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: Re-evaluate the two-generation reproduction study
in rats on Endosulfan and deteraine whether the effects observed at
the middle dose lavel are treatment-related. ‘

comment: As per the recommendation of the RfD/Peer Review Report of
Endosulfan (dated May 15, 1992), the 2-generation reproduction
study in rats has been re-evaluated, and the DER is attached. Under
the conditions of the 3tudy, exposure to Endosulfan yia thas diet
during pre-mating and through gestation and lactation, at dose
levels of 0, 3, 15, and 75 ppm, produced minimal maternal toxicity

at the high-decse level. Mortality, food/water consumption, and body
weight were not affected in either generation, but there was a
decrease in body-weight gain in the FO females following the start

of dosing. Fregnancy rate, gestation times, the ability to rear
young to weaning, and pre-coital time were comparabie among the
groups at both matings in both gensrations. FO males displayed -
increased heart weight at the mid- and high-dose levels (dose--
related) and increased liver and kidney weights at the high-dose
lavel. FO females displayed increased brain and liver weights at -
the high-dose level. In the F’b adults, the high-dose males
displayed increased kidnay weights compared to the controls and
females displayed increased liver weights at the mid- and high-dose:
levels. There was no effect of treatment on litter size throughout
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both matings o2 both generations. In the fi:st mating of the FO
genaration, thers was an increase in tha cumulative litter loss (%)

at the high-dose levaei. Litter and pup welchts were comparable at

birth among cthe grcups in both generations, bi.t there wvas a
decrease in litter weight observed during the lactaticn to weaning
period in both matings in the FO generation, which war significant
at the high-dose in the firat mating and at thz mid- 2nd high-dose
levals in the second mating (dose-r~lated). Bui:x'". R re wWas no
corroborativs finding of a ducrease in the nunsar ol pups per
litter or in pup weight, thiz decrease in litier weignt is not
~onsidered toc be treatment-rulated. Increased pituitary weights
(high-doue 99 pups of 1lst mate in FO generation) and increased
uterine weights (high-dose 90 pups of 1st mate of Flb generation)
were observed in tha offspring. There wera no histopatnnloyical
findings observed in either the Flb adults or the selected pups
from the second mate of the Flb generation that could be attributed
to treatment.

The NOZ. Zor mnaternal toxicity can be set at 3 ppm (=~ 0.2/ma’kg/
day), thes LEL at 15 ppm (= 1.0 mg/kg/day), based on increased livexr
weight. The NOEL for effects on the offrpring can be set’'at 15 ppa:,
the LEL at 75 ppm, based on increazed - itultary and uterine
weights. A NOEL for reprodictive effects ca.. be set at 75 pym (=

5 mg/kg/day), the highest dose tested. Although there were no

sig. 'Ticant effects noted on the dams, the dose levels are
cons .dered adequate, based oa the results of the range-finding
study in which there was an increase in cumulative pup lose and a
reducticn in litter siza at the 100 ppm dosge level at days 24 ang
28 post weaning. The classification of this study iz not altered by
this re~evaluation; it remains: Core: Minimuzu. This study satisties

the gquideline requirements (83-4) for a 2-gensration reproduction
study.
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DATA EVALUATICN REPORT

STUDY TYPE: 2-generation raproduction - rat TOX. CHEM, NO.: 420
MRID/TRID NO,: 148264/460002-031; Acceusion ¢ 256127
TEST MATERIAL- Endosulfan technicel

SZNONYMS: 6,7,8,9, 10 zo-hnxnchJOto-l 5,%5a,6,9 9a-haxlhyé 38,9,
unthano—z -hcnzodioxathi opin-:-oxidc; HOE 02671 I
AT209

'ﬁmx_mmnm: HST 204/83768
SPONSOR: Hoechst Celarese Corporation
TESTING FACILITY: Huntiingdon Research Centre

TITLE OF REPORT: Effect of Endosulfan-Technical (Code 02671 0 I
AT2C9) on Reproductive Punction in the Rat

AUTHORS: JA Edwards. Y7 Reid, Ji¥ Offer, RH Almond, and WA Gibson
BZPORT ISSUED: July 19, 1984
QUALITY ASSURANCE: A quality assurance statement was provided.

¢ Under thke conditions of the study, exposure to
Endosulfan yia the diet during pre-mating and through gestation and
lactation, at dose levels of 0, 3, 15, and 75 ppn, produced minimal
maternal toxicity at the high-dose level. Mortality, food/water
consumption, and body weight were not affected in either
genaration, but there was a decrease in body-waight gain in the FO
females following the start of dosing. Pregnancy rate, gestation
times, the ability to rear young to weaning, and pre-coital time
were comparable among the groups at both matings in both
generations. FO males displayed increased heart weight at the mid-
and high-dose levels (dose-related) and incrsased liver and kidney
weights at the high-dose level. FO females displayed increased
brain and liver weights at the high-dose lavel. In the Flb adults,
the high-dose males displayed increased kidney weights compared to
the controls and females displayed increased liver weights at tha
nid- and high-dose levels. There was no effect of treatment on
litter size throughout koth matings of both qanaration-. In the
first mating of the FO generation, there was &sn .increase in the
cumulative litter loss (%) at the high-dose level. Litter and pup
veights were comparable at birth among the groups in both
generations, but there was a decreases in litter weight observed
during the lactation to weaning pericd in both matings in the FO
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generation, which was significant at the high~dose in the first
mating and at the mid- and high-dose levels in the second mating
(dose-related). Because there was no corroborative finding of a
decrease in the number of pupe per litter or in pup weight, this
decrease in litter weight is not considered to be treatment-
related. Increased pituitary weights (high-dose 99 pups of 1st mat:
ia FO generation) and increased uterine weights (high-doge 99 pups
of lst mate of Flb generation) were observed in the offspring.
There vere no histopathological findings observed in either the Flb
adults or the selected pups from the second nate cof the Flb
generation trat could be attributed to treatment.

