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PRELIMINARY COMMUNICATIONS

TOXICITIES OF ADENOSINE AND 2'-DEOXYADENHOSINE IN L CELLS
TREATED WITH INHIBITORS OF ADENOSINE DEAMINASE*
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Effective inhibitors of mammalian adenosine deaminase first became available within
the past 3 years. The first of these, synthesized by Schaeffer and Schwender (1), was
erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA). This is a reversible inhibitor with Ki of
about 10'8 M (1). This compound was shown in this laboratory (2) to protect 9-g-D-arabino-
furanosyl adenine (ara-A) from very extensive deamination by mouse fibroblasts (L cells)
and thereby increases the lethality of ara-A at least 20-fold. The combination was
effective in mice bearing Ehrlich ascites tumor also, markedly increasing the survival of
the mice as compared to the effects of ara-A alone (3). It was demonstrated that 10'5 to
10'7 M EHNA potentiated the toxicity of 10-q M 3-deoxyadenosine (cordycenin) as well (3);
in the presence of EHNA, this nucleoside became extremely lethal and completely inhibited
the synthesis of both RNA and DHA in growing L cells.

Another even more recently recognized inhibitor of the deaminase is 2'-deoxycoformycin
(DCF), which is essentially irreversible in its inactivation of the mammalian enzyme, the
Ki being less than 10'10 M (4). HNot only has UCF been observed to potentiate the antitumor
and antiviral effects of ara-A, as summarized in Ref. 5, but at 0.5 mg/kg, i.e. 2 x 10'6 M,
it also significantly increased the anticellular toxicity of cordycepin, as well as the
antitumor activity of the latter in mice bearing P388 ascites leukemia (6). A comparison

of the structures of EHiWA and DCF is presented in Fig. 1.
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Fig. 1. Structures of the inhibitors of adenosine deaminase, erythro-9-(2-hydroxy-3-nonyl)-
adenine (EHNA) and 2'-deoxycoformycin (DCF).

We have concluded, therefore, that the deamination of analogues of adenine nucleosides
is a major reason for the limited activity in vivo of many of these substances given alone
(2) and suppose that with the use of these deaminase inhibitors it may be possible to
obtain insights concerning the true toxic potential of compounds such as ara-A and cordy-
cepin in the chemotherapy of viruses and tumors. At this point, however, we should ask
several questions concerning the use of such inhibitors of the deaminase in conjunction
with the presumed chemotherapeutic agent. An obvious question is that of the toxicity of
such a combination in man. Will the protection by EHNA or DCF of a toxic nucleoside, such
as ara-A and cordycepin, markedly affect the therapeutic index and convert these nucleo-
sides into agents whose lethal and toxic action is heightened far more than their thera-
peutic action? We have not addressed ourselves to this question but have asked some re-
lated questions approachable in tissue culture systems.

We now have an embarrassment of riches, in possessing two potent inhibitors of the
adenosine deaminase. In addition to the apparent irreversibility of the action of DCF on
the enzyme, we have wondered if its deoxynucleoside structure also confers a toxicity to
this inhibitor as a result of possible incorporation into cellular nucleic acid. In
studies on the arowth of L cells in liquid suspension culture (2) in the presence of
either inhibitor, it was shown that such cells will grow and multiply as well in the
presence of 10'5 M LHNA or DCF as in the absence of these substances. In addition to
following cell number and cell size with measurements in a Coulter counter (7), the
ability of individual cells to form colonies (2) was determined. ilo significant change

was detected in number, size or in the efficiency of nlating of the cells; the latter
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value remained between 60 and 70 per cent of cell number in cultures, which continued to
increase exponentially from 5 x 10“ viable cells/ml to 2 x 105 viable cells/ml in a 31-hr
interval after the addition of the deaminase inhibitors.

In a 25-hr interval, the same cells continued to enlarge in the presence of 10'“M
ara-A, although this substance had killed 40-50 per cent of the cells. However, in the
presence of 10'“ M ara-A plus 10'5 M EHNA or DCF, the cells were killed at a much greater
rate; in 25 hr only 1 per cent of the originally viable cells were able to produce colonies,
although cell number and the distribution of sizes of the cells were essentially the same
in cultures containing ara-A with or without deaminase inhibitor. In this experiment,
therefore, it appeared that, although both deaminase inhibitors were equally effective at
10'5 M in exacerbating ara-A toxicity for L cells, neither appeared toxic alone on a short-
term or long-term basis for the growth and multiplication of these cells.

