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After intraperi toneaI injection of breakdown products of rat peritoneal maerophages  (BPM) into 
recipient  rats  leukocytosis was observed in the per ipheral  blood with an increase  in mature 
forms of neutrophils and monoeytes in the bone marrow and with an accompanying improvement  
in the oxygen supply of the bone marrow cells (as shown polarographically).  Similar changes 
in the bone marrow were obtained after intraperi toneal  injection of cytot0xic quartz dust pa r -  
ticles. If mouse BPM were injected intraperi toneally into mice, the formation of granulocytic 
colonies in the spleen was sharply stimulated in syngene t i cmtce rece iv ing  a suspension of bone 
marrow or spleen ceils taken from these donors by intravenous injection after  lethal x - r ay  
irradiation. The resul ts  are discussed in the light of the possible role of broken-downt issue  
maerophages in the formation of colony-st imulat ing factor  and in the autoregulation of phago- 
cytic reactions.  

KEY WORDS: macrophages;  neutrophils; monocytes;  colony-forming units; regulation of 
hematopoiesis.  

The role of breakdown products of e ry throcytes  and neutrophils in the regulation of sys tems of e ry th ro -  
poiesis and leukopoiesis is well known [2, 5]. On the other hand, it has been shown that the blood monocytes and 
the macrophages  produce a factor  which promotes  the formation of granulocytic colonies by bone marrow cells 
in vitro [8] and, it is supposed, is identical with colony-s t imulat ing factor  (CSF). CSF has been isolated f rom 
various t issues and biological products,  and its ability to induce leukocytosis has been demonstrated by exper i -  
ments in vivo [ 10]. According to one hypothesis, CSF of macrophagal  origin is a mediator  in the physiological 
mechanism of the positive feedback which plays an important  role in the autoregulation of the formation of 
granulocytes  and monocytes f rom their common p r e c u r s o r  in the bone m a r r o w  [11]. However, these exper i -  
ments in vitro did not show whether the formation or l iberation of this macrophagal  CSF is connected with 
destruction of the maerophages or with activity of the living cells. Investigations to confirm the stimulating 
activity of macrephagal  breakdown products on leukopoiesis in vivo coutd not be found in the accessible  l i te ra-  
ture. 

The object of this investigation was to study the role of destruct ion of t issue maerophages in the regula-  
tion of granulocytopoiesis .  

E X P E R I M E N T A L  M E T H O D  

Exper iments  were car r ied  out on male Wistar ra ts  weighing 200-250 g and on CBA mice weighing 
20-25 g. Peri toneal  macrophages  were obtained from the exudate 45 h after intraperi toneal  injection of s ter i le  
mineral  oil into ra ts  or mice. Macrophages accounted for 82-86% of the cells obtained. After repeated wash- 
ing the cells were broken up by frequent f reezing and thawing in physiological s a l i ne .  
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TABLE 1. 
a f te r  T r i p l e  In t r ape r i tonea l  In 

Energy  Metabol i sm and Cytologica l  Indices of Bone Marrow Cel l s  f rom Rats  
ec t ion of BPM, Quar tz ,  and Ti tanium Dioxide (M q- m) 

Physiological 
Index saline BPM Quartz Titanium dioxide 

Endogenous respiration rate, patom 
ogrmin/million 

Critical pO 2 level, mm Hg 
Proportion of mature forms of 

neutrophits, % 
Content of monocytes, % V 

3,2~0,3 
38,3• 3,8 

62,0m4,3 
0,8--0,1 

3,14-----0,38 
27,8 +- 3,2* 

77,0- 5,0" 
2,1-+0,4 * 

*P < 0.05. 
~After counting 1000 bone mar row ce i l s  in the film. 

3,72-+-0,84 
28,4-----2,1" 

