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Antitumor agents exhibit relatively low selectivity and damage both tumor cells and nor-
mal cells. Damage to cells of "critical" normal tissues, primarily of the hematopoietic sys-~
tem and epithelium of the small intestime, limits the intensity and duration of antitumor
therapy and, consequently, its effectiveness [11, 12].

It has been shown by the use of mathematical models [2, 4, 9] that selectivity of anti=-
tumor chemotherapy can be significantly increased by correct choice of interval between per-
iodic doses of a phase-specific cytotoxic agent. According to results obtained, this in-
creased selectivity is due primarily to reduction of damage to rapidly remewed "critical"
normal tissues if the agent is injected at intervals similar to the average generation time
of the cells responsible for regeneration of these tissues. A resonance increase in survival
of polypotent hematopoietic stem cells has been found in mice receiving periodic injections
of hydroxyurea (HU) at intervals of 12 h [3]. A resonance decrease in damage to the epithel-
ium of the mouse small intestine also has been demonstrated during periodic injections of HU
at intervals of 9 and 16.5 h [6].

The aim of this investigation was to study the dependence of over-all toxicity of HU on
the interval between injections. Schedules of HU injections leading to significant reduction
of the toxic mortality of mice were found.

EXPERTMENTAL METHOD

Female (CBA x C57BL)F; mice were used. A solution of HU (from Serva, West Germany) was
prepared immediately before injection. HU in physiological saline was injected intraperitone-
ally in a dose of 5 mg per mouse (from 0.19 to 0.26 g/kg body weight). The interval between
injections of HU varied for different groups of mice from 5 to 19 h and the number of injec-
tions from six to nine. -‘All the mice remained under observation for 40 days after the end
of HU injection.

TABLE 1. Survival Rate of Mice Receiving Periodic Injections of HU

Expt. Number of Interval between HU injections, h
No. HU injec~ -
tions 5 l 6 | 7 | 8 l ¢ 1 10 1 12 l 151/, i 161/, f 19
1 8 — 0.6 — | 7/7bee 7/7hc — | o8 — 7/7bsc 7/8bsc
8 — 0/8 9i7 | 7/664d 5/71c.d 2/6 | 0/10 1/6 3/8 1/8
9 — 0/6 /6 | 3/6, 4 2/6 — | o/ — _ —
9 8 — — —_ 7/7C — — |7 — 5/7 2/8
8+ — — — — — — | — — 3/7 0/7
3 6* — - — — 7/7¢,d — | — 7/7b,d 3/7
4 6 2/7 — 5/7 — 7/7 2, — o7 —_ — _
5 6 — 3/7 — | 77b — U — — _
8 2/8 1/8 5/8 | 8/8a/mp 8/g:@.b — | = —_ - _
142 8 — 0/8 2/7 | 13/14b.cd | s/7b.c,d | 9/6 | 1/17 /6 8/15b.c.d 3/16

Note. Numerator indicates number of surviving mice, denominator number of mice in
group; a, b, c, d) P < 0.05 compared with intervals of 5, 6, 12, and 19 h, respec-—
tively. Here and in Table 2, asterisk indicates mice irradiated in a dose of 200 rads
27 'h before first injection of HU.
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TABLE 2. Time of Death of Mice (in days) after Begiunning of Periodic Injections of HIU
M % o)

xpt.. | Number T
]I.:\Iop. 9f HU1in . Interval between HU injections, h
jections s | e ] 7} s | e | wo | 12 | ousve | 18 | a9
1 6 — 3,53:0,3 — N.D. N.D. — 4,740,7 _ N.D. 7.3
2,2 2,2 3,3)
8 — 3.2+0,4 | 39405 3.4 52+1,0 | 4,3+0,5| 51409 | 6,2+1,4] 6,562-0,4 | 7,223
(1,5) (1.9 (1,1) (2,5) (1.4) (1.6) (1,6) (L7 (1,7)
9 —  129%03 | 35+0,5 | 4,0:£0,1 | 4,7+0,2 =71 42403 i = -
0.9 (1,2) (1,3) (1,7) 0,2)
2 8 — - — N.D, — — | sixt2 | — | 64; 7.1 | 7,507
(1,6) (1,6; 2,3 2,0y
8 - — — — - — — — 6,9+0.9 | 6,8+1,5
@1 (1,1
3 6* — — — — N.D. — |39+l ] — MD, | 7.3402
1,4 3,3
4 6 3,620,5 — g,s; 3,3 — N.D. — 4,1(3j:()J,5 — — ol
2.6 .0, 3.8 1,8
5 6 ®0) 51215 (2:0; 3.8 N.D. — — (1.8) _ _ _
(3.8
8 4,5+40,8] 54+2,0 | 56+24 | N.D, N.D. _ _ _ _ —
(3,1) (3,7 (3,6)

Note. Average time since last injection of HU until death of mice (in h) shown in
parentheses, N.D.) No mice died.

