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Elimination of “excessive” myocytes and their structures during involution of the myometrium
after the first and third pregnancies was realized by clasmocytosis (eliminating the greatest
volume of myocyte cytoplasm fragments), apoptosis, and necrosis (equal percentage by vol-
ume). In contrast to the first pregnancy, involution after the third one was not over by day
10 because of inhibited elimination of functionally lost myocytes by necrosis and apoptosis
mechanisms. Presumably, this was caused by slower hydrolysis of apoptotic bodies by mac-
rophages. The concentration of macrophages in the myometrium on day 10 of the involution
period in females after the third delivery was 4-fold higher than in intact mice and in females

after the first delivery during the same period.
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Postpartum involution of the uterus involves all its
structures: the endometrium [4] and myometrium [5,6]
with involvement of the myometrial interstitium com-
ponents: collagen and vessels [3]. It was shown that
during 5 days of the involution period after the first
pregnancy rats develop myocyte necrosis and apopto-
sis, autophagocytosis and clasmocytosis of their cyto-
plasm; each of these processes can be regarded as a
mechanism of physical and functional elimination of
myometrial structures “excessive” for that period [5,6].
Autophagocytosis cannot be an effective mechanism
of the myometrial structures elimination because of its
initial intensity [5]. Clasmocytosis is preferable as the
mechanism of elimination, because it is not related to
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reduction of myocyte counts, labilization of lysosome
membranes, and inflammation, because myocytes only
shrink in size. They can be restored during regenera-
tion hypertrophy during consecutive pregnancy and,
presumably, without damage to the force of myocar-
dial contractions. However, it is known that the most
incident complications of repeated pregnancies are
uterine atonia and inertia; possible causes of these
disorders are still not quite clear.

We studied structural manifestations of possible
mechanisms of the postpartum involution of the myo-
metrium in mice after the third pregnancy.

MATERIALS AND METHODS

Specimens of the myometrium from 5 intact 2-month-
old C57Bl/6 females (20-22 g) served as control 1
(group 1). Specimens of the myometrium from fe-
males of the same strain, age, and body weight (n=60;
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5 animals per period of observation) were examined
in the middle and at the end (days 10 and 20) of the
first (control 2, group 2) and third (group 3) pregnan-
cies and during the early and late periods of involu-
tion of the uterus (days 1, 3, 5, and 10) after normal
delivery in females of groups 2 and 3. All animals
were obtained from Breeding Center of Institute of
Cytology and Genetics (Novosibirsk). The animals
received standard laboratory ration with free access to
water and food. Pregnancy term was evaluated from
the day of the vaginal plug detection. The mice were
sacrificed by decapitation under ether narcosis during
the above listed periods. Specimens of the interplacen-
tal zone (between the placentas of adjacent fetuses)
were collected for histological studies. Specimens of
the myometrium for histological studies were fixed in
10% neutral formalin, dehydrated in ascending alco-
hols, and embedded in paraffin [2]. The sections (5 p)
were sliced on an HM 3558 type microtome (Microm),
stained by Meyer’s hematoxylin and eosin, and exam-
ined under an AxioStar plus light microscope (Carl
Zeiss). The morphology of the sections was studied
at x400 using a closed test system of 25 squares (to-
tal area 1600 p?). Volume densities (Vv) of necrotic
myocytes, conglomerations of vacuolated structures
(myocyte cytoplasm clasmocytosis products) located
in the interstitium, apoptotic myocytes identified by
visual cytological signs (karyopyknosis, karyorrhex-
is, karyolysis, apoptotic body) were examined. From
these data, the summary volume densities of physi-
cally and functionally eliminated myocytes or their
structures (ES), that is, of myocytes dead by necrosis,
apoptosis, and clasmocytosis (“interstitial conglom-
erations”) were estimated (by summation) at every
stage of observation. The myometrium vascularization
coefficient was calculated as the proportion of volume
density of vessels in the myometrium to volume den-
sity of myocytes in it (expressed in fractions). Volume
density of apoptosis-modified myocytes was evalua-
ted using immunohistochemical label for detection of
caspase-3 expression [2]. The results were compared
with the data of the same parameter evaluation by the
cytological methods as described above. The numeri-
cal density (Nai) of macrophages in the myometrial
interstitium was evaluated. Analysis of correlations in
the data (morphometric values) was carried out. The
significance of differences in the means was evaluated
by Student’s test. The differences were considered
significant at p<0.05.

