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Dioxin in the Diet. MIJIUlJ.Y, F. J., SMITH, P. A .• NmCitXJI, K. D., Hvr.usroN,· c. a.. . . . 
K.OCIBA, R.. 1., AND Solwnz, B. A. (1979). Toxlcol, · AppJ, Plu:umc.ciJI. 50, 241-2Sl,J A 
three·gene!'lltion reproduction study was conducted to evalua.~ th" ~ffecb: of chronic, !dw- · · 
level Ingestion of 2.3,7,8-tetraehlorodibenzo-p-dioxin (TCDD). Sprague--Dawley r!lts 
were maintained continuously <>n diets providing dose levels of 0, 0.001, 0.01, or 0.1 ~~~ 
TCDD/kg!day. No si~ficant toxicity was noted in the r~ rats of either ~r nuri11g the ~o 
days uf TCDD Ingestion prior to mating. Significant decrellSC$ in fertility and neonafil 
survival were observed in the fo generation rats rcceivini 0.1 .us l"CDD/ksfday; these' 
effects precluded continuation of this hish dose level in subsequent 11eneratiC1m. At 0.01 ~~ · · · 
TCDD/ilkitl11y, ~n!Jit)' wa.s signifi~tly decreased in theft and fl but not fD etneratior\s; 
Other indications of toxicity 5een at O.Olllg l"CDD/kgJday included dc:crea.ses in litter ;;:., 
si~ at birth, sestation survival (pcoportion of pups bom alive), and : neonatal s11rvi~l ~ · .... . 
and growth. Among tll~ ruts recelvins 0.001 ,ug TCPD/ks/day, no dfcct ·on. fertility. utter· . . . 
size at birth, or postnatal body weisht wu observed in any generation. No consistent effect·· ' .. 
on neonatal survival WIL$ observed at 0.001 JJ8 TCDD/kg/day. In swtunary, the re.,ro. · · ·' 
ductive C3pllCity of~t:l ing.esting TCDO was clearly affected at dose levels or 0.01 and 
0.1 pg TCDD/kg/day, but not at 0.001 pg TCDD/ks/day, through thtce successive 
generations. 

~ compound 2.~.7.R-t~traehlorodibe~:»
ioxin (fCDD) may be found as a low~ 
:1 contaminant in products made from 
S-trichlorophenul, such as the herbicide 
5-trichlorophenoxyacetic acid. Toxico
cal studies in laboratory animals indicat~ 
TCDD is extremely· toxic when given. as 

,gle oral dose (Schwetz et al., 1973; Vos 
'·• 1974; McConnell eta/., 1978) or when 
n repeatedly (Kociba et a/;, 1976, 1978; 
n et al., 197i; Van Miller and Allen, 
). . 

resent address: Syntex Corporation, Stanford 
tri11l Pi!.rk, Plllo Alto, calif. ~304. 
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TCDD has been shown to be te~togenic in 
several strains of mice. Courtney and Moore 
(1971) noted increased inciden~ of cleft 
pa1ate and kidney abnormalities among the 
litters of mice given 3 pg TCDD/kgfday 
subcutancou$ly. Sim.il11.r results were obtained 
in mice given oral doses of 1 to 3 J.lg TCDD/ 
kgfday (Neubert and Dillman, 1972: Moore 
et a/., 1973 i Smith e(al., I 970). No evidence 
of teratogenicity ·was ·obserired in mice given 
0-11-48 TCDD/kgfday (Smith er .a/., J976). 
In rats, TCDD was more fetotoxic than 
teratogenic, producing intestinal hemorrhage 
and edema (Sparschu et al., 1971)~ kidney 
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abnormalities (Courtney and Moore, 1971), 
and internal hemorrhages (Khera and Rud

, <lick, 1972). 
The postnatal effects of exposure to 

TCDD also have been investigated. Moore 
et a/. (1973) reported a high incidence of 
hydronephrosis in the pups of female mice 
given n $inslc dose of TCDD on lhr: 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 t-o TCDD, Khcra ~nd Ruddick 
(1972) gave 0, O.J25, 0.25, 0.5, or 1.0 pg 
TCDDjkgjday to pregnant Wistar rats from-
!Jays 6 to 15 of gestation. Dose·related 
decreases in the average litter size and pup 
weight at birth were noted at all but the 
lowest dose level. The suf'Jival of the pups to 
21 days of age was_significantly decreased at 
0.5 f.l.g TCDDfkg/day, and there were no 
surviving pups at 1.0 ,ug TCDP/kgfday. 
Upon matin~ the offsprini of the nll.ms 
given TCDD~ decreases in the incidenCe of_ 
pregnancy' and in the average litter size were 
ob~e.-vcd at 0.5 J-1~ TCDD/kgjday. 

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 
,sener-atious. For tbis study, gtoups of male 
and female rats were maintained on diets 
supplying levels of 0, 0.001, O.Ql, or O.lpg 
TCDD/kgfday. . 

