PRODUCTION OF ACHONDROPLASIA WITH THALLIUM

in the tissue culture cells are of the order
sometimes reached in treating patients but
those required for complete suppression of
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growth are well beyond clinical experience.
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The “4-amino” derivatives of folic acid
have occasionally produced alopecia in
man(1). Since thallium is also a systemical-
ly-acting depilatory(2,3), is was of interest to
determine whether these two agents had other
similar biological effects. The “4-amino”
derivatives of folic acid produced a marked
inhibition of growth of the chick embryo(4).
It was, therefore, decided to study the effects
of thallium on the same system.

Methods. Fertile White Leghorn eggs were
obtained from a commercial source. The
eggs were incubated at 38°C and 85% rela-
tive humidity. Thallium sulfate was made
up in distilled water as a solution containing
10 mg/cc. This solution (the usual volume
was 0.05 to 0.20 cc) was injected into the
yolk sac of the 4 day embryo, except for a
few experiments using 2, 10 and 12 day
embryos. The eggs were candled daily, and
most of the embryos were sacrificed at 18
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to 21 days of age. Some of the embryos
were cleared and their skeletons stained with
alizarin red S by the method described by
Couch, et al.(5). The protective value of
manganese sulfate, riboflavin, biotin and nico-
tinamide against thallium was examined by in-
jecting each of these agents separately, but
simultaneously, with thallium sulfate into the
yolk sac of the 4 day embryo.

Results. The acute (0-4 days after injec-
tion) LDgo of thallium sulfate for the 4 day
embryo is about 1.3 mg/egg. Most of the
embryos surviving the acute lethal effect of
1 mg/egg lived to 18 to 22 days of incubation,
although none hatched (Table I). Thallium
produced a severe and consistent picture of
achondroplasia in the chick embryo, which
was evident in embryos sacrificed or dying
at 10 days of incubation or later. At the
larger doses of thallium (1 to 2 mg/egg),
achondroplasia was associated with a moderate
to severe degree of growth inhibition. At the
smaller dose of 0.5 mg/egg, growth inhibition
was negligible, although a severe achondro-
plasia was frequently present. The gross ap-
pearance of the affected embryos is shown in
Fig. 1. The embryos injected at 4 days of
incubation showed a marked degree of achon-
droplasia, whereas those treated after 10 to
12 days of incubation showed a less severe
but definite inhibition in the growth of the
extremities, The severely achondroplastic
embryos (treated at 4 days) showed very
short limbs with feet that were of normal size
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TABLE I.

Toxicity of Thallium Sulfale to 4-Day-Old Chick Embryo, and Incidence of Achondroplasia in Surviving Chick Embryos,

Age of embryos, days)

Mortality of embryos (death, or saerifice ().
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or larger, principally due to edema, since the
bones were small, parrot beak, thick trunk
and a small head. On gross inspection of the
head, the eyes appeared disproportionately
small and the brain was small and seemed less
solid than normal, particularly the cerebellum,
which was atrophied. The abnormalities in
eye and brain development were presumably
due to compression of these organs due to the
inhibition in skull growth. The feathers ap-
peared to be well developed.

The normal and achondroplastic specimens,
shown in Fig. 2, clearly show the defect in
bone growth. The bones all appear to be
present, but they are much shorter than nor-
mal, and the tibiae and femora are strikingly
curved. Thallium sulfate did not produce
achondroplasia when given at the maximum
tolerated dose to the 2 day old embryo. How-
ever, the LD;, was estimated to be about 0.3
mg/egg, which is less than the amount of
thallium sulfate necessary to consistently pro-
duce achondroplasia at 4 days.

The acute LDjo of thallium sulfate in the
10 to 12 day embryos (O to 4 days after in-
jection) was 2 mg/egg. The embryos sur-
viving to hatching showed shortening of their
extremities (Fig. 1) but the long bones of
the legs were not curved, as seen on X-ray
examination. Achondroplasia was produced
by thallium nitrate at doses similar to those
of thallium sulfate; in fact, the former prep-
aration seemed to be more selective than
thallium sulfate in its achondroplastic as com-
pared to its lethal effect on the embryo. Fer-
rous sulfate and zinc sulfate were not toxic
when injected into the yolk sac of the 4 day
embryo at 5 mg/egg. These data indicate
that the sulfate ion is not responsible or es-
sential for the occurrence of achondroplasia.

Because of the reports that manganese(6,7),
biotin(5,8) and riboflavin(9) deficiencies in
the egg, and the injection of a nicotinic acid
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Fa. 1.
Grogs appearance of chick embryos sacrificed at 21 duays, immediately hefore hatcehing.

A, Normal embryo.

B. Embryo injected with 1.8 mg thallium sulfate at 12 days incubation.

The skuil and beak are not remarkable, but the extremities are considerably shortened. C.

Embryo injected with 1 mg thallium sulfate at 4 days.

This shows the characteristic picture

of parrot beak, small head and eyes, short trunk, short extremities and feet of approximately
normal size. There is over-all stunting of this embryo.

antagonist, 3-acetylpyridine(10) produce
some form of achondroplasia in the chick em-
bryo, the protective values of these agents in
the chick embryo were tested against thallium.
Four day embryos, treated with 1 mg/egg
of thallium sulfate, were injected at the same
time with either 5 mg manganese sulfate, 5
‘mg nicotinamide, 2 and 5 mg of biotin or 1
mg of water-soluble riboflavin (Lederle). The
addition of thallium and one of these agents
near their maximum tolerated doses caused
a large percentage of early deaths in the em-
bryos, but 3 to 5 embryos survived to 18 to
22 days in each group, and these all showed
the characteristic and unmodified picture of
“thallium” achondroplasia.

