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Response of Diploid, Heteroploid, and Viral-Transformed Animal
Cell Cultures to Dinabol (Methandrostenolone) (33570)

E. MiepEma!, W, WHITTLE, AND P. I. KRUSE, Jr.

Biomedical Division, The Samuel Roberts Noble Foundation, Inc.,
Ardmore, Oklahoma 73401

Growth promoting effects of androgenic
steroids were known as early as 1935 and this
property has since found wuse clinically.
Prominent among the effects of androgenic
hormones are reduction of nitrogen loss and
stimulation of muscle protein synthesis.
Thus, it occurred to us that perhaps in tissue
cultured cells a differential response to Dian-
abol (methandrostenolone), an anabolic an-
drogenic steroid, might occur among diploid
and viral-transformed connective tissue cells
and between embryonic rat muscle cells and
rat sarcoma cells. The only other known re-
ported effects of Dianabol on animal cells in
vitro did not evaluate this possibility but
rather tested the effects of Dianabol on inter-
feron production (1, 2). This study revealed
an unexpected finding that carcinoma and
sarcoma cell proliferation was markedly in-
hibited by Dianabol, whereas their diploid
and viral-transformed counterparts were not.

Materials and Methods. Dianabol was gen-
erously supplied by CIBA Pharmaceutical
Company, Summit, N. J. Human diploid WI-
38 and viral-transformed WI-38VA13A cells
were obtained from The Wister Institute,
Philadelphia, Pa. The FLOW-2000 diploid
human fibroblasts were secured from Flow
Laboratories, Inc., Rockville, Md. Embryonic
rat muscle and Jensen sarcoma cells, as well
as human diploid JAM cells (derived from
tonsil tissue from an 8-year-old male) were
initiated from stock cultures in this laborato-
ry. All cells were maintained and tested in
medium 7a + 10% whole calf serum (3).
Several experiments were run on each of the
6 cell types, with the majority of tests em-
ploying initial inocula of from 1.3 to 8.5 X
10° cells/T-25 flask. A few tests were made
with higher inocula, up to 27 X 10° cells/
T-25. Twenty-four hr after subcultures, the
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sticking cells were in the exponential phase of
proliferation and were replenished with
fresh, prewarmed medium 7a or 7a plus 0.25,
2.5, 5.0, 10.0, and 25.0 ug/ml of Dianabol.
Tests were conducted for 72 hr, with medium
changes at 48 hr when needed.

Periodic examination of stock cultures for
mycoplasma were negative, Cell proliferation
was measured by taking whole cell counts
with a hemocytometer. Protein was assayed
by the procedure of Oyama and Eagle (4).
Uptake of radioactive lysine-'*C and uridine-
“H was determined by liquid scintillation
counting procedures (5).

Results and Discussion. The proliferative
response of Jensen sarcoma rat cells com-
pared to embryonic rat muscle cells at in-
creasing concentrations of Dianabol is shown
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Fic. 1. Proliferative response of rat cells to Diana-
bol. (X), rat embryonic muscle cells (EMC); (O)
and (@), two rat Jensen sarcoma cell cultures tested
at 6-month intervals before (®) and after (O)
being transplanted intramuscularly in host rats.
Cell numbers were determined by hemocytometer
counts. Initial inocula of control EMC and Jensen
cultures increased cell numbers up to 9.3- and
12.4-fold, respectively, in 72 hr.
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Fi16. 2. Response of WI-38 diploid (®) and WI-
38VA13A viral-transformed (O) human fibroblast
cultures to Dianabol. Cell numbers were determined
by hemocytometer counts. Initial inocula of control
WI-38 and VA13A cultures increased cell numbers
up to 7.9- and 8.1-fold, respectively, in 72 hr.

in Fig. 1. The response by embryonic rat
cells was somewhat variable but in no case
did Dianabol significantly inhibit prolifer-
ation over the concentration range tested
(0-25 pg/ml). In the case of Jensen sarcoma
rat cells, however, as little as 0.25 pg/ml of
Dianabol had noticeable inhibitory effects on
cellular proliferation. At the highest concen-
tration tested (25 pg/ml), complete inhibition
of proliferation was attained. Inhibition per-
sisted in the Jensen cells when tested again at
a much later date and after being carried as
a transplantable tumor intramuscularly in
rats. A semilog plot of the Jensen data indi-
cated that the inhibition was linear on a log
scale to increasing concentrations of the
drug.

