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Th&"[ndﬁstﬁal solvent dioxane (1,4-diethylene dioxide) was evaluated for teratogenic potential in
'maud.—Du\vlcy rats. The compound was administered on days 6-15 of gestation by gavage (0, 0.25,
5 and 1.0 ml/kg/day). A slight maternal toxicity, as evidenced by reduced weight gain, was observed
ith gll/k;. Aanimals were killed and subjected to uterine examination on day 21 of pregnancy. There
ere ooy differences between control and dioxane-treated groups in implantation numbers, live fetuses, {
mplant ation loss or i major malformations. Embryotoxicity, manifested by reduced fetal weight, oc- _g

4 00 .84 the highest dose level. H

!

an industrial solvent for cellulose acetate, ethyl cellulose, oils, resins
i€ compounds. Long-term studies have shown it to be carcinogenic in rats,
§ Lna's;n. and hepatocellular carcinomas when administered in drinking water
' 2E Bt not when administered by inhalation [3]. Slight teratogenic effects were
“J!w by Salzgeber and Salaun {4] in chick embryos after administering dioxane
tlﬁ'eggs, whereas Franceschini [S] observed developmental arrest of chick embryo
18%buds cultured in vitro in the presence of the solvent.

Slﬁée we could find no data on the possible embryotoxic effects of this product
: rﬁ’;ﬁimals, we decided to study this.

& .

* “TERIALS AND METHODS

N

’F&na]c Sprague-Dawley rats (Charles River, Calcd. Italy) were used, weighing in-
U180 + 20 g. After 2 weeks of acclimatization at constant room temperature
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and humidity (20 + 2°C, 60% relative humidity) with alternating 12-h periods o
light and dark, the females were caged overnight with males of proven fertility
(29 :1¢). The day on which sperm was found in the vaginal smear was: considerec
day 1 of gestation. The females were divided into-4 experimental groups. From dawn
6-15. of pregnancy, 0, 0.25, 0.5 or 1.0 mi/kg/day of dioxane (99% purity; majos
impurity acetal 0.7%; SIO, Ospiate, Italy), diluted with water, was administerék
daily by gavage at constant volume (3 ml/kg).

All dams had free access to water and food (Standard diet 4RF21, Italians
Mangimi, Settimo Milanese, Italy). Food consumption was determined daily
the rats were weighed every 3 days. All were killed by chloroform on day 2] of ges
tion. During laparotomy, the number of corpora lutea, implantations, rsorpnou
and live fetuses was recorded. The latter were immediately weighed and inspected

for external malformations. 50% Were subjected to examination of the viscera, a¢

TABLE |
REPRODUCTIVE PERFORMANCES
Dioxane dose (ml/kg/day) A '
Lo 0.25 0.5 1
Pregnant females i 17/18 17718 19719 20/20

Maternal weightgain (g)
Days 6-15 (mean = SD) 33.5 + 11.7 368 + 9.4 41.1 + 14.4 27.5 + 10.8
Days 15-21 (mean + SD) 66.0 + 12.2 65.0 + 8.8 67.9 t+ 109 60.4 + 14.2
Days 1-21 (m?l;n + SD) 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 + SD) 249 + 1.8 25.7 £ 1.6 253 = 3.1 237+ 1.8

Days 16-20 (mean + SD) 269 + 1.4 286 + 2.4° 29.7 =+ 1.7* 282 + 1.0*
Corpora lutea 270 262 294 303

(mean + SD) 158 £ 2.1 154 + 1.7 154 + 2.1 151+ 17
Implantations 252 241 278 275

(mean * SD) 148 + 23 14.2 + 2.1 146 =« 1.8 13.7 = 2.5
Live fetuses 230 229 263 252

{mean + SD) 13.5 £ 27 134 £ 2.2 13.8 + 2.1 126 + 29
Resorptions and

dead fetuses 22 12 15 23
Preimplantation loss (%) 6.6 8.0 5.4 9.2
Postimplantation loss (%) 8.7 4.9 5.3 83
Dams with resorptions 10 9 8 8
Mean fetal weight (g)

{(mean % SD) 3.8 £+ 0.2 4.0 + 0.2 39 = 0.2 3.6 = 0.2°
*P<0.01
*P<0.05
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cording to Wilsons’s free-hand section method (6], and the other 50% were used for
skeletal examination after staining with Alizarin red S [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
pre« and postimplantation loss and frequency of malformations, which were ana-
lysed using 2 x 2 contingency tables.

