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After infection in the morning, the mitotic index at first rises and then drops, fol-
lowed by normalization by the end of the experiment. Infection in the evening is at
first attended by a rise of the mitotic index followed by its fall, after which the mi-
totic index again increases and then normalizes, by the end of the experiment being

lower than in the control.
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Intestinal infections, specifically typhoid fever, are
still of clinical interest [1,2]. However, experimen-
tal and clinical chronopathology of typhoid fever
has been virtually unstudied; in particular, little is
known about the effect of the infectious process on
the proliferation system of the tropic and nontropic
(with respect to infection) organs. It has been ex-
perimentally found that bombesin-stimulated syn-
thesis of DNA is reduced in a stationary Swiss
3T3 cell culture exposed to Pertussis toxin [14].

The present study was aimed at performing a
chronobiological investigation of the effect of Sal-
monella typhi infection on mitotic activity in the
nontropic organ.

MATERIALS AND METHODS

Stratified squamous epithelium of the esophagus
served as the object of investigation. A clearly pro-
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nounced diurnal rhythm of proliferation is charac-
teristic of this fast-regenerating tissue [3,7,8, 10-12].

One hundred fifty male albino nonpedigree
mice weighing 15-18 g were involved in the ex-
periments. The animals were maintained under a
12:12 light-dark cycle (light from 8:00 to 20:00
h). Food and water were given ad libitum. The
experiments comprised three series. The animals of
series I served as the control (a morning and an
evening group). The animals of series I were in-
fected with a Salmorella typhi culture (strain 4446)
at 10:00 h, and the animals of series III at 22:00
h on the same day. The mice were intraperito-
neally injected with an infectious dose of 1310
CFU/ml of low-nutrient agar. The mice of series
I were sacrificed every 4 h over 40 h, from 10:00
h on-day 1 to 2:00 on day 2. The mice of series
II were sacrificed every 4 h over 24 h, from 14:00
h of day 1 to 14:00 h of day 2, and the mice of
series III every 4 h over 24 h, from 2:00 h on
day 1 to 2:00 h on day 2. Each experimental
point comprised 6 animals. The esophagus was
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excised for examination. After standard histological
procedure, sections 5 p thick were prepared and
stained with hematoxylin after Meyer. In sections
derived from each animal the mitotic index (MI)
was calculated as the fraction of dividing cells
among the examined 10,000 cells of the basal
layer of epithelium and expressed in pro mille.
The results were statistically processed using the
Fisher-Student test; the differences were regarded as
reliable at p<0.05. The plotted curves of changes
of MI over 24 h were used in graphic-parametric
analysis [9] of the diurnal biological rhythms of
cell proliferation. The curves were analyzed by tak-
ing segments 24 h long (between 10:00 on day 1
and 10:00 on day 2 for infection in the morning
and between 22:00 h on day 1 and 22:00 h on
day 2 for infection in the evening). The values of
MI at 10:00 and 22:00 h on day 1 were taken as
the MI values for the same hours on day 2.

RESULTS

As is seen from Fig. 1, a, a monophasic diurnal
rhythm of MI with the maximum of dividing cells
at 6:00 h and the minimum at 22:00 h (p<0.001)
is observed in the esophageal epithelium of the
control mice of the morning group. The same
pattern of changes is characteristic of rhythmic
fluctuations of M1 in the esophageal epithelium of
the control animals in the evening group (Fig. 1,
b), in which the maximum MI is also observed
at 6:00 h and the minimum at 10-18 h (p<0.002).
The parameters of the diurnal rhythm of MI of

Variation of MI of esophageal epithelium in mice. 1) MI in control animals; 2) Ml in infected animals.

