was examined cnce
daily for signs of local irritation. Dermal reactions were
scored using a modification of the Draize scoring systen
(Appendix A).

Results: Mortality data are summarized in Table 1. o
treatment-related mortality occurred in any of the male
test groups. One control male died following anesthesia
for blood collection at the end of the recovery period.
Among the females, the deaths of six dosed females (cne
dosed with 12 mg/kg, one dosed with 18 mg/kg, and fcur
dosed with 36 mg/kg) during treatment weeks 1, 2, and 3
were attributed to dosing. The incidence of mortality in
high-dose females (36 mg/kg) was statistically significant
(p <0.05). The death of one additional female dosed with
18 mg/kg during week 4 of the dosing period was attributed
to blood collection procedures; this death was not
considered to be related to dosing. Clinical signs
indicative of central nervous system involvement (trencr,
Straub-tail, trismus, saltatory spasms, extension spasns,
and tetanoid spasms) were exhibited during dosing in males
adainistered 81 mg/kg and females administered 18 and 3¢
mg/kg, with isolated incidences in females administered 12
mg endosulfan/kKg. The signs were transient, occurring
wichin in 1 hour of dermal application and disappearing
within 30 minutes of onset. There were no quantitative
data included in the report to support the incidence of
neurological signs. No other signs of systemic toxicity
were seen during the study. Squealing was heard from all
dosed animals during the daily dosing periods.

Minimal to moderate erythema was observed during the dosing
and recovery periods in animals treated with the
formulation base (Appendix B). Mean erythema increased in
incidence and intensity in these animals toward the end of
dosing and was accompanied by slight edema from week 3 of
the treatment period through week 1 of recovery. The
erythema exhibited by the animals decreased from moderate
to marginal during the last 3 weeks of the recovery period.
Marginal to slight erythema was s2en in males administered

7




TABLE 1. Mortality Ircidencé in Rats Treatéd‘Dermally Wwith Endosulfan for & Weeks

Dose Group Main Study Groups " Recovery Study Groups
(mg/kg) (10/sex/group) (S/sex/qroup)

M3ies Females Males Femates Maies - females
2 3 0 0 B 3
0° o® 9 0 0 3
27 9 0 0 it} ol
5% 12 0 1 s} 3
81 : 18 9 2 0 3
- 36 : - o - 0

3venicle alone (aqueous 4% carboxymethylcellulase sotution).,
beormutation base (HOE 002671 Ol EZ00 A30:), administered in the vehicle.
“ore animal from this group died follewing blood sampling during treatment week 4.

danimal died followirg anesthesia ‘or dleed sampling Zuring reccvery pe~iod.

*Significantly differenrt fram controls at p <C.05.
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‘54 or 81 mg/kg and females administered 12, 18, or 3¢

mg/kg, beginning at the second week of dosing and
continuing through the first week of recovery. Marginal
edema was noted in males administered 54 and 81 mg/kg and
in females administered 12 and 18 mg/kg during the latter
half of the treatment period; edema was not detectable
during recovery. Erythema and crust formation were
cbserved on the flanks of control and all dosed aninals
during the dosing period; these findings were reported to
be due to the animals’ scratching in attempts to free
themselves from the bandages, and were not related <=t:o
dosing.

Body Weights: Animals were weighed prior to the first
treatment and weekly thereafter.

Results: Body weights of males dosed with 54 and 81 mg/kg
were found to be slightly (5 to 6%) depressed throughout
the dosing period; significantly (p <0.05) depressed (10
to 11%) body weights were found at day 21 for males dosed
with 54 and 81 mg/kg and at day 29 for males dosed with 31
ng/kg (7%) (Table 2). Body weights of females dosed with
18 mg/kg were slightly depressed (2 to 6%) throughout the
dosing period; body weights of these animals were
significantly (p <0.05) depressed (7%) at day 8. The study
author considered these body weight reductions tc =
incidental. Mean body weights of other dosed males ari
females were similar to those of concurrent controls. &Z:1
depressed body weights recovered following the dosing
period.

[SA)

Food Consumption: Food consumption was mneasured weekly
during the treatment and recovery periods. )

Results: No compound-related effects on food consumpticn
were noted during the treatment or recovery periods.
Slight increases in the food consumption of dosed rats
during the recovery period were considered by the study
authors to be due to low mean food consumption in contrcl
animals at this time.

Ophthalmology: Ophthalmoclogical exaninations were nct
performed. )
Hematoleogy and Clinical Chenmistry: Blood samples iIcr

hematology and clinical bicchemistry were collected frem
the retro-orbital plexus at the end of the treatment and

=~

(GX]

recovery periods. Animals were food-fasted for 15 to 18 -

hours prior to blood collection. Samples for plasma and
erythrocyte cholinesterase activity determinations were
collected from nonfasted animals on the day of sacrifice.
Brain tissue for the measurement of cholinesterase activity
was removed at necropsy and stored frozen until aralyzed.
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TABLE 2. Representative Results of Mean Body Weights (s 5.D.) of Rats Administered Endosulfan
Dermally for & Weeks?

Jose Group ' Mean Body Weights (g) at Day:
(mg/k3) Pratest . 8 21722 29
Maies
o° 238.6 = 12.3 296.1 2 18.2 320.8 = 26.3 325.3 2 270
0° 261.8 ¢ 11.2 280.7 = 11.2 296.2 = 13.5 3.5 ¢ 5.7
27 262.7 = 16.0 290.8 ¢« 21.8 312.1 = 31.5 331.1 ¢ 33.3
54 232.0 = 15.0 270.7 s 17.4 286.5 = 19.0* 333.0 &£ 22.5°
81 236.9 ¢ 12.8 273.5 =+ 20.5 290.4 ¢ 22.1* 307.7 ¢ 4.9
Females
o° 239.8 = 20.6 262.6 = 17.5 269.9 2 171 25'.56 = "5.5
07 241.0 = 14.3 260.5 = 1%.5 245.0 = 14.6 235.5 ¢+ °3.5
] 236.6 = 10.7 265.5 ¢+ 12.8 2¢8.6 + 17.0 251.7 &+ *9.6
12 235.5 = 17.8 237.1 = 18.2 248.9 ¢ 156.8 2:8.3 & 2.2
18 231,7 = 15.1 226.8 ¢+ 13,17 240.9 2 11.5 244.2 2 '3.%
36 237.6 = 15.5 235.9 + 15.6 250.7 + 12.4 252.5 ¢+ 5.8

33asea on 15 rats/sex/cose.
Syehicte alome (aqueous &% carboxymethylcellulose sotuticn).

“Fsrmulation base administered in the vehicle.

*Significantly different from cant-ols at p <C.35.