The NOEL for maternal toxicity can ba set at 3 ppm (™ 0.2/mg/kg/
2+ -. the LEL at 1S ppm (™ 1.0 mg/kg/day), based on increzaed liver
we;;at. A NOEL for reproductive effects can be set at 75 ppm (= 5
H§%eg/day), the highest dose tested. Althougr there were no
significant effects noted on the dams, the dosa levels are
considered adequate, based on the rasults of the range-finding
study in which there was an increase in cumulative pup loss and a
reduction in litter size at the 100 ppm dosa level at days 24 and
28 post weaning. The NOEL for effects on the offsprinj =an be set
at 15 ppm, the LEL at 75 ppm, based on increased pituitary and
uterine weights. : : .

: Core: Minimum. This study satis{ies the guideline
_thuircmontn (83-4) for a 2-generation reproduction study.
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MATERIALS

Test Compound: Endosulfan Sachnical; Degcription: not provid-
ed; Batch £: HOE 02671 O I AT203; Pyugity: 97%.

Test Aninals: Speules: rat; Strain: <rl: COBS CD®(SD) BR; Aya:
6 weeks vld; Weight: =31 grams con arrival; Source: Charles
River, UK Ltd., Mavrgyate, Kent.

Statistics: Haekly adult body weighta - analyiis of ~ariance;
Li%ter data - non-parametric tests (Jonckheere and Kruskal-
Wallis); Organ weight - analysis of variance or covariance
(final body weigh~ as covariant when the within-grousp rela-
tionship batween organ weight and body weight was significant
at the 10% level. A log (x+l1) transformation of organ weight

-l

(or of both body weight and organ weight) was used if signifi-

cant (1% level) heterogeneity of variance was revealed in the
organ wveight (body weight) data by Rartlett's test, and if the
transformed data showad less heterogensity of variance than
the untranaformed data. Intergroup comparisons were carried
out'using Williams' test.

STUDY DESIGN
Methodology: On arrival, an unspecified number of male and

tanale rats were weignad and examined tor abnormalities/signs
of i1l health and, following a 7-day quarantine period, were

waighed again and assignel to' four groups by computerized

gstratified randomization tc giv: approximately equal initial
meun body waighte. Treatment bzgan following a second 7-day
acclimation perio¢ There were 32 rats/sex/group in the FoO
generation and &3 :u.c/sex/group in the F1 qeneration. The
test material was incorporated into the diat at fixed
concentrations of 0, 3, 15, and 75 ppm and fud to both sexes
throughout tws matings/generation for two consecutive
genarations. During the pre-mating periods, the animals were
housed 4/cage (sexes separately), with male cages intersparsed
among the female cages to promot.e davelopment of regular
estrous cycles. Du-ing the mating period (20 days), one male
and one female were housad together in plastic breeding cages.
At the end of the mating period, the males were returned to
their orisinal cages, and the females were housed in
individual wreeding cages for the birth and rearing of their

young. Suitable nesting material was provided. Feed (Spratt's

Laboratory Diet No. -, powdered diet) and tap water were

available ad libitum. ) o

Fo Generation: Exposure cf the FO animals (32 rats/sex/group)
to the test material yzia the diet (0, 3, 15, 75 pprm Endosulfan
technical) began when they were 6 weeks of age and continued
for 84 days, at which tine (™18 weeks of age) they wers wated

(one ¢ with one @ for 20 days]. Exposure continued until all

litters were weaned. Th~ FO dams were allowed to rear their

young to Day 21 post partum, at which time the Fla young were

n

)
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sacrificed (for . yro/sex/litter, specified organs were
we.ghed and tissues pru.e:ved £for possible future examination;
see under 3‘e), below). Approximately 10 days after weaning
the Fla pups, F: males and females were re-mated (different
matas; those not pregnant previously and males failing to
induce pregnancy were mated to those that ware successful at
the first mating). As before, the animals were mated for a
20-day period, and the dams were allowed to rear their young
to day 21 post partum. At day 21 post partum, 28
pups/sex/group wsre salected to form the basis of the Filb
generation. One pup/sex was chosen (closc to median weaning
weight/sex) from each of 28 litters, where possible (if < 28
litters available, & second pup from & litter was chose:;
where > 28 litters avajilable, thoze (litters) daviating least
from the medizn weaning weight were used)]. Excess pups were
sacrificed, and one pup/sex/litter had specified organs
weighed and tissues preserved [see “/~), belcw). Shortly after
the F1b pups were weaned, the FO g .- “ts were sacrificed and
specifiad organs were waighed and ...sucs were preserved for
possible histopathological examinaZicn (see 3(a), below].

P1d Genevation: The selected Flb pups were rearsd o4 their
respective diets for at least 98 days prior to mating (= 18
weeks old), and they were mated as «described above. Sibling
pairings were avoided. Day <. post zartum, oc soon after, the
F2a pups were sacrificed and processed as vere Fla pups. After
% 10 days, thas F1b animals were ce-uated, as descrivred for FO
animals above. 7.2 females wece allowed to rear their voung to
day 21 post partum, at which time oll F2b pups an2? -ih adults
were sacrificed. Spe:i“ied organs wvere weiyhed ini x full
railge of tissues were ;:-~verved for one pup/sex/litter and all
Fib adults. Tissues 9f{ vac adults and the selected pups fronm
the control and high-dose <roups were subjected ¢to
histopathological exa.: ~ation (see 3(0c), below]. Additionally,
testes and acceszsor: .rq&ns of &all males failing to induce:
pregnansy at the seca:l aste and ovaries of femules without
young at the second m/i.te were examined histologically.

