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The scavenger function of  Kupffer cells and the erythropoietinlike, granulocyte-mac- 
rophage colony-stimulating, and leukocyte- and lymphocyte-stimulating activities of ex- 
tracts of  Kupffer cells obtained before and at different times after acute massive blood 
loss were experimentally evaluated on mice. Extracts of  Kupffer cells from normal mice 
are shown to exhibit all types of  the studied activities. Acute blood loss reduces the 
scavenger function of  Kupffer cells during the first few hours, especially erythro- 
poietjnlike activity. The activities return to normal levels 5 days after blood loss and, 
after a relatively stable period, they rise again to the end of  the recovery period. This 
is accompanied by an increase in the number  of phagocytizing cells and is evidently 
related to the renewal o f  their population. 
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Outcomes of  acute blood loss largely depend on 
the system of  liver nonparenchymal cells, prima- 
rily Kupffer cells (KC), which are a componen t  
of  the mononuclear  phagocyte system responsible 
for the removal o f  old and partially destroyed 
erythrocytes [10]. It has been shown in our pre- 
vious studies that  prest imulation of  the mono-  
nuclear phagocyte system with bacterial or yeast 
polysacchafides, prodigiosane or zymosan, 1-2 days 
prior to acute blood loss primarily hastened the 
recovery of  erythron [2], while the corresponding 
potentiation of  the granulocyte-macrophagal com- 
ponent  of  the bone marrow occurred later. 

Apart from their excellent capacity to scavenge 
erythrocytes, KC produce and secrete erythropoi- 
etin and other cytokines regulating hemopoiesis 
(interleukin-1, tumor  necrosis factor-co - TNF-0c, 
granulocyte-macrophagal colony-stimulating factor, 
etc.) [8,12]. This function,  normally weak, be- 
comes markedly enhanced after partial hepatec- 
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tomy or liver damage with CCI 4 [9,14,17]. More- 
over, it is considerably more pronounced  in the 
prenatal and early postnatal periods [15]. 

This suggests that KC also play a key role in 
the recovery of hemopoiesis after blood loss. How- 
ever, their regenerative activity in this situation is 
poorly understood. In the present investigation we 
studied hemopoiesis-, leukocyte-, and lymphocyte- 
stimulating activities of  KC in different phases of  
the posthemorrhagic period. 

MATERIALS AND METHODS 

The experiments were carried out on 45 CBA mice 
of both sexes weighing 20-25 g. Blood (2.5% body 
weight) was drawn from the retroorbital sinus. 

Blood clearance from a colloid was determined 
as described earlier [6]. Colloid carbon (0.2 mg/g 
body weight, Gunter  Wagner) was injected intra- 
venously. The half-life and the rate constant of  
blood clearance from the colloid (C index, rain -1) 
were calculated from the curves. The mean num- 
ber of  KC with phagocytized carbon particles was 
determined on liver sections stained with hema-  
toxylin and eosin at xl000 in 10 visual fields. 
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KC were isolated from the liver of intact mice 
and 6 hours and 2, 5, and 9 days after blood loss 
as described elsewhere [13]. Two hours before iso- 
lation of the cells the animals were injected intra- 
venously with carbonyl iron R100F (1.0-1.5 mg/g 
body weight). The liver was perfused with cooled 
0.85% NaC1 and homogenized, and then iron- 
loaded KC were pelleted using a magnet. The 
obtained cells were destroyed in a hypotonic me- 
dium at 3000 rpm during 2 rain and then centri- 
fuged for 20 min at 12,000 rpm and 4~ The 
protein concentration in the supernatants was de- 
termined after Lowry. In each experiment liver 
tissue from 5-6 mice was pooled. 

Granulocyte-macrophagal colony-stimulating 
(GM-CSA) and erythropoietinlike (ELA) activities 
of KC extracts were assessed by their ability to 
stimulate the growth of granulocyte-macrophagal 
(colony-forming units - CFU-GM) and erythro- 
cyte (CFU-E) precursors in cultured bone marrow 
cells. To this end the extracts of  KC (100 rtg 
protein/ml) were added to l0 s syngeneic bone 
marrow cells cultured in RPMI-1640 medium 
supplemented with 20% fetal calf serum, 2x10 -2 M 
2-mercaptoethanol (for CFU-GM),  L-glutamine 
(200 mg/liter), gentamicin (80 mg/liter), and 0.8% 
methylcellulose. Serum from anematized or zymo- 
san-stimulated animals (for CFU-E and CFU-GM, 
respectively) was used as positive controls [3]. 
CFU-E consisting of no less than 50 cells were 
counted after 3 and C F U - G M  after 7 days in 
culture at 37~ 5% CO:, and a humidified atmo- 
sphere in a CO: incubator  (GPI-01, Leningrad). 