The CHECKED (X) parameters were exanined:

a. Hematology:

Hematocrit (HCT)® ' Leukocyte differential count’

X X

X Hemoglobin (HGB)' X Mean corpuscular HGB (MCH)
X Leukocyte count (WBC)’ X Mean corpuscular HGB ccncen-
X Erythrocyte count (RBC)’ tration (MCHC)

¥ Platelet count! X Mean corpuscular volume {(4CV)
X Reticulocyte count (RETIC) X Coagulation:thromboplastin
X Red cell morphology time (PT)'

Results: Review of hematological data at the end of th
treatment and recovery periods revealed no changes =:
toxicological significance. Slight but significan
(p <0.05) changes in hematological parameters followin
dosing were considered to be incidental.

Gt m o

b. Clinical Chemistry

Electrolvtes Other
X calcium’ X Albumin’
¥  Chloride’ X Albumin/globulin ratic
Magnesium (A/G ratio)
X  Phosphorus' X Blood creatinine’
X  Potassium' X Blood urea nitrcgsn’
¥ Sodium' X Cholesterol’
X Globulins
Enzynes X Glucose’
X Alkaline phosphatase (ALP) X Total bilirubin’
bt Cholinesterase Direct bilirukin
X  Creatinine phosphokinase’ X Total protein’
X Lactic acid dehydrogenase X Triglycerides
X

Serum alanine aminotransferase
(ALAT; SGPT)!

X Serum aspartate aminotransferase
(ASAT; SGOT)¢

Gamma glutamyltransferase (GGT)

Results: Selected mean clinical biochemistry data are
presented in Table 3. ASAT activity was reported to be
significantly (p <0.05) (18%) increased in males dosed with
31 mg/kg following the dosing period; however, this
increase was due to the elevated ASAT level of one outlier
(animal No. 65). ALAT, triglyceride, and cholesterol

sukchronic dermal toxicity studies.
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parameters were also increased substantially. - for this
animal. When the group means for ASAT and ALAT are
recalculated without the outlier, results are similar to
those of the concurrent controls (see Reviewer’s Discussion
and Interpretation of Results). Alkaline phosphatase
levels of females dosed with 36 mg/kg were significantly
(p <0.05) (46%) increased when compared witii those of
concurrent controls following the dosing period. Albumin
levels -of females dosed with 18 and 36 mng/kg and
albumin/globulin ratios of females dosed with 36 mg/kg were
slightly but significantly (p <0.05) (7 to 11%) decreased
following the dosing period. The study author considered
these changes to be compound related. Slight decreases in
albumin and total protein 1in dosed females folliowing
recovery were considered by the study author to be a result
of impairment of hepatic function.

Cholinesterase activity data are presented in Table 4.
Following dosing, plasma cholinesterase (BuCHE-PL)
activities of females dosed with 12, 18, and 36 mg/kg were
significantly (p <0.05) cdepressed in a dose-related manner
(78, 71, and 68% of concurrent control activity, respec-
tively). Erythrocyte cholinesterase (RCHE) activities of
males dosed with 27, 54, and 81 mg/kg were slightly but
significantly (p <0.05) depressed in a dose-related manner
(87, 83, and 78% of ccncurrent control activity, re-
spectively). The RCHE activities of females dosed with 12
and 36 mg/kg were also slightly depressed. Slight and
sporadically depressed BCHE activities were exhibited in
dosed males and females. The RCHE depression was
considered by the study authors to be incidental and the
result of normal biological variation. BCHE results were
not addressed (see Reviewer’s Discussion and Interpretaticn
of Results).

6. Urinalysis: Urine was collected from fasted animals at the
end of the treated and recovery periods. The CHECKED (X)
parameters were examined:

Appearance X Glucose
X Volume X Ketones
X Specific gravity X Bilirubin
X pH X Blood
X Sediment (microscopic) Nitrate
X Protein X Urobilinogen ' -
Results: No treatment-related changes were noted in the

urinalysis data at the end of the treatment or recovery
periods.
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sacrifice and Pathology: All animals that died and that

were

sacrificed

cn schedule were

subjected to gross

pathological examination, and the CHECKED (X) tissues were

collected and

weilghed:

Digestive System

Tongue
Salivary glands
Esophagus
Stomach
Duodenun
Jejunum
Ileun
Cecun
Colon
Rectum
Liver®
Fancreas’

Respiratory
Trachea
Lung
Nasopharynx
Larynx

rfixed
formaldehyde solution.

e
E R e e

in 4%

Cardiovasc./Hemat.

Aorta

Heart

Bone marrow
Lymph ncies
Spleen
Thymus

Urcgenital
Kidneys’
Urinary bladder
Testes
Epididynides
Pros:ate
Seminal vesicle
Ovaries
Uterus .

Cervix

Vagina

the

XX

I e R

Sections of treated and untreated skin, brain,

lung,

ovaries,

testes,

spleen,

liver,

kidneys,

neutral phosphate buffered
In addition,

(XX) organs were

Neurologic¢
Brain

X Peripheral nerve

(sciatic nerve)
Spinal cord

(3 levels)
Pituitary
Eyes

{ocptic nerve)

Clandular
Airenals
Lacrimal gland
Mammary gland
Thyroids
Parathyroids
Harderian glands

Other )

Bene (sternum and
femur)

Skeletal nuscle

Skin (treated
and untreated)’

All gross lesions
and masses’

adrenals, heart,
and gross

lesions from all animals were microscopically examined.

Results:

a. Organ Weights:

in organ weights.

There were no compound-related changes

Signifizant increases in relative

o~
7~

brain, liver, kidneys, adrenals, spleen, and testicular
weights of males dosed with 54 and 81 mg/kg and the
decreased absolute liver weight of males dosed with 3=
mg/kg were the result of intergroup variation in mean
body weight at the tinme of terminal sacrifice.

'Recommended by Subdivision F (October 1982) Guidelines for
subchronic dermal toxicity studies.
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Gross Pathology: Sores (one' to .numerous; and/or
reddisn discoloration at the treated skin site were
observed in 5/15 males and 11/15 females dosed with the
formulation dose, 1/15 males dosed with 27 mg/kg, and
2/15 males and 1/15 females dosed with 54 and 12 mg/kg,
respectively. No other treatment-related gross
pathologic changes were observed.