RESULTS

Possible mechanisms of elimination of myocytes or
fragments of their cytoplasm, mentioned above, have
been detected in the intact female myometrium (Table

TABLE 1. Results of Morphometric Studies of Presumable Mechanisms of Myometrial Involution in Mice after the First and Third Pregnancies (M+m)

379

| a o r) ) g
N o - O A g

- ; o S o o g
» ? I H A 8 F
g o < © N~ N 5
© o ™ L R
£

z

2 - - 8- -
@ o o o o o o o
s F H I ¥ #H H

™~ o A @© = @© N

o o - - — O O

o © o X o ®

33 o o : - = 2

— -

s 18 3§39
- H |

S o o S 6 B

8 9 © [T9)

172

(2]

CDS_ o ) 5] (&)
‘S,g © © @ N < ™ ©
%) o o o S
o © H A oA T H RS

i

§> @ o o N~ o~

< - NN ¥ © < o

™ < T 2% o«

S s oS 9Zg

2 i A % 2 9 =

o N © o o 9
Q +
S

8—8 ™ o < ¥ b o< @

< g o o o S o o o

£ H H A 19 9 +
«© ® ® ¥ o m
o° °
2 & & 2o F
. T HESES
5 & N5 20 g
=2 N o - - o
® 8

Eq’ © Q. Uo Q. O
£E o 0 Q > 9 ®
- = <@ o - T o o

= +H Ao+ H w1 o
= © - o © o ~
o S . 4 © 4 .
3] [RTS) © v »
- & R b G
© o 5, O O o
> Hooq ﬁ +H o+ 3

Q> @® ~ N © © N~

%"5 O « o ¥ ™o
o)

o
o5 . o o
28 - o A T

s o o o o o o o
g H i 7 I ¥ H H
< ¥ < o 3 @ 3
o o o a Y o zf).

-

' B o o a
E2 R
== o © @ T o o
o - H A U

) 0 ~ oS iy
52 5 s ©Bo gy
o5 o2 &8°.

e)

ES .

S5 o S © c o g g
-0 H 1 8 d 3 1 7
&3 ! S S N ¥ 2@
lgc N o 2 N = N~ o

. °©
@ o
S

@ )

» o

Q2 o o

o c > = = E o

« 9 O @ ® 3 -~ ™ 1 -

o+ _ ¢ ©v © t

S © & > > > >

(] - c O O o 8 ©® © ®©

[e)) 2 o — N & T T T T

© S o @

L o @ o

) O a a

Note. I: first delivery; Il: third delivery. ®Compared to control, ®Pbetween the means in groups 2 and 3, ‘compared to respective values in group 2, %n group 3.



