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STEROIDS ON FIBROBLASTIC GROWTH

TABLE I. Breakdown of I'™ Labelled I-Thyroxine (T,) and 1-3:5:3’-Triiodothyronine (T;)
by Rat Brain amd Musele Homogenates (1 g Tissue/15 ml Medium).
1-3:5:3'-Trilodothyronine,
I-Thyroxine, 2 X 10°"M 3.5 X 10°M
Hr incu- % total It distributed as® P total I* distributed as*
Tissue bation T, I- Or.  Otherst T, I- Or. Otherst
Muscle ) 5371 104 1.3 + 76.6 22.7 + 1.4
1 a5 63,5 2.0 69.0 29.0 2.0
3 17.3 7.1 3.8 56.6 32.4 1.0
6 12.6 §4.2 2.5 + 53.0 35.5 L5
Joiled musele 6 s6.1 12.0 + + 092.4 6.8 +
Jrain 1 687 15.4 + 14.8 80.1 9.2 + 10.3
3 6.4 270 DN 8.8 69.3 23.4 2.7 4.6
0 al1.0 33,2 3N 2.0 64.8 34.2 1.0
Boiled brain 6 84,8 10,2 90.6 8.3 +
* 4+ — Less than 192 Or. == Fraction of ' hmmobile in ehromatography.

t In ease of the brain this group includes acetic acid and/or propionic acid analogues of T,

and T,

Summary. From the present study it can
be concluded that brain and muscle have cer-
tain similarities as well as differences in the
metabolism of thyroxine and triiodothyro-
nine. The deiodinating enzyme is present in
both the tissues but the deaminating activity
found in brain preparations is virtually absent
in skeletal muscle. The nature of the en-
zymes as well as other factors involved in the
metabolism of these hormones require further

clarification and are being studied.
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Diverse evidence has been presented by sev-
eral investigators concerning the direct action
of cortisone acetate and 17-hydroxvcorticos-
terone on growth of fibroblasts in vitro. The
technics have differed as to methods of cul-
ture and application of the test agents(1-7).

The purpose of the present work was to
study the effect of cortisone and hydrocorti-
sone on a single cell system. The results in-
dicate that addition of these steroids to cul-
tures of actively proliferating fibroblastic cells

* This investigation was supported by research
grant of the N.I.LH., Public Health Service.

inhibits their growth and induces develop-
ment of abnormal cytologic changes.

Materials and methods. The steroids, cor-
tisone acetate and hydrocortisone (free al-
cohol) were supplied through the courtesy of
Dr. Frederick Heath, Merck & Co. Corti-
sone was diluted in aqueous vehicle to con-
tain 5 mg ml and further diluted to desired
strength with Earle’s balanced salt solution
(8) prior to combining with the culture me-
dia. Hydrocortisone was prepared according
to the method of Grossfeld and Ragan(3).
The original vehicle was removed from this
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steroid and replaced by saline. To 1 ml of
this suspension were added 1.25 ml of 95%
ethyl alcohol and 0.75 ml of distilled water.
A clear solution containing 8.33 mg,/ml of
hydrocortisone thus obtained was further di-
luted with saline to proper concentration for
use in the tests. Cholesterol suspended in
saline was employed as a control in several
experiments. Stock cultures of fibroblasts (L
strain, Earle) (9) were grown on the surface
of T-60 flasks in a nutrient mixture of horse
serum (40%), embryo extract (20%), and
Earle’s saline (40%). After 7 to 10 days of
cultivation the cells were loosened from the
glass surface by gentle shaking, suspended in
0.025% trypsin solution at a pH 7.4 to 7.6,
incubated at 37°C for 20 to 30 minutes to
break cellular clumps and occasionally agi-
tated to obtain an uniform suspension of sin-
gle cells. Following centrifugation at 1000
rpm for 10 minutes and removal of the super-
natant trypsin solution, the cells were resus-
pended in nutrient medium alone or in me-
dium containing 10 pg/ml of cholesterol, cor-
tisone or hydrocortisone. The cellular con-
centration was measured by direct count in a
hemocytometer. In earlier studies the cells
were diluted in balanced salt solution con-
taining neutral red but the vital dye was later
discontinued, since healthy-appearing cells
were readily discernible without staining.
Two and five-tenths milliliter aliquots of the
suspensions were dispensed by an automatic
syringe into wide mouth, flint glass, screw top
bottles. Four bottles were set up for each
combination of cells and reagents and incu-
bated at 37°C.. During the test period the
nutrient medium, with or without steroids,
was replaced every 2 or 3 days to maintain
the cells. After 11 days the cells from the
bottles of each combination were pooled,
treated with trypsin, centrifuged, resuspended
in saline and enumerated as before. Growth
rates were studied in cultures containing 10,
20, and 50 pg/ml of hydrocortisone. In these
experiments the treated and untreated cells
from 2 bottles of each combination were
pooled and counted at 3- or 4-day intervals
for 14 days.