METHODS 

Tltsl muterial, The ~t sample of TCDD used for 
this · study · 'was preoarCd' by The Dow r.hemical 
Con\pany; .-Mi<!land.-. MlcbigaiJ·. 'The purity of the· 

: re,t material. was ~ater tluul: 99% as determined by : 
electron,. capture gas-H quid c!u'9matograpby. , ; , --: :: 
~Animal:~. ~Male aJid.Jemalc Spr-ague-Dawley rats 

(Spi#,tm.~~6striin).~ ·~i~eek:S'~r a,e were randoinly' 
plaCed' In -suspended w•~bottom· cages (two ner 
cage)~ ·ne rats were allowed laboratory chow' and 

Experimental dtsi!fn. Throughout three generatioJ 
the test animals were CQntinuou~ly maintained , 
di•ts .containins oufficicrat TCDD tv provide Clc 
lc:vd~ of o, o.oot, 0.01, or O.l ,ug TCDD/kgjday. T 
f0 rats were randomized into test groups consistina 
16 male.s: and 32 females ee1oh (contrOl and nil!.h do 
sroups) or 10 males and 20 females each (low at 
intermediate dose groups). The !'0 rats were placed c 
the !e.~ I ~iels a.t about 7 weeks of' a~. After 90 <lolys, 
the test diets, the fa rats were mated to produce t1 
f,. littm. Thirty-three days after the last r,. litte 
wi'!re ~aned, the f0 rata w11r11 r.m11.tad. tQ proQuce !l 
f1b litters. Some of the f~ rats 'Nelli mated for a thir 
time in a cross-mating study, as described in a lat• 
3ection. The f,. llild r. r:~l~ were m,.fed 11t :an ave~ 
age of 130 days to produce the f2 and f, Iitten, respec 
tively. The ('ats which served as parents for th~ 
generations were selected by a tahle nr randor 

numbers. 
Preparutlon o/ttst diels. The test diets were pn: 

pa_rerl hy the I"•~ on de~i'oe<! by Kocibll. ..,,. "' 
{]978). The concentratijin of TCDD in the diet wa 

- ac!jU5tW as required by body wciaht and food con 
sumotion d~erminatioM in ni'CI<!!r to maift~in th' 
designated dosages on a microgram per Jcilozram pe 
day buis. The concentt"ation of TCDO in the tes 
diets was confirmed by ~ c:hromatomphy:mas: 
spcetn;>metry after extraction and suitable~clean-up 

Matinl' procedur~. For the initilll mating of the f, 
rats, each male WM placed With two fcmal~ rl'(ltn the 
same do~ group for a period of 1 ~ days (three .ti! 
cycles). Because the incidence of J)resnancy fo-ne 
the initial mating of the f. rats was unusually f;;)\i,. in 
all groups. including the co.ntrols, the fa ral!l were 

-mated again approximately 1 mol'l.th after the las• 
f1• li~ters were weaned. The mating procedure was 
alterrxl in an effort to improve the oveRll pregna,q~ 
rate. Eaeb. fc:ma.le wu J))aced with a mal~ for two 
6-day matins: periods. each withe a different male, 
separated by a 6-day resting period. The pan beneath 
the cage was examined each morning for tbe prescru:e 
of a vaginal plu1. This mating proced~ used 
for aJl subSequent matins:; with the cx.~ftfin of th~ 
cross-matinS' study. 

During the mating period, animlliS of both sexes 
were mllintained on diet$ containing TCOI> at 
coneentratiollll c:deulatt~d for the females, After the 
mating !)Criod, males were retumed to their original 
cages- and given the TCOD-containin& diets li.S ~· 
pared for the--males. The females -were· p~ in 
inaividual cages contalnini ground com cob litter for 
n.,dng. A screen was placed in th~: bottom of eru:II. 

tap water euJ libitum. ' 
cage at the end of the first week of lactation. T~ 
females continued to receive the test diets throughout 
gc~~l\iiuu "rul lacuuion. 

1 Sp:utan RC5co«:h AnimillS, Ho~.olct!, Mich. 
,J Purina Laboratozy Chow, Ralston-Purina Com· 

- paey, -St. Louis, Mo •. ,., -. ·. :, : 
'· ''(r,,!. 1"1-!' • ! i ; ~ • ~ • '' · I 

''~·\ t , t,.:i • t_J - f .J":••:J ' , I• ~ 
0 

~.:I ";t •. - ·,' 1 :• ' 

~ Tl' ~fi'\ J • .• • t .; ., , • , ·.,,, ·, :· 

''')'i~ I:.,,,, • • O'o ,>I 

Observa/i(UII. For each generation, body weights of 
the male and female rat$ were recQrded weekly until 
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the time of mating. The amount of food consumed 
was recorded at J. to 4-day intervals until the time of, 
mating. After mating, the females 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 
calculated. The numbers of live and dead newborn 
pUP$ were rc:corded on the day of parturition (Day 0). 
Tne number of live pups was noted on Days l, 7, 14, 
and 21 after delivery. Each Iiiier was weighed on 
.uays 1, 7, ana 14. On Day 21, individual body 
weights of the weanlings were J:eeorded. 

Crou-Malirtg study. After receiving thr: test diets 
for 12 momhs, r.ne rQ rats were cross-mateo witb 
youngcr, untreated 1'3-ts as follows. 

