stabilize the population of synapses.
When a nerve terminal is destroyed, the
regulator would no longer be present and
adjacent terminals could then proliferate
and occupy the vacated synaptic sites.
Diamond and his colleagues have pre-
sented some experimental evidence for
such an interpretation (/2). The results
of our studies suggest that propagated
action potentials do not play the only
role in controlling the release of putative
chemotropic or regulator substances and
in maintaining normal synaptic con-
nections since blocking conducted activ-
ity in one vagus nerve with TTX neither
caused a remodeling of functional gangli-
onic innervation nor did it prevent
sprouting in the TTX-treated nerve after
the opposite vagus was destroyed.

S. ROPER

C.-P. Ko
Department of Anatomy and
Physiology, University of Colorado
Medical Center, Denver 80262
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Induction of Ovalbumin Synthesis in Immature Chicks by

Actinomycin D and Thioacetamide

Abstract. Actinomycin D and thioacetamide induced ovalbumin synthesis and in-
creased serum progesterone concentrations in immature chicks. The increase in pro-
gesterone induced by the carcinogens actinomycin D and thioacetamide may ac-
count for the induction of ovalbumin synthesis.

We recently reported a novel effect of
the administration of the carcinogen ethi-
onine in immature chicks (/, 2). The ef-
fects of ethionine on the oviducts of im-
mature chicks that have previously been
stimulated with estrogen and sub-
sequently withdrawn from estrogen ad-
ministration for 3 to 4 weeks are similar
to those caused by the administration of
progesterone. Ethionine induces syn-
thesis of the egg white proteins ovalbu-
min and conalbumin and also produces
cellular changes in the oviduct character-
istic of hormone administration. The ef-
fect of ethionine on the oviduct appears
to be an indirect consequence of its influ-
ence on steroid hormone metabolism: it

produces tenfold increase in serum pro-
gesterone concentrations (2). We show
here that two other carcinogens, thio-
acetamide and actinomycin D, induce
ovalbumin synthesis in estrogen-treated
chicks and increase serum progesterone
concentrations.

Estrogen administration to immature
chicks results in cytodifferentiation of
tubular gland cells which synthesize the
egg white proteins ovalbumin, con-
albumin, ovomucoid, and lysozyme. The
continuous presence of estrogen is re-
quired for sustained synthesis of these
proteins in immature chicks. Discontin-
uation of estrogen administration results
in gradual decline in cell-specific protein
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synthesis. Ovalbumin synthesis is not
detected after 3 to 4 weeks of estrogen
withdrawal. Either estrogen or pro-
gesterone can induce the synthesis of
major egg white proteins when given as a
secondary stimulation to chicks with-
drawn from estrogen stimulation (3-5).

Four-day-old Calhorn chicks (from
Meyer Brothers’ Hatchery) were inject-
ed intramuscularly below the knee daily
with 1 mg of estradiol benzoate in ses-
ame oil (3) for 10 days (primary estrogen
stimulation). After 3 to 4 weeks of estro-
gen withdrawal the chicks were used in
the experiments; at this stage, ovalbumin
synthesis in the oviducts is not detected.
The chicks were decapitated and their
oviducts removed. The magnum portion
of the oviduct was freed of adjoining tis-
sue and was cut into small pieces. The
magnum explants were incubated for 3
hours in vitro (3), 100 to 200 mg of tissue
being placed in 2 ml of medium in 25-
ml rubber-stoppered Erlenmeyer flasks.
The temperature was maintained at
37°C, and the flasks were subjected to
constant shaking and were gassed with
95 percent O,, S percent CO,, at hourly
intervals. At the end of the incubation
period the pieces of tissue were blotted
on filter paper, homogenized in a Potter-
Elvehjem homogenizer with 2 ml of 15
mM sodium chloride and 10 mM sodium
phosphate, pH 7.5, and centrifuged at
100,000¢ for 1 hour. The supernatant ob-
tained at high speed was used for sub-
sequent analyses.

Administration of thioacetamide or ac-
tinomycin D to immature chicks 4 weeks
after primary estrogen stimulation in-
duced ovalbumin synthesis and increased
progesterone concentrations (Table 1).
Labeled ovalbumin was determined by
specific immunoprecipitation with mono-
specific antiserum against purified oval-
bumin (/, 3). The identity of the oval-
bumin precipitated by antiserum was
confirmed by electrophoresis on sodium
dodecyl sulfate—polyacrylamide gel with
authentic markers (Fig. 1). An increase
in serum progesterone brought about
by actinomycin D in immature chicks
has also been observed by Elo et al.
(6). Progesterone is known to induce
ovalbumin synthesis in chicks when it is
given as a secondary stimulation to
chicks withdrawn from estrogen stimula-
tion (4, 5). The increase in serum pro-
gesterone brought about by actinomycin
D and thioacetamide may account for the
induction of ovalbumin synthesis in
chicks. The lag period for the induction
of ovalbumin synthesis is much longer
with actinomycin D (1 day), thioaceta-
mide (2 days, data not shown), or ethio-
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nine [3 days (/)] than it is with proges-
terone or estradiol (2 or 3 hours, respec-
tively) (7).