Cultures of fibroblasts derived from subcu-
taneous areolar tissue of adult rats were used
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GRAPH 1. Retarding effect of 10 ug/ml of choles-

terol, cortisone or hydrocortisone on mouse ﬁbrq-

blasts grown for 11 days. The data from 9 experi-
ments have been pooled.

in a series of experiments designed to test
effect of cortisone acetate and hydrocortisone
on cell mitosis. The cultures were carried for
15 days or longer in roller tubes and then
transferred to Maximow slides(10). After
5 days, when they were about to reach their
maximal growth rate, they were exposed to 20
ng/ml of the steroids in the feeding solution.
In control cultures saline was substituted for
the test agents. In these experiments the
feeding solution was composed of human pla-
cental serum (20%), beef serum ultrafiltrate
(20%), embryo extract (20%), and saline
(40%). At 4, 8,12, 16, 20, and 44 hours, 2
to 4 slides containing 6 to 12 explants were
fixed in methyl alcohol and stained with Jen-
ner Giemsa. An average of 2000 cells for
each time interval and for each agent were
counted, using a Howard ocular grating. The
percentage of these cells in the 4 phases of
mitosis was determined.

Results. The data in Graph 1, compiled
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GRAPH 1II. Curves illustrate retarding effect of 10,

20 or 50 ug/ml of hydrocortisone on mouse fibro-

blasts over a 14-day period. The data from 4 experi-
ments have been pooled.

from 9 experiments, show the average per-
centage increase in number of cells over the
original cell count in the control and steroid-
treated cultures. The counts were made after
11 days. In control cultures there was a
253% increase in number of cells over the
initial inoculum, whereas in cultures contain-
ing 10 pg/ml of cholesterol, cortisone or hy-
drocortisone, the percentage increase in num-
ber of cells was 220%. 185%. and 106%, re-
spectively.

Having obtained evidence that hydrocor-
tisone produced more inhibition than corti-
sone acetate, the next experiments were car-
ried out using only hydrocortisone. Three
concentrations of hydrocortisone were studied.
The percentage increase of cell count over
the original count at intervals of 3 or 4 days
is shown in Graph II, which represents the
average results of 4 experiments. This graph
indicates that all 3 concentrations of hydro-
cortisone, 10, 20, and 50 pg ml, produce a
definite inhibiting effect on growth of fibro-
blasts. The inhibitory effect is most notice-
able within the first 7 days. Both 10 and 20
pg/ml of hydrocortisone produce approxi-
mately the same degree of inhibition of
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growth. It may be observed that cultures
containing 10 or 20 ug/ml of hydrocortisone
produce about 50% fewer cells when compared
to cell growth in control cultures. Fifty mi-
crograms per ml are roughly twice as inhibi-
tory to growth as the lesser amounts of hy-
drocortisone.

To determine whether damage to the cells
by the steroids was reversible, the treated
cultures were transferred into medium with-
out the addition of the test agents; complete
recovery of the culture with growth equal to
that of control cultures ensued.

Typical changes in morphology were read-
ily seen in unstained as well as in stained
fresh preparations. Fig. 1 illustrates a fresh
preparation of a normal control 10-day-old
culture. The typically fibroblastic cells with
the characteristic spindle-shape or, less fre-
quently, with triangular shapes and long ter-
minal processes may be seen. An occasional
giant cell is present. In contrast, hydrocor-
tisone-treated cells, Fig. 2, are less spindle-
shaped and show definite shortening of their
terminal processes; the cells appear swollen,
transparent, flattened, and tend to cohere in

FIG. 1. Fresh preparation of normal control mouse

fibroblasts (L strain, Earle) from a 10-day culture.

Characteristic spindle-shaped cells and an occasional
giant cell can be seen. X 100, approximately.
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FIG. 2. Fresh preparation of mouse fibroblasts

grown for 10 days with 50 ug/ml of hydrocortisone.

In comparison to Fig. 1, the cells are swollen and

less spindle-shaped. More giant cells are present.
X 100, approximately.

sheets; some contain one single enormous nu-
cleus, others 4 to 6 nuclei. Another constant
effect of hydrocortisone on fibroblasts is the
production of numerous cytoplasmic vacuoles
(Fig. 3). These morphologic changes are
present in cortisone acetate as well as in hy-
drocortisone-treated cells and become more
pronounced with increasing concentrations of
the steroids.