Microscopic Pathology:

1) Nonnecplastic: Representative nonneoplastic
histopathologic findings are presented in Table 5.
In rats sacrificed at the end of the dosing pericd,
minimal to moderate hyperkeratosis of the treated
skin was exhibited in 9, 8, 7, and 9 males docsed
with formulation base, and 27, 54, and 81 ng/kg
endosulfan, respectively, and 10, 7, 8, 10, and 10
females dosed with formulation base, and 9, 12, 13,
and 36 nmg/kg endosulfan, respectively, as compared
with 5 concurrent male controls and 8 ccncurrent
female controls. The incidence and severity cf the
hyperkeratosis were considered to be similar in all
groups, except for those dosed with the formulation
base. The severity of hyperkeratosis in the ani-
mals of this group was slightly increased when
compared with that of the other dosed animals (mean
severity grade of 2.2 and 2.3 for males and fenales
dosed with forrulation base, respectively, ccrpared
to mean severity grades of 1.3 to 1.8 in all cther
test groups). The incidence of minimal to moderate
chronic inflamnation was exhibited sporadically in
dosed and control animals with the exception cof
those dosed with the formulation base, +which
exhibited an increased incidence and severity oIl
inflammation that was usually associated with
ulceration. At the end of the recovery period.
slight to moderate hyperkeratosis was observed in
one female in each group dosed with formulation
pbase and 18 and 36 mg/kg endosulfan. Other
microscepic lesions were found similarly in dosed
and control animals, were considered to be commen
age- and strain-related changes, and were nct
considered to bpe ceompound-related.

2) Neoplastic: No neoplastic changes were noted.

[N

T

»




D
o
~J
0
N
=~

TABLE 5. Representative Histopathologic Findings in Rats Treated Dermally with Endosulfan for & weexs

Decse Level (mg/kg/day)
Males females
Tissue/Finding 0 3 27 54 81 G 0 9 12 18 36

Termiral Sac-ifice

Treated skin am? a9y o Gy aR (10 10 10y (:0) o0
Hyperxeratssis 5 9 8 7 9 8 10 7 8 19 *a
Inflammaticn 2 5 3 3 g 0 ] 2 a 1 c
Unt-eated skin 10y 02 (e (10 0 (10 (10 %) (0 (@14} (@]
Inflammation 0 0 0 0 1 0 [ 9 Iy} 3 ‘
Liver (10 () 19y (10 (8 €10y 10y Q0 (0 (&1 [Qhah]
Round cell infiltration Z 3 6 3 3 1 3 5 9 1 *
Kupffer cell
proliferaticn o 2 5 3 ! 0 ¢ e o] 3 z
Necrosis 2 i 2 1 3 0 2 g 3 3 :
Kidreys [@1s)] [@teh) [@143] (@1 () (1o 0 (1cy (M (D] [
Hyaline droplets 7 [ 10 10 i 0 c 4] Y] 3 >
Mirneralization ] b} 0 v} 3 8 13 8 9 22 3
Tubular atrophy s} 1 o] 2 3 4] b} 4] g 2 3
Spleen 0y (D 10y Yy () (10 1%y (10 (1 ) [QE3]
Increased eryt-ropoiesis 9 "3 8 0 8 9 S 9 10 3 M
Recavery Sacritice
Yreated skin (&) (%) 5 ¢5) 5) (&3] 5 (5) (5) (S) 3
“ype-xeratrssts 0 J 0 3 3 ] * ¢ o] N :
Liver (6) (5) (S) (5) (&) 5 (5) 5 (5) %) %
Round cell inf:i{tration 1 e} 4 2 1 0 2 3 1 1 p
Kepffer cetd
prolife-ation e} Q 1 2 J 0 e} 0 0 0 3
Kigreys (&) (5) 5 (5) 5) (3] (53 (5) (5) (&) 5
Hyaline draplets S S S 5 0 3 o [t} 3 3
Mireral:zatizn ] 1] 2 0 3 & - 5 5 S S
Tupular atrsofy 1 1] 0 1 ) Q J J 0 J- 3
Spleen %) 5 (5) (5 [¢))] (5) (5) (5) (%) (9) %)
Ircreaseg eryi~ropoiesis 3 1 4 1 3 5 1 2 [ 3 3

dNurpers in parantheses represent numper of animals from which tissue was examined.
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D. STUDY AUTHORS'’ CONCLUSIONS:

Endosulfan was administe: jermally to Wistar rats for 4 weeks
at doses of 27 54, or 81 ag/kg for males and 9, 12, 18, or 36
mg/kg for females. Additional groups of animals were dosed
with the formulation base administered in the vehicle. A
recovery period of 4 weeks followed dosing. Five females died
during the study. Transient clinical signs were exhibited,
which were indicative of central nervous system involvement.
Endosul fan elicited marginal to slight dermal irritation, while
the incidence and severity of irritation elicited from the
formulation base was minimal to moderate. Microscopic findings
of hyperkeratosis and inflammation in endosulfan-dosed and
control animals were considered to reflect mechanical
irritation resulting from hair clipping. The severity and
incidence of these findings were more prominent in rats treated
with the formulation base; this was considered to reflect a
slight irritating effect. Slight changes in clinical chemistry
levels (increased ASAT and ALP, decreased albumin and
albumin/globulin ratio) were censidered to be indicative of
faint impairment of hepatic function. Plasma cholinesterase
activity was decreased in females dosed with endosulfan at 12,
18, or 36 mg/kg. The NOEL for systenic toxicity was 34 ng/ kg
in males and 9 mg/kg in females.

E. REVIEWERS’ DISCUSSION AND INTERPRETATION OF RESULTS:

The conduct and reporting of the study were adequate. However,
the study report contains a number of deficiencies. There is
some discrepancy as to the guidelines that were follcwed fcr -
the conduct of the study. Page 1 of the study repor:
references Guideline No. 82-3 (90-Day Sukchrcnic Toxicity
study) of the EPA Pesticide Assessnment Guidelines, 1982, and
page 10 references Guideline No. 82-2 (21-Day Repeated Dose
Dermal Toxicity Study). The study was conducted in accordance
with Guideline No. 82-2.

The group mean dermal irritation scores presented in the study
report were calculated based on individual daily erythema and
edema scores for males and females combined. It is not
appropriate to cumbine the male and female data from any one
test group when calculating group mean data, especially since
the dose levels selected for the endosul fan-treated groups were
different for males and females. Dose levels were based on
previous studies conducted with the test material, which
indicated that female rats were more sensitive than males.
Following review of these data, the reviewers concluded that
recalculation of the group mean values to obtain separate mean
values for males and females from each test group would not
change the overall interpretation of the study results.
However, this issue should be addressed and clarified within
the text of the study report.

86




00753

Incidence data for the treatment-related signs of systenic
toxicity noted postdosing (i.e., tremors, trismus, Straub-tail,
spasms) were not presented within the study report. Although
the study authors state that these observations are part of the
raw data, it is not possible to adequately assess the reported
results without the inclusion of individual and/or summary data
for these signs.