Males 

Control x Untreated 
0,114 TCDD/ke/dAJ~ >< l.Jntf~IC<i 

Untreated x Control 
Untreated x 0.1 pg TCDD/kg/day 

Untreated 
Control 

x Untreated 
x Control 

Each male was placed with a single female for 10 dayS. 
Vaginal smears were examined daily for the presence 
)f sperm during the period of mating. Females were 
.acrificcd by carbon dio1>ide inhalation 20 or 21 day; 
Lfter sperm were found in the vasinal smear. Those 
emales which did not exhibit spenn in the vaginal 
;mear were sacrificea :Zl aays after the f!nt day of 
:ohabitation. The uterine horns were: exteriorized 
hrough a midline incision }n the abdominal wall, and 
he: nunt1JI;I iiml pu~ition Of !IVC, (lead, and resorbed 
=tuses were noted. The uterus or each appa.n:ntly 
tonprcgmmt female was stained with a 10% solution 
rf sodil.ml ... Hh.lc and eJulml~d for evidence of im
'lantation sites (Kol:'f, 1964): this procedure wa.s C:Oil• 
:ucted solely for the purpose of determining the 
1c:idenec or pregnancy (nQt the: induc:na:: oC rr:sorp
'ons). 
Gross ~~~~rop$y and hfstopatltology of weanli~~¥:s. A 

ro" patholosi<> $l<llmim~iion was eondu,.~d on tllc 
'eanHngs which were not selected II$ future parents. 
he liver, kidneys, and thymus of four to ~i~t 21-day• 
lcl ))Up& p.!r ~IIJ< pllr d~C level from thO ftDI (2> iiQQ fl 

tters were weighed; histologic examination or these 
>sues was conducted on paraffin-embedded sections 
' tismes which wwe st~ined with hematoxylin ~nd 
!Sin. 
Srati$lical evaluation. Statistical evaluation of the 
d~:x"" C>!" rt"production, s:ueh Q' fertility and ~urvivnl 
de~tes, was made by the Fisher exact probability test 
tegel, 1956). Analysis of the incidence of alterations 
none- the we~nlin~~ WM madP by the Wilc:oxol'l te=l 
modified by Haseman and HoeJ (1974). Analyses of 
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the body weiJtht<l ann fnnrl <"Ol'lfllmption~ were mad• · 
bY a M~-way analysis o( va(ianc= and Dunnett's test 
(Steel and Torrie, 1960), The level of signific:mce 
chosen in all eases wasp<: 0,05. ·· · 

···RESULTS 
• ' ' ' '• .. ~;', .. : .: 7 .,:~. ~ •.: ~.) • ' , ' 'I • • i.,. 

Dietary Content ojTCDD-:-.~-:.· .. _·",":'"~.-~-. ,.,. 
• p •• • ·' • - ~ •' .,, j • ! . ·~'. '··· 

:During the 90-dAy pedod prior to, mit.Liug 
of the f0 rats, the concentrations of TCDD in . 
the diet which were required to provide 'dose 
levels of 0.001, O.Ol, and 0.1 pg TCDD/kg/ 
day ranged between 12-~0 ... Iz~ilS, l 125-
2075 ppt, re$pectively. After the initial 90 
days on test, the concentration of TCDD in 
the diets ranged between 16-.-30, 150-290, and 
2~2500 ppt, respectively. Repeated~ 
analyses of the diets indicated good ·agree
ment between the intended concentration of. 
TCDD and the analytical concentration. 

Clinical Ohsel'"oatio7UI 

Ingestion of the diets containing TCDD. 
did not siznificantly alter. the physiCII.l ap-, 
peanmce, body weight, or food consumption.: 
of the f0 rats during the 90 days prior to i 
lllll.t.ing. Duriu!'; U.u:; m11.ting 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 f0 rats. 

In sub3c:qucnt generations. the higb-dose 
group (0.1 ~Jg TCDD/kgjday) was discon
tinued since few females. from this grOUJ' • 
delivered offspring: No effect was observed 
on the appearance, body weight, or food 
com:umption of the three surviving pups 
(all males from the same litter) at the high 
dose. At the intermediate dose, 0.01 }lg 
TCDD/kgfday, however, the body weights 
of the f1 and f2 rats (both sexes) were r:onsis- , 
tently lower than thos:e of t~ c:ontrol rats, 
and a trend toward a decrease in food con
sumption was noted. One f~ male receiving · 
O.ol !Jg TCDD/kg/day died during the matin~ 
period. At the low dose, 0.001 pg TCDD/kg/ 
day. no effect on llppea.rance, body weisht, or 
food consumption was discerned. 

ll3M3N d 
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TABLE 1 

FERTILITY INDEX (Fl) OF RATS GIVEN 2,3,7,8-Tt:ntACiofT..OROC!IIENZO-p-J:llOXrN (TCDD) 

pg TCDD/kg/day 

0 0.001 0.01 0.1 
--·-·---

Generation FI•. % FI % Fl % FJ % 

fo 
First mating l4/32 44 10(20. so 12/20 60 3/31~ 10 
Second mating 21/32 66 14/19 74 15/20 75 lj3ot 3 

r, 22/26 8S 15/17 !IS 12/7.1~ 51 
t. 28/32 88 20/20 lOO ll/2cr ss 

• Fertility Indox (Fl) = number of f=ales delivering a litter/number of females !)lacea with a 
llllllc... 

· • Signific:antly different Crvm the: control value by Fisher's exact probability test, p < O.OS. 

Fertility . 
Fertility was significantly reduced among 

the rats ~;;ivcn 0.1 pg TCDDfkgfday (Table 
1). After the initial mating of the f0 rats, only 
3 of 31 females receivijlg the high dose 
delivered a litter; one of these three dams 
died ll days after parturition, with cornpres
iiion ateJec:tasis of the lung3. Upon rematin~. 
the lowe1"ed fertility of the 0.1 Jli TCDD/ 
kg/day f 0 rats was even more pronounced. 
with only I of 30 females delivering offspring. 

