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If bone mar row ce l l s  a re  in jected in t ravenous ly  into i r r a d i a t e d  an imals ,  mult iple  loci  of donor hemo-  
po ies i s  a r e  formed in the hemopoiet ic  organs of the t rue  radia t ion  mar row ch imera s ,  and so far  l i t t le  
a t tempt  has  been made to study the dynamics  of the i r  format ion.  Accord ing  to r e p o r t s  in the l i t e r a t u r e  
[4-6 ], in i r r a d i a t e d  an imals  the marrow ce l l s  and the blood ce l l s  a re  re ta ined  in the lungs for  the f i r s t  few 
minutes  a f te r  injection,  but l a t e r  most  of the ce l l s  r e c i r c u l a t e  and accumula te  in the mar row,  spleen,  and 
l ive r .  The subsequent  fate of these  ce l l s  has been s tudied for  o n l y 3  days,  or  in some cases  not at a l l .  

The object  of the p re sen t  inves t iga t ion  was to study the dynamics  of development  of foci of donor 
hemopo ies i s  in i r r a d i a t e d  r ec ip i en t s .  Fo r  this  purpose  the p r i m a r y  loca l iza t ion  of the in jec ted  mar row 
ce l l s ,  t he i r  subsequent  r ec i r cu la t ion ,  and the i r  secondary  deposi t ion were  examined.  

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

Exper imen t s  were  c a r r i e d  out on 72 male  CC57W mice,  r ece iv ing  a single dose of whole-body i r r a d -  
iat ion on a type RUM-11 appara tus  amounting to 700 R (voltage 180 kV, cu r ren t  15 mA, f i l t e r s  0.5 mm Cu, 
ha l f - th ickness  l aye r  1 mm Cu, d is tance  f rom tube anode 40 cm, dose ra te  36 R/ra in) .  The donors  of 
heterologous  mar row were  noninbred albino r a t s .  Marrow f rom the r ecen t ly  s a c r i f i c e d  an ima l s  containing 
80-90 mi l l ion  nucleated ce l l s  was in jected in t ravenous ly  24 h a f t e r  i r r a d i a t i o n  in a dose of 0.7-0.8 ml .  
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The rec ip i en t  mice  were  s a c r i f i c e d  5 and 15 rain, 1 and 2 h, and 
1, 2, 3, 4, 6, and 9 days  a f t e r  t ransp lan ta t ion ;  no fewer  than 5 
mice were  inves t iga ted  at each t ime.  The ce l l s  of r a t  type were  
identif ied in the h is to logica l  sec t ions  of the lungs, spleen and 
l i ve r  and in the pe r iphe ra l  blood f i lms and the f i lms  p r e p a r e d  
f rom mar row suspensions ,  by mean of the Gomor i  t e s t  for  a l k a -  
l ine phosphatase ,  In the h is to logica l  sec t ions  the ce l l s  with a 
posi t ive  reac t ion  for  a lkal ine  phosphatase  were  counted in 20 
f ie lds  of v is ion of the mic roscope  (objective 40x, ocu la r  10 x) 
and the r e su l t  e x p r e s s e d  pe r  f ield of vision,  while in the f i lms  
(objective 20x, ocu la r  5x) the r e s u l t s  were  not conver ted  in this  
way. * The va lues  obtained were  analyzed by s t a t i s t i c a l  methods.  

EXPERIMENTAL RESULTS 

Fig. I. Changes in the number of 
donor's granulocytes in the organs of 
irradiated recipients (confidence 
limits calculated for P=0.05). I)lung; 
If) spleen; III) liver. Abscissa)time 
after transplantation; ordinate) log of 
number of donorvs granulocytes in one 
field of vision. 

Analys i s  of the r e s u l t s  showed (Fig.  1) that  5 rain a f t e r  in -  
ject ion of the ra t  ma r row ce l l s  g ranulecytes  of donor type were  
found in the l a r g e s t  numbers  r e l a t ive  to the l i v e r  and spleen (the 
d i f ference  is s t a t i s t i c a l l y  significant) in the lungs, where  they 
were  located mainly  in the c a p i l l a r i e s  of the i n t e r a l v e o l a r  sep ta  
(Fig.  2a). 

* The rat granulocytes in the blood and marrow films were counted by N. V. Butomo. 
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Fig. 2. Distribution of donor's granulocytes in the recipient's organs, a) Donor's 
granuloeytes (indicated by arrows) in the lung capillaries 5 rain after transplantation; 
b) diffuse arrangement of phosphatase-positive cells in the red pulp of the spleen 1 h 
after transplantation; c) appearance of foci of donor hemopoiesis in the red pulp of 
the spleen 4 days after transplantation; d) massive foci of phosphatase-positive cells 
in the spleen 9 days after transplantation. Gomori reaction. Magnification: objec- 
tive 20• ocular 20• 
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Fig. 3. Changes in the number 
of donor ' s  granuloeytes in films 
of blood and marrow of i r r ad i -  
ated recipients (eonfidence limits 
calculated for P = 0.05). I) m a r -  
row; II) blood. Abseiss) time 
af ter  transplantation; ordinate) 
log of number of donor ' s  granu-  
looytes in 20 fields of vision. 

The larges t  loci of these cells were discovered in the per i -  
pheral  portions of the lungs, beneath the pleura, presumably  because 
of the anatomo-physiological  s t ruc tura l  features of the capil lar ies ,  
which in these parts  are  capable of s tor ing the larges t  number of in- 
jected ra t  granulocytes.  The phosphatase-posi t ive cells in the capi l-  
lar ies  were  elongated in shape and lay in chains, often reproducing 
the outlines of the capi l lar ies .  