The reviewers noted that the quality assurance statement was
dated 3 days after the report issue date. Homogeneity and
concentration analyses for one sample (81 mg/kg) dose level
were unacceptable (mean concentration of 68.3% of nominal,
homogeneity within #70%); the study author stated that these
unacceptable results were due to an error during sample
analysis and not to sample preparation. This explanation is
unsatisfactory without additional data. The study authors did
not report that study controls were dosed dermally in the same
manner as those treated with endosulfan: this should be
clarified.

The study author considered the body weight lcss of dcosed
animals to be incidental. Based on the consistency of the
weight loss (even though slight), the reviewers consider this
finding, in males, to be a compound-related effect. The tody
weight loss in females may not be a result of dosing, since the
pretest weight of females dosed with 18 mg/kg was slightly
reduced (3.4%) when compared with that of female controls: many
of the animals with low initial body weights retained lcw
weights; and females dosed with 36 mg/kg did not exhibiz
reduced body weight.

Results of clinical biochemistry would have been easier to
interpret with appropriate historical ranges of laboratory
control Wistar rats. This was of importance when considering
the significance of changes in ALP, albumin, and total protein.
The reviewers do not agree with the authors’ interpretaticn
that the slight decreases in albumin. and tota. protein
following recovery were a result of impairment of hepatic
function, since no hepatic effects were found in organ weights
or histopathology. Plasma cholinesterase activities ci females
dosed with 12, 18, and 36 mg/kg were depressed (78, 71, and 68%
of concurrent control activity, respectively) following dosing.
Slight changes (less than 20% from levels of concurrent
controls) in RCHKE and BCHE activiiies were considered to be the
result of normal bioclogical variation. The reviewers do nct
consider thesc cholinesterase effects to be of any
toxicological importance. Appropriate historical ranges cf
cholinesterase activity in laboratory coatrol Wistar rats are
necessary to confirm this conclusion.




Based on mortality in females and clinical signs indicatise of
central nervous system involvement in both males.and females,
the LOEL for systemic toxicity is 81 mg/kg in males and 12
mg/kg in females, and the NOEL is 54 mg/kg in males and 9 mg/kg
in females. The formulation base was more toxic dermally than
treatment with endosulfan.

LA BV




APPENDIX A

Modified Draize Scoring System




2R0JECT 094590
SULFAN gMULSIFIABLE CONCENTRATE

INICAL SIGNS AT THE APPLICATION SITE

e ——

1anatory notes for summary tsble

ring for individual records

thems . Ng erythesa
Slight erythema (barely perceptibie)
well- defined erythema
severe erythema (beet redness) to siight
eschar foraation (injuries in depth)

:ma . No edesa
$light edead (barely perceptib\e)
well-defined edess (srea yeli-gefined by
gefinite raising)
Moderate edema (raised approx. lem)
severe edesa (reised more than 1 sm anc
extending beyond the area of exposure)

ssures and Minizal
:abs Moderate
Severe

1lculation of dosage qroup sesn values *

§ (individual. scores)

umber of animals per grodp

1axiral mean score °

frythema, edeme 4
Fissures, scebs :

oW N O

& wN (o=}

[PYR S 3

80

C

e TGRS




APPENDIX B

Summary Table of Dermal Clinical Signs
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CONCLUSTIMONE

Groups oif _il male and 11 female W.star rats were dosed with 21
dermal sppliestions of endosulfan over a period of 30 days at dose
levels oif -), 160, or 640 ng/kg/day (males) or O, 80, or - 160
mc/kg/day  Lemales). Ssix animals/sex veceived doses of 40
mc/kg/day 42r the same duration. Following the dosing period,
groups cif =live animals/sex/dose (controi, mid-, and high-dose
groups) Wez maintained without treatment for a 25-day recovery
period. ©On:seid- and three high-dosz females died during the study
as a reswl" -of cardiovascular insufficiency; —-ne mid-dose female
eyhibitedl ¢:imical intoxication. There were n> signs of neuro-
lcgical dalis:sizbance. Body weights and body weight gains of high-
dcse male2s .e2ze depressed from study day 10 to study termination;
bedy weigiht: -wontinued to be depressed Quring the recovery period.
Bcdy weigghyx: of dosed females were not affected. Slight dermal
irritation =rythema, dryness, scaling) of mid- and high-dose males
ard femalles <sceded by the end of the recovery period. There were
No macrosicesic or microscopic dermal changes. Reticulocyte counts
of mid- @anc -nigh-dose males 2and high-dose females and levels of
cholesterol ind total lipids in high-dose females were increased
followirng dszsing. Serum cholinesterase activity of mid- and high-
dcse femzile: -was depressed following dosing and remained depressed
following %22 recovery period. No effects were exhibited on
erythrocyte «r brain cholinesterase. There were no changes in
organ weiigks or systemic pathology that were considered to be a
result off dgsing. Based on body weight loss in males and mortality
in female:s, <ie systemic LOEL is 640 mg/kg in males and 80 mg/Kg
in female2s, -anid the NOEL is 160 mg/kg in males and 40 mg/Kg in
fenales.

Classificeatn: CORE Minimum (see Reviewers' Discussion and
Interpret-at<n of Results).

A. MATEEMIE:::

1. Tles Compound: Endosulfan (50%); description: beige

mwoWssz; batch No. PC86-83; purity: 49.5% active
iine=sdient. -
2. Teg Znimals: Species: rat; strain: Wistar

[[HO::¥iskf(SPF71) ]; age: males--9 weeks; females--11 weeks
a1t z3tudy initiation; weight: males--236 to 267 g;
“en; les--195 to 240 g at study initiation; source: Hoechst
4G, #zstengrund, SPF breeding colony.

1. Xniz3: Assignment: Animals were assigned randomly to the

#o0l~wing test groups and were then acclimated (unspecified
ginresion) to laboratory conditions prior to study
iini:zztion:

(G|
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Dermal
Dose ConcentrationX Main Study® Recoveryb
o {ma/kq) u/v) {30 Days) _ 25 Days) ~
Test Group Males Females Males Femal~rs Males Females Males Females
1 controt® o ] 0 6 6 5 S
2 Low (LOT) 40 40 2 2 6 6 4 .
3 Mid (MDT) 160 80 8 4 [} [ 5 5
4 High (HDT) 640 160 3 8 ] 3 S

2Main animals were sacrificed 1 day following final dermal application.

bRecovery animals were sacrificed 25 days (males) or 24 days (females) following the final dermal
application.

Stontrol animals received 2 mL/kg physiological saline.

Yo recovery observation for low-dose animals.