At O.OI J.lg TCDD/kg/day, no effect on 
fertility WM discl!!rned among the f 0 rnt3, but 

a significant reduction in fertility was. ob
served among the f1 and fz rats (Table 1). 
Among the rats receiving 0.001 pg TCD'D/ 
kg/day,. the fertility index was not signi· 
ficantly different. 'from· th$\t of the· control 
rats in any generation. · ·' . : 
·Com~red· to the control group, the co

pulatory indeA (Lh~ . percentage Of femaleS 
exhibiting a vaginal plug in the pan beneath 
the. cage) was.significantly decreased at the 
high· dose; .. However, ·this decrease in co
pulatory activity was not of sufficient magni
tude-'; to:· fully. explain .the:;: decn::<~.sr;d fertility . 
noted· ~at(that ·dose .. No .,.effect 'on·· tlie co
pulat"o!j.~indexi was obs~rved among the low 
odntermediate dose groups.. . · 

The ·average number of days from cohabi· 
t~tion to delivery w;as not ~ignificantly altered 

by ingestion of 0.1 ~g TCDDfkg/day in the 

TABLE 2 

AYERAOE NUMBER. OF' D4YS BETWbtll F'IR&T C~ 
llA81TA'l"rON At-It> PAIUURJTlON AMONG RATS GIYEN 

2,3. 7,8-TETII.ACHLORODIBEr/~o-p-I:>IOXIN (fCDD) . 

JAiftEDnJks/d.ar 

Generation 0 0.001 O.Of'~ 0,1 

fo 
First mating 26± S" 
Second matir~g 7.6:1:3 

f, 25± l 
r2 2S:t2 

2S±2 
27±3 
2S±2 
25±3 

26±3 
26;:1:4 
27::;4~ 
28:!:4~ 

• MC311±SD. . 

26±1 
31 

~ Sisnificantly different from the control value by 
Dunnett's te:st, p < O.OS. 

diet (Table 2). However, at 0,01 pg TCOD/ 
kg/day, si~nificant increases in the average 
number of days from cohabitation to par
turition . were noted amon2 the: f1 and f2 
rats but not among the f0 rats. Ingestion of 
0.001 pg TCDD/kg/day did not alter the. 
period fi'Om cohabitation to delivery in any 

gene~ation •. 

Litter .Size ut Birth 
Compared to the control value, the 

average number of pups (live and dead) per 
litter at birth was significantly decreased 
a~ong the few f1a Jitter .. ivered at 0.1 pg 
TCDD/kg/day (Table .3). s·imilarly, the 5ize 
of the single f1b litter from the animal re-
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TABLE 3 

AvfRAO!; NUM.!I~ Uf' J'ups. PEK LJTI'ER A.T HlR'O{ 

A1-1o~c R.Ars G1VEN 2,3,7,8-TttRACHLOROr>tBENzo-p-
DroxiN (TCDD) · ~ 

.------
pg TCDD/kg{day 

Oenc:ration 0 0.001 0.01 0.1 

r1. 8±4" l0±3 8.l;4 4±1~ 

r,~ 11±4 10±.3 10±4 6" 
1'2 11±3 11±4 8:!::3~ 

r, ll±l 11±4 9±4t 

• Mean number o,t"pup~ (live and dcad)::t;SD. 
8 Significantly different from .the control value by 

Dunnett's test, p<O.O!I. 
• One Jitter =ly. 

c:eiving the hi~h ·dose also was smaller than 
that of the control group. At 0.01 pg J'CDD/ 
kg/day, statistically significant decreases in 
litter size: w~;re .noted among the; f: and f3 

littel"s but not among either set of fl litters. 
At 0.00! pg TCDD/kg/day, no effect on 
litter size at birth was observed in any genera• 
tion. 

Gestation Survival 
Among the offspring of rats given 0.1 j.lg 

TCDD/kg/day, the gestation sur-Vival index; 
(the percentage of pups alive at birth) was 

/ 

significantly I~wer than that o{the:control, 
pup&; in fact, all oi the pups wcr1: stillboni in· 
each of the three f1~ litters delivered {Table 
4). In the single fJI, litter delivered at that: 
dose., .one of six pups was stiiJborn •. At 0.01 pg
TCDD/kg/day, statistically · significant J de:-.~ 
creal:e~ in th~. p;e<>f:Hiorf survival index weref 
noted among theJ2 andf3 pups.'bui'not.a:mong/ 
the f1a··o.r· f1t. pups.· At 0.001 pgiTCPDfkgf,1 
day, the gestation survival index wa~ signi~-l 
ficantly lower than the. control value in the:· 
r~ generation. but not in earlier nr Jgter 
genemtions, 

.I: 
~ .. ",.; 

Po~tnatal Survival '''· ··· · .:. ·c•·, h' 

. Tile postnatal suivii8! .. i~dei~· :(the. p~~, 
centage of liveborn pups surviving to 21 days 
of age) for the single O.l pg TCDDfkgf 
day litter was oomparable to that' of the. 
oontrol group (Table. S). Ing¢$tion of 0.01 .us· 
TCDD/kg/day resulted in statisticall~ signi· 
ficant decreases . in the postnatal survjval 
index among the f,.. and f2 pups but not 
among the f 111 or f3 p·u.ps. At 0;001 pg TCDD/ 
kgfda.y, the postnatal survival' indw. I.I.Dlollg .. 

the f11 and f1b litters was significantly d~. 
creased and increased, tespectively; in subsc-: 
quent generations, no effect on the postnataL · 
survival index was seen at this dose~ . · :· 1 