Some mice in experiment No. 2 and all the mice in experiment No. 3 were irradiated in a
dose of 200 rads, 27 h before the beginning og HU injections, from a 1370s source (dose rate
24.5 rads/min) to activate regemeration of rapidly remewed tissues [5, 7, 8, 10].

The weight and age of the mice were respectively as follows: 22-24 g and 8-10 weeks (ex-
periment No. 1), 23-25 g and 11-13 weeks (experiment No. 2), 20-22 g and 8-10 weeks (experi-
ment No. 3), 19-20 g and 6-8 weeks (experiment No. 4), 25.27 g and 16-18 weeks (experiment
No. 5).

The significance of differences in the survival rate of the mice was estimated by the chi-
square test.

EXPERIMENTAL RESULTS

Table 1 shows two maxima of survival rate of mice corresponding to intervals between HU
injections of 8-9 and 16.5 h. According to visual observations, repeated injectioms of HU
cause diarrhea, emaciation of the mice, diminution of their mobility, and disturbance of the
state of the fur. These external signs of toxicity were manifested particularly strongly in
animals receiving HU with intervals of 5, 6, 7, 12, and 19 h, but they were significantly less
marked in the case of intervals of 8, 9, and 16.5 h.

When HU was injected at intervals of 5, 6, 7, and 12 h marked worsening of the state of
the mice took place during the first 36 h after the end of the injectioms. The state of these
animals remained extremely serious for the next 6-7 days, and any subsequent improvement was
slow. With intervals of 8 and 9 h between injections, manifestations of toxicity either were
absent (six injections of HU in experiments Nos. 1-4 and six or eight injections of HU in ex-
periment No. 5) or were transient, and the normal state of the mice was restored during the
first 3-4 days after the end of HU injections. External signs of toxicity were rather more
marked if the interval was 16.5 h. External signs of toxicity were rather more marked if the
interval was 16.5 h. Increasing the interval to 19 h was followed by appreciably more pro-
longed and severe externmal signs of cytotoxicity at all times, but the state of the mice af-
ter injections at an interval of 19 h was better than after injection of HU at intervals of

5, 6, and 12 h.

Preliminary irradiation in a dose of 200 rads significantly accelerated and intensified
the manifestations of cytotoxicity after injections at intervals of 12 and 19 h, but worsened
the state of the mice onlya little if the intervals were 9 and 16.5 h. The effect of pre-
liminary irradiation was particularly marked if HU injections were given at intervals of 19 h.
In this case sudden worsening of the state of the irradiated mice was observed as early as
with the sixth injection of HU, whereas external manifestations of damage were not present in
unirradiated animals, and later they were appreciably milder.
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Death of the animals took place only during the first week after the last injection of
HU. In all groups maximal mortality was observed in the course of a few days after the last
injection of HU (Table 2). According to data in the literature [1], death of the mice at these
times was due to damage to the epithelium of the small intestime. This conclusion was con-
firmed by histological analysis of sections through the mouse small intestime after periodic
injections of HU: The data in Table 1, showing how the survival rate of the mice depends on
the interval between HU injections, correlate precisely with the corresponding relationship
for survival of the cells of the small intestinal epithelium and its ability to regenerate
later. The results of the histological analysis will be published separately (see also [6]).
Incidentally, maxima of survival of the mice were observed when HU injections were given at
intervals close to the average and twice the average duration of the cell cycle in the small
intestine when regenerating after injury to the epithelium. We know {7, 13] that after ex—
posure to factors causing damage to the small intestine the mean duration of the cell cycle
of its enterocytes is 8-10 h.

It can be concluded fromthe facts described above and data in the literature [2, 4-6, 9]
that the resonance character of dependence of survival of mice on the interval between HU in-
jections is determined by the resonance character of dependence of survival of cells of the
"eritical" tissue for HM, namely the small intestinal epithelium, on the interval between in-
jections of this agent.

The results given in Table 1 directly confirm theoretical conclusions [2, 4, 9] that
toxicity of courses of antitumor chemotherapy with phase-specific cytotoxic agents can be
significantly reduced by correct choice of interval between injections of the agents on the
basis of data on the duration of the mitotic eycle of cells responsible for regeneration of
the "critical" normal tissue.

Research into antitumor chemotherapy [11, 12] has shown that potential benefit maybe ob-
tained from reducing the interval between injections of high doses of S-phase-specific agents
to the duration of the S-phase of spontaneous tumors. However, it is difficult, in principle,
to apply this approach in practice because of the sharp increase in toxicity of the agent when
given by repeated injections. The results show that the use of the approach developed in
previous investigations [2, 4, 9] enables the interval between injections of high doses of a
S-phase-specific agent to be considerably shortened (to 8-9 h) without any increase or, in-
deed, with a decrease in overall toxicity. The results of the present experiments may there-
fore lead to further progress on the road to successful cancer chemotherapy.

The authors are grateful to V. M, Bukhman for useful discussion of the results.
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