ACUTE CELL DEATH INDUCED BY INHIBITION OF DNA SYNTHESIS 1IN
VARIOUS PARTS OF THE GASTROINTESTINAL TRACT
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Injection of hydroxyurea into mice led after 4 h to degeneration of nearly
all DNA-synthesizing cells in the crypts of the small intestine, but only
about 107 of these cells in the epithelium of the glandular part of the
stomach underwent necrosis under these conditions. Hydroxyurea inhibited
DNA synthesis equally in both tissues. The resistance of the gastric cells,
as shown by the criterion of acute death, reflected their ability to with-
stand inhibition of DNA synthesis without degeneration. This property is
perhaps preserved in tumors of the stomach and may be one factor determin~-
ing their resistance to chemotherapy.
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Inhibitors of DNA synthesis and certain alkylating compounds produce acute death
by karyorrhexis of DNA-synthesizing cells in the epithelium of the crypts of the small
intestine and also of certain other renewed tissues (epithelium of the tongue, lym-
phatic tissue). By contrast, cells synthesizing DNA in tissues with stimulated pro-
liferation (liver, kidney, salivary gland) are virtually completely resistant to the
action of alkylating compounds. The suggestion has been made that this points to
fundamental differences in the organization of the cells of rapidly renewed tissues
and of tissues with stimulated proliferation [3-5].

The object of this investigation was to study the sensitivity of cells in differ-
ent parts of the gastrointestinal tract of mice to the necrotic action of hydroxyurea,
a specific inhibitor of DNA synthesis. Investigations of this type are important be-
cause of their bearing on the problem of tissue-specific differences in the response
of cells to antitumor preparations.

EXPERIMENTAL METHOD

To detect acute death of cells synthesizing DNA, thymidine-H3 was injected intra-
peritoneally into noninbred mice in a dose of 2 uCi/g body weight, followed by hy-
droxyurea in various doses 30 min later. Various parts of the gastrointestinal tract
were fixed 4 h after administration of the hydroxyurea. To determine the effect of
hydroxyurea on DNA synthesis its injection into mice was followed after 1 h by injec-
tion of thymidine-H3, and the tissues were fixed 30 min later. The method of prepar-
ing autoradiographs was described earlier [2].
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EXPERIMENTAL RESULTS

Nearly all cells synthesizing DNA in the crypts of the small intestine were ne-
crotic 4 h after the injection of hydroxyurea (Table 1). 1If two injections of hy-
droxyurea were given at an interval of 3 h no intact labeled cells could be found in
the crypts. The effect was virtually maximal after injection of 500 mg/kg of hydroxy-
urea.

A completely different picture was observed in the epithelium of the glandular
part of the stomach. Following administration of hydroxyurea in all doses only about
10% of DNA-synthesizing cells in the epithelium of the glandular part of the stomach
were necrotic. Repeated injection of hydroxyurea did not significantly increase the
mortality of the cells. Consequently, the epithelium of the glandular part of the
stomach was highly resistant to injection of the inhibitor of DNA synthesis as shown
by the criterion of acute cell death. A tenfold increase in the dose of hydroxyurea
or an increase in the duration of inhibition of DNA synthesis by repeated injection
of the inhibitor did not lower the resistance of the cells. Death of labeled cells
was not observed 24 h after injection of hydroxyurea.

The sharp difference in the intensity of acute cell death in the small intestine
and stomach after injection of the inhibitor of DNA synthesis was unconnected with
differences in the degree of inhibition of DNA synthesis. When thymidine—H3 was in-
jected 1 h after 500 mg/kg of hydroxyurea, no incorporation was found on autoradio-
graphs of the small intestine or glandular part of the stomach. In the control series,
the mean number of granules above the labeled cells was 20-30 in both tissues. Con-
sequently, in this dose hydroxyurea inhibited DNA synthesis in both tissues by over
90%. With a decrease in the dose of hydroxyurea the degree of inhibition of DNA syn-
thesis was lowered equally in the small intestine and glandular part of the stomach
(Table 2). DNA synthesis was inhibited equally in the cells of both types, but under
these circumstances the cells in the small intestine broke down rapidly whereas most
cells of the stomach remained intact.

Cells synthesizing DNA in the crypts of the large intestine were sensitive to
the necrotic action of hydroxyurea, but less so than the cells of the small intestine
(Table 1).

By contrast with other rapidly renewed tissues, the cells of the glandular part
of the stomach thus do not degenerate when DNA synthesis is inhibited. The nature of
this resistance remains unexplained. All that is known is that this death is con-
nected with protein synthesis, for its inhibition protects the cells against death
when DNA synthesis is inhibited.
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A definite parallel exists between the effectiveness of preparations against
tumors of this type and their effect on the corresponding normal tissue, for primary
tumors preserve to a considerable degree the morpholegical and biochemical specificity
of the original tissue [1]. It can accordingly be postulated that the ability of prep-
arations or their combinations to induce acute cell death in the gastric epithelium
may reflect their potential value when tested against tumors of the stomach. However,
it must be remembered that acute cell death is not the only or the most important type
of necrosis resulting from the action of chemotherapeutic preparations. In most cases
celis which have lost their reproductive activity remain viable for a long time. The
possibility cannot therefore be ruled out that some cells of the glandular part of the
stomach, although remaining intact for 24 h after the administration of hydroxyurea,
die later., Nevertheless definite correlation exists between acute cell death and the
sensitivity of a tissue to chemotherapeutic preparations. For instance, the epithe-
lium of the small intestine, in the crypts of which certain preparations induce acute
cell death, suffers severe damage during chemotherapy. On the other hand, the epi-
thelium of the glandular part of the stomach is resistant, as manifested by the cri-
terion of acute cell death, and tumors arising from this epithelium are relatively
insensitive to the harmful action of antitumor preparations. The epithelium of the
large intestine has intermediate sensitivity, as shown by the criterion of acute cell
death, and tumors arising from this epithelium also exhibit intermediate sensitivity
to antitumor preparations, compared with tumors of the small intestine and stomach.

The author is grateful to Academician N. M. Emanuél' for his interest in the work
and for discussing the results.
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