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abnormalities (Courtney and Moore, 1971),
and internal hemorrhages (Khera and Rud-
dick, 1972}

The postnatal effects of exposure to
TCDD also have bsen investigated. Moore
et al. (1973) reported a high incidence of
hydronephrosis in the pups of female mice
given a singlc dose of TCDD on the day of
‘parturition; presumably, the pups were
exposed to TCDD by it's presence in the
dam’s milk,

To assess the postnatal effects of prenatal
exposure to TCDD, Khera and Ruddick
(1972) gave 0, 0.125, 0.25, 0.5, or 1.0 pug

TCDD/kg/day to pregnant Wistar rats from

Days 6 to 15 of gestation. Dose-related
decreases in the average litter size and pup
weight at birth were noted at all but the
Towest dose level. The survival of the pups to
21 days of age was significantly decreased at
0.5 yg TCDD/kg/day, and there. were no

surviving pups "at 1.0 ug TCDD/kg/day.

Upon mating the offspring of the dams

given TCDD, decreases in the incidence of

pregnancy and in the average litter size were
observed at 0.5 u¢ TCDD/kg/day.

The purpose of the study presented herein
is to evaluate the effects of TCDD on the
reproductive capacity of rats given the
compound continuously throughout three
generatious, For this study, groups of uale
and female rats werc maintained on diets
supplying levels of 0, 0.001, 0.0, or 0.1 ug
TCDD/kg/day. : .
METHODS

Test material, The test sampie of TCDD used for
this ' study ' was prepared. by The Dow Chemical

© Company, ‘Midland,: Michigan.: The purity of the’
: tést muaterial wag greater than:99% as determined by -

electron. capture gas-liquid chromatography. ...+ o
. Animals, Male and. female Sprague-Dawley rats
(Spa'r_t'aq"gi‘xﬁs!ra‘in)'.?“ '6-7 wieeks Of age Were randomly
placed’ in ‘suspended ‘wire-bottom' cages (two per
cage). The rats were allowed laboratory chow?® and

tap watet ad /ibitum,

«

2 Spartan Rescarch Animals, Haslett, Mich.
A Pyring Laboratory Chow, Ralston-Purina Com-
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Experimental design. Throughout three generatios
the test animals were continuously maintained .
diets containing sufficient TCDD tu grovide dg
levels of 0, 0,001, 0.01, or 0.1 48 TCDD/kg/day. T
f, rats were randomized into test groups consisting
16 males and 32 femslec sach (contrel and high do
groups) or 10 males and 20 females each {low w
intermediate dose groups). The fy rats were placed ¢
the test djets at about 7 wecks of age. After 90 days |
the test diets, the f, rass were mated to produce ti
f,, litters, Thirty-three days after the last £y, live
were weaned, the f, rats were remated to produce il
f,,, litters. Some of the f, rats werr mated for 2 thir
time in & ¢ross-mating study, as described in a lau
section. The fi. and £, rate were mated at an averny
age of 130 days to produce the f; and f, litters, respe
tively. The rats which served as parents for thes
generations were selected by a tahle af randas
numbers. L
Preparation of test diets. The test diets were pre
pared by the procedure described by Kociba ¢ a
{1978). The concentratigh of TCDD in.the dict wa
. adjusted as required by body weight and food con
sumption dcterminations in nrder to maintain th
designated dusages on a microgram per kilogram pe
day basis, The concentration of TCDD in the tes
dists was confirmed by gas chrometography-mas
spectrometry after ¢xtraction and suitable*clean-up
Mating procedure, For the initial mating of the [
rats, each male was placed with two females fram the
same dose group for a period of 19 days (three gyfgou:
cycles). Because the incidence of pregnancy folllving
the initial mating of the f, rate was unusually low it
all groups, including the controls, the f, rats wert
‘mated sgain approximately t month after the last
f, litters were weaned, The mating ptootdure was
altered in an effort to improve the overull pregnancy
rate. Each fomale was placed with a male for two
6-day mating periods, cach with-a different male,
separated by a 6-day resting period. The pan beneath
the cage was examined each morning for the presence
of a vaginal plug. This mating procedure, was used
for all subsequent matings with the exccflifon of the
cross-mating study, .
During the mating period, animalg of both sexes
were maintained on diets comaining TCDD at
concentrations caleulated for the females, After the
mating period, males were returned to their original
cages and given the TCDD-containing diets as pre+
parcd for the.males. The females were placeg in-
individual cages containing ground corn cob litter for-
nesting. A screen was placed in the bottom of each.
cage at the end of the first week of lactation. The
fernales continued to receive the test diets throughout
gestativn amd lactarion. :