TAliLB 4 

GENERATION .Smt,VlVAL INDI!X (GSI) AMONO LrrrERs OF .RATS GM!I'I 
2.3, 7,8• TETRACHLOAODDUlN~~DIOXlN (TCDD) 

#K .TCDD/ks/day 

0 0.001 0.01 0.1 

Gem:ralion GSI• % GSI % · OSI % GSI % 

r,. 106/111 95 87/97 90 93/103 90 Of7••c 0 

f" 2!S/W 96 120/13S 89 138/144 96 S/6 83 
f: 235/244 96 148/166" 89 87/101• 86 
r, 296/318 93 208/224 93 83/100". 83 

• Gestation Survival Index (GSI) ~ .the proportion of newborn pUPS whi;h were allw at birth. . 
• s~n dl!llcl f'I"Jl~ were observed among two of the thna litter'!l delivered by animlll~ =ivins the 

high dose; in the case of the third litter, it was recorded that "all" ofthCI pups were dead at birth, but 
the exact number or dead pups was riot recorded. 

< Signific:1ntly different from th~ eontrol "'aluc b;y Fisher'• u.nQ:t probc.bilit)' test, p<0.05. 

... 
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TABl.E S 

POSTNATAL St!RVIVAL INDEX (PSO AMONG LITTER5 OF RATS VIVEN 

2,3, 7,8-TcrucHLORoDJBilNZo-,o-oroxiN (TCDD) 

/J.I TCDD/ks/day 

0 O.OOJ 0.01 0.01 

Generation PSI• % PSI % PS[ % PSI % 

r,. ~~/lOCI . 93 73/'d7• 1!4 e3/9J~ 68 -· ..J 

r •• 160/215 74 110/1206 9Z 93/138 71 4/S 80 

f, 205/2.15 87 J26/l48 BS Sl/8,. 59 
. rJ 2JS{29ti 79 163{208 78 ~/83 77 

• l>ostnatal SUI'Vival ll"'dex (PSI) =- numb..r of liveborn pups •urviving to .21 Jay$ of a'Ff, 
number of liveborn pups. 

• Significantly different from the control value by Fisher's exac;t probability test, p<O.OS • 
. c;·:'' ., .• No livebom DU(:)$. 

: '; '., : ·: 

•.i"··.: .. ··1 .. 

~~ !"'- · . . _ .. , 

... ,, 

TABLE 6 / 
POSTNATAL BoDY WSI<iHT AMONG THP. OJ!FsPRtNO OS' ll.An; GIVEN 

2,3, 7,8-fiTIV.CHLOROOIDENZQ-J""OIOX[N (TCDD) 

Generation 

pg TCDD/kl/day 

Day 0 0,001 O.ot 

1 
7 

14 
21-1\.{ 
21-F 

8±1• 7.±1 
17±3 14±2 
3H5 27±5 
49±11 ~S;U 

47±8 44±6 

7±1. 7±1 
7 15±2 16±2 

14 . 29±!. 28±4 . 
21-M 46±9 . 43±6 

7±1 
1$±2 
30±5 
46;tS 
43±6 

0.1 

-· 

, . --·- .................... ___ ,_., -21-r .43±7 43±7 

7± 1 
14±3 
28±4 
46±9 
44±8 

6 
1S 
33 
50 
Sl 

.1 7±1 .7±1 
7 1-'i:i::~ 14:i::3 

14 26:1=4 25±5 
21-M 40±8 40±9 

............ _, __ ,·,. 2l·F 36±11 l!):i::S 

r, 1 7±1 8+2 
' 7 l4±2 16±S 

. • ·: 14 Z'd::f::6 29::1:8 
n:)!•··~ .:·: . '·. , .,. 21-M 43±8 45±14 
;:::.:!.:~--~-··-'-·---- ~--·-21-F---~·42±8-··- -41::1::7· 
~} ~ i; : ,1.' . ·:' I ""; ' . 

· · • Me!Ul of litter means±SD (s)-
• No liveborn offspring. S 

6tJ• 
14±:.'! 
24±5 
37±8 
36±8 

6:1:1 
12:1:2 
22±5· 
37±7 
34±6' 

• Signifi.:antl:y dit'r,.,rent from the control vo.h.le by Dunnett's tc:;sl, 
p<O.OS. 
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REPRODUCTIVE TOXICITY OF TCDD IN RATS 

Postnatal Body Weight 

The average body weight of the pups of 
rats given O.l11g TCDD/kgfday was not 
significantly different from that of the contre,l 
pt1ps (Table 6). At 0.01 liS TCDD/ksfday, 
significant decreases in postnatal body weight . 
were observed among the f2 and fJ litters but 
not among the f 1 litters. At 0.001 fig TCDD/ 
kg/day, no effect on postaotal body weight 
was detected in any £P.n.-r~tion_ 

The body weight of the dams during the 
period or lactation was not significantly 
affected by the Ingestion of any of the TCDD
containing diets. 

Necropsy 

A gross necropsy was performed on the 
21-day"old p~o~ps that were not saveu a 
parents for the next generation. The few pups 
from animals receiving the high dose level 
which survived to 21 days of age were not 
sacrificed and were allowed to survive to 
adulthootl. Upon necropsy as adults, dilot~d 
renal pelvis was seen in all three rats which 
survived at that dose; in one case, a sub-
capsular cyst in tb.e kidney also was ob
served. No other abnormalities were noted in 
these rats. 

