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A method of studying the in t r avascu la r  phase of the life cycle  of granulocytes  based  on stain-  
ing the leukocyte with mepacr ine  in vivo is  descr ibed.  The r e s u l t s  obtained by this  method 
a re  compared  with data in the l i t e ra tu re .  

It is now known that the physiological  life cycle of the leukocytes  is composed  of s eve ra l  phases :  a 
phase of ma tu ra t ion  (3-4 days),  a phase  of accumulat ion or medul la ry  r e s e r v e  (4-5 days),  the phase  of c i r -  
culation (1-2 days), and the t i s sue  phase [8, 9, 11-13]. The durat ion of stay of the leukocytes  in the t i s sues  
has  not been p r e c i s e l y  es tabl ished.  With r e g a r d  to the phase of c i rcula t ion  of the granulocytes ,  some spe-  
cial  f ea tu re s  must  be mentioned.  These  a re  due, on the one hand, to the c h a r a c t e r  of the c i rcula t ion  in the 
cen t ra l  and pe r iphe ra l  blood flow, and on the other  hand, to the physiology of the ce l l s  t hemse lves .  Slowing 
of the blood flow in the pe r iphe ra l  c i rcula t ion  c r e a t e s  favorable  conditions fo r  the granulocytes  to p e r f o r m  
the i r  physiological  functions.  The granulocytes  adhere  to the wal ls  of the cap i l l a r i e s  and f o r m  a t e m p o r a r y  
depot. Granulocytes  which do not subsequently migra te  into the t i s sue s  r e e n t e r  the cen t ra l  c i rculat ion,  
i .e. ,  they r ec i r cu la t e .  Accordingly,  the phase  of c i rcula t ion of the leukocytes  cons i s t s  of constant ly  in te r -  
changing per iods  of c i rcula t ion  and deposit ion [3, 7, 10]. 

Atheus et al.  [4] and Raab et al.  [14] developed methods of de te rmin ing  the number  of granulocytes  in 
a pa r t i cu la r  phase of the life cycle .  The number  of granulocytes  consti tut ing the phases  of the cycle  is de- 
sc r ibed  by these  w o r k e r s  as the "granulocyte  pool" or  " r e s e r v e "  and the following a re  dist inguished:  the 
medu l l a ry  granulocyte  r e s e r v e ,  the cap i l l a ry  pool, the c i rcu la t ing  pool, and the total  granulocyte  pool of the 
blood. The quantitat ive method of de termining  the c h a r a c t e r i s t i c s  of the leukocyte re  s e rve s  is based  onthe 
use  of the rad ioac t ive  indicator  d i - i sopropylf luorophosphate  (DFp32). This  compound gives sufficiently f i r m  
labeling of the ce l l s  and it is  not reut i l ized.  However,  DFP 32 labels  all  the blood cel ls ,  and to r e c o r d  the 
specif ic radioac t iv i ty  of the granulocytes  r e q u i r e s  labor ious  centr i fugat ion and washing off p rocedures .  
Even so, these  m e a s u r e s  do not guarantee  comple te  r emova l  of nonspecif ic  radioact iv i ty .  Another  disad-  
vantage of the method is  the la rge  volume of blood (20 ml) needed for  each determinat ion.  Because of these  
d isadvantages  it was  decided to seek different  methods for  de termining  the c i rcula t ion  t i m e s  of the granu-  
locytes  and the s i zes  of the granulocyte  pools in vivo.  

In the suggested method, the f luorescent  dye mepacr ine  is used to label  the granuloeytes .  The ce l l s  
a re  labeled in vivo by Whi te ' s  method [17]. Samples ,  each consis t ing of 0.2-0.5 ml  blood were  taken f r o m  
a vein on the side opposite to the injection of mepac r ine ,  and 3-5 rain a f t e r  the inject ion and thereaf te r ,  f u r -  
the r  s amples  were  taken eve ry  30 rain for  4-5 h. To each blood sample  20 t i m e s  i ts  volume of isotonic 
saponin solution in a concentra t ion of 1 : 5000 was added. After  hemolys i s  of the e ry th rocy t e s  for  10-15 
rain, the blood samples  we re  centr i fuged (10 rain, 1500 rpm) ,  the supernatant  was  r emoved  by a Pas t eu r  
pipet ,  and a drop of the leukocyte suspension was  applied by means  of the same pipet to a sl ide and covered  
with a cover  slip. The granu]ocytes  were  counted under  the ML-2 luminescence  mic roscope  (280• In 
each blood sample  200 cel ls  were  counted. The number  of luminescent  granulocytes  3-5 rain a f t e r  injection 
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Fig. 1. Change in number  of labeled granulocy~es in 
pe r iphe ra l  blood. Absc i s sa ,  t imes  of invest igat ion (lin- 
e a r  scale);  ordinate ,  number  of labeled granulocytes  
(in %, logar i thmic  scale).  Remainde r  of legend in text.  

of mepac r ine  was  taken as  100%, and at  all  subsequent  t imes  of invest igat ion the number  of f luorescent  ce l l s  
was  e x p r e s s e d  as  a pe rcen tage  of the original .  The total  number  of leukocytes  in each blood sample  was  
de te rmined  at the same  t ime.  