Observations. For each generation, body weights of

. the male and fesale rats were recorded weekly until
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the time of mating. The amount of faod consumed
was recorded at 3- to 4-day intervals until the time of -
mating. After mating, the fcmales were observed &
daily for signs of normal and abnormal parturition.
The date of parturition was recorded, and the number
of days from the first cohabitation to parturition was
calkculated. The numbers of live and dead newborn
pups were recorded on the day of parturition (Day 0).
The number of live pups was noted on Days 1, 7, 14,
and 21 afer delivery. Each litter was weighed on
Days 1, 7, ang 14. On Day 2{, individual body
weights of the weanlings were recorded.

Cross-Mating study, After receiving the test diets
for 12 months, the f, rats were cross-mated with
younger, untreated rats as follows.

Males Females

Controt x Untreated

0,1 g TCOD/keg/day = Untreated
Untreated x Control

Untreated x 0.1 ug TCDD/kg/day
Untreated x Untreated

Control x Control

Each male was placed with a single female for 10 days.
Yaginal smears were examined daily for the presence
of sperm during the period of mating, Females were
acrificed by carbon dioxide inhzlation 20 or 21 days
ifter spertn were found in the vaginal smear. Those
‘tmales which did not exhibit sperm in the vaginal
imear were sacrificed 21 days after the first day of
sohabitation, The utcrine horns were exteriorized
hrough a midline incision jn the abdominal wal, and
he numiber und position of live, dead, and resorbed
etuses were noted, The uterus of each apparently
onpregnant femnale was stained with a 1094 solution
o sodium sullide and examined for evidenge of im-
Hantation sites (Kopf, 1964); this procedure was con~
wucted solely for the purpose of detérmining the
wcidence of pregnancy (not the incidencs of resorp-
ions).

Gross necropsy and histopathology of weanlings. A
rogs pathologis examination was ¢onducted on the
eanlings which were not selected as future parents,
he liver, kidneys, and thymus of four to six 21-day.
Id pups per sex per dose level fram the Fy, fi, and f
tters were weighed; histologic examination of thess
ssues was conducted on paraffin-embedded sections
" tissues which were stained with hematexylin and
isin.

Statistical evalvarion. Statistical evaluation of the
dexes of reproduction, such as fertility and survival
dexes, was made by the Fisher exact probability tast
iegel, 1956). Analysis of the incidence of alterations
nong the weanlings was made by the Wilcoxon test

modificd by Haseman and Hoel (1974). Analyses of

€8 399d

the body weights and fond consumptions were mads
by a one-way analysis of variance and Dungett's test
(Stee! and Torre, 1960), The level of sxgmﬁcano:
chosen in all cases was p<0.05. S

~~RESULTS
Dtetary Cam‘enr ‘of ICcDD - -
wlaed ! awmd A.

Durmg the 90-day pcnod pnor to, maling
of the f, rats, the concentrations of. TCDD in.
the diet which were required to provide dose
levels of 0.001, 0.01, and 0.1 ug TCDD/kgf
day ranged between 12-20, 120-215, 1125~
2075 ppt, respectively. After the initial 90
days on test, the concentration of TCDD in
the diets ranged between 16-30, 150-290, and
2000-2300 ppt,  respectively. = Repeated:
analyses of the diets indicated good agree-
ment between the intended concentration of
TCDD and the analytical concentration.

