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Toxicity of Non-Ionic Detergents for the Chick Embryo.* (20126) 
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A recent investigation by Morton et ad.( 1) 
showed that the non-ionic detergent Tween 80 
in a concentration of 0.5 mg,ml of medium 
inhibited the growth of fibroblasts in tissue 
cultures while in adult rats Tween 80 re- 
quired a concentration of 5-10 g/kg of body 
weight(2) to be toxic. The higher toxicity 
of the detergent in tissue cultures raised the 
question as to whether rapidly growing and 
less differentiated cells are niore sensitive to 
the detergent than the non-proliferating ma- 
ture cells. -4 possibility of comparing the 
sensitivity to non-ionic detergents of cells in 
different degrees of proliferative activity and 
differentiation seemed to be present in the 
developing chick embryo. Whether non-ionic 
detergents had a teratogenic effect owing to 
their surface activity was also of interest be- 
cause of the great importance of the inter- 
action of cell surfaces during early embryonic 
development ( 3 ) .  Also. substantial amounts 
of non-ionic detergents such as Tween 80 are 
contained in various vitamin preparations 
which are given to premature infants as well 

*This work was aided Iby a grant from the Asso- 
ciation for the Aid of Crippled Children. 

as to mature ones. Therefore, from a clinical 
point of view, toxicity tests on immature tissue 
had some interest. Since qualitative and 
quantitative differences exist in the action of 
different non-ionic detergents upon different 
biological systems. such as the tubercle ba- 
cillus(4) or the red blood cell( s ) ,  it seemed 
desirable to compare at  least two detergents 
of this type in their effect upon the chick 
embryo. We chose Tween 80t and Triton 
X-100f for this comparison. 

Materials and methods. Tween 80 is de- 
scribed in the literature as polyoxethylene 
sorbitan mono-oleate and Triton X-100 as 
arylalkyl polyether of phenol. The structural 
formulae are given in the paper by Dubos 
quoted above(4). Solutions of these sub- 
stances were made up in distilled water to give 
the desired amount of material in 0.1 ml. To 
reach the highest concentrations of Tween 80 
the volume was increased to 0.5 ml. The con- 
trol eggs were injected with 0.6% NaCl solu- 
tion. All solutions were sterilized by auto- 

t We are indebted to Atlas Powder Co. for the 
samples of Tween 80 and to Rohm and Haas for 
the samples of Triton X-100. 
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T-4BLE I. Toxicity of Triton X-100 for Chick Embryos at Different Stages of Development. 
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claving. In  most instances the solutions were 
injected onto the chorioallantoic membrane 
through a small drill hole in the eggshell which 
was subsequently sealed with Scotch tape. 
One series of experiments is listed in which the 
solution was injected into the yolk. The eggs 
were opened 3 days after injection onto the 
chorioallantoic membrane and 8 days after in- 
jection into the yolk. The embryos were in- 
spected for the more obvious malformations of 
the head and skeleton. In  view of the uncer- 
tainty of the distribution of the injected sub- 
stances between yolk and embryonic tissue, 
our data are calculated as per whole egg or 
per gram of tissue of embryo plus membranes. 
Depending upon the calculation, the absolute 
values for the observed toxicities will differ. 
For an evaluation of the relative toxicities of 
the detergents which was the primary aim of 
the present experiments, the different calcula- 
tions gave essentially the same results. 

Results. Triton X-100. A dose of 0.1 
mg/egg of Triton X-100 injected into the 
yolk previous to incubation was toxic. 67% 
of the controls survived, while only 30% and 
42% of the experimental embryos survived the 
same period after injection of 0.1 and 0.25 
mg of the detergent, respectively. The tox- 
icity increased slowly with the dosage and an 
injection of 2.5 mg of Triton per egg reduced 
the number of survivors to 18%. Assuming 
an equal distribution of the injected compound 
between yolk and embryo the minimum toxic 
amount of 0.1 mg/egg would correspond to a 
concentration of about 0.005 mg/g of embryo 
based on the weight for the yolk plus the 

embryo of about 2 0  g on the eighth day of 
incubation. 

