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Thif'lbdUstria.l solvent dioxane (1,4-diethylene dioxide) was evaluated for teratogenic potential in ·pra,_..Oawley rau. The compound was administered on days 6-IS of gestation by gavage (0, 0.25, 
5 llltll-!.:0 ~&fday). A slight maternal toxicity, as evidenced by reduced weight gain, was observed 
itb ~~~ Aaimals were killed and subjected to uterine examination on day 21 of pregnancy. There ere·!? cJitferences bet'!een <;_ontrol and dioxane-treated groups in implantation numbers, live fetuses, ''str loss or major malformations. Embryotoxicity, manifested by reduced fetal weight, oc-
J rr · If. &be highest dose level. · ..... -· ___ .,...., .. 
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is an industrial solvent for cellulose acetate, ethyl cellulose, oils, resins 
compounds. Long-term studies have shown it to be carcinogenic in rats, 

~nasal and hepatocellular carcinomas when administered in drinking water 
when administered by inhalation (3). Slight teratogenic effects were 

'JS41Ded by Salzgeber and Salaun (4] in chick embryos after administering dioxane 
~~l'S; whereas Franceschini (5] observed developmental arrest of chick embryo 
·:ll'i~•"• cultured in vitro in the presence of the solvent. 
Silke we could find no data on the possible embryotoxic effects of this product ·''f' ,.; 

· mammals, we decided to study this. 

"*' . · TE1UALS AND METHODS 
~-..! " 

Fitii.Je Sprague-Dawley rats (Charles River, Calc~, Italy) were used, weighing in
•ll)'J80 ± 20 g. After 2 weeks of acclimatization at constant room temperature 
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and humidity (20 ± 2°C, 600Jo relative humidity) with alternating 12-b periods o: 
light and dark, the females were caged overnight with males of provea fertili~ 
(2 Q : 1 a). The day on which sperm was found in the vaginal smear was· considerec: 
day 1 of gestation. The females were divided into4 experimental groups. Prom da)'l 
6-15 of pregnancy, 0, 0.25, 0.5 or 1.0 ml/kglday pf dioxane (99'!t purity; maj01 
impurity acetal 0. 70Jo; SIO, Ospiate, Italy), diluted with water. was administerf:t 
daily by gavage at constant volume (3 ml/kg). 

All dams had free access to water and food (Standard diet 4RF2l, ItaliaJII 
Mangimi, Settimo Milanese, Italy). Food consumption was determined daily aJ:If 
the rats were weighed every 3 days. All were killed by chloroform on day 21 of gestf 
tion. During laparotomy, the number of corpora lutea1 implantations, resorptiQt¥ 
and live fetuses was recorded. The latter were immediately weighed and inspected 
for external malformations. 5007o Were subjected to examinatioa of the viscera, ac-

TABLE I 

REPRODUcriVE PERFORMANCES 

Dioxane .dose (ml/kaf day) 

0 8.25 0.5 

Pregnant females 17/18 17/18 19/19 20120 

Maternal weightgain (g) 
Days 6-15 (mean ± SO) 33.5 ± 11.7 36.8 ± 9.4 41.1 ± 14.4 27.5 ± 10.8 
Days 15-21 (mean ± SO) 66.0 ± 12.2 65.0 ± 8.8 67.9 ± 10.9 60.4 ± 14.2 

I 

Days 1-21 (mt;an ± SO) 120.2 ± 21.9 124.2 ± 19.6 124.3 ± 16.0 107.8 ± 16.2 

Food consumption (g/rat/day) 
Days 6-15 (mean ± SO) 24.9 ± 1.8 25.1 ± 1.6 25.3 ± 3.1 23.7 ± 1.8b 
Days 16-20 (mean ± SO) 26.9 ± 1.4 28.6 ± 2.4b 29.1 ± 1.7" 28.2 ± 1.0" 

Corpora lutea 210 262 294 303 
(mean ± SD) 15.8 ± 2.1 15.4 ± 1.7 15.4 ± 2.1 15.1 ± t.7 

Implantations 252 241 278 215 
(mean ± 50) 14.8 ± 2.3 14.2 ± 2.1 14.6 ± 1.8 13.7 ± 2.5 