The dcse levels selected for male rats for this study were
based on a 5-day prestudy in which aqueous dispersions [1.6
to 50% (w/v):; 32 to 1000 mg/kg] of endosulfan were applied
dermally to groups of three males and three females. Dermal
irritation was observed after two to three applications of
37.5 and 50% (w/v) endosulfan. A 32% preparation of
endosulfan was considered to be the highest test con-
centration that would not produce severe dermal lesions
during 21 applications over a period of 30 days, and was
selected for the subchronic study. Because of technical
restrictions, the maximum application volume was determined
to be 2 mL/kg, and 640 mg/kg was selected as the highest
possible test concentration. Dose levels selected for
female rats vere based on a previous subchronic dermal
toxicity study (report Nos. 84.0223 and 84.0321). No other
information regarding this study was reported.

Rats were housed individuaiiy in a room with temperature
and humidity controls set at 19-22°C and 35-60%,
respectively, with a 12-hour lighkt/dark cycle.

2. Dose Preparation: Dispersions of endosulfan in deionized
water at a constant application volume of 2 mL/kg at the
required concentrations were prepared daily.
Concentration, stability, and homogeneity analyses were
performed on each test preparation. Testing of 2, 4, 8,
and 32% dispersions of the test material showed the
material to be stable for up to 5 hours. Concentration
and homogeneity data were not reported.
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3. Preparation of Application Site: Prior to dosing and
weekly thereafter, the hair was removed from the dorsal
treatment sites (approximately 10% of the total body
surface) by clipping. The test material in a volume of 2
mL/kg was aprlied to the clipped area, 5 days/week, for a
total of 21 applications in 30 days. The area was covered
and wrapped with an occlusive bandage for 6 hours; after
this time, the test site was washed with warm water.
Control ~nimals vere treated with physiological salin: in
volumes .qua: 0 test arimals. At the end of the dosing
period, six animals/sex/dose were sacrificed. Recovery
animals (five animals/sex/dose for control, mid-, and high~-
dose groups) were sacrificed following an additional 25
days.

4., Food and Water Consumption: Animals received Altromin 1324
pelleted rat diet and water ad libitum.

5. Statistics: The following procedures were utilized in
analyzing the numerical data: body weights, water
consumption, hematology (with exception of differential
blood count and methemoglobin) and clinical chemistry
parameters, urinalyses, and organ weights were analyzed
using the parametric methods of Dunnett and Sidak, the
nonparametric methods of Nemenyi/Sidak and Nemenyi/Dunnett,
the T-test, and the Wilcoxon test when appropriate.

6. Quality Assurance: A quality aésurance statement was
signed and dated March 10, 1988.

C. METHODS AND RESULTS:

1. GObservations: "Animals were inspected twice daily (once
daily on weekends and holidays) for signs of morbidity and
mortality. The animals were examined weekly for

neurological disturbances, opacity of the refracting media
of the eyes, damage to the oral mucosa, and impairment of
dental growth. During the acclimation period and 2 to 3
days following final endosulfan dermal application, the
recovery animals were examined for spontaneous neurological
behavior, behavioral reaction to various manipulations,
reflexes, and autoromous clinical signs. Based on the
grading system of Draize, the visible changes and irritant
effects of the test material on the treated skin were
examined prior to each application.

Results: No deaths or compound-reiated clinical signs were
seen in dosed males or low-dose females. One mid-dose’
female (animal No. 60) died on study day 21 without showing
‘previous clinical effects; one mid-dose female (animal No.
61) exhibited dacryohemorrhea and a blood-encrusted snout
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on study day 22; this animal remained alive until scheduled
sacrifice. Three high-dose females died (animal No. 78 on
day 3, animal No. 71 on day 11, and animal No. 77 on day
24) without showing previous clinical effects. These
animals, as well as the one mid-dose female, were reported
to have died as a result of cardiovascular insufficiency.
There were no signs of neurological disturbance, changes
in the eyes, damage to the oral mucosa, or impairment of
dental growth.

Slight dermal erythema, dryness, and scaling were exhibited
in mid- and high-dcse males and females beginning ca study
days 6 to 7; all dermal effects receded by study dzy 50 in
males and day 36 in females (Tables 1 and 2). The dermal
erythema never exceeded a grade of 1, which according to
Draize, is barely perceptible. Low-dose males and females
exhibited dryness and scaling of the skin to a lesser
extent when compared to other dosed animals.

Body Weight: Rats were weighed at study initiation and
twice weekly thereafter.

Results: Representative data on mean body weights and mean
weight gains are summarized in Tables 3 and 4,
respectively. Body weights of males were recorded within
1 day of those of females. Mean body weights and body

weight gains of high-dose males were depressed from study

day 7 to study termination (4-10%). These decreased body
weights were statistically significant (p <0.05). from

study day 10 to study termination. Mean body weights of ~

these animals did not recover following dosing; body weight
gains of high-dose males (+47 J) were also slightly
depressed when compared to those of concurrent controls
(+55 g) during the recovery period (weeks 30 to 53). Since
no animal deaths occurred between study weeks 30 and 53,
differences in body weight gain were calculated by
subtracting respective body weight gains (Table 4). Mean
body weights and body weight gains of mid-dose males were
slightly but not significantly decreased during this same
time. Body weights and body weight gains of low~-dose males
and dosed females were similar to those of concurrent
controls. :

On study day 24, body weights and body weight gains of
control and dosed females were depressed by approximately
10% from the body weights reported on day 22 (previous
weighing):; body weights had recovered by the following
weighing on day 30. This finding was nct addressed by the

study author. The pattern of body weight gains in females -

was found to e inconsistent over time when comparing
differences between weeks 0-7, 8-15, 16-25, and 26-30
(Table 4).
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TABLE 1. Summary of Dermal Observations® in Male Rats Administered
' ' Endosulfan for 30 Days Followed by a 25-Day Recovery

Dose Group Test Day
(mg/kg/day) Observation 2 -8 14 21 - 28 35 42 52
0P Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0
Dryness 0 0 0 0 0 0 0 0
Scabbing 0 0 0 o 0 0 0 0
Eschar? 0 0 0 0 0 0 0 0
Scaling 0 0 0 0 o 0 0 0
40° Erythema 0 0 0 0 c
Edema 0 0 0 0 o
Dryness 0 2 1 4 3
Scabbing 0 0 0 1 1
Eschar Y 0 0 0 0
Scaling 0 0 0 4 1
160° Erythema 0 0 0 0 0 0 0 0
Edema 0 0 0 0 ] 0 0 0
Dryness 0 9 11 10 10 3 0 0
Scabbing 0 0 1 1 0 0 0 0
Eschar 0 0 1 5 4 0 0 0
Scaling 0 7 9 6 7 2 0 0
640P Erythema 0 0 1 0 0 0 0 0
Edema 0 0 0 0 0 0 0 ]
Dryness 0 11 11 11 10 5 3 0
Scabbing 0 0 3 0 1 0 0 0
Eschar 0 0 7 9 7 3 2 o
Scaling 0 11 11 11 10 4 3 0
Skin 0 0 0 6 0 0 0 0
discoloration

*Number presented represents the number of rats in each group exhibiting a
given observation, based on eleven animals/sex/dose at study initiation.