Dose preparation: The test waterial was weighed out and
ground, dissolved in a small volume of acetone, and corn oii
was added. This mixture was added to a quantity of sieved
diet and stirred thoroughly. After evaporating off the acet-
one, additional diet was added to give a pre-mix of suitable
strength. The dietary concentrations required were obtainad
from this pre-mix by direct dilution with additicnal diet and
further mixing. The diets were prepared freshly every two
wasks and stored at =4°C. The homogeneity.and stability of
Eniidosulfan in the diet were established in a preliminary study
(HST 203/82253; DER dated 10/31/85); the concentrations
achieved in this study were measured during each generation at
the start of the pre-mating treatment period, at the start of
each mating period, and shortly after each mating period.



RESULTS

The mean concentrations of Fidosulfan in the doss formulations
enalysed during tha study wers all within 10% of the nominal
ccncentrations.

Bacause the dietary :iavals of Endosulfan were maintained at
consrant levels throughour the study, the achjieved intake of
the test 3aterial (mg,kg/day) decreased in the parental
animals (both generations) as the animals grew. The table
below 1lists tha achiuved lntaku ¢or the FO ond rib
generaticns.

———————— e e e
veek
Groww 3 13 o 3 13 2]
£0 generation )
1 0.32 1.61 7.9% 0.3 1.43 7.9%
2 0.28 1.39 6.93 0.3% 1.46 8.00
) 3 0.2¢ 1.2 .00 0.29 1.46 7.46
4 0.22 1.13 5.61 0.28 1.43 7.92
s 0.20 0.9 6.9 0.24 1.2 6.32
" 0.18 0.9 469 0.3 1.2 6.62
7 0.18 0.87 4,43 6.22 1.12 ..73
A 0.16 0.8 12 0.21 1.07 .46
A 0.16 9.7 3.97 0.20 1.0% 3.33
o 0.15 0.75 3.8 0.19 1.04 5.93
- 0.13 0.76 3.0 0.18 0.93 4.8
: 0.1 0.7 3.9 0.18 0.92 “n
- Ovv. st 0.20 1.00 4.9 0.2 1,24 6.18
71b generation
) .43 2.38 11.01 0.47 .27 11.54
6 0.37 1.92 9.:49 0.537 1.8 9,83
7 0.31 1.60 .70 0.32 1.69 .7
] 0.27 1.38 6.7 0.29 1.49 7.48
9 0.26 1.20 .95 0.27 1.33 7.99
10 0.22 1.11 5.9 0.28 1.28 6.34
11 0.20 1.0 $.08 0.2 1.27 6.61
12 0.19 0.93 4.6 0.3 1.13 6.0%
13 0.1R 0.7 4,48 0.2 1,13 6.27
1% 0.17 0.89 4,27 0.2 1.09 .7
13 0. 0.86 4,01 0.21 1.0¢ .48
16 .16 0.82 3.98 0.19 1.01 .22
17 0.13 0.77 ] .18 0.96 s.01
18 0.1% 0.76 3.64 0.18 0.5% 4.88
Over i1 0,28 1.18 .72 0.26 1.32 .92
e S A T S A S E N A
L ] m
3. Paxental Investigations
(a) €linicai Observations: All animals wéfe handled reqgularly and

examined for obvious changas or signs of reaction t¢o treat-
ment. Animals showing marked--signs - of 111 health were
sacrificed to prevent cannibalism or autolytic degeneration.
&1l animals dying cn test or szacrificed ware weighed angd

suhbjected to post mortem examination to establish cause of
death.

nNgss3
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BRESULIS

survival and Clinical Observations: Therc were 4 deaths during
the study: PO Generstioam - i control, 1 low-, and 1 mid-dose
fenale dled. Pib Generaiick -~ 1 control female died. The
deaths were not considerod to be related to treatment.
Clinical siqns vere comparable among the groups in both
generations.

(b) Fcod and ¥Water Consumptjon: Food intake was recorded waekly
throughout the pre-mating phases, and food conversion racios/
ng/kg/day intake of test material were calculated. Water
consumption was measured on a daily basis during the initial
“wo and final two weeks of ~“e pre-mating treatment periods
for each generation.

RESULTIS

Ere-pating . period: P00 dGeneration - Food consumption was

comparable among the groups during both pre-mating periods.

Water consumption varied among the groups, but there was no

apparent relationship to treatment. Fib Gemeratioa - Males at

the 75 ppm dosa level displayed slightly lower (91-95% of -
control value) food consumption values compared to the

controls throughout the pre-mating period. Water intake was

comparable amcng the groups. o :

(c) Rady Weight: All animals were weighed, initially at S weeks of
age for FO generation and at selection for Flb generation, at
weekly intervals. During the mating psriod, all females were
weighed on alternate days throughout. Weights are reported for
Days 0 (day of occurrence of a positive indication of mating;
i.e., sperm or plug), 7, 14, 17, and 20 of gestation. Weights
of pregnant animals without a positive indicaticn of mating
are reported for appropriate days taken retrospectively trom
birth. Dams that littered were weighed on Days 0, 7, 14, and
21 post partunm.

BESULTS

Y0 Generation: The only effect observed was a slight decrease
in body weight at the highest dose level in females compared
to the control values. During the first week of treatnment,
the body-weight gain for the high-dose females was 67% of the
control value; the body-vweight gain during the first 4 weeks
wags 91% of control value. The overall body-weight gain duriny
- the pra-mating pericd was 96% of the contro' value in the
high-dosa famzles. o



® pe0.0%; *° p<0.01; *** p<0.091: ¢ stort of pre-mating pericd; ¢ start of sating perted;
period: ¢-) not coleulated for mates; NOTE:

843 - body-weight ecrint WGs first pre-eat!
statistics not performad on SQW de%e for 12-13, 19-

o 20-29, 21-N.