Live fetuses 230 229 263 252 
(mean ± SO) 13.5 ± 2.1 13.4 ± 2.2 13.8 ± 2.1 12.6 ± 2.9 

Resorptions and 
dead fetuses 22 12 IS 23 

Preimplantation loss (OJo) 6.6 8.0 5.4 9.2 
Postimplantation loss (07o) 8.7 4.9 5.3 8.3 
Dams with resorptions 10 9 8 8 
Mean fetal weight (g) 

(mean + SD) 3.8 ± 0.2 4.0 ± 0.2 3.9 ± 0.2 3.6 ± 0.2" 

"P<O.Ol 
bP<0.05 
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cording to Wilsons's free-hand section method [6], and the other 500Jo were used for skt.lelal examination after staining with Alizarin redS [7]. The degree of ossification reached was evaluated using the parameters indicated by Aliverti et al. [8). The·data were analysed using Student's t-test or analysis of variance, except for pr~ and postimplantation loss and frequency of malformations, which were analysed using 2 x 2 contingency tables~ 

RESULTS AND DISCUSSION 

cTbe females in all groups stood up weJJ to dioxane treatment. Those in the group treated with 1 ml/lcg showed a slightly smaller gain in weight compared to control 

• INCIDENCE OF FETAL MALFORMA TIONi AND ANOMALIES 
. " ~· DiouDe dose (mJ/kalday) 

Majali malformations 

Extent# 
Runted 

Viscen} 

UBdesc:ended testis 
AdreDals ectopia 

Ske!eqi 

Saczo.caudal aacnesis 

\fi~ ..:_;wmalies -

Eafiqed ..... ! < 
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11230 
I 
1/112 
1 
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'0/102 
0 

1/112 
I'· 

ReUl peMa diJatadoa : 0 ~ -•eitaf": ·-. : ... lf/102'' ., .... , 
s~ bipartite 1 
As~caJ sternebrae 3 

~~~,· 
Wavy n"bs 
Vertebrae bipartite 
Emivenebrae 

)ssirled (mean ;t Sq> 
Sternebrae 
MetacaTp&l 
Cauda!- venebne 
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9 
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S.l7 :t 0.27 
3:89 ± 0.17 
3.88 ± 0.51 

0.5 

0/263 
0 
1/128 
0 

0/135 
0 

2/128 
0 
2 
23/135 
0 
3 
13 
6 
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0 :t 
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5.54 ± o.so 
3.74 ± 0.86 
3.52 ± 0.36 
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0/123 
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0/129 
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(data not shown). This effect occurred notoolJ!'during the period oHreetmeut:;lM. 
continued into the second stage of gestation (data not shown). This could be·df 
to reduced consumption of food, which wu ~y eYident in the- first 2 da~ 
treatr.1ent (see also Table I). However, a toxic effect of the solvent cannot beexc:hi) 
ed, particularly in the last stage of gestation, wbin ~significant increase in food cot 
sumption (Table I) was not matched by a corraponding gain in weight. .:j 

Compared with controls, dioxane did not induce variations in tbe number of iJii 
plantations, live fetuses and resorptions, whereas the average weight of live fetldil 
from dams treated with 1 ml/kg was significaatly less than control (Table 1)~-:-

The frequency of major malformations (Table U}.reuHUned within uormalli 
for all groups, and no ·deviations were fooJRl ~- minor anomalies · · 
variants when compared with the control gr~pj On the other hand, with the hi .. 
dioxane dose a significant retardation was found in the area of the sternwq 
Together with the reduced fetal weight, this leads to the assumption t1tl 
developmental retardation had occurred at term. ··~ 

Dioxane at the dosage used was not teratogenic in our strain of rats. Nevertheless, 
an embryotoxic effect (developmental retardation) has been observed with ,1 
mllkg/day dioxarle. At _this dosage, the females showed a reduced weight ga% 
mainly evident in the firSt 3 days of treatment. Kociba et al. '{2) observed the same 
effects in rats drinking water containing 1 07o dioxane, within 2 days after initiating 
the treatment. Because no other treatment-related effects on the litters have been 
observed, it is likely that the fetal retardation can be ascribed to maternal toxicity. 

/ 
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