82 ,5+4 ,7  * 
1,3~-0,1 * 

2,95-4-0,2 
29,4"+-4,5 

67,0"-2,5 
1,3---0,2* 

The breakdown produc ts  of the mac rophages  (BPM) were  injected i n t r a pe r i t one a l l y  into r a t s  and mice in 
doses  co r r e spond ing  to 15 �9 107 c e l l s / 1 0 0  g body weight; the control  an ima l s  r ece ived  in jec t ions  of phys io log i -  
cal  sa l ine .  The r a t s  were  k i l led  24 h af te r  the 3rd dai ly  inject ion and the ce l l  composi t ion  of the i r  f emora l  
m a r r o w  was s tudied and the ra te  of the endogenous r e s p i r a t i o n  and the " c r i t i c a l "  level  of the pa r t i a l  p r e s s u r e  
of o x y g e n - l i m i t i n g r e s p i r a t i o n  (in a ce l l  with c losed  pla t inum e l e c t r ode s  on the Lp-60 po la rog raph  [7] ,  with 
isotogous s e r u m  as incubation medium) were  de t e rmined .  The same inves t iga t ions  were  r epea ted  in a p a r a l l e l  
s e r i e s  on r a t s  r ece iv ing  30 mg f inely d i s p e r s e d  quar tz  or  t i tanium dioxide powder  in phys io log ica l  sa l ine  by 
i n t r ape r i t onea l  in ject ion dai ly  for  3 days and k i l led  24 h af te r  the th i rd  inject ion.  In a s e p a r a t e  group of r a t s  
changes  in the leukocyte count in the p e r i p h e r a l  blood were  studied for  10 days  a f te r  a s ingle inject ion of BPM 

or  of phys io logica l  sa l ine .  

The number  of co lony- fo rming  units  (CFU) in the bone mar row and sp leen  was de te rmined  by the usual  
method. F o r  this purpose  a suspens ion  of bone mar row (10 .5) or spleen (106) ce l l s  f rom mice r ece iv ing  3 i n j ec -  
t ions of BPM was injected into le tha l ly  i r r a d i a t e d  (1000 rad) syngenet ic  mice .  The sp leens  were  removed 
8 days  l a t e r  f rom the r ec ip i en t  mice ,  fixed in Bouin 's  fluid, and the number  of colonies  in them was counted. 
The number  of endogenous colonies  did not exceed 0.2 pe r  spleen.  The ce l l  types of the colonies  were  d e t e r -  

mined h is to log ica l ly .  

E X P E R I M E N T A L  R E S U L T S  

Inject ion of BPM did not affect  the ra te  of endogenous r e s p i r a t i o n  of bone mar row ce l l s  (Table 1) or  the 
total  number  of ce l l s  (46.0 + 4.2 af te r  BPM compared  with 50.0 ~: 5.0 mi l l ion/100 g body weight). Meanwhile, 
to judge f rom the fal l  in the " c r i t i c a l "  pO~ level  l imi t ing  ce l l  r e s p i r a t i o n ,  inject ion of BPM led to a s igni f icant  
improvemen t  in the oxygen supply to the bone m a r r o w  ce l l s .  A d i f fe ren t ia l  count of the neut rophi l s  showed an 
i n c r e a s e  in the p ropor t ions  of s tab ce l l s  and polymorphs ;  the number  of monocytes  a lso  was cons ide rab ly  in- 

c r e a s e d  (Table 1). 

As Table 1 shows, i n t r ape r i t onea l  inject ion of quar tz  dust  caused changes in energy me tabo l i sm and in 
the cy to logica l  p ic ture  in the bone mar row s i m i l a r  to those produced by the action of exogenous BPM, whereas  
the co r r e spond ing  inject ion of t i tanium dioxide dust  r e su l t ed  only in an i n c r e a s e  in the number  of monocytes .  
Both types of dust  induced act ive mig ra t ion  of mac rophages  to the s i te  of inject ion,  but whereas  quartz  p a r t i -  
c les  a r e  well  known for the i r  high cytotoxic i ty ,  t i tanium dioxide p a r t i c l e s  cause  only s l ight  injury to m a c r o -  
phages both in vi t ro  [ 9] and in vivo [ 1]. With an i n c r e a s e  in the number  of m a c r o p h a g e s  des t royed ,  the ro le  of 
neut rophi l s  in the phagocytos is  of dust  p a r t i c l e s  is a lso  known to be i nc r ea sed  [4]. F ina l ly ,  it has been s ta ted  
that  h igher  concen t ra t ions  of CSF a re  r equ i r ed  to s t imula te  g ranu locy topo ies i s  than monocytopoies is  [6].  The 
changes d i s cove red  a f t e r  inject ion of quar tz  can t he r e fo re  be a s soc ia t ed  with its p a r t i c u l a r l y  well marked  in-  
jur ious  act ion on macrophages ,  i .e . ,  with endogenous format ion  of BPM. 