7
4
Yook Neles femstes
(%-of Contrel) (% of Crmerel)
Low nid L1 o L] i
9 191 w | w0 190 109 199
1 103 199 101 199 » %
2 193 192 2 » ) %
| 3 164 162 193 100 » *__ |
‘ 193 193 193 0 19 %
120 104 101 102 100 » 9w
. 103 103 104 - " g' '
16 104 101 102 9 % ” 8 |
17 104 101 103 » LY, %
10 109 191 103 100 109 14
3 108 100 102 » . 97
Y 108 » 102 ”» %* *
2 109 00 103 192 161 9 i
ng 0-1e 07 104 102 109 » (Y s I
| ___8ug 0-4e 108 103 102 100 % we .|
W 0-120 106 102 303 100 » L YN
gvg 12-13 . . 9 [7) [ 14
G 19-20 - . . 114 3 n_
wa_20-21 . . . 100 100 9
"o 21-2 . . . ” 54 2]
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F1b Generation: The body weights of all treatment groups (both
saxes) were lower than their respective control values at wveek
4 (dose-relataed in males);
remained throughout the remainder of the study, with the
fenales displaying a dose response by waek 5. After week 4,
all treated groups displayed valuas 2 90% of the control

value. There vere no diffe

elther sex.

this relationship to control

rences noted in body-weight gain in



femiee

=i¢ Lo "..‘:“"":‘g )
“ " _» ) ”
| 3 n__ . ] ) % -
| 17 101 - » 9 199 v
1 100 101 Lid ” " » ”
1 191 14 n wm 101 _w
e 13 L4 % S| SENEN EHES. . N SRS 2
L » 9 ”» - g 91 199
F 3 102 % ” e 100 )
9 4-18 162 . __ 44 198 101 »
l Ca 18-27 1y 100 » n 104 100

® 9<0.03; ** p<0.01; & anert of pre-suting pericd; ¢ stert of esting peried: vgestation; olestetion

e - bqﬂp-utﬁt going B0

destation

- Body weight was comparable among the groups

throughout gestation in both generations (both matings) . Body-
wveight gain was decressed at the low- and high-dose levels in
the F0 dams during gestation folloving the first mating at
various intervals, but was comparable a..ong the groups after
the second mating. In the F1b generation, body-weight gain was
comparable among the groups after the Zirst mating and greater
in the treated dams compared to the controls after the second

mating.

70 Sody \Mwight Change

Gastation
710 Sody Weight Change

(X of Contrel) (X of Cantrol)
ntd ut Low nid a4

FIRST MATE

0-7 ) 02 a4 119 % 110

7-14 91 % 8 100 100 ”

0-14 8 _ K. ] 108 164 %

0-30 100 202 95 102 197 )
STCOMD MATE .

0.7 92 e ] 9% 192 129 108

7-14 100 % 100 112 - 908 112

016 9% .= . 2 117 110

0-20 " 108 K % 118 1"e 107

Lactation - Body veight and body-weight change wvere conpara'alc
among the groups (both matings/both generations), displayving
a similar relationship as was found during gestation.

lo

. /0
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(4) Pregnancy Rate, Mating Performance. srd Gestational Period

The pregunancy rate was datermined as the percent of surviving
paired females ’hat became pregnant. With reqgard tc matiag
pezrformance, vaginal smears vere taken daily during the 20-day
mating petriod to enable the number of animals that mated on a
spscific day to be ducermined in orvder to (1) detect whether
pregnancy was intarrupted aftar mating; (2) detect nurked
anomalies of the estrus cycle; and (3) determine the median
pre-ceital time for the group. The gestation period for
fenales that lit-ered was taken as the time between the day of
successful mating and parturition.

BESULYS

FO Generation: The median pre-coital times (both matings) were
comparable among the groups. Fregnancy rates were comparable
among the groups after both matings, although the low- and
mid-dose groupa displayed the lovest rates each time.
Gestation times and the number rearing their young to weaning
were comparable among the groups.

¥1b Generation: No diffarenceas were obsersved in the median
pre-coital times, pregnancy rates, gestation times, and the
nunber rsaring their young to weaning among the groups (both
matings) that could be attributed to treatment.

Redi en Pn-c:!;o( ‘H= ‘mr
N »
Control Low nid nigh
1]
1et mating 3.0 3.0 3.0 3.0
2nd meting 2.3 3.0 2.0 3.0
b

1st mating 3.0 3.6 3.0 3.9
2ned sacd 3.0 3.0 I 3.0 3.0
C
odey by vhich half of the females successfully paired hed concelved

gerargtion/Groun Control L ou Hid nigh
*0 "
1st sating or 9 8 1 24
2nd seting 9% 88 84 o4
fib
18t mating 9 93 » 1]
2nd mating 2% - 9% 86 93

(e) s.nmm;_nm_mmm:z

Parent Animals: Shortly after the pups from the second mate
litters were weaned, the parental animals were sacrificed and
examined macroscopically. The following organs were weighed:
adrenals, brain, heart, kidneys, liver, ovaries, testes with

11



epididyrides,
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and pituitary (for males failing to induce

pregnancy at the second mate, the prostate gland and semiral

vesicles were weighed also;

the uteri of appacently non-

pregnant females vwere axamined by the Salewski technique].

Additionally,

a full range of tissues ([CHECKED (X)) was

preserved froa all animals; histopathological examination was
limited to F1lb adults from the control and high-dose groups.

Digestive system Cardiovasc. /4emat.