I n  experiments in which Triton was in- 
jected onto the chorioallantoic membrane, we 
assume that most of the substance is taken up 
by the embryonic circulation. Therefore, cal- 
culations are based on the total weight of the 
embryo plus membranes. On the 7th-8th day 
of incubation 0.05 mg/g Triton had no toxic 
effect, 0.1 mg/g had a slight effect, and 0.2 
mg/g reduced the number of survivors from 
82% in the controls to 17% in the experi- 
mental embryos. On the 15th-16th.day of in- 
cubation a concentration of .07 mg/g of em- 
bryo had no toxic effect, 0.2-0.3 mg/g embryo 
decreased the number of survivors from 95% 
to 61 and 5 5 % ,  respectively, and 0.71 mg/g 
killed all 25 embryos injected (Table I ) .  In  
an experiment with 24 chickens freshly 
hatched to one-day-old and intraperitoneal 
injection of 0.5 mg/g of chick killed about 
one-half of the chickens within 2 hours. 
Tween 80. In  a large series of experiments 

it was attempted to demonstrate toxic effects 
of Tween 80 on the developing embryo after 
injection into the yolk prior to incubation 
similar to the experiments with Triton X-100. 
However, with this technic no toxic effects 
could be obtained with any consistency even 
after injection of very large amounts (20 
mg/egg). The inadequacy of this procedure 
could be demonstrated in experiments with 
embryos after 4 days of incubation. Table I1 
shows that after injection into the yolk of 
10 mg of Tween/egg the number of survivors 
was almost as high as in the controls. After 
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TABLE 11. Comparison of Toxicit? of Tween 80 
nftcr Injection into Yolk niid onto Jfemhrane. Age 
of embryos: 4 days of incubation. Amount of 

Tween SO: 10 nig/egg. 

?J Total 
eggs inj. surviving 

Saline inj. onto 111% 3.5 i1 
Tween 80 inj. oiito 111 3 15 33 

Tween 80 inj. into 3 ?i 59 
Saline inj. into y 31; 67 

* m = membrane : :- = !-elk. 

TABLE 111. Toxicity of Tween b0 h r  the Chick 
Embryo a.t Differeht Stages of L)ewlopnient. 

,b i t .  Tween inj. 
c \ 

Age (days mg/g Total yo sur- 
incubation) nig/egg tissue eggs inj. viving 

injection of the same amount of Tween 80 
onto the membranes, the number of surviving 
embryos was decreased to 33";. The negative 
results after injection of Tween 80 into the 
yolk could be due to hydrolysis of the deter- 
gent by a lipase which is known to be present 
in the yolk. The sniallest dose of Tween 80 
which caused a decrease in the number of 
surviving embryos when injected onto the 
chorioallantoic membrane a t  4 days of incu- 
bation was found to be 2 mgig of tissue. At 
that early stage the membranes weigh about 
300-400 mg and the weight of the embryo is 
reported to be 50 mg.: A t  7-8 days of incu- 
bation toxicity is still observed with 1.5-2.5 
mg while a t  15-16 days of incubation about 
15 mg./g of embryonic tissue are required to 
produce even a slight toxic eflect (Table 111). 

Discussion. Our figures give a tosicity of 
Triton X-100 about 20 times preater than 

This figure is taken from R. Rugh, Ex*. Embry- 
ology, 1948, q.450. 

that of Tween 80. The surface activities of 
the 2 compounds are: 30 dynes per cm for 
Triton X-100 and 41 dynes per cm for Tween 
80 at  a concentration of 0.1%. Triton ex- 
hibiting a lower surface tension than Tween 
80, also exhibits a greater toxicity. However, 
it is unlikely that this difference in toxicity 
is simply a function of the surface activity of 
these substances. Sodium oleate, which has a 
higher surface activity than Triton, is defi- 
nitely less toxic for the 7-day-old chick 
embryo. 

In the introduction we raised the question 
of a dependence of the toxicity upon the age 
of the embryo. The fact that higher concen- 
trations of Tween 80 and Triton X-100 are 
required by the 16th day of development is of 
interest in this connection since by this time 
a far-reaching maturation of many tissues has 
taken place. This may mean that the more 
mature tissue is less sensitive to the detergent. 
At the same time it has to be kept in mind 
that in the course of this maturation detoxi- 
fication mechanisms may at  least in part be- 
come responsible for the apparently decreased 
toxicity. However, our results may be sug- 
gestive enough to make it seem advisable to 
test other compounds of the same class of sub- 
stances in order to find out whether some of 
them will display larger differences in their 
toxicity for immature and mature tissues. 