PSix of eleven animals sacrificed on study day 30.

©3ix of six animals sacrificed on study day 390.

d arge- or small-scale separation from skin is regarded as eschar in this

study reporc.
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TABLE 2. Summary of ‘Dermal Observations® in Female Rats Administered
Endosulfan for 30 Days Followed by a 25-Day Recovery

Dose Group : Test Day
(mg/kg/day) Observation 2 8 14 21 28 35 42
0® Erythema 0 0 0 0 0 0 0
Edema 0 o 0 0 0 0 0
Dryness o 0 0 0 0 0 0
Scabbing 0 0 0 0 0 0 0
Eschar? 0 0 0 0 0 0 0
Scaling 0 0 0 0 0 o 0
40° Erythema 0 0 0 0 0 0 0
Edema 0 0 0 0 (] 0 0
Dryness o ) 3 2 2 0 0
Scabbing 0 0 0 0 0 0 o
Eschar 0 0 0 0 0 0 0
Scaling 0 0 3 0 0 0 0
80P Erythema 0 1 0 0 0 0 0
Edema 0 0 0 0 0 0 0
Dryness 0 2 8 6 2 0 0
Scabbing 0 0 0 0 0 0 0
Eschar 0 0 0 0 0 0 0
Scaling 0 2 8 1 2 0 0
160° Erythema 0 4 3 0 0 0 0
Edema Y Y 0 0 0 0 0
Dryness 0 8 9 7 4 2 0
Scabbing 0 0 0 0 0 0 0
Eschar 0 0 0 0 0. 0 ¢
Scaling 0 6 9 3 3 1 0

*Number presented represents the number of rats in each group exhibiting a
given observation: based on eleven animals/sex/dose at study initiation with
the exception of the low dose (40 mg/kg) with six animals/sex. Deaths of mid-

and high-dose animals occurred on days 3, 11, 21, and 24.

PSix of eleven animals sacrificeﬂ on stuldy day 39.

°Six of six animals saciificed on study day 30.

dLarge- or small-scale separation from skin is regarded as eschar in this study
report.
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TABLE 3. Representative Results of Mean Body Weights (& $.D.) of Rats Administered Endosulfan
Dermatly for 39 Days®

Mean Body Weights (g) at Day

pose Greup 1 7 15 2 30 32 3] 53
Males :
P 286+ 11 301213 319: 18 326225 345:23 345218 381+ 22 404 £ 17
408 288212 302:12 3i8:1 315: 9 338210
160 282:12 29521 309:17 311:18 328219 32613 359+ 16 377 & 16
840 281+ 11 28813 301 11* 2082 11* 3172 12% 313+ 7%  34b x 11* 365 2 17+
Days
i ) 17 2 30 31 %2 52
Fenales
ob 23710 237+ 11 238216 219212 261213 243217 25117 261 1 60
40°¢ 232212 2352 8 2422 8  222%11 250 & 11
80 239812 231214 260218 220+ 16 247216 255+12 267+ 19 277 = 1%
1609 236+ 8 231210 240: 7 216: 9 26215 259218 260+ 20 264 = 19

3gased on eleven animals/sex/dose at study initiation with the exception of the low dose with six animals/sex.
bsix of eleven control, mid-, and high-dose animals sacrificed on study day 30.

®six of six low-dose animals sacrificed on study day 30.

940 statistics conducted on high-dose females, since group contained less than four animals.

*Significantly different from control values (p <0.05).
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TABLE 4. Representative Results of Mean Bogy Weight Gains (¢ $.D.) of Rats Administered
Endosulfan Dermatly for 30 Days®’

Dose Group Mean Body Weight Gain (g/rat) Between Days

(mg/kg/day) 0-7 0-15 0-25 6-30 0-32 0-43 0-53
Males
o° 53: M 71115 76 2 19 97 2 19 93 + 13 130 £ 15 152+ 9
408 51+ 7 67 8 6 12 87s 7
160 47 9 62 : 13 63 1 15 86 £ 15 80 & 13 13+ 16 131 + 16
640 392 11 52 & 10 49 £ 1 68+ 13 63 & 12 9% & 14 115 + 20
Days
0-8 0-17 0-24 0-30 0-31 0-42 0-52
Females
0° 0+ 5 MNs 7 -8 ¢ 15 7 15+ 8 23+ 9 33+ 13
40 9+ & %6t 5 5: 8 %32 7
80 4217 13219 7+ 19 21s 21 32+ 26 43 £ 34 53 s 27
160 3+ 8 12: 6 -2+ 8 19+ 13 15 0 33:16 38 + 16

2gased on eleven animals/sex/dose at study initiation with the exception of the low dose with six animals/sex;
weight gains from weeks 32 to 53 were based on five rats/sex in the control, mid-, and high-dose groups.

bseatistical analyses were not performed for these data.
°six of eleven control, mid-dose, and high-dose animals sacrificed on study day 30.
35ix of six low-dose animals sacrificed on study day 30.
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3. Eood Consumption and Compound_ Intake: Consumption was
determined and mean

daily dietary consumption was
calculated at the same intervals as body weights. water

consumption was determined weekly for a 16-hour interval.

Results: Food consumption of dosed males and females was
found to be similar to that of concurrent controls
throughout the study. In correlation with the body weight
reduction in control and dosed females on study day 24,
food consumption at this time decreased markedly by 42-49%
from that reported on day 22; food consumption of control
and dosed males on study day 25 decreased by 23-34% from
that reported on day 22. Food consumption levels recovered
by the following weighing on day 30. This finding was not
addressed by the study author.

Mean total fcod consumption over the study period was 9.0,
9.1, 9.0, and 9.1 g/100 g body weight/day for control,
low-, mid-, and high~dose males, and 8.8, 8.9, 8.7, and 8.5
g/100 g body weight/day for control, low-, mid-, and high-
dose females, respectively. There were no compound-related
effects on water consumption.