X! Tongue X| Aorta

X| Salivary glands X| Heart

X| Esophagus X| Bone marrow

X| Stomach X| Lymph nodes

X| Duocdenunm X| Spleen

X| Jejunum X| Thymus

X| Ileum Urogenital

X| Cecum 2] Kidnays

X|{ Colon %! Urinary bladder
Rectum X| Testes '

X| Liver X| Epididymides
Gall bladder X| Prostate

X| Pancreas X| Seminal vesicle

Respiratory X| Ovaries

X| Trachea X| Uterus

X| Lung Cervix
Nasal turbinates Vagina
Pharynx
Larynx

Additiorally, the testes, prostata,

Neurologic
X| Brain
X| Periph. nerve (sciatic)
X! spinal coiuan
X Pituitary
X| Eyes o
Glandular .
X| Adrenal gland
Lacrimal gland
X| Mammary gland
Parathyroids
X| Thyroids
Other ‘
X| Bone
X| Skeletal muscle
X{ Skin
X| All gross lesions

and massges

and seminal vesicles of all males

failing to induce pregnancy at the second mate and ovaries of females
without young at the second mate were examined histologically for both

generations.

RESULTS

Gross Pathology:

0 Adults -

Enlarged livers and kidneys were

observed in greater numbers in the high-dose 0 males compared to

the

control groups.

There were no appaxent differences in the

incidences of macroscopic changes in the low- and mid-dose males or
in any of the remale groups compared to their respective controls.
Fib AMults - Thare were no clear treatment-related. changes in the
incidences of macroscopic lesions among any of the groupe in either
. sex,

v
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Hacroscogic Findings in Adult Males at Necropsy

Macroscopic finding/ §0_Generstion £1b Gensration

Generation/Dose grougy” — o
0 3 13 75 9 3 13 e
u_Pm - anles Ns 32 32 2 32 2 28 28 .
oniarged 3 3 3 7 0 0 0 0
u_Pg - moles = 2 R 32 32 - 28 28 28
enlsrged 4 s ] 10 0 1 0 ]
madian cleft accessory lobe nr ~ nr o S [} é 8

madien cleft accessory lobe w/

pale subcepsulsr sree nr nr or ~ 2 3 9 1
median cleft w/ pele subcap. eres nr o~ ar [ 3 0 1 &
-in{-llz swol len ne ne ne n 2 - 1 0 2

* ppm; nr not reported

Hacroscogic Findings in Adult Females at Necrozsx oo
AT

* ppm; nr not reported

Macroscopic Finding/ F0 Ceneration ¥1b Gerwrs*ion
Generation/Doce group” ——

0 3 19 75 9 3 15 ™
kidneys - femeles M= 32 32 32 32 - ] 48 28 ]
entarged 0 0 ) ] ] [+] 0 0
Lliver - femsles Ns 3 32 32 32 2 28 28 8
entarged 0 0 o 2 0 0 0 0
median cleft accessory lobe n ~ [ e § 0 0 0 2.
median cleft sccessory lobe w/ ) )

pale subcapsuler sree nr o~ ne o 0 0 Q 8
madian cleft w/ psle subcap. srea ne n [ ~ 0 ] 2 1
ninisaily swollen ne ne - - LE 9 0 (]

L

: Adults: Liver weight was increased at the 75 ppnm
dose level in FO generation males and females and at the 15 and 75

ppm dose levels in Flb generation females.

Kidney weight was

increased at the high-dose level in males in both generations.
Heart weights were increased in the mid- and high-dose males (dose-

related)

in the F0 generation only, and the brain weight in the

high-dose females in the FO generation was slightly increased.

MALES (Adults)
p— -

Organ Veloht Date (X Control)

R
Dcae (PPM) . 70 Generation #1b Ceneration -
B P
3 pom 15 ppm 75 pem 3 pom 15 pom 75 ppa
Orgen Weighte
. BRAIN 101 ¢101) 101 (101) 101 (101) 100 (100) 98 (98) 9 €99
KIDMEY 105 (102) 103 ¢103) 113 (111)** 103 (100) 101 (102) 110 (112)*°
LIVER 104 (99) 103 (103) 110 ¢107)* 105 (101) 96.(98) 1} 101 ¢104)
HEART 107 (104) 104 (10%)* 109 .(107)" " (W) 10C (101) 97 (98)
tinal body weight 105 100 ; 97
” ]

¢ ( ) velue adjusted for body weight; relates to organs where the within-group nhtl“Mp to hody weight me
significant et p<0.01; anelysis of covariance using finel body ulu\t [ eourhte, fellowod by\ﬂlthn' test
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FEMALES (Adults i 0 2 P
Dose (PPN) 10 Generation £1b Generetien
3 ppm 13 pow 73 _pem 3 oom 13 ppe 73 pom

Organ Weighte
BRALN 100 (1003 100 ¢101) 102 ¢(102)* "» (9> ” (" 101 (101)
KIONEY 9% (99) o7 ¢98) 100 (103} 102 ¢101) 9% (96> 168 (10%)
LiveR 106 ¢101) 9 ¢100) 107 (110)** 104 (102) 107 (1085*° | 113 (112)00e
HEART 9 (99, 97 () 9% (101) 100 (107 . 101 (1013 162 (101)
{inal body weight 9 L4 9% 102 99 101 ‘

(a)

¢ ( ) value adjusted for body weight; reletes to orgens where the within-greup relationship te body weight wee
slgntficent ot p<0.01; anelysis of cevarience using finol body weight sa coveriste, foliowed by Wittiiama' test

: Mults -~ No significant changes were observed in
either sex in either generation. The discoloration observed .in the
kidneys is attributed to the presence of the test material (see RfD
memo dated 5/15/92). - T R - :

offspring Investigations

Ali litters: As soon after parturition as possible, .the pups wvere
counted, individually identified within the litter by toe amputation,
sexed, weighed, and examined for external abnormalities. Wwith minimal
nest disturbance, all litters were examined daily for dead and/or
abnormal pups, and pups were weighed on days 4, 8, 12, and 21 post
partum. F0 Generation -~ The total number of offspring was determined
at birth, and the number of live pups/litter was determined at birth
and at day 4, 8, 12, and 21 post partum. Litter and mean pup veights
were calculated from the individual pup weights. Pup mortality was
determined at birth and cumulatively on days 4, 8, 12, and 21 post

partum ((# of puos born - ¢ of mps purvivicg X 100
# of pups born . -

Where possible, dead pups were necropsied. On or shortly after Day 21,
excess pups were sacrificed and examined macroscopically, with any
abnormal tissue being preserved. Sex of each pup was confirmed by
gonadal inspection. For one pup/sex/litter (selected on the basis of
median body weight), specified organs vere veighed and tissues
preserved for possible histopathological examination [see above under
3(e)] . Surviving pups were weighed on Days 4, 8, 12, and 21 post
partum. At Day 21 post partum, 28 pups/sex/group vere salected to
form the basis of the F1b generation. Fib Generatice - Same ac
above, except no pups vere selected to forz anothaer generation.