The donor ' s  granulocytes were less numerous in the red pulp 
of the spleen, where they were often found near  the lymphatic foll icles 
but never  in the Malpighian corpusc les .  The phosphate-posit ive cells 
were slightly more  numerous in the l iver than in the spleen (the dif-  
ference is not s ta t is t ical ly  significant), and they were located in the 
lumen of the intralobular  capil lar ies .  Donor 's  granulocytes  were also 
present  in the peripheral  blood and marrow films, but they were much 
fewer than in the organs.  

Fifteen minutes af ter  transplantation, a tendency for the donor ' s  
cells in the recipient~s body to undergo redis tr ibut ion appeared. 
This phenomenon was seen most  c lear ly  1-2 h after  the injection, 
when the number of donor ' s  granulocytes  in the lungs had fallen and 
the number on the spleen had increased  correspondingly (the f igures 
are  s ta t is t ical ly  significant, Figs.  I and 2b). In the l iver and mar row 
the number of donorrs granulocytes  had also increased,  although less  
so than in the spleen. This redistr ibution of the injected mar row 
cells was accompanied by a small  increase  in the number of rat  g ran-  
ulocytes in the reeipient ' s  peripheral  blood (Fig. 3). This increase  is 
not s ta t is t ical ly  significant. 

By compar i son  with the indices 2 h af ter  the injection, the num- 
ber  of donor ' s  granulocytes in the recipients '  organs and blood 24 h 
after  injection showed a s ta t is t ical ly  significant decrease ,  and ex t ra -  
cel lular  phosphatase-posi t ive granules had begun to appear.  

On the 2nd and 3rd days af ter  transplantat ion no adult heterophilie granuloeytes of donor type could 
be found in the i r radia ted  recipients (Figs. 1 and 3). 
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Starting on the 4th day af ter  injection of the rat  marrow,  a secondary increase  in the number of 
granulocytes of donor type took place in all the organs studied histologically (Fig. 1). In contras t  to the 
ea r ly  periods of the investigation, at this t ime the. charac te r  of the ar rangement  of these cells  in the spleen 
and l iver  was totally different. In the spleen the phosphatase-positive cells were not diffusely scat tered 
throughout the red pulp (Fig. 2b), but concentrated in small  or larger  foci located under the capsule and 
near the trabeculae (Fig. 2c). In the l iver c lusters  of heterophilic granulocytes of donor type were seen 
around the septal veins. In the lungs, on the other hand, the character  of the distribution of these cells 
was just as before, i.e., few were seen in the interalveolar  capil laries (these cells were not counted). 
The development of foci of donor hemopoiesis  on the 4th day after  transplantation in the spleen and l iver  
of the recipients was not accompanied by the appearance of donorts granulocytes in the peripheral  blood 
(Fig. 3). Evidently, these ce l l s  were so few in number that they could not be detected in the blood in any 
significant number. 

Not until the 6th day after  transplantation did rat  granulocytes appear in the recipients v blood, and 
their number increased progress ive ly  in the later periods of the investigation. 

By the 6th-9th days after  injection of the preparation,  phosphatase-posit ive cells were found in the 
spleen in the form of large, confluent loci (Fig. 2d), and often the rat granulocytes were found also in the 
lymphoid follicles, apparently replacing them. The number of focal collections of phosphatase-posi t ive 
cells  in the liver and bone mar row was likewise increased.  

The results  of these experiments ,  in agreement  with those of other workers  [2, 5] who descr ibe 
the deposition of a few heterologous mar row cells in the lung capillaries 5 rain after their  intravenous in- 
jection, may evidently help to explain the worsening of the animals ~ condition in the f i rs t  5-30 min after 
the injection, when severe dyspnea and adynamia were observed. These phenomena were evidently a s s o -  
ciated with the acute hypoxia developing as a resul t  of the massive ~obturation" of the lung capil lar ies  by 
the marrow cells. 

The phenomenon of primary retention of rat granulocytes by the recipienUs lungs observed in these 
experiments does not confirm the observations of other investigators [I], who did not find it after the in- 
travenous injection of homologous bone marrow into unirradiated rabbits. Possibly the luminescence 
method of identification of the donorTs cells used by these workers is unsuited for experiments of this type, 
for the fluorochrome diffuses rapidly out of the cells into the surrounding medium and the cells lose their label. 

Analysis of the distribution of phosphatase-positive cells in the organs and blood of the irradiated 
recipients showed that on the 2nd and 3rd days after transplantation no rat granulocytes could be detected. 
Evidently, most of the injected alkaline phosphatase-positive cells died quickly, and the retained young 
cells adapted themselves to the new conditions of existence, but without attaining the degree of differentia- 
tion at which they could be detected by the Gomori reaction. In these experimental conditions the adapta- 
tion period, with the subsequent proliferation and differentiation of the young heterologous hemopoietic mar- 
row cells in the irradiated animals, ended on the 4th day after injection, when loci of donor hemopoiesis 

appeared in the hemopoietic organs. 

When only the histochemical method of identification of the donorvs cells in the recipient is used, 
only the distribution of the mature cells of the granulocyte series and the dynamics of development of only 
the leukoblastic foci of hemopoiesis can be determined. However, taking into consideration results ob- 
tained by investigators using other methods of identification of the donor cells, and who obtained approxi- 
mately the same results of the primary retention and recirculation of the injected cells [2-6], it may be 
postulated that the distribution of the phosphatase-positive cells reflects the dynamics of circulation of younger 
forms ofhemopoietic cells in the recipient's body, and the development of donor loci of the erythroid and maga- 
karyocytic series takes place in the same way as the development of the granulocytic series ofhemopoiesis. 
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