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TABLE V. Effect of Toxie Factor, Isolated by

‘“Salting Out’’ with (NH,),S80,, on Cleavage of

Arbacia punctulata Eggs. Coelomic fluids were

partially purified by autoeclaving, followed by cen-
trifugation and dialysis,
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Reduction of Mitotic Activity in Pinna Epidermis of Mice Given Cortisol

or 9a-fluorocortisol.*1

(22343)
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The inhibitory effect of cortisone upon mi-
totic activity in certain tissues seems to be
established(1-4). In this study, antimitotic
effects were noted for hydrocortisone (corti-
sol) and for 9«-fluorocortisol. In order to
detect antimitotic effects occurring within the
range of the daily mitotic rhythm, this work
was carried out 1) under environmental con-
ditions standardized for evaluation of 24-
hour periodicity(35), 2) during the period of
day of relatively high mitotic activity, 3) on

* This investigation was supported in part by the
Elsa U. Pardee Foundation and by research grants
from Amer. Cancer Society, the U. S. Public Health
Service (G-4138) and the Graduate School of Uni-
versity of Minnesota.

t The authors are indebted to Dean William H.
Crawford, University of Minnesota Dental School
for facilities of laboratory and to Dr. L. H. Sarett
and Dr. E. Alpert of Merck & Company, Rahway,
N. J., for gifts of steroids.

a population of mice previously found to ex-
hibit a marked mitotic rhythm in pinna epi-
dermis(6).

Materials and methods. For 7 days prior to
experiment, male ZBC mice, 8 weeks of age,
were kept singly housed in a room maintained
at 80 = 1°F, illuminated from 6 A.M. to 6
P.M., and kept dark from 6 P.M. to 6 AM.
Purina Fox Chow and tap water were avail-
able to the mice ad libitum, from the time of
weaning and throughout experiment. On the
day of experiment, a first group of 11 mice
was not handled, while 3 other groups, each
composed of 12 mice, were given intraperi:
toneally 100 y or 1,000 y of cortisol acetate
or 10 y of 9a-fluorocortisol acetate. Each
mouse was weighed prior to injection and the
dose was adjusted to refer to 20 g of body
weight. The treatments were given in rota-
tion, in order to minimize the possible role of
a time factor difference among treatments.
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FIG. 1. Effects of cortisol and 9 g-fluorocortisol

upon pinna mitoses of intact male ZBC mice (the
height of the columns denotes the means, the
shaded areas demote + 1.0 8. E.).

The injections were made from 8:30 A.M. to
9:30 A.M. of the same morning, and the in-
jected and uninjected mice were all sacrificed
4 hours later. The ears were clipped off by
means of scissors, the margins were trimmed,
and the ears were then placed into Bouin’s
fixative. The time elapsed from the moment
of removal of a mouse from its cage until the
immersion of its ear into the fixative did not
exceed 10 seconds. Following embedding in
paraffin, at least 20 sections of each ear were
prepared. The sections, about 6 p thick, were
stained with Heidenhain’s iron hematoxylin
and were counterstained with eosin. In sec-
tions from each of the ears, 3,000 epidermal
cells were examined under oil immersion and
the total number of mitoses as well as their
respective stages were recorded.

Results. The height of the columns in Fig.
1 shows the mean mitotic count for each of
the groups studied, the shaded areas denoting
=+ one standard error. It may be seen that
the mice given corticosteroid treatments had
lower mean counts, as compared with un-
treated mice. As far as cortisol treatment is
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TABLE I. Significance of Inter-Group Differences
in Mean Mitotiec Counts.