Clinical Observations

Ingestion of the diets contammg TCDD
did not significantly alter. the physical ap-:
pearznce, body weight, ar food consumption:
of the fy rats during the 90 days prior toi
mating. Duyiuy the matipg period, one high-.
dose female, which™ exhibited pneumonic’
consolidation of the lungs, died, but no
evidence of clinical toxicity was seen among
any of the other f, rats, '

In subscquent generations, the hlgh-dosc
group (0.1 ug TCDD/kg/day) was discon-
tinued since few females. from: this group:
delivered offspring: No effect was observed .
on the appearance, body weight, or food
consumption of the three surviving pups
(all males from the same litter) at the high
dose. At the intermediate dose, 0.0l ug

"TCDD/kg/day, however, the body weights

of the f, and f, rats (both sexes) were consis- .
tently lower than those of the control rats,
and a trend toward a decrease in food con-

sumption was noted. One f, male receiving -

0.01 ug TCDD/kg/day died during the mating
period. At the low dose, 0.00]1 ug TCDD/kg/
day, no effect on appearance, body weight, or
food consumption was discerned.

ur
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TABLE 1

FerTILITY INDEX (FI) OF RATS GIVEN 2,3,7,8-TETRACHLORODIBENZO-p-DIOXIN (TCDD)

ug TCDD/kg/day
v} 0.001 0.01 Q1
Generation Fle. % FI % FI o %
fo
First mating 1432 44 10/20. 50 12/20 60 k71 L (1
Second mating 21132 66 14/19 74 15/20 75 1/30¢ 3
1, 22126 8s 15/17 a8 12/2)? 57
fa 28/32 8% 20120 100 12 55

@ Fertility Index (FI) = number of fomales delivering a litter/number of femnales plaged with 2

nale.

- b Slgmﬁcamly different from the control value by Fisher’s exact probability test, p < 0.0,

Femhty B

Fertility was s1gn1ﬁcant1y reduced among
the rats given 0.1 ug TCDD/kg/day (Table
1). After the initial mating of the f, rats, only
3 of 31 females receiving the high dose
delivered a litter; one of these three dams
died 11 deys after parturition, with compres-
sion atelectasis of the lungs, Upon remating,
the lowered fertility of the 0.1 ug TCDD/
kg/day f, rats was even more pronounced,
with only-1 of 30 females delivering offspring,

At 0.01 yug TCDD/kg/day, no effect on
fertility was discerned among the. f; rats, but
a significant reduction in fertility was ob-
served among the f| and f; rats (Table 1),
Among the rats receiving 0,001 gzg TCDD/
kg/day, the fertility.index. was not signi-

ficantly different. from- ﬂ-mt of the comrol'

rats in any generation, -
“Compared: to the contml group, thc co-
pulatory index (the percentage of females
exhibiting a vaginal plug in the pan beneath
the. cage) was.significantly decreased at the
high: dose: . However, -this decrease in ¢o-
pulatory. activity was not of sufficient magni-
tude:to:fully. cxplain -the. decreased fertility -
nated ‘at<that 'dose, . No ‘effect on" the co--
pulatory ‘index; was observed among the low
or intermediate dose groups. . . ‘
The ‘average number of days from cohabi-
tation to delivery was not significantly altered
by ingestion of 0.1 ug TCDD/kg/day in the

TAM3N 4

TABLE 2

AYERAGE NUMBER OF DAvs BeTWeeN Fmst Co.
HABITATION AND PARTURITION AMONG RaTs GIVEN
2,3,7.8- TETRACHLORODIBENZO-p-DI1oXIN (TCDD)

ﬁﬁCDD/ks/day

Generation 0 0.001 0.01'"%, > 0,1

fo . -

First mating 26:+5% 25+2 2613 2641
Second mating 2643 27+3 26x4 31
f: 25k1 2542 274

f, 25%2 25%3 28+4

¢ Mean £ SD.
¢ Significantly different from the control value by
Dunnett’s test, p<0.05.

diet (Table 2), However, at 0.01 gg TCDD/
kg/day, significant increases in the average
number of days from cohabitation to par-
turition. were noted among the f, and f,
rats but not among the f, rats, Ingestion of
0.001 uyg TCDD/kg/day did not alter the.
period from cohabitation te delivery in any
generation. '

