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Exper imen t s  on noninbred albino mice  af ter  daily injection of hepar in  (250 uni ts /kg)  for  2 weeks 
showed that  the leukocyte count in the pe r iphe ra l  blood increased  by 30%, the number  of nucleated 
cel ls  in the f e m o r a l  m a r r o w  was unchanged, and the l eukoery throb las t i c  ra t io  rose  f rom 4.1 to 
7.6. Autoradiographic  s tudies  showed that  the durat ion of the mitot ic  cycle  and of its var ious  
per iods  were  unchanged by the action of heparin:  T--13 h, S--8 h, G~--1 h, G 1 + M = 4  h. In hep-  
ar in ized animals  the shape of the curve  of labeled mi to se s  was close to the ideal theore t ica l  curve.  
It  is postulated that under  the influence of hepar in  cel l  division is synchronized in the bone 
m a r r o w  and different ia t ion is shifted toward mye lopo ies i s .  
KEY WORDS: hepar in ;  bone m a r r o w ;  labeled mi toses ;  mi to t ic  cycle.  

Exper imen t s  on sma l l  l abora to ry  an imals  have shown that  hepar in  induces hyperp las i s  of lymph t i ssue  
in the spleen and thymus [5], and in v i t ro  it s t imula tes  DNA synthes is  in bone m a r r o w  cells  [9]. Granulopoie-  
s is  is also known to be s t imula ted  by adminis t ra t ion  of po lysacchar ides  [1, 11]. On the basis  of these  o b s e r -  
vat ions  it could be p r e s um ed  that  hepar in  is a r egu la to r  of hematopo ies i s .  

I t  was t he re fo re  decided to study the effect  of hepar in  on pro l i fe ra t ion  and different iat ion in the bone 
m a r r o w  of albino mice .  

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

Exper imen t s  were  ca r r i ed  out on noninbred ma le  albino mice  weighing 18-20 g. The animals  of the ex- 
pe r imen ta l  group rece ived  in t raper i tonea l  injections of hepar in  (Richter) in a dose of 250 un i t s /kg  daily for  
2 weeks,  and mice  of the control  group rece ived  injections of physiological  sal ine.  The animals  were  divided 
into two groups 24 h af ter  the las t  injection. The leukocyte and e ry th rocy te  counts and leukocyte fo rmula  were  
de te rmined  in the p e r i p h e r a l  blood taken f rom the r e t robu lba r  plexus of the mice  of group 1, af ter  which the 
animals  were  killed and the number  of nucleated cel ls  and the m y e l o g r a m  in the f emora l  m a r r o w  were  counted. 
For  invest igat ion of the kinet ics  of the myeloid  cel ls  [3H]thymidine was injected subcutaneously in a dose of 
0.5 /zCi/g body weight; the an imals  were  killed 1-24 h af ter  injection of the isotope and autoradiographs of the 
bone m a r r o w  cel ls  were  p r e p a r e d  [7]. At each t ime  of the investigation 100 labeled mi toses  were  counted in 
cel ls  of the myelo id  s e r i e s  f rom four to six an imals .  The durat ion of the mitot ic  cycle and of i ts  var ious  per iods  
was de te rmined  [3]. 

EXPERIMENTAL RESULTS 

The results of investigation of the peripheral blood of the mice are given in Fig. I. Under the influence 
of a 2-week course of heparin injections in a therapeutic dose the leukocyte count was increased by 30%, on 
account of a 50% increase in the absolute number of lymphocytes, whereas the number of neutrophils was un- 
changed. The erythrocyte count in the mice of the experimental group was indistinguishable from the control. 

To study the mechanism of the increase in the lymphocyte count in the peripheral blood the morphologi- 
cal composition of the bone marrow was examined. 
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Fig. 1. Effect of heparin on per iphera l  blood 
indices of albino mice.  Unshaded columns de-  
note physiological  saline; shaded columns de-  
note heparin.  1) Leukocytes;  2) neutrophils;  
3) lymphocytes;  4) e ry throcytes .  

% 

lO0 : 

50 ~ 2 

1 

. . . . .  h 
0 2 6 1 14 7 24 

Fig. 2. Changes in percentage of labeled mi -  
toses in myeloid cells of albino mice follow- 
ing prolonged administrat ion of heparin. 1) 
Physiological  saline; 2) heparin.  Abscissa,  
t ime after injection of thymidine (in h); ordi -  
nate, percentage of Iabeled mi toses .  

