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Recently, much attention has been focused on the poly- 
chlorinated dibenzo-p-dioxin class of compounds. The extremely 
high toxicity of the 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) 
isomer warranted an examinat�9 ofadditional isomers and members 
of this class of compounds. 

TCDD was produced as a contaminant or by-product in the 
manufacture of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), a 
herbicide which was widely used in th is country. Awareness of 
the tox ic i ty  of TCDD occurred as the resul t  of an industr ia l  
accident that produced chloracne in the workers (BLEIBERG et a l . ,  
1964) as well as porphyria cutanea tarda (POLAND et a l . ,  I~IT~. 
In 1968, chlorodibenzo-p-dioxins were found to be the causative 
agent of chick edema disease f i r s t  observed in 1957 (HIGGINBOTHAM 
et a l . ,  1968), More recently TCDD was found to be teratogenic 
and fetotoxic in mice (COURTNEY and MOORE, 1971; NEUBERT and 
DILLMAN, 1972) and rats (SPARSCHU, et a l . ,  1971). The dosage 
levels for these effects are in the range of microgram per 
kilogram of body weight. 

Since TCDD affected fetal development so markedly and at 
such low dosage levels, this compound ranks as one of the most 
b io logica l ly  active chemicals studied in mammalian fetuses. The 
uniquely high degree of tox ic i ty  of TCDD has generated interest 
in other tetrachloro-isomers as well as other members of this 
class of compounds containing more or less chlorines. Two 
current reviews of the wide range of toxic and pathological 
effects has been presented by Kimbrough (1972, 1974). Possible 
mechanisms of actions of TCDD were suggested at a symposium on 
dioxins (MOORE, 1973). I t  was not known how many of this class 
of compounds shared the extremely toxic and teratogenic proper- 
t ies of TCDD in the mouse. Thus, this study was undertaken to 
evaluate the teratogenic potential in mice of other members of 
the class of chlorinated dibenzo-p-dioxin compounds. 

MATERIALS AND METHODS 

Female CD-I mice and pregnant CD-I mice with known insemi- 
nation dates were procured from Charles River Laboratories, 
Wilmington, Massachusetts. Detection of a vaginal plug indicated 
day 1 of pregnancy. The mice were randomly selected and assigned 
to control or experimental groups. The various chlorinated 
dibenzo-p-dioxins were prepared and supplied by Dr. A. Pohland 
of the Food and Drug Administration (POHLAND and YANG, 1972). 
The abbreviation TCDD is reserved for the 2,3,7,8-tetrachloro- 
dibenzo-p-dioxin compound. 
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Compounds were administered oral ly or subcutaneously. Oral 
administration was by means of gastric intubation using a volume 
of 0.I ml/mouse/day. The following solutions were used for oral 
administration. Dibenzo-p-dioxin was dissolved in corn o i l .  The 
octachlorodibenzo-p-dioxin was dissolved in 15% anisole in corn 
o i l .  The remaining compounds were dissolved in 5% anisole in 
corn o i l .  Compounds administered subcutaneously were dissolved 
in DMSO employing 0.I mg/mouse/day. 

In order to select dose levels for the teratology studies, 
the various chlorinated dioxins were administered by gastric 
intubation dai ly to female CD-I mice for 14 days. They were 
observed for an additional 7 days. 

For the teratology studies, compounds were administered from 
the 7th through the 16th day of gestation. These mice were 
sacrificed on day 18 except those receiving octachlorodioxin and 
their  respective controls. They were sacrif iced on day 17 of 
gestation. Upon sacr i f ice,  the fetuses were weighed, examined 
and stored in Bouin's solution unti l  necropsied. The following 
conventions were observed in compiling data. I f  a fetus was 
either dead or resorbed, i t  was regarded as a dead fetus. Only 
l ive fetuses were examined for physical abnormalities. A fetus 
was classif ied normal i f  i t  was al ive and had at least one type 
of anomaly, regardless of type. A fetus was said to have abnormal 
kidneys i f  at least one of i ts  kidneys were affected. In calcu- 
lating the ratios of l i ver  to body weight in the mother, maternal 
body weight was defined as the difference between the weight of 
the mother on the day i t  was k i l led and the gravid uterus weight. 
Maternal weight gain was defined as the difference in the cor- 
rected maternal weight on the day i t  was ki l led and i ts  weight 
on day 6 of pregnancy. Averages were calculated for each l i t t e r ,  
then across l i t t e r s .  Stat is t ica l  analyses were performed using 
the Student " t"  test .  