It was demonstrated also that under the conditions of these experiments in which the
deaminase inhibitors were added simultaneously with the ara-A, EHNA or DCF similarly pro-
tected exogenous radioactive ara-A from deamination. These metabolic experiments were
carried out as described earlier (2,8). In the normal culture (10S cells/mi), 30 per cent
of the ara-A disappeared from the medium in a 6-hr interval, with the concurrent appearance
of 25 per cent of the radibactivity as ara-Hx. Less than a fourth of this deaminase was
due to serum deaminase in the presence of EHNA or DCF; only 10-14 per cent of the ara-A
left the medium with the accumulation of 4-7 per cent of the radioactivity as ara-Hx.

Although the Ki of ara-ATP in iphibition of mammalian DNA nolymerase is about 1O'GM
(9), ara-A is barely toxic to L cells at 10'“ M and unable to sustain lethality after 30-hr,
when all the ara-A in the medium has disappeared. These cells are rich in an active
adenosine deaminase (2), and it is thought Tikely that the normal role of the enzyme may
be the inactivation of the "normal" nucleosides, 2'-deoxyadenosine and adenosine. After
conversion to the triphosphate, the former is a powerful inhibitor of ribonucleotide
reductase and mimics the toxicity of hydroxyurea in this respect. Adenosine is toxic to
several tissue culture lines in the absence of exogenous uridine (10) and is also inhibi-
tory as such to cAMP phosphodiesterase, to platelet aggregation and causes vasodilatation
of the mammalian heart. These toxic effects are markedly decreased by deamination. In
some as yet obscure way, genetically determined immunoincompetence has been found to
correlate with the absence of adenosine deaminase. It appeared desirable, therefore, to
explore the effects of EHNA and DCF on the toxicities of these "normal" metabolites.

b
As shown in Fig. 2, the "normal" nucleosides at 10" M are not inhibitory to the growth
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of deaminase-rich L cells. However, these substances are toxic in the presence of 107 M
inhibitor of the deaminase. In the presence of EHNA, both adenosine and deoxyadenosine

are found to be inhibitory but do not kill. In the presence of DCF, 2'~deoxyadenosine is

quite lethal, whereas adenosine is cytostatic.
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Fig. 2. Growth and viability of mouse fibroblasts exposed to adenosine and 2'-deoxyadeno-
sine in the presence or absence of inhibitors of adenosine deaminase. Adenosine

b
(Ado) and 2'-deoxyadenosine {dAdo) were initially present at 10 M. The

inhibitors were present at 10-> M-
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Fig. 3. Growth and viability of L cells in the presence of inhibitors of adenosine
deaminase (EHNA and OCF) and subsequent challenge of the washed cells by nucleo-
=5 .
sides (Ado and dAdo). The inhibitors were present initially at 100 M. Adenosine

4
(Ado) and 2'-deoxyadenosine (dAdo) were present initially at 107 M.
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We then asked if this more pronounced effect of DCF was potentially hazardous, in the
sense that treated cells might not easily regain the enzymatic activity which is protective
against this type of challenge by "normal" nucleosides. Cells were exposed to EHNA or DCF
for 24-hr and were washed to reduce the external concentration of inhibitor greater than
1000-fold. These cells, as well as a control culture, were then exposed to 10—k M nucleo-
side. In Fig. 3, it can be seen that cells exposed to EHNA could, after washing, then
grow normally in the presence of adenosine or deoxyadenosine. On the other hand, cells
exposed to DCF and washed were nevertheless killed in the presence of 2'-deoxyadenosine
and were markedly inhibited by adenosine. It can be concluded then that DCF is not easily
eliminated from the cellular system and may present a hazard with respect to a possible
later challenge by these "normal" toxic nucleosides.

In making a decision, then, as to which deaminase inhibitor should be explored in
increasing the theraneutic efficacy of compounds such as ara-A, it should be asked if
hazards such as these, including that of immunoincompetence, may not be introduced in the

test animal by DCF or EHNA.
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