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The effect  of the Bil l roth I subtotal  g a s t r e c t o m y  on p ro l i f e ra t ive  act ivi ty of the bone m a r -  
row cel l s  was  studied in expe r imen t s  on r a t s  injected with thymidine-H 3. By the 30th day 
a f t e r  g a s t r e c t o m y  hypochromic  anemia  was obse rved ,  accompanied  by a marked  dec rease  
in the index of labeled nuclei (ILN) of the bone m a r r o w  e r y t h r o n o r m o b l a s t s  to 44.9=E5.5% 
f r o m  80.8+3.9% in the control .  Pa ra l l e l  with the inc rease  in the blood leve l s  90 days a f te r  
the operat ion,  t he re  was  some inc rease  in ILN of the e r y t h r o n o r m o b l a s t s .  DNA synthesis  
inthe granulocytes  of the bone m a r r o w  showed no significant change a f te r  subtotal  ga s t r ec tomy .  

Subtotal and total  ga s t r ec tomy ,  opera t ions  widely used in cl inical  su rge ry ,  f requent ly  lead to d i s tu r -  
b a n c e s o f h e m a t o p o i e s i s  [1, 2, 6]. Although the pathogenesis  of B12-deficient megalob las t ic  anemia  develop- 
ing af ter  g a s t r e e t o m y  has  now been wel l - inves t iga ted  [2, 3], this  is not t rue  of the pos tga s t r ec tomy  hypo- 
ch romic  and hypoplas t ic  anemias ,  and con t rad ic to ry  r e su l t s  have been descr ibed .  Only a single inves t iga-  
t ion has  included de termina t ion  of the mitot ic  act ivi ty of the bone m a r r o w  cel l s  in these s ta tes  [7]. 

The object of the p resen t  invest igat ion was to study the effect  of the Bi l l roth  I subtotal  g a s t r e c t o m y  
on p ro l i f e ra t ive  act ivi ty of the e ry th ro id  and myeloid s e r i e s  of bone m a r r o w  cel ls .  

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

E x p e r i m e n t s  we re  c a r r i e d  out on 40 male  r a t s  weighing 100-120 g. Half of the ~nimals underwent 
subtotal  g a s t r e c t o m y  by the Bi l I ro th  I method under  genera l  e the r  anes thes ia ,  and the r e s t  acted as the 
contro l .  Twenty an imals  (10 gas t r ec tomized  and 10 control) we re  sacr i f iced  30 days af ter  the operat ion 
and another  20 animals  90 days  t he r ea f t e r .  Both control  and gas t r ec tomized  animals  rece ived  an in t ra -  
per i tonea l  injection of thymidine-H 3 before  sac r i f i ce  in a dose of 0.5 #Ci/g body weight.  The an imals  were  
kil led 1, 2, 4, 6, 8, 12, and 24 h af ter  admin is t ra t ion  of the thymid ine-H ~. F o r m s  of the f emora l  m a r r o w  
were  fixed in absolute methanol  and then coated with type M (Resea rch  Insti tute of Photographic  Chemistry)  
liquid rad iosens i t ive  emuls ion  by the usual  method [4]. After  exposure  for  20-25 days the f i lms  were  de- 
veloped in amidol  deve loper  and stained with azu re -eo3 in  by RomanovskyTs method.  The index of labeled 
nuclei (ILN) was  de te rmined  by counting the number  of labeled and malabeled bone m a r r o w  cel ls .  When 
ILN of the e r y t h r o n o r m o b l a s t s  was  calculated,  all the ce l l s  of the e ry th ro id  s e r i e s  we re  divided into two 
groups .  Group I consis ted  of young cel ls ,  including e ry th rob l a s t s ,  p rono rmob la s t s ,  and basophi l ie  no rmo-  
b las t s ,  while group II included polychromatophi l ic  and oxyphilic no rmob la s t s .  ILN of the myeloid s e r i e s  
was  calcula ted for  hemocy tob las t s ,  mye lob las t s  and p romye locy t e s ,  me t amye locy t e s  and stab cel ls ,  and a 
a lso  for  po lymorphs .  Altogether  500 ce l l s  of the e ry thro id  and 500 of the myeloid s e r i e s  were  counted. 
The hemato log ica l  indices of the pe r iphe ra l  blood and bone m a r r o w  (red cel l  count, hemoglobin  concent ra -  
tion, color  index, m y e l o g r a m ,  mitot ic  index, etc.) were  de te rmined  in all an imals  s imul taneously .  The nu- 
m e r i c a l  r e su l t s  we re  subjected to s ta t i s t i ca l  ana lys i s  by the F i s h e r - S t u d e n t  method. 
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TABLE 1. ILN of Bone Marrow E r y t h r o n o r m o b l a s t s  (in %) before  and 

a f t e r  Bi l l roth I Subtotal G a s t r e c t o m y  (M4-m) 
Time after] 
injection I before operation 
ofthymi- l 
dine- H 3 ] 1 II 
.(in h) 

I 

l I 73,4•  14,1• 
2 ] 80,8•  29,1•  

Legend: 

Time of investigation 

_ _  ]_ 30 daysi after operationii 

41,6-----4,8 1,9• 
44,9~5,5 12,8• 

..90 days after operation 

I II 

58,4-----5,7 11,I•  
69,4--+5,7 23,5•  

I) young e r y t h r o n o r m o b l a s t s  (e ry throb las t ,  p ronormoblas t ,  
and basophi l ic  normoblas t ) ,  II) m o r e  ma tu re  no rmob la s t s  (po lychromat -  
ophilic and oxyphilic normoblas t s ) .  