RESULTS AND DISCUSSION 

The results from treating female CD-I mice with various doses 
of the di f ferent  dibenzo-p-dioxins are presented in Table I .  
Administration of the compounds for 14 days at the doses indi-  
cated produced no lethal dose values. The dosage for the dibenzo- 
p-dioxin, dichlorodibenzo-p-dioxin, and octachlorodibenzo-p- 
dioxin are expressed as milligrams per kilogram of body weight 
per day while the others are expressed as micrograms per kilogram 
of body weight per day. The change in body weight reflects the 
difference in body weight on the f i r s t  day of the study to the 
last ,  which was seven days after the last dose. The only unusual 
value was from those mice which received 50 mg/kg of dibenzo-p- 
dioxin. Further study is needed to determine i f  this increase 
of almost seven grams was real or not. Limitations of the supply 
of these compounds precluded further exploration of dose studies 
at this timeo In general, none of the dibenzo-p-dioxins studied 
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were as tox ic  as TCDD, the 2,3,7,8 tetrachlorodibenzo-p-dioxin 
isomer, and some of the compounds could be considered re l a t i ve l y  
non-toxic.  

Toxicologic results of administering the various dibenzo-p- 
dioxins to pregnant CD-I mice are presented in Table 2. The 
d i luent  control solutions of 5% anisole in corn o i l ,  DMSO or 15% 
anisole in corn o i l  did not adversely af fect  fetal  mor ta l i ty  or 
fetal  weight. 

The mixture of the dichloro- and t r ichlorodibenzo-p-dioxin 
administered ora l l y  at doses of I00 and 200 mg/kg/day had no 
adverse effects on the fetal and maternal parameters. The fetal  
weights of these two groups are higher than those of the i r  
respective controls.  They are also higher than values which 
might be ant icipated for a gestational day 18 mouse fetus. I t  
was assumed that these mice were very near term because the 
weights re f lec t  a gestational day 19 mouse and one member of the 
experimental groups l i t t e red  (omitted from these data). The 
maternal weight gains of the experimental groups were s l i g h t l y  
higher than the values of the control groups, but these d i f -  
ferences were not s t a t i s t i c a l l y  s ign i f i can t .  This s l i gh t  
increase in maternal weight gain was also seen in mice treated 
with the 1,2,3,4 tetrachlorodibenzo-p-dixoin isomer administered 
ora l l y  at doses ranging from fO0 to I000 mg/kg/day. Whether or 
not th is  increased weight gain was a true increase in weight or 
a manifestation of edema needs to be explored since studies with 
TCDD produced maternal edema. In contrast,  the subcutaneous 
administrat ion of the 1,2,3,4 tetrachloro-isomer produced a s l i gh t  
decrease in maternal weight gain compared to controls.  The 
dif ference in these values was not s t a t i s t i c a l l y  s ign i f i can t .  

In marked contrast,  TCDD adversely affected fetal  weight 
and survival and maternal weight gain at a dose of I00 mg/kg/day. 
Dose levels of 200 and 400 ~g/kg/day produced generalized edema 
in the mothers and vaginal bleeding a f te r  the s ix th  dose with 
some mice aborting short ly thereaf ter .  