.Ln‘ter Size ut Birth

Compared to the control value, the
average number of pups (live and dead) per
litter at birth was significantly decreased
among the few f,, littersiielivered at 0.1 ug
TCDD/kg/day (Table 3). Similarly, the size
of the single f,, litter from the animal re-

89p2 199665 TEZZ Z20BBC/EC/10
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TABLE 3

AYERAGE NuUMmEK OF PUPS FER LITTER AT BIRTH

AMONG RATS GIVEN 2,3,7,8-TETRACHLORODIBENZO-p=

pioxiN (TCDD) B
zg TCDD/ke/day
Generation - 00 0001 001 0.1
fie §+4* 1043 - B4  4t1F
fis 11+4 10+3 10t4 6°
f2 1143 11+4 8§£2
fs 1I£3 1114 9zé

¢ Mcan numbsr. of pups (live and dead)+ SD,

» Rignificantly different from the control value by
Dunnett’s test, p <005,

€ One litter only.

ceiving the hiph dose also was smaller than
that of the control group. At 0.01 ug TCDD/
kefday, statxstxcally significant decreases in
litter size were noted among the f3 and fy
litters but not among cither set of fy litters.

At 0.001 ug TCDD/kg/day, no effect on
litter size at birth was observed in any generas
tion.

Gestarion Survival

Among the offspring. of rats given 0.1 g
TCDD/kg/day, the gestation survival index
(the percentage of pups alive at birth) was

“f

* dose, one of six pups was stillborn. At 0.01 pyg-

. noted among the f, 3nd f; pups but ndt among:

‘index among the f;, and f, pups but not

‘creased and increased, respectively; in subse- -
_quent generations, no effect on the postnatal:’

"TABLE 4
GENERATION SURVIVAL INDEX (GSI) AMONG !.mm OF RATS GIVEN

mgmﬁcantly lower than that of the. control ‘
pupe; in fact, all of the pups were stillborn'in -

“each of the three f,. litters delivered (Table

4). In the single f), litter delivered at that,

TCDD/kg/day, ' statistically - significant , de~;

creases in the gestation survival index were!

the f,, ‘or f;, pups. At 0.001 ug: TCDD/kg/n S
day, the gestation survival index was sigmi~: =
ficantly lower than the.control value in the:”
f. generation, but not in earlier or lIster
generations. - - :

DPostnatal S:rrvwa! RS ' o

- The posmatal sum'(al mdex, (the per-—
centage of liveborn pups surviving to 21 days
of age) for the single 0.1 4g TCDD/kgf
day litter was comparable to that. of the.
control group (Tablc. 5). Ingestion of 0.01 ug:
TCDD/kg/day resulted in statistically signi-"
ficant decreases in the postnatal “survival

among the fy, or f3 pups. At 0.001 ug TCDD/

kg/day, the postnatal survival index among.
the f,, and f), litters was significantly .de»

survival index was seen at this dose. - . '~

2,37, 8~Tmcmononmmm~p~moxm (TCDD)

‘ “E TCDD/ks@Ay : ‘
0 o001 ~ 001 : 01
Generatien ~ GSI* - % - GSI % -GSl % GSL %
f1a 106111 95 8I®T 90 93103 %0 o™ 0
I 215225 96 . 120/135 89 138/144 96 56 83
f, 235244 96 148/166° 89 g7/101° 86
fy o 296/318 9 208/224 93 83/100° 83

* Gestation Survival Index (GSI) = the proportion of newborn pups which were alive at birth,

b Seven dead Pips were observed among two of the thres litters deliversd by animals recciving the
high dose; in the case of the third litter, it was recorded that “all” of thc pups were dead at birth, but
the exact number 6f dead pups was not recorded.

4 qlgmﬁcarlrly different from the control value by Fisher's aknot ptobabnhty test, p < 0,05,

p@ IOV T1aMEN 4 89v£ 199585 LZ:2C 2BBZ/EC/1B



'

MURRAY ET AL.