Necropsy of the 2l·day-old pups revealed 
a statistically signifiC¥-t increase in the inci
dence or ~lightly dllaled renal pelvis at 
0.1)1)1/-Lg TCDD/kgfday in the f1 generation 
but not in subsequent generations. At the 
intennediate dose, O.oi.ug TCDD/kgfday. 
the incidence of slightly dilated renal pelvis 
was not significantly different from the inci· 
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 Weights and Histopathology 

Organ weights of 21-day-old pups were 
nut obtained at the high dose or at the inter· 
mediate dose in the f~ generation due to a 
lack: of available pups. A sienificant de
crease in the average thymus weight (abso-
lute and relative) was seen at 0.01 #g TCDD/ 

kg/day in the f3 generation but not the f 1 

generation (Table 7). Also, the relative liver 
weight of the 0.0! _ug TCDD/kgjday male 
WL";anlings was significantly greater than that 
of the contz-ols in the f3 but not the f 1 g~:m:ra

tion; a similar trend was noted among the 
females. No effect on 'the average weight of 
the lddneys was discerned at 0.01 JJg TCDD/ 
kg/day; At O.cxn ;.t& TCDD/kg/day, organ 
weight~ W!."rt! 'not altered significa.ntly, but a 
trend toward an increase in _~relative liver 
weight was observed. Light microscopic 
examination of tile thymus, liver, and kidneys 
of the weanlings revealed no histopathological 
alterations·. considered to he relAted to the 
ingestion of TCDD. · · -~ 

Cl•oss-inatinc .Study 
--

To ascertain whether one sex was pre· 
ferentially affected by TCDD. male and 
female f0 rats (control and high dose groups) 
were cross-mated with younger untreated 
rats of the oppo~itc: sex. The: indllt::nce of· 
pregnancy among the untreated females bred 
with the f0 males which received the. high dose. 
was not significantly different.-from that of 
untreated females bred· with f0 _control males 
(Table 8); in faet, 60% of' the untreated 
females were pregnant when bred with the 
same males receiving the high dose which 
earlier had prod.uced fertility indexes of only 
10 and 3% when mated with the high-dose 
fo females. Among the f0 females, tho inci
dence of pregnancy at the high dose was 
slightly greater than thi.t of the controls. 
However, the Incidenc= of pregnancy among 
both the control and high-dose females was 
extremely low due probably to their ad. 
vanced age. The number of implantations per 
dam among the cross-mated high-dose males 
or fcma.lt::.:; wa:. not significantly ddferent 
from their respective conttols. No effect on 
the incidence of resorptions was discerned 
among the cross-mated high-dose males. 
Howev~r, among the cross-mated females 
reeeiving the hi~h dose, there Willi a statist!~ 

c:ally significant incrc:ase in the incidence 
of resorptions compared to the control 
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TABLE 7 
-~~ ~. ·:":- 1 ~~ . - - . . 

~ : • O!l<MN ~EIGI-ffil OP 21-DAY·OW 0FF.O'BJNG OF RAlS GWEN 2,3,7,8-TE"Jl'.~CH~~WDJDiMZo-p·rpoXIN (TCDD) 

... 
'c ·- I'>

•- .. · ':. ~ 

Generi\ti.;:m ·-: Sex• 

·:, fl~ 
~.: 

-,2: 

rl 

M 
M 
M 

-F 
-· F 

F 

M 
M 
M 
F 
F 
F 

M 
M 
M 
F 
F 
F 

pg/TCDD 
kg;day 

0 
0.001 
0.01 
0 
0.001 
0.01 

0 
0.001 
0.01 
0 
0.001 
O.oi 

0 
0.001 
0.01 
0 
0.001 
0.01 

n :: 

.5 -
S, 
.5 
.5 
.5 
s 

·Body
Weight 
. (ll) 

~±1~ 
.SJ±S 
4~±4 
4)±9 
4S±7 
41±6 

5 . 16±8 
.5 - 4!±9 
0" 
s 31i±6 
j 42±10 
0'"' 

5 
.s 
44 
:5 
·s 
s 

42±:5 
42± ll 
3(1±9 
41±8 
42±8 
30±9 

Thymus Liver -· 

. g • gJJOOg g sJlOOg 

0.23±1>.02 0.41±0.07 . ) 3.04 ±:0.89 
0.2{)± 0.1>4 0.38 ± 0,!)6 . 2.92±G.3S 

.S.l7±0.M 

.s.n±o.46 
558±0.39 
.SJ6±0.42 
S.38±0.SJ 
H7±0.47 

R18±0.05 0.36±0.07 2.7H~.'II 
0.22±0.07 · OA.5±0.14 2.65 ±0.63 
0.11 ± 0.0.5 0.37± 1).06 2.39 ± 0.18 
0.18±0.04 0.37±{}.06- 2.67±!l.2S 

0.12±0,)4 0.32±0.08 
O.l5±CJ.oJ6 0.3H0.09 

OJ 4 ± 0.134 0.37± 0.06 
0.13±{).06 0.31±0.10 

0.19±0.0. 0.4H:0.06 
0.19±0.06 Ml±0.04 
0.08 ± 0.412• 0.26:1.: 0.02" 
[}.18±0.04 0.4H0.07 
0.18±{).03 0.4Z±OM 
O.OHO.OJ• 0.2.HO.Il• 

.-·! 