In the course of experiments no occurrence 
of developmental abnormalities was observed 
and no clue has been found as to the mech- 
anism of the toxic action of the detergents. 

Concerning the question of a possible tox- 
icity of non-ionic detergents for premature 
infants one has to consider that in these babies 
even the maximum figure for the dietary in- 
take is a t  most one-tenth of the dose found 
lethal in chick embryos. Studies carried out 
by the producers of Tween 80 indicate very 
good tolerance of Tween 80 in men. Hospital 
records of premature babies with and without 
Tween 80 supplement in the diet have not 
revealed obvious indications of ill effects. 
However, as long as a systematic survey is 
missing in regard to premature tolerance of 
Tween 80, observations of a toxicity for em- 
bryonic tissues, even in an unrelated species, 
may make it advisable to follow critically the 
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history of premature infants with large Tween 
80 supplements in the diet. 

Summary. Two non-ionic detergents, Tween 
80 and Triton X-100, have been compared 
with respect to their toxicity to chick em- 
bryos. Tween &O was found to be 2 0  times 
less toxic than Triton X-100. The possibility 
is considered that with the increasing age of 
the embryos there is a decrease in the toxicity 
(of both detergents. 

The authors are indebted to Dr. John C. Krantz, 
Jr., University of Maryland, Baltimore, for his 

critical and constructive comments concerning the 
manuscript and the reported experiments. 
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Structure of the Spleen.* (20127) 
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It has been pointed out( 1) that the spleen 
is particularly adapted to a study of suscepti- 
bility of various cells to irradiation. This 
statement can be further extended by indicat- 
ing that pathological findings in the irradiated 
spleen are suitable to illustrate the fate not 
only of cellular elements, but also of the struc- 
ture of a parenchymatous organ, containing 
numerous free cells of various kinds in a 
framework of connective tissue, as a whole. 
For this ,purpose, a larger amplitude of 
changes could be produced by using for in- 
ternal irradiation colloidal radioactive gold 
Au19*+ which is short living (half life of 2.7 
days), beta emitter and which can be de- 
posited. owing to its colloidal structure( 2) 
into the spleen, in graded amounts. This 
method, alone or in combination with exter- 
nal irradiation, enabled us to obtain in ex- 
perimental animals a larger variety of changes 
in the spleen structure than those elicited by 

*This work was carried out under Contract with 
the  Division of Biology and Medicine, U. S. Atomic 
Energy Commission and wibh the help otf the grant 
by A.M..A. 

t Radioactive A11198 was obtained through Dr. 
D. L. Tabern, Abbott Research Laboratories, North 
Clhicago, Ill. 

external irradiation alone(3) as is shown by 
the data presented below. 

Material and methods. (a) Animals. Mice 
of C3H strain,$ of 24 to 27 g weight, mostly 
males, were used throughout in these experi- 
ments. For internal irradiation they received 
injections of a radioisotope in traperitoneally, 
intrapleurally (the technic of this injection 
was described elsewhere (4) ) , intravenously or 
subcutaneously. For external irradiation, 
groups of not more than 12 mice were immo- 
bilized in horizontal position between 2 card- 
board sheets inside a small box adjustable to 
irradiating appliance. (b) Internal irradia- 
tion. Colloidal A U ~ ~ * ~  was injected in a vol- 
ume of 0.5 cc containing 0.01 to 0.03 millicurie 
(small doses) or 2 millicuries (large dose). 
(c) External irradiation. Doses of 1OU to 1200 
r of filtered rays (Filter: 1.2 mm Sn; 0.25 mm 
Cu; 1.0 mm Al; TSD 40 cm; HVL 3.27 mm 
Cu; 250 PKV) were used. (c) Autopsies. 
Preliminary research provided information 
about time interval between exposure and 
effect, for each type and amount of irradiation, 
thus indicating the suitable interval between 
exposure and autopsy in the main experiments. 

$ The mice were obtained from Roscoe Jackson 
Memorial Laboratories, Bar Harbor, Me. 