After  plotting the expe r imen ta l  curve,  the following p a r a m e t e r s  of the c i rcula t ion phase of the granu-  
locytes  could be de te rmined:  the ha l f -e l imina t ion  t ime  f r o m  the c i rcula t ion (T~/2) and the t ime of uni form 
mixing of granulocytes  of the c i rcu la t ing  and marg ina l  pools.  The in te rpre ta t ion  of the r e su l t s  can bes t  be 
explained by r e f e r e n c e  to a concre te  example  ( resu l t s  obtained with dog No. 7546, Fig. 1). 

F o r  convenience of ana lys i s  of the curve ,  it can be divided conventionally into segments .  The initial 
segment  AB re f l ec t s  the r a t e  of mixing of labeled leukocytes  between the c i rcula t ing  and cap i l l a ry  pools.  
The s teep slope of the segment  indicates  the intensi ty of the p r o c e s s e s  of deposit ion of labeled granulocytes .  
Since deposit ion and rec i rcu la t ion  of the granulocytes  in the no rma l  o r g a n i s m s  a re  known to take place con- 
stantly,  it i s  na tura l  to suppose that,  as  the number  of deposi ted labeled leukocytes  i nc reases ,  the i r  r e c i r -  
culation mus t  a lso  i nc rea se .  This  phenomenon r educes  the r a t e  of loss  of labeled cel ls  f r o m  the blood 
s t r e a m  and is  r e f l ec ted  in a change in slope of the curve  in the segment  BC. For  the pu rposes  of the p r e s -  
ent invest igat ion,  it was  impor tan t  to de te rmine  the t ime of complet ion of mixing of the c i rcu la t ing  labeled 
granulocytes  and of granulocytes  deposi ted in the cap i l l a r i es ,  i .e. ,  the t ime  when the number  of labeled 
granulocytes  enter ing  the c i rcu la t ion  co r r e sponds  to the number  being deposited in the same t ime.  When 
th is  t ime  a r r i v e s ,  the dec r ea s e  in number  of f luorescen t  granulocytes  f r o m  the c i rcula t ion will be due en- 
t i r e ly  to the i r  migra t ion  into the t i s sues .  Some w o r k e r s  [6, 7] have shown that the ra te  of migra t ion  of 
granulocytes  f r o m  the blood s t r e a m  obeys a s t r i c t  exponential  law. The t ime  of comple te  uni form mixing 
of the labeled and unlabeled granulocytes  thus c o r r e s p o n d s  to the point on the curve  s ta r t ing  f r o m  which it 
b e c o m e s  exponential  in cha rac t e r .  To de te rmine  this t ime ,  the exponential  segment  CD is ex t rapola ted  to 
i n t e r sec t  the ordinate .  The point where  the line of ext rapola t ion  l eaves  the exponential  line co r r e sponds  to 
the t ime  of uni form dis t r ibut ion of the labeled granulocytes  between the c i rcula t ing  and cap i l l a ry  pools.  
However ,  in the t ime  f r o m  the beginning of label ing of the c i rcu la t ing  granulocytes  to the i r  mixing in the 
blood s t r e am,  some labeled granulocytes  mus t  have mig ra t ed  into the t i s sues .  There  a re  no grounds for  
supposing that  the r a t e  of the i r  migra t ion  in the per iod of red i s t r ibu t ion  does not obey  the exponential  law. 
Accordingly,  the point of in te rsec t ion  of the ext rapola t ion  line with the ordinate r e f l ec t s  the t rue  number  of 
labeled granulocytes  (in % ) in the blood s t r e a m  at  the t ime  of un i form mixing of the c i rcu la t ing  granulo-  
cytes  and granulocytes  deposi ted in the cap i l l a r i e s .  The ha l f - c i r cu la t ion  t ime  of the granulocytes  (TY2) was 
de te rmined  graphica l ly .  The point of in te rsec t ion  of the ext rapola t ion  line with the ordinate was  taken for  
th is  purpose  as  100%, in which ease  the t ime  during which 50~o of the labeled ce l l s  l eaves  the c i rcu la t ion  
cycle  c o r r e s p o n d s  to the ha l f -c i rcu la t ion  t ime  of the granulocytes .  

