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Prevention of Toxicity of
Amethopterin for Sarcoma-180
Cells in Tissue Culture

The present paper is a preliminary re-
port on the finding that sarcoma-180
(S-180) cells grow normally when the
function of folic acid is prevented by
amethopterin (Methotrexate), if the me-
dium is supplemented with products of
the biosynthetic reactions dependent on
folic acid cofactors. It is known that cer-
tain microorganisms which require folic
acid for growth—for example, Strepto-
coccus faecalis 8043—can grow in the
absence of this vitamin in a medium con-
taining thymine and adenine or guanine
(1). That folic acid is one of the nutri-
tional requirements for the growth of
mammalian cells in tissue culture was
shown by Eagle (2). The inhibition of
the growth of sarcoma-180 cells in such
a medium by amethopterin has been
demonstrated (3).

The techniques of Eagle (2, 4) were
used. The medium contained 5 percent
thoroughly dialyzed horse serum. The
cells were grown in the experimental
media for 7 days. The growth of the
cells in the presence of amethopterin in
a medium containing hypoxanthine, thy-
midine, and glycine is shown in Table 1.
Disintegration of the cells occurred if
hypoxanthine or thymidine was omitted
from the mixture. In the absence of gly-
cine, some growth was observed, indi-
cating either a small amount derived
from the dialyzed horse serum or some
formation of glycine, possibly from the
exogenous L-threonine (5). When gly-
cine was added to this medium, the
growth was comparable to that of the
control. The complete mixture fully sup-
ported the growth of sarcoma-180 cells
even in the presence of amethopterin at
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concentrations 10,000 times that ordinar-
ily required for complete inhibition
(Table 1). In body fluids, the concen-
trations of such compounds could be criti-
cal to the effectiveness of amethopterin
on neoplastic cells n vivo. Similar com-
pounds in the crude medium (chicken
plasma clot) might also explain the fail-
ure of amethopterin to inhibit sarcoma-
180 cells, as reported by Biesele (6).

When the function of folic acid was
prevented by amethopterin, it was found
that sarcoma-180 cells were able to util-
ize adenine, adenosine, deoxyadenosine,
hypoxanthine, and inosine equally well;
guanosine supported slower growth of
sarcoma-180 cells under these conditions;
that is, there was only a threefold in-
crease in 7 days, whereas xanthine and
xanthosine were inactive. These results
indicate that some “adenine” was de-
rived from guanosine, but the extent to
which “guanine” or “adenine,” or both,
were derived from xanthine and xantho-
sine was insignificant.

In the presence of amethopterin, thy-
midine, and glycine, the cells disinte-
grate if purines are not supplied in the
medium (Table 1). Under such condi-
tions it is unlikely that purine synthesis
de novo occurs. Thds, the single purine
in the medium must serve as the sole
soyrce, not only of adenine and guanine
of nucleic acids, but also of all the co-
enzymes containing purines as structural
constituents. Accordingly, this technique
appears to be useful for the study of the
pathways of purine metabolism. The
present work demonstrates for the first
time that mammalian cells (sarcoma-
180) are fully capable of using exogen-
ous purines for growth and multiplica-
tion.

Further work demonstrated that thy-
midine could be replaced by thymidylic
acid for the growth of sarcoma-180 cells
in the presence of amethopterin, glycine,
and a purine, but thymine and thymine-
riboside had no activity in this respect. A
mixture of thymine and deoxyadenosine
did not replace a mixture of thymidine
and adenine, indicating that this type of
transdeoxyribosidation did not occur.

It is seen that the presence of amethop-
terin creates new requirements for the
growth of the tumor cells in vitro. When
these requirements are met by preformed
purines, thymidine, and glycine, inhibi-
tion of growth might still be achieved if
the utilization of even one of these com-
pounds were prevented. Logical com-
binations for chemotherapy are thus sug-
gested. The new requirements created
by amethopterin probably differ in dif-
ferent species and tissues. It is already
known that differences exist in the abili-
ties of various tissues and species to
utilize preformed purines in vivo (7).
In addition, rabbit fibroblasts, unlike
sarcoma-180 cells, require exogenous

Table 1. Growth of sarcoma-180 cells in
tissue culture in the presence of amethop-
terin. Folic acid (pteroylglutamic acid)
was present at a concentration of

2x107"M.

Varied supplements in the medium  Degree
of cel-
Ag;:th Hyp9xan- Thymi- Qly- nl::llla;_
terin® thine dine cine plica-
(M) 3x10 M 3x10°M 1 x 10+M tion?
0 5.7%
3 x 108 0.70
3 x 107 0.34
3 x 107 + + + 5.7§
3 x 10~ + + + 6.1
3 x 10-7 + + 0.60
3% 107 + + 0.43
3 x 107 + + 1.8

* 4-Amino-10-methyl-pteroylglutamic acid.

T Referred to inoculum as 1; determined by the
method of Oyama and Eagle (I1); correlation of
the protein determinations with cell counts is dis-
cussed by Oyama and Eagle (11).

I Control.

§ The culture has been carried for 3 weeks under
these conditions and is being maintained.

L-serine for growth in tissue culture (8).
Thymine or thymidine increased the
rate of the development of amethopterin
resistance in Streptococcus faecalis 8043
(9). The effect of similar factors on the
development of amethopterin resistance
in mammalian cells is under study (10).
’ Mare T. HakALA
Department of Experimental
T herapeutics, Roswell Park Memorial
Institute, Buffalo, New York
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Gastric Secretagogue Effect of
Lysine Monohydrochloride

There have been recent references in
medical literature to the use of lysine
monohydrochloride as a nutritional sup-
plement (I). Certain clinical responses,
such as increase of appetite, weight gain,
and rapid restoration of hemoglobin val-
ues, have been reported. Such effects
might be produced by either or both of
these mechanisms: (i) correction of pre-
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