Difference*
Difference studied* DF <+ 8S.E. t P
9 g-fluorocortisol 10~ 21 7.7=+26 294 .008
acetate
Cortisol acetate 1000 21 9.1 +2.3 3.90 <.001
” ” 1004 21 48+29 165 115

* Mean mitotic count of ‘‘no treatment’’ group
minus the corresponding value for treatment group
listed.

concerned, the group receiving 1000 y had a
lower mean count than that receiving 100 .
Furthermore, the antimitotic effect of 10y of
9a-fluorocortisol compared favorably with the
corresponding effect of 100 y and unfavorably
with that of 1000 y of cortisol. The effects
of both 1000 y of cortisol and 10 y of 9a-
fluorocortisol were significant at the one per-
cent level, as may be seen from Table I. The
proportions of the 4 mitotic stages in the
groups receiving either 10 y of 9a-fluorocorti-
sol or 1000 y of cortisol were, however, rough-
ly comparable to those in the untreated group,
as shown in Table II.

The x?’s for the slight differences in propor-
tions of mitotic stages between the untreated
group on one hand and the 10 y of 9a-fluoro-
cortisol and 1000 y of cortisol groups, on the
other hand, were 2.25 (P>.39) and 1.89
(P>.57), respectively. By contrast, the cor-
responding difference between the untreated
group and the 100 y of cortisol group was
significant below the 5% level (x* = 8.53;
P = .037). The latter group differs from the
former groups primarily by a higher propor-
tion of prophases and by a lower proportion
of telophases. This difference in proportions
may have been brought about by the shorter
duration of the antimitotic effect of the lower
dose of cortisol. Conceivably, in mice given
100 y of cortisol, at 4 hours post-injection,
cells may have entered prophase without in-
hibition, but as yet, they may not have ad-

TABLE I1. Distribution of Mitotic Stages in Groups Investigated.

Dose % % Yo %

Treatment v) prophase metaphase anaphase telophase
None 26 43 11 20
9 q-fluorocortisol acetate 10 26 37 11 26
Cortisol acetate 1000 22 39 16 23
” ” 100 33 44 13 10
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vanced to telophase (Table II). This possi-
bility, however, can not be supported without
additional data obtained at earlier times after
injection.

The main points of this report are the fol-
lowing: First, the administration of cortisol
in 1000 v doses, as well as that of 9a-fluoro-
cortisol in 10 y doses, results in a significant
reduction in number of mitoses in pinna epi-
dermis. Second, doses of the compounds
which exhibit significant antimitotic effects
do not change significantly the proportions of
mitotic stages. Accordingly, these compounds
may not interfere with the mitotic process
per se, but rather, they may act upon some
aspect of interphase. Third, a comparison of
those doses of cortisol and of 9a«-fluorocortisol
which exhibit antimitotic activity supports
the suggestion that the substitution of a tlu-
orine atom in the 9a position results in a
marked enhancement of the antimitotic activ-
ity of cortisol. The fluorine-substituted com-
pound has more than 10 times the activity of
cortisol, under the conditions of this study.
This suggestion is in keeping with the en-
hancement of other biologic activities of cor-
tisol by fluorine-substitution in the 9a posi-
tion(7-13).

Summary. Mitotic activity in pinna epi-
dermis of male ZBC mice was studied under
environmental conditions standardized for
evaluation of 24-hour periodicity, during the
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period of day of relatively high mitotic activ-
ity. Under these circumstances, antimitotic
effects, exerted apparently during interphase,
were noted for hydrocortisone and for 9a-flu-
orohydrocortisone. The latter compound had
more than 10 times the antimitotic potency
of the former.
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Increases of plasma transaminase(l) and
lactic acid dehydrogenase in liver disease(2)
and myocardial infarction(3) suggested the
probability of the release of other enzymes
from the myocardium or the liver as a result
of hypoxia or tissue necrosis. This laboratory
has been interested in the immediate changes

*The work was supported by grants from the
U. S. Public Health Service, Am. Heart Assn. and
Life Insurance Medical Research Fund.

following experimental myocardial infarction
in dogs. For example, a higher concentration
of pyruvate in coronary sinus than in arterial
blood (negative myocardial balance of pyru-
vate) was observed within the first thirty
minutes following coronary embolization(4).
This phenomenon has also been observed in
hemorrhagic shock(5) and in ventricular fi-
brillation(4). It is likely that the reduction
in coronary flow which immediately follows