Discussion. 'Thallium has been found to
exert a highly specific effect on the develop-
ment of the chick embryo, by producing a
severe degree of generalized achondroplasia.

This effect does not occur if thallium is in-
jected at the 2nd day of incubation, presum-
ably because thallium is lethal to the 2 day
embryo at a dose below that necessary to pro-
duce achondroplasia: At 4 days and later,
the injection of thallium will interfere with
bone development, the severity of the effect
being related to the stage of embryonic de-
velopment at the time of treatment. The locali-
zation of thallium in the chick embryo, the
histology of the abnormal skeleton and
changes in the embryo secondary to the
failure of skeletal development will be the
subjects of further studies. The achondro-
plasia produced by thallium appears to be
similar to that described in hereditary chon-
drodystrophy in the chick embryo, and this
has recently been analyzed as due to an auto-
somal recessive gene by Lamoreux(11). In
the severe cases, parrot beak and curved tibiae
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Fia. 2.
Bkeletal structure of control and thallium-treated (1.mg/egg injected at 4 days) 21-day-old

chick embryos.
are evident.

were present, and the embryos rarely hatched.
While some of the embryos treated with thal-
lium resembled the photographs published by
Lamoreux(11), thallium can produce a more
severe degree of achondroplasia. It is of
great interest that a chemical can simulate
a genetic abnormality, believed to be due to
a single gene. Couch, et al.(5) and Cravens,
et al.(8) have observed a high incidence of
chondrodystrophy in the embryos from hens
placed on a biotin-deficient diet, and this de-
fect was prevented by injecting the egg with
biotin. These embryos, as shown in published
photographs(5,8), are also similar to the
thallium-treated embryos. The sporadic oc-
currence of chondrodystrophy similar in type
to the above—and the first reported instance
of chondrodystrophy in the chick embryo—
was described by Landauer and Dunn(12).
Micromelia and beak deformities have also
been produced by the injection of insulin
into the yolk sac of the 4 and S day old chick

12. Landauer, W., and Dunn, L. C., Proc. Soc.
Exp. Bior. ANp MED., 1926, v23, 562.

The diminution of skeletal growth is marked, and the curved femur and tibia

embryo(13), by sulfanilamide(14), by the
nicotinic acid antagonist 3-acetylpyridine(10)
and by the production of a riboflavin deficien-
cy in the egg(9). Landauer(15) and Zwill-
ing(16) have suggested that the micromelic
action of insulin may be related to its hypo-
glycemic activity in the embryo, and this effect
can be prevented by the administration of
nicotinamide at the same time as the insulin.
The micromelic effect of 3-acetylpyridine may
also be related to this mechanism, and it is
also of interest that the micromelia produced
by sulfanilamide, although not related to
hypoglycemia, is prevented by nicotina-
mide(16). Manganese deficiency in the egg
also produces a type of chondrodystrophy, but
the tibiae are not curved and the embryos
show marked edema and retarded down de-
velopment. The failure of manganese, nicotina--
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mide, biotin and riboflavin to prevent the
achondroplastic effect of thallium, would sug-
gest that thallium has a separate mechanism
of action, although it is possible, on a more
complete analysis, that some of these agents
may act ultimately on the same site in affect-
ing bone development.

Along with the genetic and nutritional de-
ficiency technics for producing achondroplasia,
thallium is now demonstrated to act in a
highly consistent manner to produce a severe
and uniform defect in the osseous develop-
ment of the chick embryo.
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Summary. Thallium sulfate produces a con-
sistent and severe degree of achondroplasia in
the chick embryo when injected on the fourth
day of incubation. This abnormality appears
to be similar to the genetic, and to some of
the nutritional deficiency, types of chondro-
dystrophy. Thallium induced achondroplasia
is not prevented by treating the embryo with
manganese, biotin, nicotinamide or riboflavin,
deficiencies of which have been reported to
result in some type of chondrodystrophy in
the chick embryo.
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Previous reports of anesthesia with buty-
lene stated that the butylene used was a
mixture of isomers(1) or that it was probably
chiefly ethyl ethylene(2). Effects observed
using butylene could not therefore be at-
tributed to any one isomer. The recent de-
velopment of efficient distillation procedures
has made possible the separation of vari-
ous hydrocarbons with a purity hitherto
unattainable. This improvement has per-
mitted a more definitive attempt to find rela-

tionships between chemical constitution and -

physiological activity.

Methods. The methods used have been
described(3). Essentially the experiments
were carried out in a large jar equipped
through the rubber stopper with apparatus
that provided for introduction of known
quantities of oxygen or anesthetic compound
while maintaining atmospheric pressure. Car-
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bon dioxide was absorbed by soda lime. The
oxygen concentration was kept at 21%. The
experiments were carried out between 25 and
27° C.

Properties of the compounds used are given
in Table 1.

In order to standardize results the experi-
ments were limited to concentrations of anes-
thetic agents that would afford surgical anes-
thesia within 10 minutes. Experiments were
terminated after 20 minutes of anesthesia.
Surgical anesthesia was accepted as the con-
dition in which the righting reflex had been
lost and in which the animals failed to respond
to pinching a leg against the side of the jar
with a stirring rod. At least 64 mice were
used to determine each percentage value given
in Table I. Probit analysis of results(4) was
used in order to minimize the number of
animals necessary from which to obtain sta-
tistically reliable values, for several of the
materials tested were available in small quan-
tities. To test the degree of sensitization of
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