380 Bulletin of Experimental Biology and Medicine, Vol. 150, No. 3, 2011 MORPHOLOGY AND PATHOMORPHOLOGY

1). With development of the first and third pregnan-
cies, the summary volume (Vv) of structures elimi-
nated by all studied mechanisms increases 24 h before
delivery more than 3-fold in primiparous females and
more than 4-fold in females with the third pregnancy
in comparison with this parameter in intact females
(Table 1). Clasmocytosis products (“interstitial con-
glomerations”) predominated by volume among all ES
in both groups (first and third delivery), the percent-
age of necrotic and apoptotic myocytes was about the
same (Table 1). Hence, mechanisms of myocyte elimi-
nation worked in rats long before labor, as was shown
previously [4], and, paradoxically, in mice during the
first and consecutive pregnancy. The mechanism not
involving cell death, clasmocytosis, predominated.
The percentage of myometrial ES sharply increased
directly after delivery (on days 1-3 postpartum): by
7.6 and 4.9 times in primiparous and by 8.7 and 7.9
times in multiparous mice, respectively (Table 1).
Later, the percentage of myometrial ES decreased: in
primiparous females this value normalized, while in
multiparous ones this value was 87% higher than in
intact females. These data indicate incompleteness of
myometrial involution in the females after the third
delivery by day 10 of the postpartum period. Physio-
logically preferable mechanism of the postpartum in-
volution of the myometrium, clasmocytosis, predomi-
nates before and after labor, judging from the volume
percent of clasmocytosis products of the total volume
of all ES in both situations studied. Apoptosis ranked
second among the mechanisms involved in elimination
of myocytes from the myometrium. This mechanism
is obviously more physiological than necrosis. On the
other hand, this process was maximally active on day
3 after labor in primiparous and multiparous females.
However, in the latter group the process remained ac-
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tive on day 10 of the involution period (Table 1; Fig.
1). The maximum volume of myocytes eliminated by
this mechanism was recorded before labor and particu-
larly during the early postpartum period (Table 1). It
seems, there is a universal mechanism inducing these
processes. Previous studies have shown a significant
deterioration of the conditions of myometrial vascu-
larization in rats during the postpartum period [5].
Similarly, the myocardial vascularization coefficients
decreased during the postpartum period in multiparous
female mice in comparison with the coefficients in
intact mice and primiparous females (Fig. 2). It seems
that this reduction was caused by the development of
hypoxia and oxidative stress and hence, increase of
blood concentrations of active oxygen metabolites [1].
Depending on their concentrations, they induce cell
necrosis and apoptosis [1]. The involvement of hypo-
xia in initiation of necrosis and apoptosis is confirmed
by coefficients of correlation between their content
in the myometrium and vascularization coefficients
before labor. Utilization of ES is the macrophage re-
sponsibility, and the efficiency of clearing function
of these cells in the organ during the postpartum pe-
riod necessitates adequate increase of their counts and
activity of the phagocytic and hydrolytic functions.
The summary volume percentage of all structures to
be eliminated by macrophages by day 10 postpartum
in primiparous mice was equal to that in intact fe-
males, similarly as the values of all components of
this sum (Table 1). No “interstitial conglomerations”
(clasmocytosis products) were detected. The counts
of macrophages in the myometrium of these females
increased and decreased in complete agreement with
changes in the volume densities of each of ES, which
was shown by their correlation coefficients (Table 2).
By day 10 of the postpartum period, the concentration
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Fig. 1. Volume density (Vv) of apoptotic myocytes (7), evaluated by optic microscopy, and of myocytes expressing caspase-3 (apoptosis
marker) (2) in the myometrium of female mice with the first (a) and consecutive pregnancy (b). I: control; Il: pregnancy, 10 days; lll: preg-
nancy, 20 days; IV: postpartum period (PP), day 1; V: PP, day 3; VI: PP, day 5; VII: PP, day 10.



V. A. Shkurupiy, K. S. Obedinskaya, and A. P. Nadeev

Vascularization coefficient

=

0.20 _I_
0.15+ % iL T B _}

0.10

el

2 3 4 35

Fig. 2. Time course of myometrial vascularization in mice during
the postpartum period (PP) under conditions of the first and third
pregnancy. a) control; b) first pregnancy; c) third pregnancy. 1)
pregnancy, 20 days; 2) PP, day 1; 3) PP, day 3; 4) PP, day 5; 5)
PP, day 10.

of macrophages in the myometrium was the same as
in intact females (Table 1). All these facts indicate
completion of myometrial involution process after the
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first delivery. By contrast, in multiparous females the
summary volume density of ES on day 10 postpartum
was 2-fold higher than in the control. This was caused
by a 5-fold greater (in comparison with intact females)
concentration of necrotic myocytes in the myometrium
and a 52% greater concentration of apoptotic myocytes
(caspase label has shown an even greater percentage
of these cells; Fig. 1). Only the clasmocytosis prod-
ucts in the interstitium were eliminated completely,
presumably because they were easier available for
macrophages due to their smaller size than myocytes
(Table 1). Accordingly, the concentrations of macro-
phages in the myometrium changed in proportion to
changes in the content of all ES at all stages of ob-
servation after the third delivery (Table 1). However,
it is obvious that phagocytic activity of macrophages
(but not their concentration in the myometrium) had
to increase significantly by day 10 of the involution
period after the third delivery for effective comple-
tion of ES clearance. The total ES volume during this
period was only 2-fold higher than in intact females,
while macrophage count was 4-fold higher (Table 1).
The causes of this phenomenon are not clear. How-