4. Ophthalm-logy: Ocular examinations were performed during
the acclimatization phase and for 2 to 3 days following the
final endosulfan dermal application on the recovery
animals. - Examinations included width of palpebral
fissures, conjunctivae, crystalline 1lens, iris, and
anterior eye chamber. '

Resultsg: There were no compound-related effects on
ophthalmology.

animals at termination of recovery. The CHECKED (X)
parameters were examined: :

a. Hematology:

Hematocrit (HcT)!
‘Hemoglobin (HGB)!
Leukocyte count (WBC)!
‘Erythrocyte count (RBc)! .
Platelet count!
Reticulocyte count (RETIC)
Red cell morphology

Leukocyte differential count!
Mean corpuscular HGB (MCH)
Mean corpuscular HGB concen-
tration (McHC)
Mean corpuscular volume (Mcvy
Coagulation:thromboplastin
time (pT)! :
Activated partial
thromboplastin time (APTT)
X Heinz bodies

P X
E R A

"Recommendegd by Subdivision F (October 1982) Guidelines for
subchronic dermal toxicity studies.
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Results: Reticulocyte counts of mid-~ and high-dcse males
and high-dose females were slightly but significantly
(p <0.05) increased following dosing. This effect was dose
related in males; however, there was no cocrreiating decrease
in =rythrocyte counts (RBC), hemoglobiia conceniration (HGB),
or hematocrit (HCT). This finding was not considered to be
compound related by the study authors. Other sporadic
changes (coagulation time in low-dose males following
dosing, platelet counts in mid-dose females following
recovery) were slight, and found in only one sex and at only
one dose level.

b. €linical Chemistry

Electrolytes Other
X calcium Albumin!
X Chloride! Albumin/globulin ratio
Magnesium X Blood creatinine!
X  Phosphorus! X Blood urea nitrogen!
X Potassium! X <Cholesterol
X  Sodium! Globulins
X Glucose
Enzymes X Total bilirubin!
X Alkaline phosphatase (ALP) Direct bilirubin
X Cholinesterase X Total protein'
: (serum, erythrocyte, brain) X Triglycecides
Creatinine phosphokinase X Uric acid
X Lactic acid dehydrogenase X Total 1lipids
X - Serum alanine aninotransferase X Electrophoresis
: (sceT) !
X Serum aspartate aminotransferase
(scoT)?
X Gamma glutamyltransferase (GGT)

Results: Cholinesterase activity data are presented in
Table 5. Following dosing, serum cholinesterase (SCHE)
activities of mid- and high-dose females were significantly
(p <0.05) depressed in a dose-related manner (72 and 54%
of concurrent control activity, respectively); SCHE
activities of these animals remained depressed following
recovery. The study authors reported this depre551on of
SCHE in females to be a result of hepatic impairment of
choliresterase or pseudocholinesterase biosynthesis. SCHE
activities of low- and high-dose males were slightly but
significantly (p <0.05) depressed (87% of concurrent
control activity) following dosing; this depression
following dosing was not dose related and was not found
following recovery.

'Recommended by Subdivision F (October 1982) Guidelines for
subchronic dermal toxicity studies.
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TABLE 5. Mean Cholinesterase Activity in Rats Administered Endosulfan Dermally for 30 Days
Followed by a 25-Day Recovery®

Cholinesterase Activityb

Dose SCHE (U/L) RCHE (U/L) BCHE (U/kg)
Group Post- Post- Post- Post- Post- Post-
mg/kg/day dosing recovery dosing recovery dosing recovery
Males
0 467 = 39 328 = 38 3x2 s+ 36 442 = 37 4267 = 147 4152 + 227
40°¢ 407 ¢ 31"’(87)d 424 = 163¢127) 4538 + 455(106)

160 426 + 45¢91: 332 = 69(101) 356 = 29(¢107) 456 = 24¢103) 4579 = 264(107) 4029 2 253(97)
640 405 £ 30%(87) 299 2 59(9N 379 = 22(114) 469 = 26(106) 4891 = 263(115) 3BAT 2 246%(93)
Females

0 13181246 1031 ¢ 125 516+ 90 514 £ 53 4173 =+ 175 3853 = 167

40 10052248(76) 507 ¢ 50(99) 4257 £ 176(102)

80 952£121%(72) 782 2 124%(76) . 486 £ 107(95) 495 & 36(96) 3944 = 409(95) 3615 = 572(94)
160 709:79%(54) 798 = 175°%(77) S48 ¢ 71(107) 477 1 20(9%) 4076 & 266(98) 3712 = 194(96)

3Cholinesterase activity of males was based on six animals/dose postdosing and five animals/dose postrecovery;
cholinesterase activity of females was based on six animals/dose for control and low-dose groups and five
animals/dose for mid- and high-dose groups.postdosing, and on five animals/dose for control and mid-dose
groups and three animals for high-dose group postrecovery.

Sptbreviations: SCHE = serum cholinesterase; RCHE = erythrocyte chalinesterase; BCHE = brain cholinesterase.
°six of six low-dose animals sacrificed following dosing.

dyumbers in parentheses represent percentzge of control.

®statistics not conducted because animal nurber was less than 4.

*Significantly different from controls (p <0.05).
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Erythrocyte (RCHE) and brain (BCHE) cholinesterase
activities varied slightly following dosing and recovery
when ccmpared to concurrent controls. This was considered
to ke a result of normal biological variation.

Cholesterol and total 1lipids of high-dose females were
found to be significantly (p <0.05) increased following
dosing when compared to concurrent controls (Table 6):
however, the cholesterol level of control females appears
to be slightly depressed when compared to that of control
males and postrecovery values. These increases in
cholesterol and total lipids were not found in males, in
other dosed females, or following reccvery.

6. Urinalysis: Urine was collected from fasted animals at
study day 24 for animals of the main groups and study day
45 for recovery animals. The CHECKED (X) parameters were

examined:

X Appearance! X Glucose!

X Color X Ketones!

X Volume! X Bilirubin!
Specific gravity! X Blood!

X PpH Nitrate

X Sediment (microscopic)®t Urobilinogen

X Protein!

°The urine of high-dose rats was examined only for
sediment.

Results: There were no compound-related changes in
urinalyses.

'Recommended by sSubdivision F (October 1982) Guidelines for
subchronic dermal toxicity.
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TABLE 6. Selected Mean Clinical Chemistry Parameters (& S.D.)
. of Rats Administered Endosulfan Dermally for 30 Days
Followed by a 25-Day Recovery®

Dose Group Cholesterol Total Lipids
(mg/kg/day) (mmol/L) (g/L)
Post-dosing Post-recovery Post-dosing Post-recovery
Males
Y 1.82 £ 0.28 1.90 £ 0.34 3.62 * 0.57 4.48 + 0.59
40 1.61 £ 0.22 b 4.26 + 0.33 b
160 1.78 £+ 0.34 1.70 £ 0.13 3.51 % 0.48 4.18 * 0.23
640 1.89 £ 0.21 1.64 + 0.13 3.68 £ 0.42 3.99 £ 0.30
Females
0 0.82 + 0.11 1.62 % 0.47 3.02 % 0.42 4.76 £ 0.66
40 0.85 + 0.11 -~ o» 3.20 £ 0.25 k
- 80 0.90 + 0.20 i.&S +*0.13 _ 3.20+ 0.61 4.59 * 0.59
100 1.25 % 0.24* 1.48 + 0.24 4.12 + 0.49% 4.19 * 0.50

*Based on six males/dose postdosing and five males/dose postrecovery; six
females/dose for contrcl and low-dose groups and five females/dose for mid- and
high-dose groups postdosing, and on five females/dose for control and mid-dose
groups and three females for high-aose group postrecovery.