epithelial cells of the esophagus of the control
animals from both groups are presented in Table
1. As is seen from the table, the majority of pa-
rameters differ little between the two groups. Mean-
while, in the animals of the evening group their
values (the mesor, the duration of the active phase
of the rhythm (AP), the pool of dividing cells
(P_), the pool of dividing cells over the AP
(P_.), and the P__/P_ ratio) are reduced (by
17%, 43%, 17%, 35%, and 21%, respectively) as
compared to the animals of the morning group.
The reduced values of P_ (possibly, of the mesor),
Pmap, and P_, l>/Pm, along with the unchanged ab-
solute amplitude (AA), relative amplitude (RA), and
synchronization coefficient (SC), in the animals of
the evening group can be attributed to a shorter
AP of the diurnal rhythm of MI. It should be
mentioned that the temporal correlation between
the dark-light cycle and the phasic structure of the
diurnal rhythm of MI of the esophageal epithelial
cells in the control mice of the two groups cor-
roborates the published data [3,7,12]. An increased
mitotic activity in the morning (when the dark
gives way to the light) is typical of this rhythm.

When the mice were injected with Salmonella
in the morning, after 8 h (at 18:00) this resulted
in an increase of MI in the esophageal epithelium
as compared to the control (by 83%, p<0.05).
After 12 hours (at 22:00 h) MI normalized, but
after 16 and 20 hours (at 2:00 and 6:00 h) it
dropped sharply (82 and 85%, respectively,
p<0.001) vs. the control. After 24 and 28 hours
of the experiment, MI was unchanged from the
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Fig. 2. Variation of MI of esophageal epithelium in mice infected in the morning (¢) and in the evening (b} with S. typhi.

control (Figs. 1, a and 2, a). Thus, morning in-
fection of mice with S. fyphi caused changes in the
proliferation system of the esophageal epithelium,
which exhibited a phasic character (first, an in-
crease, next, a decrease, and then normalization of
MI) of their time course over the follow-up pe-
riod (28 hours). It is worthy of note that the drop
of MI lasted longer than its rise. This resulted in
a reduced P_, (the pool of dividing cells over the
follow-up period) in infected animals vs. the con-
trol (by 28%).

On the whole, the nonuniform (phasic)
changes of MI of the esophageal epithelium of
animals infected in the morning exhibit the kind
of pattern that can be regarded as a monophasic
diurnal rhythm of MI (over the period from 10:00
to 6:00 h) with the maximum at 18:00 h and the
minimum at 2:00-6:00 h (p<0.001) (Fig. 1, a).
This assumption implies that the virtual inversion
of the diurnal rhythm of MI observed in this case
results from its phasic shift. The acrophase, the
onset of AP, and the end of AP were shifted 12,

TABLE 1. Results of Graphic —Parametric Analysis of Diurnal Rhythms of Cell Division in the Esophageal Epithelium of the

Control Mice and Mice Infected with S. typhi

Morning
Parameter

Evening

control

control infection

18.00 6.00 2.00

infection

Acrophase, time of day 6.00 10.00

Note. P ,: pool of dividing cells over the follow—up period; other notation mentioned in the text (AA: absolute amplitude, RA:
Telative amplitude; AP: active phase of rhythm; SC: synchronization coefficient of MI over rhythm; P_: pool of dividing cells over
one day; Pmpz pool of dividing cells over AP). For calculations of P P, and P_ the duration of mitosis was taken as 1 h [8].
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8, and 6 hours, respectively, to the right (Table
1, Figs. 1, a and 3, a4). Some changes were ob-
served in the parameters of the diurnal rhythm of
MI as compared to the control. Morning infection
caused a decrease of the mesor, AA, RA, AP, SC,
P_, and Pmay by 30, 29, 55, 14, 67, 30, and
30%, respectively (Table 1). Therefore, the mesor
and the 24-h proliferative pool were markedly re-
duced for morning infection of mice, i.e., the
overall performance of the proliferation system of
the esophagus was reduced. In addition, the rhyth-
mic changes of MI were leveled (a reduction of
AA and RA), and their synchronization was weak-
ened (a drop of SC). Minor deviations in the
duration of the AP of MI in infected animals did
not lead to any changes (versus the control) of the
relative number of dividing cells over the AP of
the rhythm. As in the control, in mice infected
in the morning about 3/4 of the daily cell prolif-
eration is accounted for by cell multiplication dur-
ing the AP of the diurnal rhythm of MI.

