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Postresection regeneration of the liver serves as a con-
venient model for studies of the mechanisms of repair
in damaged tissues [9,10]. It proceeds in two stages:
destructive-reactive and proliferative. Each phase is char-
acterized by specific proliferative and metabolic pro-
cesses [6]. The system of phagocytosing mononuclear
cells in the liver presented by Kupffer cells plays a
role in the regulation of regeneration in both phases.
Our previous studies showed that pharmacological
stimulation of macrophages before surgery increases
the weight of the regenerating liver part during destruc-
tive-reactive phase and intensifies cellular and intra-
cellular regeneration during the proliferative phase [2,7].

The system of mononuclear phagocytes is present
in various organs, including hemopoietic organs. For
example, macrophage is a central cell in the erythro-
blastic islet. Macrophages in this structure have high
affinity for erythroid cells, play a role in ropheocyto-
sis, produce regulators of erythropoiesis, and form a
specific hemopoietic microenvironment for erythro-
poiesis [5,8]. Changes in the system of mononuclear
phagocytes during liver regeneration can affect the
intensity of erythropoiesis. Here we studied changes
in erythropoiesis in the bone marrow under conditions
of activation of liver regeneration and modulation of
macrophage function with Tamerit and carrageenan.
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MATERIALS AND METHODS

Experiments were performed on male outbred rats
weighing 180-200 g. The animals were kept in a viva-
rium under standard conditions. Two-thirds partial
hepatectomy was performed as described elsewhere
[11]. We used Tamerit (2 mg/kg, Russian-made ma-
crophage modulator) [1] and carrageenan (10 mg/kg,
inhibitor of macrophage phagocytic activity, synthetic
polygalactose derivative). The test drugs were admini-
stered 1 h before surgery. Control animals received
single injection of physiological saline in an equi-
valent volume during the same period.

Activity of hemopoiesis was studied in the de-
structive and proliferative phase of liver regeneration
(4 and 17 h after surgery, respectively). The animals
were killed by ether overdosage during these periods.
Peripheral blood indexes were studied on a Micros-60
blood analyzer (ABX-diagnostic). Erythroblastic islets
(EI) in the bone marrow were counted and typed by
the method developed at the laboratory of Yu. M.
Zakharov [3]. EI of maturity classes I, II, and III,
involuting EI, and reconstructing EI were distingui-
shed. The intensity of erythropoiesis in bone marrow
islets was determined by the total number of differen-
tiating erythroid colony-forming units (CFUe), index
for EI maturity, and coefficient for macrophage rein-
volvement into EI. The results were analyzed by para-
metric statistical methods. Samples were selected
using Student’s t test.
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RESULTS

Hematocrit, hemoglobin concentration, and erythro-
cyte count in rats receiving physiological saline in the
destructive-reactive phase of liver regeneration did not
differ from the corresponding parameters in intact
animals (Table 1).

The total number of EI in the femoral bone mar-
row remained unchanged (Table 2). The absolute and
relative number of maturity class I, II, and III islets
increased (Table 2), while the count of involuting is-
lets decreased. The observed changes were probably
associated with de novo formation and rapid matura-
tion of islets. The index of CFUe involvement into
differentiation and coefficient of macrophage rein-
volvement into erythropoiesis increased (Table 3),
while the degree of EI maturity decreased.

Functional changes in EI were accompanied by an
increase in blood reticulocyte count (Table 1). It was
probably related to acceleration of EI maturation and
release of reticulocytes into the blood.

Peripheral blood indexes underwent more signi-
ficant variations under conditions of liver resection
and treatment of macrophages with Tamerit. Quali-
tative changes in erythrocytes included the increase in
the mean cell volume and the width of erythrocyte
volume distribution. The mean concentration of hemo-
globin in erythrocytes decreased. The absolute number
of bone marrow EI significantly decreased compared
to intact and untreated animals (control). It was as-
sociated with changes in the number of maturity class
I and III islets. Maturity class III islets underwent
transformation to the pool of involuting islets. The
index of islet maturity increased less significantly in
these animals. The absolute number of reconstructing
islets increased, while the index of macrophage rein-
volvement did not differ from that in intact rats. No
significant changes were revealed in the number of
reticulocytes. Our results indicate that stimulation of
macrophages in the reactive-destructive phase of re-
generation (4 h postoperation) contributes to the in-
volvement of CFUe and macrophages into erythro-
poiesis, but decelerates maturation of EI and rein-
volvement of macrophages into the formation of
islets.

Inhibition of macrophages with carrageenan de-
creased the absolute number of bone marrow EI com-
pared to that in operated rats. It was associated with
changes in the count of maturity class II and III islets,
involuting islets, and reconstructing islets. These chan-
ges were accompanied by a decrease in the number of
CFUe and differentiating islets. The rate of their matu-
ration increased 2-fold. Blood reticulocyte count de-
creased. These data indicate that inhibition of macro-
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phages with carrageenan attenuates changes in the
ratio of bone marrow EI compared to control animals.

Hematocrit, blood hemoglobin concentration, mean
cell volume, and the width of erythrocyte volume dis-
tribution increased in animals receiving physiological
saline 17 h after surgery.

The ratio of bone marrow EI changed significant-
ly in this period. The number of class I islets remained
high, while the absolute number of EI, count of mature
islets, and period of maturation decreased. The number
of reconstructing islets decreased by 2 and 3 times
compared to the early stage of observations and intact
rats, respectively. The index of macrophage reinvolve-
ment into erythropoiesis increased. Blood reticulocyte
count did not differ from that in intact rats. Probably,
activation of proliferative processes in the liver is
accompanied by a decrease in the number of bone
marrow EI and acceleration of their maturation.

Peripheral red blood parameters in rats exposed to
macrophage activation 17 h postoperation did not dif-
fer from those in control animals. The absolute num-
ber of bone marrow EI decreased less rapidly compa-
red to untreated animals. The distribution of islets did
not differ from that observed 4 h after resection.

Hepatectomy and inhibition of macrophages with
carrageenan were followed by a sharp decrease in he-
matocrit and blood hemoglobin concentration (17 h
postoperation). We revealed a decrease in the mean
erythrocyte volume and the width of erythrocyte vo-
lume distribution. During this period the absolute num-
ber of EI did not differ from that in rats not receiving
the test preparation, but was much lower than in intact
animals. The number of peripheral blood reticulocytes
increased. The structure of islets in these rats differed
from that in untreated animals. The number of matu-
rity class I islets decreased, while the count of in-
voluting and reconstructing islets slowly increased.
The index of CFUe involvement into differentiation
decreased. Maturation of EI was decelerated. The in-
dex of macrophage reinvolvement into erythropoiesis
did not differ from that observed in the early stage after
treatment. However, this index was 2-fold lower com-
pared to rats with unchanged activity of macrophages.

Our findings indicate that postresection regene-
ration of the liver in experimental animals signifi-
cantly modulates erythropoiesis, which depends on the
stage of reparative processes in the liver. The degree
of changes depends on functional activity of macro-
phages. Activation of macrophages with Tamerit sti-
mulates the formation of new EI in both phases of
postresection liver regeneration. The rate of matu-
ration decreases in the destructive phase. The number
of newly formed islets is lower under conditions of
blockade with carrageenan. The rate of islet matu-
ration decreases in the proliferative phase. Both
preparations prevent macrophage reinvolvement into
erythropoiesis.

These data indicate that liver regeneration after
damage is accompanied by changes in the system of
erythropoiesis. This reaction depends on functional
activity of mononuclear phagocytes.
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