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The nonionic surfactant Tween 20 was applied intra-
peritoneally to NMRI and Swiss mice on day 9 of gestation.
It caused embryonic death and malformations of the verte-
brae, ribs and, in lower frequency, of the limbs.

The nonionic surfactant Tween 20 [polyoxyethyl-
ene(20)sorbitan monolaurate] is one of the more
frequently encountered xenobiotics. Surface-active
agents of the Tween type are used as constituents of
cleaning agents, as food additives and as vehicles in
the drug and cosmetic industry [1]. Because of its
good solubilizing properties Tween 20 has been
used in teratological experiments as a solubilizer of
poorly soluble substances, e.g. thalidomide [2], its
hydrolytic metabolites [3] and structurally related
compounds [4]. In these investigations, performed
with Swiss mice, Tween 20 was found to have no
effect on developing embryos when given alone in
doses of 10 ml/kg (diluted with physiological saline).

However, observations made some years ago
casted doubt on the assumption that Tween 20 can
be regarded as an inert vehicle in teratological
experiments. In an attempt to apply a thalidomide
metabolite to CBA- and C57BL-mice we found that
Tween 20, given intraperitoneally in a dose of
2.5 ml/kg (diluted with physiological saline) killed
more than 50% of the animals. Similar results were
described by Scott et al. for another mouse strain
[5]. Another nonionic surfactant, Triton W. R. 1339,
had proved to be teratogenic in Swiss mice [6].
Further investigations on the effect of several
Tween types on developing sea urchins showed
serious developmental defects in the embryos [7]. In
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the following we refer to experiments partly per-
formed in connection with investigations on a hy-
drolytic thalidomide metabolite. They clearly show
that Tween 20 in lower doses has not only tera-
togenic properties but in addition produces mal-
formations with striking similarities to those pro-
duced by thalidomide.

NMRI and Swiss mice were mated for 3 h in the
early morning (day 0 of gestation). Pregnant animals
received a single injection of Tween 20 (Serva,
Heidelberg, batch Nr. 37470) intraperitoneally on
day 9 of gestation. The doses applied varied from
1-5ml/kg of the commercially available concen-
trate (made up with physiological saline to 10 ml/kg
or, in the case of the highest dose, to 20 ml/kg).
Pregnancy was terminated on day 16 or 18 of gesta-
tion. Fetuses were inspected for external malforma-
tions, sacrified and double stained by alcian blue
and alizarin red for examination of the skeleton.
Statistical analysis was performed by the y*-test for
malformed fetuses and the number of litters with
malformed fetuses (without considering variations
from replicated experiments).

5 ml/kg Tween 20, the highest dose applied, was
toxic to the pregnant mothers to such an extent that
5 of 6 animals in the NMRI strain and 9 of 11
animals in the Swiss strain died. 3.3 ml/kg Tween
20 caused death of 3 out of 12 NMRI animals and
abortion of the litters in a further 3 cases. All doses
of Tween 20 shown in Table I caused malformations
in NMRI and Swiss fetuses (the 2 cases of exence-
phaly in the normal controls were atypical for
the spectrum of malformations found after Tween
treatment). Dose dependency was found for the
numbers of malformed fetuses (p < 0.01), but not
for those of litters with malformed fetuses, in the
Swiss strain; the same applies to the results obtained
in NMRI mice when the 2.5 ml/kg dose is com-
pared with the two lower doses. The percentage of
malformed fetuses was higher in the Swiss than in
the NMRI strain (p < 0.01 for 2.5 ml/kg, p < 0.05
for 1 ml/kg.

The type of malformations was the same in all
groups. In most cases wedge-shaped and incom-
plete vertebrae, fused vertebral arches in the tho-
racic and lumbar region, and/or rib fusions of
varying severity in length of fusion and numbers of
ribs involved were found (Fig. 1a, b). Limb mal-
formations occurred in a sporadic manner and most
of them were of the thalidomide type. Among others,
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Table I. Embryotoxicity and teratogenicity following treatment with Tween 20 to pregnant mice.

NMRI Swiss

Tween 20 content 1.0ml/kg 1.7ml/kg 2.5ml/kg 3.3ml/kg controls 1.0 ml/kg 2.5 ml/kg controls
pregnant mothers 7 10 35 12 25 15 21 8
maternal deaths 0 0 2 3 0 1 4 0
litters aborted 0 0 2 3 0 0 1 0
litters with at least one
malformed fetus 2 2 17 2 2* 7 9 0
implantations 83 118 361 79 278 192 237 141

resorbed 6 11 71 23 18 23 55 8
g (%) (7.2) (9.3) (19.7) (29.1) (6.5) (12.0) (23.2) (5.7)
3 dead 0 0 3 0 1 0 6 3
& living 77 107 287 56 259 169 176 130

malformed 2 4 41 6 2% 20 57 0
(%) (2.6) 3.7) (14.3) (10.7) (0.8) (11.8) (32.4)

~ limbs alone or com-
é bined with others 0 0 6
E‘ vertebrae and ribs
s without limb
"_T; involvement 1 4 33
& others 1 0 2

* atypical: exencephaly.

Fig. la, b. Skeletons of two 18 day fetuses treated with 2.5 ml/kg Tween 20 on day 9 of gestation. Malformations of
thoracic and lumbar vertebrae and fusion of ribs. Magn. a) 9 x, b) 12 x.
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Fig. 2. 16 day fetus after treatment with 2.5 ml/kg Tween
20 on day 9 of gestation: phocomelia of both forelimbs.
Magn. 7x.
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even classic phocomelia was seen (Fig. 2). Severe
limb malformations were not restricted to the higher
doses: even with 1 ml/kg a case of phocomelia of
the left hind limb was obtained.

The malformations caused by thalidomide are not
confined to the limbs. Other organs are affected too.
Malformations of the vertebral column were found
in about 50% of the thalidomide cases observed in
the human [8]. They were similar to and located in
the same region of the spine as the anomalies of the
vertebrae caused by Tween 20 in the mouse. Our
results show that Tween 20 is not merely a solu-
bilizing agent but a teratogen in itself. The similar-
ity of the malformations produced by Tween 20 and
thalidomide raises the question of a similar tera-
tological action of both agents.
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