The reaction to the hormone was also no-
ticeable following trypsinization. After 3 or
more days’ growth in the media containing
steroids, detached normal cells, seen in the
counting chamber, were round and uniform
in size, unlike steroid-treated cells which were
large, ameboid and irregular in outline.

Cortisone acetate and hydrocortisone in a
concentration of 20 ug/ml did not arrest mi-
tosis in any particular phase and there was
no accumulation of one type of mitotic figure
at any time during cultivation. In the 4 ex-
periments carried out, there was no appre-
ciable difference in mitotic index between the
control and the steroid-treated cells. How-
ever, it should be noted that in these experi-
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ments the cells were rat fibroblasts and culti-
vated in a plasma clot.

Discussion. The experimental data indi-
cate that hydrocortisone, and to a lesser de-
gree cortisone acetate, inhibited growth of
fibroblasts in tissue culture. Cholesterol
caused minimal inhibition. The question
arises whether the lesser effect of cortisone,
as compared with hydrocortisone, might be
due to the fact that cortisone (acetate) was
in suspension and was inhomogeneously dis-
tributed in the medium, whereas hydrocorti-
sone was in solution. Grossfeld and Ragan
(3) tested these steroids in hanging drop
chick embryo cultures and found that inhibi-
tion by hydrocortisone in suspension was
greater than by cortisone acetate in suspen-
sion. They believed this indicated that fac-
tors other than water solubility make hydro-
cortisone more effective than cortisone ace-
tate.

The finding that the inhibitory effect on
growth of fibroblasts was greater when the
concentration of steroids was increased from
10 or 20 to 50 pg/ml conforms with the ob-
servation of Kaufman and his associates
(2), who, using embryo chick heart tissue
embedded in a plasma clot, observed inhibi-

FIG. 3. A higher magnification of Fig. 2, illustrating
cytoplasmic vacuoles. X 450.
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tion of migration of fibroblasts with 10, 23.
50, and 100 pug/ml quantities of cortisone
(free alcohol) and hydrocortisone and con-
cluded that amount of inhibition was directly
related to concentration of the steroids.

The formation of cytoplasmic vacuoles in
fibroblasts grown together with cortisone or
hydrocortisone has been observed by other
workers. Paff and Stewart(7). who precipi-
tated crystals of cortisone (free alcohol) by
evaporation on coverslips before addition of
nutrients and chick embryonic dermal frag-
ments, reported that the first apparent reac-
tion of the fibroblast to the hormone was for-
mation of cytoplasmic vacuoles. Steen(1).
using hanging drop cultures containing corti-
sone acetate, also observed cytoplasmic vac-
uoles in fibroblastic outgrowth from chick
embryo heart. The presence of large fat
vacuoles in an unusually early staze of growth
was noted by Grossfeld and Ragan(3) in
chick embryo cultures submitted to the action
of soluble hydrocortisone.

The failure of cortisone or hydrocortisone
to influence the mitotic index of rat fibro-
blasts or alter distribution of the 4 phases of
mitosis accords with the work of Grossfeld
and Ragan(3), who found no arrest of mi-
tosis in any particular phase.

Summary. 1) The effect of cortisone ace-
tate and hydrocortisone (free alcohol) on
growth of L strain mouse fibroblasts was
studied. 2) Addition of 10 ug/ml of either
steroid to the culture fluid, after 11 days of
incubation, resulted in a decrease in total
cell count when compared with counts in con-
trol cultures. Hydrocortisone was the more
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inhibitory agent. 3) The effect of 3 concen-
trations of hydrocortisone (10, 20, and 50
pg. ml) on growth of fibroblasts over a 14-day
period was established. The most marked
inhibitory effect was produced during the first
7 days of culture. Fifty micrograms per ml
were approximately twice as inhibitory as the
lesser amounts of hydrocortisone. 4) Devia-
tions from normal morphology of fibroblasts
were seen in the steroid-treated cells. The
cell processes were shortened, cells were
swollen and flattened and tended to cohere in
sheets. A great number of giant cells, often
multinuclear or with nuclei irregularly shaped,
were present. The cvtoplasm contained many
vacuoles.

The authors are indebted to Dr. C. Andrew L.
Bassett for the photomicrographs.
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Hemolytic anemia has been reported in
virus diseases, such as infectious mononucle-
©sis, virus pneumonia, Coxsackie A infection,

influenza A infection and measles (reviewed
by Dacie(1)). Several viruses are known to
be adsorbed to red blood cells, and cause irre-