The number of myelokaryocytes  was the same in the mice of both groups (Table 1). In the heparinized 
mice,  however,  the following changes were found: an increase  of 1.8 t imes in the  leukoerythroblast ic  ratio, a 
decrease  in the absolute lymphocyte count and an increase  in the absolute eosinophil count, and an increase  in 
the index the maturat ion of ceils of the erythroid ser ies  (Table 1). 

The resul ts  are evidence of a shift under the influence of heparin toward myeloid hematopoiesis  with 
r ec ip roca l  inhibition of erythropoies is  (the number of p roery throblas t s  in the experimental  mice  was only 
one-fifteenth of their  number in the control). The increase  in the maturat ion index in the erythroid se r ies  can 
be regarded  as evidence of a compensatory  react ion responsible for maintaining the normal  ery throcyte  count 
in the per iphera l  blood of the heparinized animals (Fig. 1). 

The significant decrease  in the lymphocyte count in the bone mar row of the heparinized animals must  
be emphasized;  it was probably due to increased migrat ion of these cells into the per ipheral  blood (Fig. 1) 
and lymphoid organs.  

The change in the ratio between the numbers  of hematopoiet ic  ceils of the myeloid and erythroid ser ies  
in the bone mar row could be due both to a change in the direct ion of differentiation of the stem (committed) 
cells and also to stimulation of the p r e c u r s o r  cells of granulopoiesis .  
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TABLE 1. Effects o f  t t epar in  on Number  
of  Nucleated Cells  and The i r  Morphologi-  
cal  Composi t ion in Bone Marrow of Albino 
Mice 

Index studied 

No. of myelokaryocytes, 
millions 

No. of cells of myeloid 
series, millions 

No. of cells of erythroid 
series, millions 

Lenkoerythroblastic 
ratio 

Lymphocytes, millions 
Eosinophils, millions 
Maturation index in 

myeloid series 
Maturatidn index in 
ery~roid series 

oo . ~  
"~ o "~ o 

22,0• 

15,2• 

3,7• 

4,1 
2,0----- 0.2 

0.6~ 0,04 

0,53 

0,38 

~ o , ~  ~ 
i 

22,1-----1,2 

17,5-~0,6[ 

2,3~0,2 

7,6 
1,3+0,2 

0,9----- 0,08 

0,56 

0,61 

> 0,05 

<0,01 

<0,001 

<0,01 
<0,05 
<0,05 

> 0,05 

<0,05 

To study the p ro l i f e ra t ive  act ivi ty  of the myeloid  cel ls  the method of au toradiography was used. The r e -  
sults  (Fig. 2) show that  the durat ion of the mi to t ic  cycle (T) and of its individual per iods  was p rac t i ca l ly  the 
s a m e  in the mice  of the expe r imen ta l  and control  groups,  namely:  T--12-13 h, S-- 8 h, G~ --1 h, and G 1 +M-- 
3-4 h. Moreove r ,  as a r e s u l t  of  admin is t ra t ion  of hepar in  the f i r s t  and second peaks  of the m a x i m u m  of the 
labeled m i t o s e s  w e r e  at a higher  level  (6 and 20 h af ter  injection of the isotope the number  of labeled mi to se s  
in the mice  of this group was 25 and 36% higher,  r e spec t ive ly ,  than in the control}. The grea t  height of the sec -  
ond peak  mus t  be pa r t i cu l a r l y  noted, for  it indicates homogenei ty  of the cell  population in the hepar in ized ani- 
ma l s .  After  adminis t ra t ion  of hepar in  the total  durat ion of the mi to t ic  cycle,  as well  as the duration of its 
individual per iods ,  evidently approximated  to the calculated values,  i .e. ,  cell  synchronizat ion was observed.  
The phenomenon of synchronizat ion also was probably  respons ib le  for  the g r e a t e r  height of the f i r s t  peak of 
labeled mi toses ,  for the g r e a t e r  s t eepness  of decline of this wave of mi toses  indicates low var iab i l i ty  of the 
S per iod,  the duratioia of which was two- th i rds  of the to ta l  durat ion of the mi to t ic  cycle.  

The r e su l t s  of this invest igat ion thus conf i rm the view that  the di rect ion of different ia t ion of mos t  s t em 
(committed) cel ls  is changed by hepar in  toward mye lopo ies i s .  This effect  of hepar in  may  be both indirect  
(through its effect  on the c i rcula t ion and the oxygen supply to the t i s sues  [2, 6]), and also d i rec t  (a change in 
the e lec t rokine t ic  potent ia l  of the cel ls)  [4, 8, 10].  