The effect of Dianabol on proliferation of
diploid and viral-transformed human fibro-
blast cells is shown in Fig. 2. Although both
cell lines were inhibited slightly by high con-
centrations of Dianabol, the degree of inhibi-
tion was markedly less than that observed for
the sarcoma cells above. Unlike the sarcoma
cells, the viral-transformed cells were less
affected by the drug than their diploid coun-
terpart.

Because of the noninhibitory effect of Di-
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anabol on parent and/or viral-transformed
human cells, it was next tested on a carcino-
ma cell line and another male and female
human diploid cell. As shown in Fig. 3, only
the carcinoma cell (HEp-2) was inhibited by
Dianabol at the concentrations tested. The
FLOW-2000 cells are female human diploid
fibroblasts and the JAM cells are male dip-
loid fibroblasts. Neither the FLOW-200 nor
the JAM cells were inhibited, negating a pos-
sible sex difference in cellular sensitivity to
proliferation inhibition by Dianabol in this
study. The carcinoma cells (HEp-2), like the
sarcoma cells (Jensen), showed a linear log-
dose inhibition by the drug.

The effect of Dianabol (10 ug/ml) on pro-
tein synthesis in 4 of these cell types was
tested by measuring the amount of lysine-*4C
incorporated in 30 min/1 mg of culture pro-
tein. The results are summarized in Table I.
The effect of Dianabol on lysine-1*C uptake
was determined on 0 hr cultures and on cells
grown in the presence of the drug (10 pg/ml)
for 48 hr. In both cases uptake of lysine-1*C
into cell protein was not decreased to a degree
that could be correlated with the prolifer-
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F16. 3. Response of JAM male (O) and FLOW-
2000 female (®) diploid human fibroblasts and
HEp-2 human carcinoma (X) cells to increasing
concentrations of Dianabol. Cell numbers were de-
termined by hemocytometer counts. Initial inocula
of control JAM, FLOW-2000, and HEp-2 cultures
to 5.7, 2.6-, and
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increased cell numbers up

10.5-fold, respectively, in 72 hr.
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TABLE I. Effect of Dianabol on Protein Synthesis
in Animal Cell Cultures.

Lysine-*C uptake (dpm/30
Cell line and min/mg of culture protein)

age (hr) of cul-

ture when tested Control Dianabol®
WI-38

0 3690 3310 (90)?

48° 4506 4145 (92)
VA13A

0 5205 4967 (95)

48 6915 5495 (79)
HEp-2

0 6900 6900 (100)

48 6578 5581 (85)
Jensen

0 6983 6647 (95)

48 5282 4183 (79)

¢ Dianabol was tested at 10 pg/ml in all cases.

® Numbers in parentheses represent percentage of
control values.

° Cells were grown for 48 hr in control medium or
in medium supplemented with Dianabol at 10 pg
/ml,

ation inhibition caused by Dianabol in the
sarcoma and carcinoma cells.

The RNA synthesis, tested by incorpora-
tion of uridine-*H, was likewise not inhi-
bited by Dianabol (10xg/ml) in either WI-38
or HEp-2 cells; thus, it was not investigated
further.

The inability of Dianabol to alter the pro-
tein synthetic ability of cells that are
markedly inhibited in their proliferation may
be explained in one of several ways. Diana-
bol’s primary effect, like hydrocortisone, may
be on the cell membranes (6, 7). A second
plausible explanation is that the tumor cells
are insensitive to processes regulating protein
synthesis of diploid cells in vitro as previ-
ously shown for the Jensen sarcoma (8). A
third alternative is that the ability of cells to
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take up the drug from the medium and/or
convert it to an active form capable of affec-
ting protein synthesis is lost in wvitro. This
limiting ability of the cells to be affected by
the drug may be in part a reflection of the
low cell densities encountered herein vs high
cell densities optimal for collagen synthesis
by cultured cells (9). The present results also
suggest that carcinoma and sarcoma cells
may be set apart from viral-transformed cells
by their sensitivity to androgenic drugs in
vitro.

Summary. An anabolic androgenic steroid,
Dianabol  (methandrostenolone),  caused
marked inhibition of proliferation when
added to carcinoma and sarcoma cell cultures
at concentrations of 0.25-25 pg/ml. Similar
concentrations of the drug were noninhibitory
when added to cultures of diploid, embryon-
ic, and viral-transformed male or female
fibroblasts. Protein and RNA synthesis, mea-
sured by uptake of lysine-*C and uridine-*H,
was unaltered by the Dianabol in the sensitive
as well as the insentive cell types.
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