1.82 ±1).38 5. ll± 0.47 
2.40±l>.JJ 5.19±0.60 

1.99±0.41 5.46±0.53 
2.54±0.66 6.tG±O.S9 

Ul6:f;ll.36 4.~>±0.29 

2.26±0.47 5.39±0.47 
t.72±ll.B B6± 1.04" 
1.9li±Ml 4.73±0.60 
2.42±0.5) .S.I\9±0.46 
1.65:t t!..S4 :5.~2± 1.38 

-........ 

Kidney 

g 

0.67±0.13 
0.61 ;!;0.07 
O . .S9f:0.08 

. 0.60:t 0. 16 
O.S5:!.:0.06 
0.57:!:0.08 

gJJOO!! 

1.16±0.11 
·1..20±0.10 
J.2J ±0.1 J 
1.22±0.10 
E.23±0.09 
1.20±U5 

0.4J tO.O!I 1.]7 :1.:0.1 J 
0 . .52 :!:0.15 1.25±0.]1 

0.471:0.06 1.31 ±0.09 
0.:52±:0.15 1.21±0.11 

0.47 ±0.07 1.1 1 ± o.c..s 
0.50±0.10 l.l9±0.12 
0.38:!:0.08 1.34±0.24 
0.47±0.12 1.14:f;O.<J8 
054±0.10 l.28±0.<J!I 
0.17±:0.1» 1.3]±0.'29 

• M, malt$; F. females. 
•Mean± SO. 
• Due to • shortage of ~tJ~ at O.Ol14 TCDD/kgJda.y ir. the r~ generatiort, organ weights were not obtained. 
~At 0.01 fJB TCDDJkgjday, only females were available for necropsy Ln the fifth lilfer sdected at rand an. 
• Signific:anlly diffe.reot from the control value= by D~nnetl's ce.st, p <e. OS. 

N 
.f;>.. 
co 

:=:: 
~ 
~ 
>< 
~ 
> 
r' 



REPRODUCTIVE TOXICITY OF TCDD IN MTS t249' 

TABLE 8 _·.<,· .. :r on 
ltE$ut.:rsov~ CROS8-MATlNO OF THe f0 RAn GIVEN 2,3,7,8-T£'tRA.CW.OR~ . 

Dr!!11NZO.p·OIOXIN (TCDD)4 , 

Experimental. sroup ~ Percentage 
Percentage Implants/ implllllts 

Male F<'mAic pu:~nant. aam• .::. resorbed. 

Control X Uctreat~ 58 (l 1/19) 9±3 10 (10/IOO)··i .· .. ~ ::; - j- ~-· •• 

'rCDD X Untn:a~ {,() (12/20) 10±4 9 (ll}123f 
. - ,. ~'?; 

. : .. ~ ; .. ~!~ ~ 

t.T ntrea ted )( Control .s (1/20) ' 1J 15 (2/13) ,, ,,_ 

t.Tntreat.el:! )( TCDD l.S (3/20) 7±3 70 (14/~)'. _.,.,, 

Untreated )( Untreated 90 (18/~0) 12±2 13 (28/219) 
Control X Control 30 (3/JO)" 7±7~ 23 (5/22) 

• Maie and female fa rats (control and 0.1 ~g TCDD/kg/ditY s:roups) were 
CM$.<rmat~ with Young untreated rat:; of the: opposite sex. · 

& Mean±SD. . . 
• Significantly different from the control value by Fisher's exact probability · 

test, p < 0.05. 
1 Significantly di.ff'CI"~:nt from the: cnntrol val~" by a o:~e-vmy IUlllly~i3 of 

varianc:e, p c: 0.05. · · · · · 

value:; half of tbr:: n:sorptlons 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-do.se female~. demon
strated evidence of having been pregnant at 
an earlier date, probably from one of the two 
previous matings. Of the control f0 females 
which did not appear ~o be pregnant, all but 
two showed indic2tiohs of havins been preg
nant when the uterus was stained with 
sodium sulfide.· 

DISCUSSION 

Effects of TCDD on reproduction seen in 
the current study were qualltatively similar 
to those ob$e£Yed by Khc;ra and Ruddick 
(1972) in the offspring of pregnant rats given 
TCDD from Days 6 to 15 of gestation. ln 
that study, decreased neonatal survival was 
observed at dose levels of 0.5 and 1.0 pg 
TCDD/kgfday; dolie-rc:lat~tl decrease In litter 
size and pup weight at birth were noted at 
doses of 0.25 J.lg TCDD/kg/day and above. 
In the present study, similar effects were 

90 39\Jd 

clearly evident at 0.01 and 0.1 pg TCDD/kg/ 
day. as summarized in .Table 9. 

Accnmulation of TCI>D mny have been 
responsible for the difference between lhe two 
studies in the_ dose level~_requ~red to produce 
these adverse effects. In the study by Khera and 
Ruddick,· rats were given ·the compound for 
only 10 days. whereaS in the curr~nt ~tudy 
TCDD was given throughout gestation and 
for at least 90 days prior to gestation. 
Pha.rmacokim:l.lt: studies In rats given U.Ol-
1.0 #8 TCDD/kg/day have . ind~cated. that 
TCDD approaches steady~state .conoentra.~ 
ti9ns in the body, in 90 days (Rose ~La/., 
.1976). ' -.; ' . •. .. . . ,.·.·~~·;;,; 