®Six of six low-dose animals sacrificed following dosing.

*Significantly different from controls (p <0.05).
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7. Sacrifice and Pathology: All animals that died and that
were sacrificed on schedule were subject -to" gross
pathological examination, and the CHECKED (X) tissues were
collected for histological examlnatlon. In addition, the
(XX) organs were weighed:

Digestive System Cardiovasc. /Herat. Neurologic
Tongue Aorta XX Brain
Salivary glands! XX Heart! X Peripheral nerve
Esophagus X Bone marrow \sc1at1cnerve)f
X Stomach! Lymph nodes! X Spinal cord
X Duodenum! XX Spleen* (3 levels)
X Jejunum! XX Thymus! XX Pituitary!
X Ileum! X Eyes
X cecum! (optic nerve)

X colon!

X Rectum Urogenital Glandular

XX Liver! XX Kidneys XX Adrenals’

Gallbladder! X Ur1nar¥ bladder’ Lacrimal glarnd
X Pancreas! XX Testes Manmary gland
X Epididymides Parathyr01ds
X Prostate XX Thyr01ds
X Seminal wvesicle Harderian glands
Respiratory XX Ovaries
Trachea X Uterus!
XX Lung!
Other : :
Bone (sternum)
Skeletal muscle
X Skin (treated
untreated)!
X All gross lesions

and masses!

A complete inventory of tissues was examined for all rats
in the control and high-dose groups.

liver, spleen,

lungs,

Heart, kidneys,

and skin (treated, untreated) wvere

examined for all low- and mid-dose animals.

Results:

a. Organ Weights:

in organ weights.

There were no compound-related changes

Following dosing,

absolute kidney

weights of mid-dose ferales were reported to be sig-
nificantly (p <0.05) increased when compared to those
of concurrent controls; however, this increase is due
to the inflated value of one outlier (animal No. 57)
noted by the study authers to be incorrectly tabulated-
as a result of technical error. When this mean is

'Recommended by Subdivision F (October 1982) Guidelines for
subchronic dermal toxicity.
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calculated without the inflated individual wvalue, it
is found to be similar to the mean kidney weights of
concurrent controls and other dosed females. Relative
kidney weights of mid- and high-dose males were found
to be significantly (p <0.05) increased; the study
author considered these increases to be the result of
reduced body weights and to be unrelated to dosing.

Following recovery, slight changes in organ weights of
mid- and,or high-dose males were considered to be
incidental; changes were slight and sporadic and had
not occurred during dosing.

b. Gross Patholegy: There were no gross pathclogical
changes that were considered to be related to dosing.
Sporadic findings (e.g., epididymal swelling, blood
clots of the gastric mucosa) were considered to be
incidental. No dermal changes were observead.

c. Microscopic Pathology: There were no histological
changes that were considered to be a result of dosing
dermally with endosulfan. The females that died during
the study exhibited slight to moderate edema and
congestion of the heart as a result of cardiovascular
insufficiency. Sporadic findings were considered to
be incidental and were within the incidence range of
concurrent controls. No microscopic dermal changes
were observed.

D. STUDY AUTHORS’ CONCIUSIONS:

Dermal administration of endosulfan at doses of 40, 160, or 640
mg/kg/day in male Wistar rats and 40, 80, or 160 mg/kg in
female Wistar rats for 30 days caused mortality at the mid and
high dose in females, dacryochemorrhea, and blood-encrusted
snout in one mid-dose female, and reduction of body weight
gains in high-dose males. Endosulfan caused slight dermal
changes that receded by study week 2. The NOEL is 40 mg/kg in
females and 160 mg/kg in males. .

E. REVIEWERS’ DISCUSSION AND INTERPRETATION OF RESULTS:

The conduct and reporting of the study were adequate. However,
the study report contains some discrepancy as to the guidelines
that were followed for the conduct of the study. Page 1 of
the study report references Guideline No. 82-3 (90-Day
subchronic toxicity study) of the EPA Pesticide Assessment
Guidelines, 1982, and page 9 of the study report references
Guideline No. 82-2 (21-day Repeated Dose Dermal toxicity
study). The reviewers assume that the study was conducted in

18
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accordance with Guideline No. 82-2. Although this study does
‘not qualify for Guideline No. 82-3, it does fulfill guidance
requirements for No. 82-2 with the exceptlon of the measurement
of serum albumin levels 1ncluded among the parameters tested
for clinical chemistry.

Even though the S5-day preliminary study conducted prior to this
30-day study determined that a 32% preparation of endosulfan
was considered to be the appropriate test concentration, the
study author used a 50% test concentration for this dermal
testing.

Results of clinical biochemistry would have been easier to
interpret with appropriate historical ranges of laboratory
control Wistar rats. For example, cholesterol values of
control females appeared to be slightly depressed following
dosing. This was of importance when considering the
significance of comparatively increased values of dosed
females.

Serum cholinesterase (SCHE) activities of mid- and high-dose
females were depressed (72 and 54% of concurrent control
activity, respectively) following dosing and remained depressed
following the recovery period. The SCHE activities of low- and
high-dose males were slightly depressed (87% of concurrent
control activity) following dosing. No effects were exhibited
on erythrocyte or brain cholinesterase. Consequently, the
reviewers do not consider these effects on SCHE to be of any
toxicological 1mportance. Appropriate historical ranges of
cholinesterase activity in laboratory control Wistar rats are
necessary to confirm this conclusion. In add :ion, the
reviewers do not agree with the authors’ interpretation of
impaired cholinesterase biosynthesis, since no hepatic effects
were found in organ weights or histopathology.

The study authcr indicated that the signs of dermal irritation
in treated males and females had receded by study week 2.
According to tabulated data, all dermal effects had receded by
study day 50 in males and day 36 in females. Dryness of the
skin is regarded by the reviewers as a questionable sign of
dermal irritation. -"Based on body weight loss in males and
mortality in females, the systemic LOEL is 640 mg/kg in males
and 80 mg/kg in females, and the NOEL is 160 mg/kg in males and
40 mg/kg in females.
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