NOTE: The assessment of litter parameters wvas calculated two ways by
the authors. Mean A - includes all valid data from surviving animals
that provide evidence of pregnancy, including those subsequently
losing the entire litter (failing to wean young). Nean B - includes
all valid data from any animal with young surviving to weaning.
Additionally, animals showing direct evidence of pregnancy only by the
presence of implantation sites as revealed by the Salewski technique,
were not included in the calculation of mean values. Mec~ A values are
affected by the loss of whole litters, which is often du: ~~ =aternal
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1)

neglect or effects upon the parent animal; Mean B values exclude such
losses and give an indication of any general effect on all young. For
littar and mean pup weights and abnormality values, only Mean B values
were cilculated by the authors.

RESULTS

F0 Generation - There vere no apparent adverss effects of treatment on
litter eize or litter/pup weight at birth at either mating. Decreased
litter weight was displayed at the high-dose level at day 8 through 21
in both matings, and the mid-dose level also displayed a decrease in
the second mating from day 4 on, although statistical significance was
not attained at either dose level at day 21 in the second mating.
There was a slight increase in cumulative pup loss at the mid- and
high~dose levels at the first mating only. At wean.nqg, litter size wvas
comparable among the groups at both matings. Additionally, there was
no effect on the rex ratio. ‘ ‘

Pib Generation - No advorci sffects Huoio 'obccrvod 6n any of th
parameters measured at either mating. _

PARMNETIR CONTROL LOM 0084 LILXK o Rion 0ot ‘
4 implente w N » [ )
Pre-birth Loss (X) 0 NO w0 ]
ticter slze (live)e 1.6 12.% 12.7 11.8
X pp losse 0.7 0.9 1.0 1.7
titter waighte 7.4 .} 2.6 8.4
p weighte 6.0 3.9 .7 3.9
sex retie ¢/¢ birth 6.1/%.6 6.376.3 6.3/6.3 . $.0/6.0
sex _retio ¢/9 dey 21 9.9/5.93 6,1/6.0 6.0/4.0 $.9/3.9
%w ! 11.3 12.3 12.6 1.3
Oay 8 1.4 12.3 12.4 11.4
- Day 12 11.3 12.2 12.3 11.1
Osy 1) 1.2 12,1 12,0 11,1
5., ! 104.6 107.9 106.2 100.3
Oey 8 170.3 in.7 7.3 137.4°
Dey 12 235.8 23,9 . 218.4*
Day 21 4%4.4 M9.4 o 392.4°
Ew ! 9.5 8.9 8.9 .2
Oay 8 15.6 4.6 4.1 16.6
Gey 12 2.7 20.7 1%.2 20.9
Qey 21 40,2 38,9 26,4 38.3
. Oesy k 2.4 1.9 2.3 ] 4.4
Osy 8 3.1 .2 3.6 $.0
Oay 12 4.1 .7 ) 3.9 7.1
Day 21 4.6 3.3 .7 7.8

4 data presented as Neens 8 velues or os Meen A/Mean € values; ¢ at birth; M0 not determined
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%
P
SAMTER SONTAOL Lov 000§ 210 008§ A{gN s00y
# isplants o w0 »n n
Pro-birth locs (X) » 0 ] [ ]
titter sfze (live)e 12.4/12.8 12.4/13.0 12.3/12.6 12.8
% pp losss 0.8/0.9 3.9/1.1 1.8/0.9 1.4
Litter welghte 76,9 78.7 .4 3.8
P waighte 6.0 3.8 3.9 6.2
sex retie ¢/¢ birth 0. 7/6.2 6.4/76.8 6.2/6.6 6.473.8
01 rotio ¢/¢ dey IV $,378.9 $:0/¢.3 $:976:4 3:93:¢
Oay 8 12.17%2.9 12.0/712.4 19.0/12.3 11.8
Cey 12 12.1/12.% 11.9/12.3 : 11.8712.3 1n.?
¢y 21 92,1713.% 19,9/12,3 11,8123 11,3
Oey ! ‘21,0 115.8 13.0* 112.1
Dey 8 91.2 183.6 177.4 172.3¢
Doy 12 VR4 264.8 292.8¥ 200.8%
Doy 1] 491.3 483.9 448.6 443.8
5., ! 9.5 9.4 9.2 9.7
Oey § 15.7 15.3 1.7 15.0
Oay 12 2.4 .4 20.8 21.2
oey 2% 49.3 40,9 38,6 39.¢
éoy k 1.871.8 8.3/4.9 $.2/1.4 2.8
Dsy [ ] !.1/3.2 8.6/9.2 6.’/2.' 3.3
Oey 12 6.3/3.2 9.3/3.9 6.3/2.8 4.1
[] 6.9/3.2 9.6/6.3 6.3/2.8 9.8

¢ dete presented 6o Nean § veluss or o Kean A/Nesn § velues; ¢ et birthy 15 not determined
Fib LITTER GATA (st making) ¢