. At: the . int~rmc:d.iate .. dose-· of .0:,0,1 #! 
TCDD/kgfday, many adverse effects. secn_in 
the f1 and. f~ adults and their litters were not 
evident in the f0 aduJts . or their offspring. 
The most obvious difference is that the f0 
rats were given TCDD beginning at abuut 7 
weeks of age whereas subsequent genera· 
tions were. expQsed to .TCDD, at feast 
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 
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TABLE 9 

StJMMAR'r' 01' EFFECTS OF 2,3,7.8·TETRA.CHLORODIBENZO.p-OIOXIN (TCDD) 
ON R!P~OD(JCTION 

pg TCDD/kgjdaY" 

Parameter (ienerati~;~n 0.001 0,01 

·Fertility fo 
r. 
r, dec 
fl dec 

Litter size r,. 
r,"' 
rJ dec 
r • dec 

. . 
Gestation Survival f,. 

fib 

'~ dec dec 

fl d~ / 
ro~tnat4l ~urvival r,. doo <I.e 

r,, inc 
f: dec 
t • 

Postnatal body weight f,. 
f,"' 
r~ dee 
fJ dec 

• (-), llnaffc:~;t.c:u; tl~. th:~;n:asc:~; in~ ino,;n::~. 
• No liveborn offsprina . 
• Q One litter only • 

0.1 

dec 
dec 

dee 
d~ 

d~ -· 
.. , . 

-~ 

- ~" 
--~·; .. · -· 

... ~ .. 
.... 

the fact that l:educcd fertility and smalic:r rcsorptions and a deoreasc: in litter size among 
litter ~ll;c; ··wa5 :seen bY Khcra: and Ruddic;k presna.nt rab gi~n TCDD on Do.ys 6 
{1972)' in tlie 'adult offspring ;of pregnant rats through 15 of gestation. 
treated prenatally.:~ .,._. -- · · · · . Other factors also appeared to oootribute 
-' Cross-mating· ·studies indicated that in- to the reduction in the fertility index. For 

gestion of TCDD did not interfere with the example:, there was a significant decrease in 
fertility of the male rats. Among the cross- the number of f~tmale.s exhibiting a vaginal 
mated' fema[es, ~o'_Vcver, a high incidence of plug at 0.1 J.eg TCDD/kg/day, suggesting a 
resorptions;rt.; ·particularly~. late· . resorptions, · decrease in copulatory activity. At O.ot pg 
wa.S,qohservetH among Lthe · dams· receiving TCDD/kg/day, the average number of days 
.tCDD!·1 Thu~, hli'e 1 decreased fertility 'index from the first day of cohabitation to the. day 
;eeii)ividi~ TCnn...:n,;;y'111a'\re 'been· 'due; at Of parturition wM o:ignificantly increased in 
least''fn partf'to''·a m.imber of.litters being the Jater generations, indicative of some 
entirelt resorbed. ''The- decrease in the interference with the estrous cycle. Kociba et 
average number of fetuses per litter at birth ~/. (1976) reported morphologic alterarlons 
might also be explained in terms of an increase in the ovaries and uterus suggestive of a 
iri the-incidence ofresorptions. Sparschu et 121. suppression of the estrous cy¢l in female rats 
(1971 )'1'reported f 'a · high i incidence- of late given l f.J8 TDGD/kg/day for 90 days. Allen 
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REPRODUCTIVE TOXICITY OF TCOD IN RATS 

et al. (1977) reported an irregular estrous 
cycle and a low incidence of preenancy 
among female rhesus monkeys given a diet 
containing 500 ppt TCDD for 6 months. 

Til ,!>Cut:ral, the reproductive performanc:e or 
the f0 rats, including .the control rats, of this 
and a concurr~nt reproduction study on 
another chemical. was poorer than that seen 
in previous studies. Attempts to explain the 
co.u:ic o( the poo• pca-iQrmance were rrultless. 
A marked improvement in' reproductive 
performance was observed' in subsequent 
generations (control and low·dose groups)~ 

Slightly dilated renal pelvis w.as seen signi· 
ficantly more often than in controb among 
the weanlings at the low dose in the f1 genera· 
tions but not in the · f2 or fJ generations. 
Because no increase in this alteration was 
observed in subsequent generations or at 
hi,iher dose l~vl!ls, the inerea$C at the low 
dose was not considered to be compound 
related. TCDD4 Induced hemorrhages in the 
ga:;tr-o·inlc:;tinal tract of fetal rats as re
ported by Sparschu et al. (1971) and Khera 
and Ruddick {1972) were not seen in the 
current study. 

The no-adverse-effect level in the present 
study, O.OOt pg TCDDfk,g/day, w~ the same 
as that found in a chronic toxicity study of 
TCDD conducted in this laboratory by 
K.ociba et al . . (1978). In that study, the inci
dence of certain tyQc:s of neoplasms was 
altered 11mong ratsl given 0.01 or 0.1 pg 

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 r.
ceiving 'l"CDD; that effect on the tumor in· 
cidence, as well as some of the effects ob
served on n:p~;oouetion In the present study, 

·may have been mediated through a hormonal 
imbalance. 

In conclusion, impairment of reproduction 
was clearly evident among rats ingesting 0.01 
or 0.1 pg TCDO/kgfday; sJgnfftcant de
creases were observed in fertility,. litter size, 
gestation survival, postnatal survival. and 

postnatal body weight. No adverse·effect~'on 
reproduction Wll3 di~~rned anlOllg_nt~S giv~:n 
the low dose of 0.001 J.t8 TCDD/kg/day.~·;· 
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