Meanwhile,  whereas  the mean number  of cel ls  of the e ry thro id  s e r i e s  in the bone m a r r o w  of the hepar in -  
ized mice  was reduced by 1.4 mil l ion,  the absolute number  of myeloid  cel ls  was increased  by 2.3 mill ion.  
These  calculat ions suggest  that,  bes ides  a change in the di rect ion of differentiat ion,  the s t imulat ion of my e lo -  
po ies i s  in the expe r imen ta l  group of an imals  could also have been due to synchronizat ion.  

The r e su l t s  point to the impor tan t  role  of hepar in  in medu l l a ry  hematopoies i s .  The  changes observed  in 
the bone m a r r o w  and lymphoid t i s sue  of the hepar in ized  animals  explain the biological  role  of degranulation of 
the m a s t  cel ls ,  with l iberat ion of endogenous hepar in ,  under  the influence of unfavorable  fac tors ,  for g ranule-  
eytes  and lymphoeytes  botl~ play an act ive role  in p r o c e s s e s  of defense  and r epa i r .  
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Diurnal  f luctuations in mi toses  in s te l la te  re t iculoendothel iocytes  of the in t ra lobular  cap i l l a r ies  
of the ra t  l iver  trader n o r m a l  conditions and af ter  b i la te ra l  subdiaphragmat ie  vagotomy were  in- 
vest igated.  The l a rges t  number  of mi to ses  was found in all the animals  during the morning,  be- 
tween 3 and 7 a .m. The number  of mi to ses  in the vagotomized and laparo tomized  animals  fell  
gradual ly  until 10 p .m.  After  vagotomy the number  of m i to se s  in the s te l la te  re t iculoendothel io-  
cytes ,  just  as in the hepatocytes  also,  was m o r e  than twice as high as in the control;  the c h a r a c -  
t e r  of the curve  ref lec t ing  the diurnal  rhythm of mi tos i s  in the denervated  l iver  was the s ame  as 
in the control .  
KEY WORDS: ret ieuloendothel iocyte;  mitot ic  index; hepatocyte.  

Many surgeons  who use  the opera t ion of se lec t ive  subdiaphragmat ic  vagotomy for  the su rg ica l  t r ea tmen t  
of  s eve re  fo rms  of peptic u lcer  have recen t ly  become in teres ted  in the consequences of this operat ion and, 
in par t i cu la r ,  its effect  on the morphologica l  and physiological  s ta te  of the abdominal organs .  Consider ing 
the p rac t i ca l  impor tance  of this p roblem,  Eletskii  and his col leagues [7-9] have studied the c h a r a c t e r  of the 
morphologica l  and physiological  changes in the digest ive glands of the subdiaphragmat ie  region af ter  b i la te ra l  
subdiaphragmat ie  vagotomy and, in par t i cu la r ,  p r o c e s s e s  of compensat ion and pro l i fe ra t ion  a r i s ing  in the de-  
ne rva ted  organs  under these conditions. It has been shown, for  instance [12], that vago tomyin  ra ts  does not lead 
to increased  mitot ic  act ivi ty in the ac inar  cel ls  of the exocr ine  port ion of the pancreas .  However ,  the worker  
concerned did not study the diurnal  rhy thm of mi tos i s  in the denervated  pancreas .  The p resen t  wr i t e r s  showed 
p rev ious ly  that b i la te ra l  subdiaphragmat ic  vagotomy in r a t s  leads to increased  mitot ic  activity in the hepato-  
cytes  (low mitot ic  activity) and en te rocy tes  (high mitot ic  activity) by roughly two to th ree  t imes  the control  
value.  The c h a r a c t e r  of  the curve ref lec t ing  mitot ic  act ivi ty in the course  of the 24-h period in these  organs  
was unchanged af ter  vagotomy (Fig. 1). A s im i l a r  pa t te rn  of change in mitot ic  activity also was found la te r  in 
the glandular  cei ls  of the exocr ine  port ion of the panc reas  [7]. 

Analysis  of data in the l i t e ra tu re  and our  own observa t ions  shows that the dynamics  of diurnal  rhy thms  
of mi tos i s  in the var ious  organs  and t i s sues  has not only its s imi l a r i t i e s ,  but also cons iderable  d i f ferences  
[1-3, 6]. According to cer ta in  observa t ions  [11], rhy thms  of mi tos i s  in different  t i s sues  of the thyroid gland 
(the s t r o m a  and glandular  cells)  of adult ra ts ,  and also in the hepatocytes  and Kupffer ce l l s ,exhib i t  t i s s u e -  
specif ic  f ea tu res  and differ  f rom one another.  
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