— “ﬁ
PARAM TER CONYROL LOW 0068
[ ‘1‘.‘“ ] 0
Are-birth loss (X) 0 [ )
titter oizee 12.3 . 11.8/711.8
X oup losee a.9 0.9/1.0
Littor welighte 5.3 .8
pup weighte 3.3 $.6
sen reatie ¢/% birth $.6/6.6 9.7/6.2 ® 3
sex ratio ¢/¢ dey 21 3.3/5.9 3.6/3.4 3.8/5.3 .8/3.
gw i 11.4 11.6/11.6 12.0/12.7 11.0/11.2
Cey 8 11.6 11,7111 12.4/12.3 10.8/16.9
Oey 12 1.3 16.7/10.8 11.8/14.7 10.3/10.4
Doy 1 11.2 10,4/710.8 10.8/11 3 9,9/16.3
Oey i 82.8 2.6 90.5* 2.9
- Oay § 12¢.2 141.3¢ 1.8 124.9
bay 12 0.9 20%3.6 200.1 - 1m.?
Oey 21 333.9 40%.8 376.9 339.
§w ! 7.3 e.0* T.4 o X
Oey 8 11.3 3.3 1.7 11.4
Dey 12 17.1 19.8* 17.8 14.8
ey 21 32.8 39.1* 35.0 33.2 _ =
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PALANTIR SQuTA0L AW 0084 Rio 00%f nign oot
# implents =) a w ) ] 0
Pre-birth loss (X) 0 0 © 0
Litter sizee 19.9/12.3 17117 13.9 1.8
tcase 1.771.7 1.5/9.2 : [] S R 1)
Ligter weighte 7.6 6.2 ns B 5 |
pup veighte 3.9 ‘ 3.4 5.9 BN BT K
sex nﬁo /% blrth 6.7/3.9 5.8/6.1 - 1.206.3 6.176.6
/9 dey 1) $,273.4 $,4/3,3 $,673.9 -
umn.y"z'm } 11.3/11.8 1.1/11.9 1%.4 12,1
tey 8 11.2/11.7 10.7/11.4 12.3 11.9
Day 12 11.2/11.6 16.6/11.C 12.4 1.8
Sey 21 11.3711.6 10,3/10,9 13,4 ] 1,4
uuHm” 93.1 91.0 100.9 ".2
dey 8 149.0 147.9 199.3 143.1
Oay 12 2.8 229.7 8.1 22.3
dey 432.3 A7, 470.7 4289
aulﬁs*umn 8.0 8.2 7.8 7.8
Day 8 13.0 1.1 12.8 12.4
Dey 12 20.4 2.7 20.0 20.1
dey 21 39.6 42.4 38.3 38.9
e 7y w 9.7/6.1 6.2/2.6 7 .3 i
Dsy 8 10.7/7.2 9.0/3.% 8.7 .7
ey 12 11.0/7.4 9.7/6.3 7.6 8.3
~ osy 21 11.0/7.4 10.2/6.8 [ 7.9 9.3
¢.data presentad as Nean 8§ velues or Neen a/Mean § Yolues; o at birth; X0 not determined; * p<C.03; *° pe).01
(b) Tarminal studies: Offspring: The selectad offspring were subjected to

necropsy, the same organs listed above for the parents (plus the
thymus) were weighed, and the same organs were preserved as were for
the parent animals. The histological examination was limited to the
control and high-dose pups lclcct-d tron the ncond nate ot the F1ib
generation. _

RESULTS

Pituitary weights wer~ increased_in females from the first mating of
tha FO generation at the 75 ppm dose level, and females from the first
mating of the Flb generation displayed increased uterine weights a¢
this same dose level. No other differences weére reported, although the
pituitary weight of the mid- and high-dose level pups from the second
mating of the Flb generation were lower than the control vaines.
Microscopic axamination did not reveal any differences among the
groups.
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t ] fepri { veight Do P “
Sose (PPN) 10 Gensration (1st nunn 10 Senergtion (Ind seting)
3 pp 13- pom 73 pom 3 ppm 13 ppm T3 ppm

Organ Weighte
SRALN 104 (102) 9% ({100) o9 (101) 9 (%) 109 ¢101) 106 (1013
K1oney 98 (102) 93 (103) % (101) 7 (") 0 (%) % (109>
Livar % (99) 9% (103) 97 ¢103) % (9%) 91 (96) 27 (103)
NCART 9 1101) 9% (10 % (101) 98 (99) 9 (101) 97 (102)
PiTULTARY 27 (100) 106 (109) 91 (%) 103 ¢103) 173 (126) 109 (113)
final weight 96 . 91 99 - 9 94 9 )

significent et p<G.0

1

e ( ) value sdjusted for body ul.ﬁt, relates to organs where the mnm-m relationship te bow weight wes

t Date (X Control

11b Generation (1et smati o wmm ma mo® ing)
- 3 ppe 15 pom e I 3 ppm 13 pom 73 pom
Jrgan Vefghte o
SRAIN 102 (97) 101 ¢100) 9 (98) 100 (9 100 (100) » (99,
X1oneY 116 (97) 101 (96) 9 (99) 108 (98) % (9%) 101 ¢102)
Livee 120 (97) ) 97 (9N 108 (100) 9% () 103 (10%)
final body weight 120 108 00 107 . ™

o ¢ ) velue sdjusted for body weight; relatez to organs where the within-group reletionship te body nldn e

significent st p<0.0%;

___roaes sonﬁm ot Vesni or veight Bete (X cmmz )
Dose (PPH) F0 Genaration sh! - ﬂ':‘ I 19 Genergtion (3nd meting)
3 ppm 13 pom 7S pom 3 pem 15 ppm 73 ppm '
Organ Velghte
BRAIN 96 (98) L A3 )] 97 (9 99 (99) % (97 9% (99)
iouty 94 (102) 73 (100 98 (103) 9 (100) 95 (100) 9% (1025
LiveR 90 (98) 93 (16 98 (104) % (W) 9 (100) 9% (102>
PITUITARY 97 ¢100) 76 (T®) 120 (128)¢ 109 % 114
4 UtIRug 109 (116) 107 (114) 100 ¢10%) 104 €104) 106 (111) % (92)

final body weight 92 72 94 had \z) %

e ( ) value adjusted for body weight; relates tc organs where the withincgroup reletionship to body weight wee
significent at p«0.0%;

