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The main disadvantage of modern antitumor chemotherapy is the high toxicity of the cyto- 
toxic agents used relative to normal, rapidly proliferating tissues, including "critical" tis- 
sues and cells such as hematopoietic tissue and intestinal enterocytes [i]. One approach to 
increased selectivity of antitumor agents is protection of the stem cells of normal tissues 
based on the use of differences in the duration of the cell cycle of cells of normal and tu- 
mor tissues [2, 6]. Previously, with the aid of a mathematical model [2, 6], and also in ex- 
periments on models of regenerating mouse bone marrow, a resonance increase in the survival 
rate of hematopoietic stem cells (HSC) was demonstrated in the course of repeated administra- 
tion of hydroxyurea, an S-phase-specific agent with a period close to the average duration of 
the cell cycle of mouse HSC [3]. 

The aim of this investigation was an experimental study of optimal conditions for admin- 
istration of hydroxyurea to mice~ to ensure minimal damage to intestinal enterocytes. 
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METHODS 

Experiments were carried out on 8-12-week-old female (CBA x C57BL)F, mice weighing 20- 
22 g, obtained from the "Stolbovaya" Nursery, Academy of Medical Sciences of the USSRo Hy- 
droxyurea (Calbiochem, USA; Serva, West Germany) was dissolved in physiological saline imme- 
diately before use and injected intraperitoneally in a volume of 0.2 ml. The small intestine 
(the first 3-5 cm) was removed 2-4 h after the last injection of hydroxyurea. Fixation, sec- 
tion cutting, and staining followed the standard technique. For quantitative analysis of the 
state of the epithelium the following set of morphometric parameters was used: depth of the 
cryptal layer (Dc) , length of the villi (Dr) , height of the enterocytes in the crypts (h c) 
and villi (hv) , length of the enterocytes in the crypts (d c) and villi (dr) , and the number 
of cell positions (NCP). NCP in the crypts was determined as the ratio of the average depth 
of the cryptal layer to the average length of the cryptal enterocytes, whereas NCP on the 
villi was determined as the ratio of their average length to the average length of the epi- 
thelial cells of the villus. The length of the enterocytes on the villi (dv) was measured in 
sections as near as possible parallel to the long axis. The length of the cryptal entero- 
cytes (dc) was measured in sections variously oriented, which showed that it was independent 
of the direction of the section: The projection of the cell on the basement membrane was vir- 
tually isoperimetric. 

Before receiving an injection of hydroxyurea the mice were irradiated in a dose of 200 
reds from a 137Cs source (dose rate 24.5 rads/min) to activate proliferation of the epithelial 
cells [7]. Periodic injections of hydroxyurea began 18-36 h after irradiation. The animals, 
which were divided into groups (each consisting of three mice), received six injections of 
hydroxyurea in doses of 0.2 and i g/kg body weight at intervals which varied for the differ- 
ent groups from 7 to 19 h. 

RESULTS 

The morphometric parameters of the epithelium after injection of hydroxyurea are given 
in Table i. Irradiation in a dose of 200 rads had virtually no effect on the state of the 
enterocytes at the time the animals were sacrificed (50 h or more after irradiation). No 
clear dependence of the changes in the morphometric parameters of the enterocytes on the dose 
of hydroxyurea likewise could be discovered whatever the time interval studied. The relation- 
ship between NCP for villi and crypts and the interval between injections of hydroxyurea in 
doses of 0.2 and 1 g/kg is illustrated in Fig. i. There were two peaks of survival rate of 
cells on the villi, corresponding to injections of hydroxyurea at intervals of 9 and 16.5 h. 
With these intervals, no difference was found between the epithelium in the experiment or con- 
trol, with respect either to morphometric parameters (Table i, Fig. i) or to general morphol- 
ogy (Fig. 2: a, b, d). With an interval of 9 h between injections, a maximum of NCP in the 
crypts also was observed. With intervals of 7 and 12-14 h NCP in the crypts and on the villi 
was significantly reduced, and in the enterocytes definite signs of degeneration were observed. 

With an interval of i0 h NCP on the villi decreased sharply, but in the crypts it did not 
differ significantly from NCP when the interval was 16.5 h. However, e~terocytes~ - of the 
crypts had virtually the normal morphology when the interval was 16.5 h, but when it was 19 h 
the epithelium of the crypts was considerably flattened, loose in texture, and vacuolated. 
With an interval of 19 h the number of viable enterocytes in the crypts capable of completing 
a cycle of differentiation and of reaching functional positions on the villus was much smaller 
than the number of cells observed. 

The results thus show two peaks of survival rate of enterocytes corresponding to inter- 
vals of 9 and 16.5 h. According to data in the literature [2, 6], the first peak of survi- 
val of small intestinal cells may be due to a significant decrease in cell damage in the pro- 
liferative zone when hydroxyurea was injected with a period close to the average duration of 
the cell cycle (T c) of enterocytes under conditions of regeneration. It was in fact shown 
experimentally previously that T c of regenerating enterocytes of the mouse small intestine 
is 8-10 h [5, 8].- As the use of a mathematical model showed [2, 6], with low coefficients of 
variation of the duration of the cell cycle a marked decrease in the severity of damage to 
the cell population ought to be observed when a phase-specific cytotoxic agent is administered 
with a period close to 2T c. It was evidently with this effect that increased survival of the 
epithelium of the mouse small intestine when hydroxyurea was injected~with a period of 16.5 h 
was connected. 
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TABLE 1o Morphometric Parameters of Small Intestinal Epithelium of Mice Receiving 
Periodic Hydroxyurea Injections after Inductive Irradiation (p) 
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Legend. Each number in a column represents the mean value of the parameter for one 
mouse| 

Fig. 2. Histological sections through mousesmall intestine: a) intact intestine; 
b-e) after six injections of hydroxyurea in a dose of 0.2 g/kg, at intervals of 9, 
12, !6.5~ and 19 h respectively. Hematoxy!in-eosin 70x. 
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Another possible explanation of the second peak of survival of the cells is the presence 
of two subpopulations (with T c ~ 9 h and with T c 16.5 h), ensuring maintenance of the epi- 
thelium, data indicative of the presence of cells with significantly different T c values have 
been described by several workers [4, 5, 9]. 

Investigation of the sensitivity of mouse small intestimal enterocytes to the toxic ac- 
tion of hydroxyurea thus revealed a resonance increase in the survival rateofthe enterocy~es 
if the cytostatic was injected with a period close to the average duration, or twice the aver- 
age duration, of the cell cycle of the regenerating intestinal cells. 

The authors are grateful to Professor L. I. Aruin and to V. S. Gorodinskaya for under- 
taking the morphometric measurements and for discussing the results of this investigation. 
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