The dynamics  of the mean neutrophi l  and monocyte counts in the p e r i p h e r a l  blood of r a t s  af ter  a s ingle 
inject ion of BPM is shown in Fig .  1. The i n c r e a s e  in the number  of neut rophi l s  dur ing the f i r s t  day af te r  in jec -  
tion can be a s sumed  to be ma in ly  r e d i s t r i b u t i v e  in c h a r a c t e r ,  whereas  the neut rophi l ic  leukocytos i s  observed  
48 h af te r  inject ion of BPM and l a t e r  was due to the s t imula t ion  of neut rophi l  format ion  in the bone mar row,  as 
mentioned above. The monocyte count in the p e r i p h e r a l  blood a lso  was cons ide rab ly  i nc r ea sed  at this  t ime.  
S imi l a r  changes in the compos i t ion  of the blood a lso  were  observed  af te r  t r i p l e  inject ion of BPM. S i mi l a r  
changes in neu t roph i lopo ies i s  were  obse rved  p rev ious ly  in r e sponse  to the action of breakdown products  of 
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Fig .  1. Ef fec t  of b r e a k d o w n  p r o d u c t s  of m a c r o p h a g e s  (BPM) on n e u t r o p h i l  and m o n o -  
cy te  counts  in r a t  p e r i p h e r a l  b lood :  1) n e u t r o p h i l s  a f t e r  i n j e c t i o n  of BPM; 2) the 
s a m e  a f t e r  i n j ec t ion  of p h y s i o l o g i c a l  s a l i ne  (con t ro l ) ;  3) m o n o c y t e s  a f t e r  i n j ec t i on  
of BPM; 4) the s a m e  a f t e r  i n j ec t ion  of p h y s i o l o g i c a l  s a l i n e  (con t ro l ) .  D i f f e r e n c e s  
be tween  e x p e r i n a e n t a l  and c o n t r o l  s e r i e s  s t a t i s t i c a l l y  s i g n i f i c a n t  (15 < 0.05) fo r  
n e u t r o p h i l s  a t  a l l  t i m e s  of t e s t i n g  e x c e p t  the l a s t ;  fo r  m o n o c y t e s  f r o m  24 h unt i l  
144 h i n c l u s i v e .  A b s c i s s a ,  t i m e  a f t e r  s ing le  i n j ec t i on  of BPM; o r d i n a t e :  I) n u m -  
b e r  of m o n o c y t e s  in 1 p l b lood,  II)  n u m b e r  of n e u t r o p h i l s  in 1 pl  b lood .  

TABLE 2. E f f e c t  of BPM on C o l o n y - F o r m i n g  A c t i v i t y  of Mouse  Bone M a r r o w  and Spleen  

Agents injected into donors v 5-5 
c 

Physiological saline 

BPM 

Bone marrow 
number of = 
CFU per 10 ~ | 
cells (M ~m~ 

7,3+--- 1,0 
(20) 

Spleen 
types of colonies, % number of 

CFU per 10 6 
E ] G [ Me [ Mi cells(M:~m) E [ G I Me [ 

70 15 10 

27 2 

5 7,0+0,7 
(18) 

29 I9,5 "~ 1,8" 

types of colonies. % 

Mi 

5 5 

21,1-----2,1" 42 

70 20 

41 24 31 
Legend .  1) *P < 0.001. 2. One p r e p a r a t i o n  d i s r e g a r d e d  a f t e r  i n j ec t i on  of s p l e e n  c e l l s  
and two a f t e r  i n j ec t ion  of bone m a r r o w  of m i c e  with  B P M ,  in which  conf luent  g rowth  of 
( m a i n l y  g r a n u l o e y t i c )  c o l o n i e s  was  o b s e r v e d .  3. N u m b e r  of r e c i p i e n t s  in p a r e n t h e s e s  
4. E) E r y t h r o i d ,  G} g r a n u l o c y t i c ,  Me) m e g a k a r y o c y t i c ,  Mi) m i x e d  c o l o n i e s  ( a l m o s t  
e n t i r e l y  e r y t h r o i d - g r a n u l o c y t i c ) .  
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n e u t r o p h i l s  [ 3]. An i n c r e a s e  in the n u m b e r  of n e u t r o p h i l s  and m o n o c y t e s  has  a l so  been  d e s c r i b e d  du r ing  the 
ac t ion  of a f a c t o r  i s o l a t e d  f r o m  human u r i n e  and p o s s e s s i n g  the p r o p e r t i e s  of CSF in v i t ro  [ 10].  