To calcula te  the s izes  of the granulocyte  pools,  the pr inciple  suggested by E. N. Mosyagina [1] and 
by Atheus et  al.  [5] was  used.  The size of the c i rcu la t ing  granulocyte  pool (CGP) was found f r o m  the a v e r -  
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TABLE 1. Magnitudes of Granulocyte Pools,  Medullary Production,  and Hal f -Ci rcu la t ion  Time 
of Granulocytes  in Heal thy Dogs (M• 

invest igat ions [ Resu l t s  of Raab et al. [14] Pe r sona l  
Index Units oi m e a s u r e m e n t  

! 

without co r r ec t ion  for  number  of lymphocytes  

TGPB No. o fce l l s /kgbodywe igh t  x 108 
CGP The same  
CapGP " " 

BMPG 108/day 

TY 2 Hours  

9.62• 
5.20• 
4.42• 

70.15• 
2.25• 

10.2• 3.48 
5.4• 
4.84-2.34 

30.5• 
5.6-~ 0.95 

aged value of the absolute number  of leukocytes  pe r  m m  3 of all  the blood samples  (lVl) and the blood volume 
(V) pe r  kg body weight:  

CGP: M x V x K, 

where  K is the coeff icient  of co r r ec t i on  for  the lymphoeytes  contained in the blood. Since the pe rcen tages  
of granulocytes  and lymphocytes  in the blood of heal thy dogs a re  r e la t ive ly  stable,  in all c a se s  the coeffi-  
cient of co r r ec t ion  was taken as  0.76. The r e su l t s  obtained by Rapapor t  et al.  [15] were  used to de te rmine  
the blood volume.  

The total  granulocyte  pool of the blood (TGPB) was  de te rmined  by the express ion :  

CGP • 100 
TGPB - 

P 

where  P is the percen tage  of labeled leukocytes  in the blood at the moment  of mixing of the c i rcula t ing  and 
cap i l l a ry  pools.  

The number  of granulocytes  deposi ted in the cap i l l a r i e s ,  or  the cap i l l a ry  granulocyte  pool (CapGP), 
was  found f r o m  the di f ference  between the to ta l  and c i rcula t ing granulocyte  pools:  

CapGP = T G P B - C G P .  

F r o m  the resu l t ing  value of the ha l f -e l imina t ion  per iod  of granulocytes  f r o m  the blood s t r e a m  (TY2) , 
the r a t e  of c i rcula t ion of the granulocytes  (RCG) was  de te rmined  [5]: 

0.693 
R C G -  Tt ,72 x TGPB. 

The t e r m  " ra t e  of c i rcu la t ion  of the granulocytes"  r e f l ec t s  the number  of ce l l s  leaving the c i rcula t ion 
pe r  unit t ime  or the number  of ce l l s  enter ing the c i rcula t ion  during the s ame  t ime .  Since the number  of 
granulocytes  leaving the c i rcu la t ion  is made good pure ly  by the en t ry  of granulocytes  f r o m  the bone m a r -  
row, it was  decided to introduce a p a r a m e t e r  defined as the "medu l l a ry  product ion of granulocytes"  (BMPG) 
in 24 h: 

0.693 
BMPG = ~ x TGPB x 24. 

Using the superv i ta l  dye mepac r ine ,  the indices  desc r ibed  above were  de te rmined  in 10 heal thy mon-  
g re l  dogs weighing 12-15 kg and aged f r o m  4 to 6 y e a r s .  By means  of the methods of calculat ion desc r ibed  
above, the s izes  of the granulocyte  pools,  the medul la ry  product ion of granulocytes ,  and the ha l f - c i r cu la t ion  
t ime  of the granulocytes  we re  de termined.  The r e su l t s  of these  invest igat ions were  compa red  with those 
obtained by Raab et al. [14] on 30 heal thy dogs using DFP  32 (Table 1). 

Compar i son  of these  r e s u l t s  with those obtained by Raab shows cons iderable  a g r e e m e n t  as r e g a r d s  
the s i zes  of the pools,  but the difference between the va lues  of the ha l f - c i r cu la t ion  t ime  and the medu l l a ry  
product ion of granulocytes  can poss ib ly  be a t t r ibuted to the use  of different  methods of invest igation,  each 
with different  re la t ive  e r r o r s .  It s e e m s  highly l ikely that  the pe r sona l  r e s u l t s  a r e  n e a r e r  the t rue  va lues ,  
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because  Part and Maloney [11] calculated theore t ica l ly  that the in t ra~ascular  phase of life of the granulo- 
cytes  cannot exceed 2-3 h. 

The resu l t s  thus indicate that this method is su i table  for  exper imenta l  r e s e a r c h  purposes .  
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