TABLE

5

POSTNATAL SURVIVAL INDEX (PSI) AMONG LITTERS OF RaTS GIVEN
2,3,7,8-TETRACHLORODIRENZO-p-DIOXIN (TCDD)

3 l"l

ug TCDD/kg/day
o 1.001 0.01 0.01
Generation PSI* % PSI % PSI % PSI ¥
fia 99/106° 93 73/87% 84 63/93> 68 — f
fin 160/215 74 110/120° 92 93/138 71 4/5 8O
f, 205/238 87 126/148 BS 51/87* 59
f 2351296 79 163/208 78 64/83 77

. * Postnatal eurvival Tadex (PSD = numbct of liveborn pups surviving to 21 days of agef

number of liveborn pups, .
* Significantly different from the eontrol value by Fisher’s exact probability test, p <0.05.

"t ¢ No liveborn pups.

Terin

TABLE 6

" POSTNATAL BODY WEIGHT AMONG THE OFFSPRING 05 RATS GIVEN
2,3,7,8-TETRACHLORODIBEN2O-p-DioXIN (TCDD)

J

4g TCDD/kg/day
Generation : Day 0 0,001 0,01 0.1
fin 1 841 711 7+1 -
7 17+3 1412 1542 -
14 3245 2745 045 —
21-M 49412 A5+ 6 46L8 —
21-F 47+8 4446  43+6 —
fip 1 71 741 T+1 6
7 15+2 1612 14%3 15
- 14 . 2943 2844 . 2844 33
. 21-M 4619 43+ 6 46+9 50
e 21WF L A3 T 4347 4+8 5
1y 1 TEl T 6+1°
7 152 FEFY 14£2
14 2644 2545 2448
21-M 4018 40+t9 3728
A 2LF 36+6 ki P 36%8
£y Y T+1 842 6+1
’ 7 - 142 16+ 122
CT 14 | 286 ‘2048 245
St 21-M 4318 . 45114 T4
[P -u—»~-~21 F-orn 4248 - - 41+7- 3z

"« Mean of litter means +SD (g).

* No liveborn offspring. -
¢ Significantly diffarent from the control value by Dunnctt‘s test,

p=<0.08.
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Postnatal Body Weight

The average body weight of the pups of
rats given 0.1 ug TCDD/kg/day was not
significantly different from that of the contrél
pups (Table 6). At 0.01 ug TCDD/kg/day,

significant decreases in postnatal body weight .

were observed among the f; and f, litters but
not among the f; litters. At 0,001 ug TCDD/
kg/day, no effect on postantal body weight
was detected in any generation.

The body weight of the dams during the
period of lactation was pot significantly
affected by the ingestion of any of the TCDD-
containing diets.

Necropsy x

A gross necropsy was performed on the
' 21-day-old pups that were not saved ay
parents for the next generation. The few pups
from amimals receiving the high dose level
which survived to 21 days of age were not
sacrificed and were allowed to survive to
adulthond. ITpon necropsy as adulte, dilated
renal pelvis was seen in all three rats which
survived at that dose; in one case, a sub-
capsular cyst in the kidney also was ob-
served. No other abnormalities were noted in
these rats.

Necropsy of the 21-day-old pups revealed
a statistically significant increase in the inci-
dence of slightly dilsted renal pelvis at
0.001 xg TCDD/kg/day in the f; generation
but not in subsequent generationms. At the
intermediate dose, 0.01 ug TCDD/kg/day,
the incidence of sligbtly dilated renal pelvis
was not significantly diffcrent from the ingi-
dence in the control group in any generation.
No other alteration occurred significantly
more often among the pups of rats receiving
TCDD than among the control pups.

Organ Welghts and Histopathology

Organ weights of 2l-day-old pups were
not obrained at the high dose or at the inter-
mediate dose in the f, generation due to a
lack of available pups. A significant de-
¢rease in the average thymus weight (abso-
lute and relative) was seen at 0.01 ug TCDD/