Leukocyte-stimulating activity of KC was as- 
sessed by the ability of  their extracts to induce a 
chemiluminescent response of syngeneic leukocytes. 
To this end 0.1 m_l whole blood was mixed with 
0.8 ml Hanks  so lu t ion  and 0.1 ml 10 -4 M 
luminal and, after measurement of the background 
values, 0.1 ml extract of  KC containing 100 ~tg 
protein or zyrnosan granules in a dose of 0.5 nag/ 
ml blood were added as the positive control. The 
results were assessed by the peak amplitude of the 
chemiluminescent response and expressed in 10 -1 
cpm/granulocyte. 

The lymphocyte-activating ability of the KC 
extracts was evaluated by proliferation of con- 
canavalin A-treated thymocytes. To this end 0.05 
ml thymocyte suspension from CBA mice (5• s 
cells) was added to 0.05 ml 0.001% concanavalin 
A solution and cultured for 72 hours in the hu- 
midified atmosphere at 37~ and 5% CO2, after 
which 0.05 ml KC extract (100 Ixg) and 0.5 ~tCi 
3H-thymidine were added 24 hours before the end 
of incubation. The result was assessed by incorpo- 
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Fig. 1. Rate of b lood  c l ea r ance  f rom co l lo id  (I) and 
s c a v e n g i n g  by KC (2) at d i f fe ren t  t imes af ter  b lood  loss. 
Ordinates: left -- rate constant of blood clearance, min-~; right 
- number  of KC scavenging carbon particles.  Here and on 
Figs. 2 and 3: C = control. 

ration of the label into proliferating thymocytes 
and expressed in stimulation indexes as the ratio: 

(thymocytes + concanavalin A) + KC extracts 
thymocytes +concanavalin A 

The numerical data were processed statistically 
using the Student t test. 

RESULTS 
The maximal (1.7-fold) decrease of the rate of 
blood clearance from the colloid in comparison 
with the control was observed 6 hours after blood 
loss (p<0.001, Fig. 1). The rate increased slightly 
on the 2rid day, though still remaining 1.3-fold 
lower than the control value, and reached the level 
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Fig. 2. I~LA (I) and CSA (2) of KC ex t rac t s  ob ta ined  at 
different  times of the posthemorrhagic period.  
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Fig. 3. Lym phocy t e - - ac t i va t i ng  (I) and l e u k o c y t e - - s t i m u -  
lating (2) activities of KC extracts isolated at different times 
of p o s t h e m o r r h a g i c  recovery .  Ord ina tes :  left  -- i ndex  of 
stimulation of thymocyte proliferation; right -- absolute values 
of peak  of chemi luminescen t  response of  leukocytes,  • - j  
cp m/granu locy te ,  

in control by the 5th day of recovery. After that, 
on day 9 the rate of  blood clearance rose and 
surpassed the control value 1.3-fold (p<0.01). 

The number of  KC which absorbed the car- 
bon particles was minimal 6 hours after blood loss 
and 1.6-fold lower than the control value (p<0.05, 
Fig. 1). By the 2nd day it reached the normal 
level and increased further. Five days after the 
blood loss the number of phagocytizing cells sur- 
passed the control values 1.5-fold and after 9 days 
the increase was 1.8-fold (p<0.01). 