The increase in the ra t io  of l i ve r  to body weight seen in 
the mice receiving the lowest dose ei ther  o ra l l y  or subcutaneously 
was pr imar i ly  due to an increase in the l i v e r  weight. The dose 
of 50 ug/kg/day produced a decrease in maternal weight gain, 
and at the two highest doses the obvious edema made i t  d i f f i c u l t  
to in terpret  maternal weight changes. The subcutaneous admin- 
i s t ra t i on  of TCDD produced more fetal  mor ta l i ty  at lower doses 
than oral administrat ion. This suggests that the b i o a v a i l a b i l i t y  
of a subcutaneous dose is greater than that of an ora l ly  admin- 
istered dose. 

Treatment of pregnant mice with octachlorodibenzo-p-dioxin 
at 5 mg/kg/day had no adverse effects on fetal or maternal 
parameters. At a dose of 20 mg/kg/day, there was a s l i gh t  
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reduct ion of fe ta l  weight which was not s t a t i s t i c a l l y  s i g n i f i c a n t .  
Also, the reduct ion in maternal weight gain was not s t a t i s t i c a l l y  
s i g n i f i c a n t  due to a very large standard dev ia t ion.  The increase 
in the ra t i o  of l i v e r  to body weight was p r imar i l y  due to a loss 
in body weight. Fetal mor ta l i t y  was not affected at e i ther  dose. 

Ai l  of the l i v e  fetuses were examined fo r  malformations. 
These resu l ts  are shown in Table 3. 

The mixture of d ich loro-  and t r i ch lo rod ibenzo-p -d iox in  pro- 
duced a s l i g h t  increase in the number of abnormal fetuseso At 
the lower dose th is  was pa r t l y  due to an increase in kidney mal- 
formations which were a mild form of hydronephrosis. Since most 
of these fetuses (9/10) were from one l i t t e r  and kidney malfor-  
mations were not observed at the higher dose, i t  is doubtful that  
t h i s  malformation was produced by the compound under study. At 
both dose levels there was an increase in the incidence of c lub- 
foot .  This may r e f l e c t  both a natural incidence of the malfor-  
mation and uter ine crowding, since these fetuses weighted s l i g h t l y  
heavier and the l i t t e r s  were s l i g h t l y  larger  than the cont ro ls .  
However, th i s  does not negate a possible compound e f fec t .  

The 1,2,3,4 te t rachloro- isomer did not increase the i n c i -  
dence of malformation at any dose level by e i the r  oral or sub- 
cutaneous admin is t ra t ion .  Since th is  s t ra in  of mouse has a 
tendency to d isp lay  c lubfoot ,  the 8% incidence of th is  anomaly 
observed at the I000 mg/kg/day dose level needs fu r the r  sub- 
s tan t i a t i on  before being accepted as a compound e f fec t .  

In contrast  TCDD produced many abnormal fetuses at a l l  
doses studied and by both routes of admin is t ra t ion .  The major i ty  
of the malformations were c l e f t  palates and hydronephrotic 
kidneys, both un i l a te ra l  and b i l a t e r i a l .  A few other anomalies 
such as hydrocephalus and open eye were occasional ly  seen. TCDD 
administered subcutaneously produced a greater  teratogenic 
response at a lower dose than admin is t ra t ion by the oral route. 
Administ rat ion by the subcutaneous route at the lowest dose 
produced about 87% abnormal fetuses per l i t t e r .  This made i t  
d i f f i c u l t  to demonstrate a dose re lated response since th is  was 
close to being a maximum response. At the higher dose wi th 
both routes of admin is t ra t ion many fetuses were observed with 
marked edema and petechiae. 

The oral admin is t ra t ion of 5 or 20 mg/kg/day of octachloro- 
d ibenzo-p-dioxin to pregnant CD-I mice did not a f fec t  fe ta l  
development morphological ly .  The only malformation detected in 
th i s  group of fetuses was a s ingle c l e f t  palate at the Iow dose. 

In conclusion,  TCDD, the 2,3,7,8 te t rach lorod ibenzo-p-d iox in  
member of t h i s  class of compounds was the most fe to tox ic  and 
teratogenic of the compounds studied. The re lated compounds were 
r e l a t i v e l y  non-toxic and were not teratogenic at the doses 
studied. 
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