6@ 3V

kg/day in the f; gemeration but not the f;
generation (Table 7). Also, the relative liver
weight of the 0.01 pg TCDD/kg/day male
weanlings was significantly greater than that
of the controls in the f but not the f; genera-
tion; a similar trend was noted among the
females. No effect .on the average weight of
the kidneys was discerned at Q.01 ug TCDD/
kg/day: At 0.001 xg TCDD/kg/day, organ
weights were ‘not altered significantly, but a
trend toward an increase in relative liver
weight was observed. Light microscopic
examipation of the thymus, liver, and kidneys
of the weanlings revealed no histopathological
alterations considered to be related to the

ingestion of TCDD.: ~ . . =

Cross-mating .StudJ;

To ascertain whether one sex was pres
ferentially affected by TCDD, male and
female f, rats (control and high dose groups)
were cross-mated with younger untreated
rats of the opposite seXx. The invidence of-
pregnancy among the untreated females bred
with the f, males which received the high dosa
was not significantly different~-from that of
untreated females bred with fy control males
{Table R); in fact, 60%, of the untreated
females were pregnant when bred with the
same males receiving the high dose which

“earlfer had produced fertility indexes of only

10 and 3%, when mated with the high-dose
f, females. Among the f, females, the inci-
dence of pregnancy at the high dose was
slightly greater than that of the controls,
However, the incidence of pregnancy among
both. the control and high-dose females was
extremely low duc probably to their ade
vanced age. The number of implantations per
dam among the cross-mated high-dose males
or females was not significantly different
from their respective controls. No effect on
the incidence of resorptions was discerned
among the cross-mated high-dose males.
However, among the cross-mated females
receiving the high dosc, there wus a statlsti-
cally significant increase in the incidence
of resorptions compared to the control

TTEMEN d
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& i » i - TABLE7 ’
RS L\ Qac}\'N j‘fsicms o 21-Day-OLD OFesFRING OF RATS GIVEN 2,3,7.8-TETRACHLORODIBENZO-p-DIOXIN (TCDD)
e N ) . B ‘_B,ody . Thymus Liver i Kidney
Cae w0 T HRTCDD .. weight -
Generation i Sex* kefday :° n '__fj (@ B gloeg B gliod g . P /100 ¢
i T M 4 . .57 Bi10° 0231002 0.413007 3041089 5171068 0671013 1161011
R C M 0001 .- 5. 5i+5 D20+4004 038+006 2523035 S721046 0614007 1.20£0.0
Cn .M 001 S @s4 0181005 036£007 2753048 S58+039 0.59£008 1214011
Lo . F 0. .. 5 4319 0223007 0ASL014 2.65:0.63 5364042  0.601:0.16 1.22+0.10
C i 5 0001 5 4517 0074005 037£006  239+018 5333053 0553006 {.231+D09
oo . F a0l S 4746 0.18+004 0374006 2674025 5574047 O5T£008 (2010405
L N ’ =
fr - M 0 _ 5 38 0.42+034 032£008 1821038 5114047 041£008 L17:0.11 g
o M 0008 S - 4139 @15+006 035+0.09 240071 S7940.60 0528035 1.25£0.0 -
M ool & — — = _ _ _ _ %
F ¢ . 5 366 0441034 0374006 199041 5463053 0471006 1311009 v
F 9001 5 42410 0.134006 03E30.00 2541065 6801059 0.52£0.15 121001 -
F ' 001 o — —_ — — — — - [
EA M 0 5 4245  0.19+00] 045£006 1961036 4404029 047£0.07 1114006
M 000 - 5 A2+tl  0.19+006 043+004 2261047 5394047 0.50£0.00 1193012
M 001 4 W0+9  00B+002 0264002 1724053 595%1.04° 038£003 1.3410H
F a 5 Al£8  DIB£004 0453007 1.96:0,63 4733060 0471012 LI14£008
F 0.004 S 4248 081003 042:004 2421053 5.693046 0.54£0.10 1.28+0G8
F 0.01 5 30+9  007£00% 025¢0.11° E654054 $72¢1.38 037£0.09 310D
e

“M, males; F, fernales.
*MeantSD,

<Pue to s shorlage of weentings a1 0,01 xg TCDD{kg/day in the £,
* A10.01 yg TCDD/ke/day, only females were available for necropey in the fitth litter selecied at random.