Extracts of  KC obtained from normal mice 
exhibited erythropoietinlike activity and induced 
the growth of 34.7+7.78 colonies per l0 s bone 
marrow ceils on average. Six hours after blood loss 
ELA of KC increased dramatically and exceeded 
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Fi~l. 4,. E f fec t  of KC ex t r ac t s  on  l u m i n o l - - d e p e n d e n t  
chemi luminescence  of b lood  leukoc3rtes. Ordinate:  absolute  
value of leukocyte chemiluminescence, x l0 -~ cpm/granulocyte;  
abscissa: time of chemiluminescent  response,  rain. 1) extracts 
of normal  KC; 2) KC ex t rac t s  9 days  af ter  b lood  loss; 3) 
zymosan granules. Arrow indicates the time of injection of KC. 

the normal level 6.3-fold (p<0.001). However, on 
the 2nd day this activity decreased, being twice as 
low as that in the control, and remained at this 
level on day 5 (Fig. 2). Toward the end of ob- 
servation ELA of the extracts rose again. 

Extracts of KC obtained from intact animals 
induced the growth of 14.3+3.99 GM colonies per 
l0 s bone marrow cells (Fig. 2). Six hours after 
acute blood loss GM-CSA increased 4.2-fold in 
comparison with the norm but then this activity 
dropped and on day 5 did not differ from the 
norm. However, on day 9 of the recovery period 
CSA of KC extracts sharply rose again and ex- 
ceeded the norm 17.1-fold. 

Lymphocyte-activating ability of  extracts of 
KC increased 2.1-fold 6 hours after blood loss. 
After 2 days it decreased and on day 5 did not 
differ from the normal value. Then on day 9 it 
rose again and was 1.6-fold higher than in the 
control (Fig. 3). 

Leukocyte-stimulating activity of KC extracts 
obtained 6 hours after blood loss was 1.8-fold 
h igher  than that  of  extracts  of  no rma l  KC 
(2.2+0.33 v s .  1.2+0.17x'10 1 cpm/granu locy te ,  
p<0.01). After 2 days it decreased and after 5 days 
practically did not differ from the normal level 
(Fig. 3). However, toward the end of  observation 
it increased again and surpassed the norm 2.3-fold 
(p<0.001). In this case, the peak of the chemilu- 
minescent response of leukocytes was 3-fold lower 
than that induced by zymosan, while the stimu- 
lating effect was more prolonged (Fig. 4). 

Thus, during the first few hours after acute 
blood loss the scavenging capacity of KC was in- 
hibited. This is possibly due to enhanced phago- 
cytosis of inherent destroyed erythrocytes and prod- 
ucts of  hemolysis [4]. It is known that phagocy- 
tosis of IgG-erythrocytes reduces t he  expression of 
FcR and CR3 by liver macrophages [11]. Absorp- 
tion of erythrocyte products leads to complex func- 
tional rearrangements of KC, among them inhibi- 
tion of the respiratory burst and of the attendant 
production of such key inductors of destruction as 
reactive oxygen metabolites. This is caused by in- 
hibited release of arachidonic acid in the course of 
Fc-dependent phagocytosis of opsonized IgG-eryth- 
rocytes [16]. 

In addition, the inhibition of  the scavenging 
activity of KC during the first few hours after 
blood loss is attended by a rise of their ELA. In 
turn, the increased ELA suggests the involvement 
of KC into emergency restoration of  erythron, 
since KC are the main producers of extrarenal 
erythropoietin [15]. In our experiments this func- 
tion of KC could be enhanced by the action of 
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both tissue hypoxia and products o f  the partial 
destruction of  erythrocytes (erythrodieresis). After 
transient normalization, ELA increased again after 
1.5 weeks, i.e., to the end of  the recovery period. 
This is most likely due to renewal of  the KC 
population. As for GM-CSA of  KC, its kinetics 
was similar to that o f  ELA. Of particular interest 
is the sharp rise o f  GM-CSA toward the end o f  
the recovery period. 

Lymphocyte- and leukocyte-stimulating activity 
changed in a similar manner. During the first few 
hours after acute blood loss they were considerably 
elevated. This was probably due to enhanced ad- 
sorption of  endotoxin from the intestine on ac- 
count of  its disturbed permeability [1]. The endot- 
oxin stimulates production of  intefleukin-1, TNF- 
~, and other leukocyte stimulators [7]. Moreover, 
some evidence has appeared that immediately after 
blood loss KC actively produce interleukin-1, TNF- 
0~, and other regulatory proteins (cytokines) [5]. It 
cannot be ruled out that an endotoxin-related 
mechanism plays an important role not only in 
the stimulation of  the periphery but also in the 
regeneration of the bone marrow. 
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