RESULTS AND DISCUSSION

-~ The females in all groups stood up well to dioxane treatment. Those in the group
treated with I ml/kg showed a slightly smaller gain in weight compared to control

-
T

TAM 1
2 . _ :
INCIDENCE OF FETAL MALFORMATIONS AND ANOMALIES
CH Dioxane dose (ml/kg/day) &
Y 0 a.2s 0.5 1 %
Majof malformations oy ! i
Externad 17230 0/229- 0/263 07252 2
Runted 1 o 0 0 3
Viscera) 17112 0/113 17128 0/123 *
Undescended testis 1 ) 0 0
Adrenals ectopia 0 ¢ 1 © 0 &
Skeletat -~ Co/102 V116 o/135 | o/m29 A
Sacro-caudal agenesis 0 ] 0 Fo Ef-;\
Minor apomalies . . f
SRS P tereeefti : T .
Viscersl L VIR P75 ) & I 2/128 4123
Enliirged wretert « e R - P 0 3
Reoal pelvis dilatation - 0~ ° . p{ ¢ 2 1 £
efeads P ygpet 247116 23/135 6129 4
Stevnebrae bipartite 1 ¢ 0 0 =
Asymmetrical sternebrac 3 f 3 2
Egjgternetrac . 6 13 19 3
Exfra ribs * - 9 y 6 11 ?
Wavy ribs 0 1 0 i
Vertebrae bipartite | 2 0 3 4 %
Emivertebrae 0 i 0 0 T
3 . ¥ ¥
. 3 b 4
Ossified (mean x $D) : £
Sternebrae 5.74 + 0.26 587 + 0.27 5.54 + 0.50 5.40 + 0.45%
Metacarpal 3.67 £ 0.27 389 + 0.17 3.74 + 0.86 3.64 + 0.31*,;%
Caudat vertebrae 3.44 £ 0.45 3.88 + 0.51 3.52 + 0.36 3.36 + 0.52%
L
P<0.08, s

i

t

sty Ly A B ey
LR TSRS RPN

Sa

- m?‘.;,?‘?



v,

A ]
e
¥
‘é

88 :

%
(data not shown). This effect occurred not only during the period of treatment; be
continued into the second stage of gestation (data not shown). This could be: &g
to reduced consumption ef food, which was especially evident in the first 2 daysug
treatraent (see also Table I). However, a toxic effect of the solvent cannot-be exchy
ed, particularly in the last stage of gestation, whén & significant increase in food cog
sumption (Table I) was not matched by a corresponding gain in weight. —.E
Compared with controls, dioxane did not induce variations in the number of i
plantations, live fetuses and resorptions, whereas the average weight of live fetusf
from dams treated with 1 ml/kg was significantly less than control (Table I). -
The frequency of major malformations (Tabje II)yremained within normal ling
for all groups, and no deviations were foumd tegabding: minor anomalies
variants when compared with the control group. On the other hand, with the hi ¢
dioxane dose a significant retardation was found in the area of the stern
Together with the reduced fetal weight, this leads to the assumption ﬁ
developmental retardation had occurred at term. B '§
Dioxane at the dosage used was not teratogenic in our strain of rats. Nevertheless,
an embryotoxic effect {developmental retardation) has been observed with i
mli/kg/day dioxare. At this dosage, the females showed a reduced weight gaig,
mainly evident in the first 3 days of treatment. Kociba et al. "[2] observed the same
effects in rats drinking water containing 1% 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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