N

¢ Significantly different from the control value by Dunnett's est, o <£.05.

geaeration, organ weights were not obtained.
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TABLE 8 ' _ . o 2Test on
Resurts or THE CROSS-MATING OF THE fo RATS GIVEN 2,3,7,8-TETRACHLORO- .~ ~ . "+, .
DIRENZO-p-DIOXIN (TCDD)
Experimental group § Perocntage
- Percentage Implants/ implants
Male Female Pregnant. dam® . resorbed
. Control  x Untreated 58 (11/19) 9%3 10 (10/100) ¢ e fm LV
TCDD  x Unisaed U220 10xe sz T
Untreated x  Control 5 (120) - 13 semy s
Untreated x TCDD 15 (3,200 7+3 70 (14/29)f L C e
Untreated x  Untreaed S0 (18/20) . 1212 13 (28/219)
Control % Control 30 (3/10)¢ T+ 23 (5/22)

* Male and fernale f, rats (control and 0,1 xg TCDD/kg/dry groups) were
cross-mated with young untreated rats of the opposite sex, : )

® Mean +SD.

¢ Significantly differeat from the contral value by Fisher’s exact probability -

test, p<0.05.

i Sipnificantly different from the control value by a ona- -way analysis of

variance, p < 0.05.

valuc; half of the resorptions observed
among the high-dose females were late
resorptions,

Upon staining of the uterus with sodium
sulfide stain at necropsy, approximately
one-half of the high-dose females demon-
strated evidence of having been pregnant at
an earlier date, probably from one of the two
previous matings. Of the control f, females
which did not appear to be pregnant, ali but
two showed indicatiohs of having been preg-
nant when the uterus was stained with
sodium sulfide.

DISCUSSION

Effects of TCDD on rcproducnon seen in
the current study were qualitatively similar
to thosc obscrved by Khera and Ruddick
{(1972) in the offspring of pregnant rats given
TCDD from Days 6 to 15 of gestation. In
that study, decreased necnatal survival was
observed at dose levels of 0.5 and 1.0 ug
TCDD/kg/day; dose-related decrease in litter
size and pup weight at birth were noted at
doses of 0.25 ug TCDD/kp/day and above.
In the present study, similar effects were
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clearly evident at 0.01 and 0.1 ug TCDD/kg/
day, as summarized in Table 9,
Acenmulation of TCDD may have beca
responsible for the difference between the two
studies in the dose levels required to produce
these adverse effects, In the study by Khera and
Ruddick, rats were given the compound for
only 10 days, whereas in the current study
TCD]D was given throughout geststion and
for at least 90 days prior to gestation.
Pharmacokiuclic studies In rats given 0.01-
1.0 ug TCDD/kg/day have indicated that
TCDD approaches steady-state .coneentra-
tions in the body in 90 days (Rose et al.,

1976) . Taer

At the mtcrmcd.tatc dosc of 0.01 ,ug
TCDDj]cg/day, many adverse effects seen in
the f; and f; adults and their litters were not
evident in the f, adults .or their offspring.
The most obvious difference is that the f,
rats were given TCDD beginning at about 7
weeks of age whereas subsequent genera.

tions were. exposed to TCDD, at least -

theoretically, from.the time of conception.
This suggests that some of the effects ob-
served were initiated, perhaps, during the
neonatal period. This theory is supported by

TEMEN d
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TABLE 9

: SUMMARY OF EFFECTS OF 2,3,7.8-TETRACHLORODIBENZO-g-DIOXIN (TCDD)
ON REPRODUCTION

ug TCDD/kg/day*
Parameter Gengration 0.001 0,01 0.1

-Fertility ) fo - -_ dec
fq - —_ dec
fl - dec
f; — dec

. Litter size fla —— — dee
o o 1 Ty - — dec
LR f, - - dec :
PP . f‘ N a— dﬂ:

Gestation Survivai  fu - - dec?
flb — -_— —"
fa dec dec

. f 3 dcc . 1
Mostnatal survival fia des dec b
- f|. |m — —
f, — dec : e
ST . ) fa —_— —

Postnatal body weight fha — - v 3

T ' ; fis — - -
1 — dec
fy — dec

2 (—), unaffected ; dev, decreased; ine, increassed.