TABLE 2. ILN of Bone Mar row Granulocytes  (in %) before  and at Various 
T imes  a f te r  Bi l l roth  I Subtotal G a s t r e c t o m y  (M• 

Time of 
investi- 
gation 
(days) 

C o n t r o l  

30 

90 

Time after 
thymidine- 
H3 injee- ! 
tion (h) 

I 
24 
I 

24 
1 

24 

Hemocyto- 
blasts 

70,3• 
33,3-----3,1 
68,2+3,1 
47,9•  
65,5~7,5  
27,7-----4,8 

b M y e l o -  Neutrophilk 
lasts and myelo- 

myelo- cytes 
eytes 

51,4-+-1,8 40,1--+l,7 
43,3+2,2 48,0+2,05 
55,6• 54,3• 1,2 
37,5• 1,9 53,9• 1,7 
6t ,6+--6,4 42,1--3,7 
31,1-----6,8 51,9-----4,9 

Eo~ no- Meta- 
philic myelo- Poly- 
myelo- cytesand morphs 
cytes SIaD cells 

34,7___l,51 _ 
43 ,3+ 1,4135,9-- 1,6 36,1--0,9 
38,0-+- 1,8[ ' 
44,0 +- 1,9155,6--+ 1,3 33,6 -+ 1,0 
43,2--4,0 - -  - -  
51,4---+4,3 56,6-----3,7 37,8--3,1 

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

Subtotal g a s t r e c t o m y  caused  significant d i s tu rbances  of hematopo ies i s  in all an imals  undergoing the 
opera t ion .  By the 30th day a f t e r  the opera t ion a m a r k e d  hypochromic  anemia  with d i s tu rbances  of m a t u r a -  
t ion of the e ry th ro id  s e r i e s  of ce l l s  had developed.  The mitot ic  index of the e ry th rono rmob la s t s  was con- 
s ide rab ly  reduced.  

ILN of the e r y t h r o n o r m o b l a s t s  was  cons iderab ly  below the control  value on the 30th day af ter  the o p -  
e ra t ion  (Table 1). Whereas  2 h a f te r  injection of thymid ine-H 3 ILN for  the young e ry th rono rmob la s t s  of the 
control  r a t s  was  80.84-3.9%, for  the analogous ce l l s  of the gas t r ec tomized  an imals  it was  44.94-5.5%. By the 
30th day a f te r  the opera t ion  the number  of e r y t h r o n o r m o b l a s t s  synthesiz ing DNA was thus reduced a lmos t  
by half  compa re d  with the control .  Some inc rease  in the pe r iphe ra l  blood and bone m a r r o w  indices was ob- 
s e rved  90 days  a f te r  the opera t ion ,  co r r e l a t i ng  with the inc rease  i n  ILN in the e ry th rono rmob la s t s .  

A dec rea se  in ILN of the e ry thro id  ce l l s  has  been  found in renal  fa i lure ,  when it is a t t r ibuted to a de-  
c r e a s e  in e ry th ropoie t in  product ion by the affected kidney [5]. Addition of e ry thropoie t ins  to a bone m a r r o w  
cul ture  causes  the number  of ce l l s  synthesiz ing DNA to double [10]. At the s ame  t ime  it has  been  shown 
that  the s tomach is one of the main  s i tes  of e ry thropoie t in  production [8, 9]. P r e s u m a b l y  subtotal  g a s t r e e -  
tomy leads  to a dec r ea s e  in the e ry thropoie t in  concentra t ion  in the blood s e r u m  and to a cor responding  de- 
c r e a s e  in the level  of p ro l i f e ra t ive  p r o c e s s e s  in the e r y t h r o n o r m o b l a s t s .  

ILN of ce l l s  of the granulocyt ic  s e r i e s  1 h a f t e r  injection of thymid ine-H 3 was  not significantly d i f fer -  
ent f r o m  the control  on the 30th day of the exper imen t  (Table 2). However ,  a f te r  24 h an inc rease  in the 
number  of labeled granulocytes  at the me tamye locy te  stage was  obse rved  (up to 55.6=k 1.3% compared  with 
35.9 + 1.6% in the control) .  A s i m i l a r  i nc rease  in ILN of the me tamye locy t e s  was  also obse rved  by the 90th 
day a f t e r  the operat ion (up to 56.6• 3.7 %). This fact  sugges ts  that  DNA synthes is  in young granulocytes  fol-  
lows a no rma l  course ,  but the accumulat ion of labeled me tamye locy t e s  takes  place through a d is turbance of 
the i r  ma tu ra t ion  and the i r  r e l e a s e  into the blood s t r e a m .  

It can be concluded f r o m  this descr ip t ion  that  a f te r  subtotal  g a s t r e c t o m y  pro l i fe ra t ive  p r o c e s s e s  in 
the e r y t h r o n o r m o b l a s t s  a re  cons iderab ly  reduced.  This,  in turn,  leads  to a dec rease  in the number  of 
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erythrocytes, and it is evidently one link in the compIex chain of pathogenesis of the ensuing postgastrec- 
tomy anemia. DNA synthesis in the granulocytes is not significantly affected under these circumstances. 
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