As soon as after 4 hours (at 2:00 h), evening
infection of mice with S. fyphi resulted in a 39%
increase of MI of the esophageal epithelium vs. the
control (p<0.05) (Figs. 1, b and 2, b), followed by
its sharp drop (58%, p<0.02) after 8 hours (at
6:00 h). Twelve hours after infection, (10:00 h) MI
again rose (by 254%, p<0.001), 16 hours later (at
14:00 h) it normalized, and after 20-28 hours (at
18:00-2:00 h) it fell (by 54%, p<0.025), as com-
pared to the control. It is worthy of note that in
the case of evening infection of mice with Salmo-
nella, the drop of Plm below the control level was
smaller (only 9%) than in the case of morning
infection. The wide variability of MI in the case
of evening infection resulted in a biphasic pattern
of fluctuations over the day with the maximum MI
at 2:00 and 10:00 h and the minimum at 22:00
and 6:00 h (p<0.001 and p<0.025, respectively).
Thus, in this case the phasic pattern of the diur-
nal rhythm of MI in the esophageal epithelium is
transformed (from a monophasic rhythm into a
biphasic one) (Fig. 3, 5). On the other hand, this

is not attended by marked changes of the mesor
of the rhythm or of Pm (Table 1). Moreover,
P, and P /P even exceeded the control val-
ues (by 32 and 27%, respectively). This was evi-
dently due to a 50% prolonged overall duration of
AP of the MI rhythm in infected mice. The val-
ues of AA, RA, and SC over the first, more pro-
nounced cycle of diurnal fluctuations of MI, were
even higher than the control indexes, although, on
average, they were slightly lower than the control
values or equal to them (Table 1).

Thus, both morning and evening infection of
mice with Salmonella typhi causes definite changes
in the proliferative system of the esophageal epi-
thelium over the first 24 h of the experiment. The
two experimental variants are similar with regard
to an increased mitotic activity over the early pe-
riod; however, the rate of increase is higher in the
case of evening infection. In addition, in either
case the MI in infected animals drops when its
values in the control are high and rises when it
is reduced in the control animals. On the other
hand, various changes are observed in the rhyth-
mic pattern of diurnal fluctuations of MI and their
parameters, depending on the time of infection.
However, it is worthy of note that after morning
infection the result of rhythmic performance of the
proliferation system of the esophageal epithelium
in mice proves to be markedly lower than in the
control, whereas after evening infection it differs
little from the control. This implies that the ef-
fect of evening infection of mice with Salmonella
is more favorable for the proliferation system of
the esophageal epithelium, and the changes in this
case are of an adaptive nature.

The authors are grateful to Prof. T. A. Gus’ko-
va for the chronomodel of treatment of experimen-
tal typhoid fever.
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Vascular mesenchymal changes are less expressed in rats preexposed to alcoholization,
and the fibrillogenesis associated with these changes occurs later and is less severe. In
rats suffering myocardial infarction in the presence of chronic alcohol poisoning the
proliferative activity of cardiomyocytes is reduced.

Key Words: experimental myocardial infarction; chronic alcohol poisoning; cardiomyocytes,

proliferation

Previously we revealed a depression of manifesta-
tions of a regeneratory nature on the part of mus-
cular elements of the heart in both humans and
rats with chronic alcoholism [3]. We thought it
interesting to study the course of myocardial
infarction in rats with chronic alcohol poisoning.

Pathoanatomy Department, I. N. Ul'yvanov Chuvash State
University . (Presented by D. S. Sarkisov, Member of the
Russian Academy of Medical Sciences)

MATERIALS AND METHODS

Forty-five outbred adult male rats weighing 255-
320 g were subjected to semiforced alcoholization
with a 15% ethanol solution with a 0.08% tasty
saccharine additive [4]. After 20 weeks of alcohol-
ization the thorax was opened under ether mask
anesthesia and after removal of the pericardial leaf-
let the descending branch of the left coronary ar-
tery was ligated at the level of the middle third.
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