Thioacetamide is hepatotoxic and car-
cinogenic (8), and it produces enlarge-
ment of the nucleus and nucleolus 8),
alterations in RNA metabolism (9), in-
terruptions in microsomal electron trans-
port (/0), acute thymic atrophy, and
tubular renal necrosis (/). Actinomycin
D binds to DNA, is an inhibitor of DNA-
dependent RNA synthesis, and produces
nuclear segregation (12). It is cytotoxic
primarily to proliferating cells (/3) and
is, therefore, used as an antitumor agent
(I4). Actinomycin D produces tumors in
mice and rats (/5) and impairs the im-
mune response (/6) and pinocytosis
a7.

Actinomycin D has a paradoxical ef-
fect on protein synthesis in chicks. When
it is administered at the same time as es-
trogen, at a dose of S mg per kilogram of
body weight, it prevents the estrogen-
mediated induction of ovalbumin syn-
thesis in chick oviduct measured after 9
hours (3). But when actinomycin D (5
mg/kg, body weight) is administered at a
time when oviduct magnum is actively
synthesizing ovalbumin, it increases the
synthesis of ovalbumin relative to total
protein synthesis (/8). The stimulatory
effect of actinomycin D on protein syn-
thesis (superinduction) is well recog-
nized in a variety of other systems (/9).

The increase in serum progesterone
and the induction of ovalbumin synthesis
in chicks (which do not normally synthe-
size ovalbumin) brought about by a
lower dose of actinomycin D (400 ug/kg)
represent still another effect of acti-
nomycin D.

Progesterone is a common precursor
of estrogens, androgens, and corticoster-
oids. Increases in progesterone brought
about by carcinogens may affect the con-
centrations of other hormones. How car-
cinogens of such different structures as
ethionine, thioacetamide, and actino-
mycin D increase serum progesterone re-
mains to be elucidated. It may be that
they increase the synthesis of pro-
gesterone or decrease its excretion or
conversion to estrogens, androgens, and
corticosteroids. Administration of estro-
gens or progestins is known to produce
tumors in animals (20, 21). Bogden et al.
(22) have observed an increase in serum
estradiol and a decrease in progesterone
in rats treated with several antineoplastic
agents. In rats, 3-methylcholanthrene
has been reported to affect the release of
progestin by the ovary (23). Pro-
gesterone is immunosuppressive (24).
Ethionine, thioacetamide, and actino-
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Fig. 1. Sodium dodecyl sulfate—polyacryl-
amide disk gel electrophoresis of labeled pro-
teins precipitated with antiserum to ov-
albumin. Immunoprecipitation was carried out
with 50-ul portions of supernatant obtained
by high-speed centrifugation of oviduct mag-
num explants (see Table 1 for details). The
washed antibody precipitates, which were
mixed with internal markers (*H-labeled ov-
albumin and conalbumin that had been synthe-
sized in estrogen-stimulated oviduct explants)
were subjected to coelectrophoresis (3). The
mobility of conalbumin (Con) and of oval-
bumin (Ov) is indicated by arrows. (A) Data
from chicks injected with thioacetamide 3 to 4
weeks after estrogen withdrawal. (B) Data
from chicks injected with actinomycin D 3 to
4 weeks after estrogen withdrawal.

Table 1. Induction of ovalbumin synthesis in
immature chicks by thioacetamide and acti-
nomycin D. Chicks withdrawn from estrogen
stimulation for 4 weeks following primary
stimulation were injected intraperitoneally in
groups of three with thioacetamide (0.25 mg
per gram of body weight in water) for 3 days
or with a single injection of actinomycin D
(Sigma; 0.4 ug per gram of body weight in sa-
line). The thioacetamide-injected chicks were
killed after 3 days and the actinomycin D—in-
jected chicks were Kkilled after 24 hours. Ov-
albumin synthesis in the oviduct magnum ex-
plants was determined as described (/). Val-
ues for ovalbumin synthesis are the averages
of three chicks. Analyses of pooled serums
from three chicks for progesterone (26) by ra-
dioimmunoassay were performed by Labora-
tory Procedures, Upjohn Co. [see (2)]. Serum
samples were submitted for analyses under
different code numbers. Values for duplicate
progesterone determinations are given. These
experiments were repeated with other batches
of chicks with the same results.

Ovalbumin Serum
synthesis in
oviduct ex- proges-
Treatment terone
plants (% of (ng/
total pro- 100 ml)
tein synthesis)
Experiment 1
None Not detected gg
Thioacetamide 9.1=3.9 e
Experiment 2
100
None Not detected 81
Actinomycin D 8719 zgé

mycin D are not detected as mutagens
in the Ames mutagenicity test (25). The
phenomenon of hormone imbalance pro-
duced by different carcinogens described
here may have implications in the mech-
anisms of carcinogenesis.

OPENDRA K. SHARMA
Department of Microbiology,
University of Colorado Medical Center,
Denver 80262, and Department of
Basic Oncology, AMC Cancer Research
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