FERALES (Offspring at Yeanine) Organ Meight Date (X Controt) .
Dose (PFN) Fi Generation (ist meting) Fib Ceneretion (Ind matinrg)
3 pom 15_pom 75 _ppm 3 ppm 1S pom 73 -ppm
Organ Veighte
SRAIN 102 (97) 161 (99) 100 ¢100) 10 (99) 99 (100) 9% (98)

- KIONEY 121 ¢1033 104 (98) 102 (101} 119 (10Y): % (9 10t (i03)
Liver 123 (102) 105 (98) 105 (104) 113 (101) 2% (1003 100 (1023
PITUITARY 124 (104) 117 (110} 110 (106) “ 9 »n n
UTERUS 128 (111) 111 (104) 122 (121)** 107 (1&) 100 (104) 93 (94)

¢ ( ) velue adjusted for body weight; reletes to wm mro the within-group reletionship te Hody nlght “es

significent at p<0.01;

8
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DISCUSSION

There was no evidence of maternal toxinity at any dose level; only a
slight decrease in body-weight change was observed in the F0 females
at the high dose during the first few weeks of treatment and during
the first mating in the low- and high-dose FO females. Grossly,
enlarged livers and kidneys were observed in greater numbers in the
high-dose F0 males than in control males, which correlate with the
increases noted in the weights of these organs. There were several
differences noted in o¢rgan weights, including (1) a dose-related
increase in heart weight in the mid- and high-dose FO males, (2) an
increvase in kidney and liver weights in the high-dose FO males, (3) an

increase in kidney weights in the high-dose Flb males, (4) an increase

in liver weights in the high-dose F0 females and in the mid~- and high-
dose Flb females (dose-related), and (5) an increase in brain weight
in the high-dose FO females. Cumulative litter loss (1) was increased
at t'a high~dose level in the first mating of the FO generation.
Dec: sed litter weight (dose-related) was observed at the mid- {(2nd
mat* ' and high- ‘1st and 2nd matings] dose levels in litters of the
£O .waeration, but with no corroborative decreases in pup weight
and,o: litter #ize, the finding is considered an artifact . In the
offspring, increased pituitary weights were observed at the high-dose
level in female pups from the first mating of the FO generation, and
increased uterine weights were displayed in female pups of the firat
mating of the Flb generation. There vese no differences noted between

‘the control and high-dose F1ib adults and F2b veanlings with regard to

the microscopic examination of tihe selected tissues.
CONCIUSION

Under “he conditions of the study, exposure to Endosulfan technical
via *he diet during pre-mating (FO generation -~ 84 days; Fib
genexration - 98 days) and through gestation and lactation, at dose
levals of 0, 3, 15, and 75 ppm, produced minimal maternal toxicity at
the high-dose lavel. Mortality, food/water consumption, and body
weight were not affected in either generation, but there was a
decrease in body-weight gain observed in the FO females. There was no
effect demonstrated on pregnancy rate, gestation times, or the ability
to rear young to wean’ng, and the pre-coital time was comparable among
the groups in both generations. FO males displayed increased heart
weight at the mid- and high-dose levels (dose-related) and increased
liver and kidney weights at the high-dose level. FO females displayed
increased brain and liver veights at the high-dose level. In the Fib
adults, the high-dose males displayed increased kidney weightse
compared to the controls and females displayed increased liver weights
at the mid- and high-dose levels. There wvas nc effect of treatment on
litter size throughout both matings of both generations. In the first

mating of the FO0 generation, there was an increase in the cumulative

iitter loss (%) at the high-dose level. Litter and pup weights wvere
comparable at birth among the groups in both generations, but there
was a decrease in litter weight observed in both matings in the FO
generation, which was significant at the high-dose in the first mating
and at the mid- and high-dose levels in the seacond mating (dose-

19



009352
18

related) . Because there was no corroborative finding of a decrsase in
tha numnber of pups per litter or in pup wveight, the decrease in litter
weight is not considered to be treatment-related. Increased pituitary
weights (high-dose 990 pups of 1st mate in FO generation) and increased
uterine weights (high-dose 99 pups of 1st mate of Flb generation) were
observed in the offspring. There were no histopathological findings
observed that could be attributed to treatment.

The NOEL for maternal toxicity can be set at 3 ppm (» 0.2/ ag/kg/day),
the LEL at 15 ppm (» 1.0 mg/kg/day), based on increased liver weliglLt.
The NOEL for effects on the offspring can be set at 15 ppm, the LEL at
75 ppm, based on increased pituitary and uterine weights. A NOEL for
reproductive effects can be set at 75 ppm (™ 5.0 mg/kg), the highest
dose tested. Although there wers no significant effects noted on the
dams, the dose levels are considered adequate, based on the results of
the range~finding study in which there was an increase in cumulative
pup loss and a reduction in litter size at the 100 ppm dose level at
days 24 and 28 post weaning. This study is remains classified Core
minimum, and it satisfies the guideline requirements (83-4) for a 2-
generation reproduction study.

MOTE: As recommended by the RfD Committee (memo dated May 135, 1992),
this reproduction study in rats has been reevaluated. The effecits
observed at the mid-dosa level are listed below.

NID~Dose ADULTS - A dose-reslated (1) increase in heart weight in ro
males; (2) increase in liver weight Flb females; (3) decrease in
litter weight in the FO generation, 2nd mating. Since the latter
finding was not accompanied by a comparable decrease in pup veight or

in the number of pups per litter, it is not considered to be
treatment-related.
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