* No livebarn offspring.
£ One litter only

"v

thc fact that rcduu:d ferﬂhty and smaller
litter’ sizc*was scen by Khera'and Ruddick
(1972)'in the ‘adult oﬂ'spnng of’ pregnant rats
treatcd prenatally

- Crosg-mating stuches mdmated that in-
gestion of TCDD did not interfere with the
fertility of the 'male rats, Among the cross-
mated’ fema[cs however, a high incidence of

. resorptions;* pamcularly late’ tcsorpuons,

was‘coi:servcd't among ithe’ dams’ receiving
:TCDD’*Thus, bbie decreascd fertility ‘index
seenwith TCDD> may‘have ‘been ‘due; " at
least'ih part;"toa number of:litters being
entirely’ resorbed. "The- decrease in the
average number of fetuses per litter a1 birth
might also be explained in tertas of an increase
in the-incidence of resorptions. Sparschu et al.
(1971)"reportad a - high | incidence of  late

T1EMEN d

resorptions and a decrease in litter size among
pregnant rats givem TCDD on Days 6
through 15 of gestation.

. Other factors also appeared to contribute
to the reduction in the fertility index. For
examiple, there was & significant decrease in
the number of females exhibiting a vaginal
plug at 0.1 gg TCDD/kg/day, suggesiing a

" decrease in copulatory activity, At 0.01 ug

TCDD/kg/day, the average number of days
from the first day of cohabitation to the day
of parturition was significantly increased in
the later generations, indicative of some
interference with the estrous cycle. Kociba er
&l (1976) reported morphologic alteratlons
in the ovaries and uterus .suggestive of a
suppression of the estrous cy&" in female rats
given 1 ug TDCD/kg/day for 90 days. Allen

wla
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et al, (1977) reported an irregular estrous
cycle and a low incidence of .pregnancy
among female rhesus monkeys given-a diet
contaim'ng 500 ppt TCDD for 6 months.

T geueral, the: reproductwc performance of
the f, rats, including the control rats, of this
and a concurrent teproduction study on
another chemical was poorer than that seen
in previous studics. Attempts to explain the
cause of the poor pc‘rt'ormancc were fruitless.
A marked improvement in teproductive
performance was observed in subsequent
generations (control and low-dose groups).

Slightly dilated renal pelvis was seen signi-
ficantly more often than in controls among
the weanlings at the low dose in the f, genere-
tions but not in the f, or f, generations.
Because no ingrease in this alteration was
observed: in subsequent generations or at

" higher dose levalz, the increase at the low
dose was not considered to be compound
refated. TCDD-Induced hemorrhages in the
gastro-intestinal tract of fetal rats as re-
ported by Sparschu er al. (1971) and Khera
and Ruddick (1972) were not seen in the
current study. = |

The no-adverse-effect level in the present
study, 0.001 ug TCDD/kg/day, was the same
as that found in a chronic toxicity study of
TCDD conducted ' in this laboratory by

Kociba ef al. (1978). In that study, the inci-

dence of certain tyges of neoplasms was
ajtered among rats’ given 0.0l or 0.1 ug
TCDD/kg/day, dose levels which adversely
affected reproduction in the current study.
Of interest, a decrease in the incidence of
tumors of the uterus and the mammary
gland was noted among the female rats re-
ceiving TCDD; that effect on the tumor in-
cidence, as well as some of the effects ob-
scrved on rcp’rodu'cfioﬁ in the present study,
“may have been mediated through a hormonal
imbajance,

In conciusion, mpaxrrncnt of reproduction
was clearly evident among rats ingesting 0.01
or 0.1 gg TCDD/kg/day; significant. de-
creases were observed . in fertility, litter size,
gestation survival, postnatal survival, and

28 3FOvd

~ REPRODUCTIVE TOXICITY.OF TCDD INRATS .

‘HasemaN, 1. K., anp Hoet, D. G, (1974). Tables of

291

postnatal body weight. No adverse’ cﬁ'cct oi
reproduction was diseerned amon g rats given
the low dose of 0.001 ug TCDD/kg/day. "~
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