The  m a r k e d  s t i m u l a t i o n  of co lony f o r m a t i o n  in the s p l e e n  of l e t h a l l y  i r r a d i a t e d  m i c e  r e c e i v i n g  an i n j e c -  
t ion of bone m a r r o w  o r  s p l e e n  c e l l s  f r om m i c e  t r e a t e d  with  BPM a l so  was  r e v e a l e d  by m a c r o s c o p i c  e x a m i n a -  
t ion.  As T a b l e  2 shows ,  s t i m u l a t i o n  of g r o w t h  p r e d o m i n a n t l y  of g r a n u l o c y t i c  and mixed  e r y t h r o i d - g r a n u l o c y t i c  
c o l o n i e s  was  o b s e r v e d  u n d e r  t h e s e  c i r c u m s t a n c e s .  

The  r e s u l t s  thus a g r e e  wi th  the h y p o t h e s i s  that  d i s i n t e g r a t i o n  of m a c r o p h a g e s  p l a y s  an i m p o r t a n t  r o l e  in 
the f o r m a t i o n  of c o l o n y - s t i m u l a t i n g  f a c t o r .  The  m e c h a n i s m  of the p o s i t i v e  f e e d b a c k  men t ioned  at  the beg inn ing  
of th is  p a p e r  is  b i o l o g i c a l l y  a d v a n t a g e o u s  in the even t  that  dea th  of m a c r o p h a g e s ,  which p r o t e c t  the body a g a i n s t  
v a r i o u s  c o r p u s c u l a r  nox ious  agen t s ,  when m o b i l i z a t i o n  of add i t i ona l  r e s e r v e s  of c e l l s  c a p a b l e  of p h a g o c y t o s i s  
( i . e . ,  m a c r o p h a g e s  and n e u t r o p h i l s )  b e c o m e s  n e c e s s a r y ,  should  ac t  at  the s a m e  t i m e  as  a s igna l  fo r  an i n c r e a s e  
in t h e i r  pool ;  i . e . ,  for  t h e i r  m i g r a t i o n  into the blood s t r e a m  to begin  with,  and fo r  the i n c r e a s e d  f o r m a t i o n  of 
m o n o c y t e s  and n e u t r o p h i l s  l a t e r .  
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CHALONES OF THE LIVER 

A. S. L o g i n o v , *  M. D. S p e r a n s k i i ,  
L .  I. A r u i n ,  E .  D. M a t y u s h i n a ,  a n d  
G. S. M a g n i t s k i i  

UDC 612.35.014.3.018:612.6 

Injection of liver extract and blood serum of healthy intact mice and also of the blood serum 
from clinically healthy persons into CBA • C57BL hybrid mice sharply inhibits mitotic activity 
of hepatocytes in the liver regenerating after partial hepatectomy. Extracts of regenerating 
liver and blood serum of animals with a regenerating liver do not inhibit mitosis in hepato- 
eytes. Blood serum from a patient with postnecrotic active cirrhosis of the liver not only did 
not inhibit mitoses in the hepatocytes but actually increased their number. It is suggested that 
the concentration of chalones is reduced in the cirrhotic liver. 

KEY WORDS: chalones; regenerat ion of the liver; c i r rhos i s  of the liver; blood serum. 

Recent work has shown that cells  contain, and probably produce, substances inhibiting mitotic activity in 
the same t issues.  Bullough [4] has called these substances chaloneso They have been shown to be tissue 
specific but not species specific.  

By using liver extracts  from adult intact animals some workers  have induced inhibition of mitotic act iv-  
ity of hepatocytes in the regenera t ing  liver [ 9-13].  Blood serum of adult intact animals has also been shown 
to have a chalone-l ike action. When injected into animals after partial  hepatectomy, it inhibited the mitotic ac-  
tivity of the hepatocytes [3, 6, 8, 10]. 

The object of this investigation was to study the action of mouse l iver extract  and also of mouse and 
human blood se ra  on the regenerat ing l iver.  

E X P E R I M E N T A L  M E T H O D  

Liver  extract  was prepared by the method of Verly et al. [ 11]. The mice were decapitated and the l ive r s  
removed and homogenized with water  (in the rat io of 1:4) in a Po t t e r ' s  homogenizer.  The result ing homogenate 
was centrifuged on the VAC-601 ul tracentr i fuge at 20,000 rpm for 30 rain and the supernatant was drawn off 
and centrifuged again at 40,000 rpm for 100 min. All operations were car r ied  out at 4~ 

To obtain serum,  the blood was centrifuged at 3000 rpm for 10 min at 4~ 
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