TABLE 2. Results of Analysis of Correlations between Parameters of Myometrial Structures in Mice under Conditions of the

First and Repeated (Third) Pregnancy

Correlation objects
Experiment conditions myometrial myometrial macrophages macrophages macrophages
vessels and vessels and and apoptotic (Nai) and (Nai) and
necrotic apoptotic myocytes interstitial con- necrotic
myocytes (Vv) myocytes (Vv) (Nai) glomerations (Vv) myocytes (Vv)

Control 0.33 0.38 0.55 0.59 0.54
First pregnancy

P, days 10 0.33 0.61 0.65 0.60 0.57

20 0.42 0.05 0.49 0.76 0.64

PP, day 1 0.14 0.60 0.50 0.67 0.58

3 0.22 0.59 0.19 0.83 0.57

5 0.31 0.48 0.37 0.62 0.76

10 0.06 0.79 0.31 0.00 0.57
Third pregnancy

P, days 10 0.53 0.68 0.31 0.68 0.56

20 0.74 0.65 0.69 0.79 0.61

PP, day 1 0.52 0.39 -0.13 0.71 0.53

0.48 0.31 0.36 0.76 0.57

5 0.53 0.45 -0.08 0.65 0.47

10 0.59 0.71 0.46 0.00 0.7

Note. P: pregnancy; PP: postpartum period.
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ever, the percentage of apoptotic myocytes in ES was
rather high on day 10 of the involution period and
earlier (Table 1; Fig. 1). The absorption capacity of
macrophages towards apoptotic bodies is presumably
much lower than towards necrotic cells, which can be
due to the phenomenon of peculiar blocking of the
vacuolar system of tissue (myometrial) macrophages
and to compensation for this condition by an increase
of the count of macrophages, recruited from the bone
marrow or other compartments of the mononuclear
phagocyte system. The results of evaluations of the
concentration of apoptotic myocytes in the myome-
trium (Fig. 1) by visual cytological criteria and by im-
munocytological visualization of caspase-3 expression
are rather close.

Hence, the main mechanisms of elimination of
“excessive” myocytes and their structures from the
myometrium during the postpartum involution in mice
after the first and third pregnancies are clasmocytosis
(elimination of fragments of myocyte cytoplasm), its
volume being the highest, and apoptosis and necrosis
(elimination of whole cells); dead cell clearance in the

interstitium is realized by macrophages. This clear-
ance was the most effective for clasmocytosis products
in both experimental situations. It seems that these
mechanisms were insufficient in consecutive preg-
nancy, as myocytes dead by necrosis and apoptosis
were not eliminated from the myometrium on day 10
of the postpartum period, presumably, because of in-
hibited hydrolysis of apoptotic bodies absorbed by
macrophages.

REFERENCES

1. N. K. Zenkov, V. Z. Lankin, and E. B. Men’shchikova, Oxida-
tive Stress [in Russian], Moscow (2001).

2. Microscopic Technologies, Eds. D. S. Sarkisov and Yu. L.

Perov [in Russian], Moscow (1996).

V. V. Ryvnyak, Arkh. Patol., No. 1, 32-35 (2001).

4. A. V. Shaklein, N. P. Bgatova, V. M. Kuleshov, and 1. O.
Marinkin, Byull. Eksp. Biol. Med., 134, No. 11, 585-589 (2002).

5. V. A. Shkurupiy, E. V. Dubinin, and N. N. Dubinina, /bid.,
Suppl. 1, 97-100 (2008).

6. V. A. Shkurupiy, E. V. Dubinin, and N. N. Dubinina, /bid.,
101-104.

W




	Abstract
	MATERIALS AND METHODS
	RESULTS
	REFERENCES

