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Quantitative methods were used to study regenerat ion of the bone mar row after  i r r a d i a -  
tion with Co 6~ T - r ays  in doses of 400 and 700 R in experiments  on 470 Wistar ra ts  under -  
going true or  mock thymectomy.  In the thymectomized ra t s  the cycle of regenerat ion of 
the bone mar row cells was delayed by compar ison with the control.  F rom the 10th through 
15th day the delay affected mainly lymphocytes,  but la ter  it affected mainly myeloid cel ls .  
It is concluded that in the postradiation period thymocytes migrate  into the bone mar row.  
This phenomenon is considered to be linked with the subsequent res tora t ion  of myelopoiesis .  

Information confirming the presence of a two-way connection between the thymus and the bone mar row 
continues to accumulate.  In the embryonic  period migration of stem cells takes place f rom the bone mar row 
into the thymus, where they are  subjected to specific differentiating influences, af ter  which they enter the 
lymphoid organs,  where they give r ise  to the population of small  lymphocytes  responsible for  cel lular  
immunity. This cell population is evidently not completely se l f -support ing and it required re inforcement  
in the postnatal period [9]. Repopulation of the thymus in animals i r radia ted with part ial  screening of 
the bone mar row takes place as the resul t  of migrat ion of s tem cells f rom the protected a rea  [8, 15], and 
if t ransfusions of bone mar row suspension are given, it takes place on account of the donorVs hemato-  
poietic p r e c u r s o r  cells [5, 16]. On the other hand, it has now been conclusively shown that the thymus is 
an organ f rom which many cells are continuously migra t ing [10-12], and that one point to which migrat ion 
takes place is the bone mar row [14]. Migration of the thymocytes outside the gland has been shown to 
increase  under s t ress ,  when the total number  of cells in the thymus is reduced and the number  of 
lymphocytes  in the bone mar row is increased [2, 3, 6]. 

In previous experiments  undertaken by the wr i te rs  [1] to study postradiat ion regenerat ion of the 
thymus in ra ts  i r radia ted with doses of 150-700 R, the mitotic activity of the thymocytes was found not to 
cor respond to the rate of increase in the number  of cells in the organ, from which it was postulated that 
a considerable number  of thymocytes migra tes  from the thymus after  the 7th-10th day after  i r radiat ion.  
This fact, it is considered, must  be important  to postradiation regenerat ion in general and to regenerat ion 
of the bone mar row in par t icu lar .  It was therefore  decided to continue the study of the phenomenon in 
i r radiated thymectomized animals,  with special emphasis  on regenerat ion of medullary hematopoiesis~ 

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

Wistar  ra ts  (470), weighing 160-180 g, were used. Thymeetomy (TE) was per formed on 235 of the 
animals while a mock thymectomy (M:FE) was per formed on the res t .  The animals received a single dose 
of whole-body Co 6~ "/-ray irradiat ion 5 days af ter  the operation, in doses of 400 and 700 R. The animals 
were decapitated in groups of 5-10 at a time after  1, 2, 7, 10, 12, 15, 20, and 30 days and the number of 
myelokaryocytes  in the femur  was determined [13]o The myelogram was determined f rom impress ions  
of the bone marrow stained by Pappenheim's  method, followed by calculation of the relative percentages  
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Fig. 1o Changes in total number 
of mye toka ryoc~es  (in percent  
of control) in femur  of thymec-  
tomized (broken line) and mock-  
thymeetomized (continuous line) 
ra ts  af ter  ~/-ray i r radiat ion:  
1) 400R,  2) 700R~ Here and 
in Fig. 2: shaded a rea  shows 
eonfidence interval for un i r -  
radiated ra ts  ~ 

of the various cell fo rms .  The data obtained for ra ts  subjected 
to TE and MFE 5 days af ter  the 6peration were taken as the 
initial values.  These animals were always taken from the same 
batch, and the operation and i r radiat ion were per formed at the 
same t imes .  

EXPERIMENTAL RESULTS 

Examination of the cell composition of the bone marrow of 
the intact and experimental rats showed that there were no 

changes in the composition of the bone marrow during the first 
days after thymectomy. A decrease in the number of erythroid 
ceils, mature myeloid cells, and lymphocytes was observed only 
in the animals undergoing mock thylnectomy. 

The dynamics of the total number of myelokaryocytes in 
rats subjected to Te and MTE after irradiation in doses of 400 
and 700 R is shown in Fig. Io Thymeetomy had no effect on the 
severity of the lesion in the bone marrow~ Maximum destruc- 
tion of the bone marrow, which developed after both doses by 
the 2nd day [4], was identical in the rats with TE and MTE. The 
beginning of regeneration and its initial rate also were identical 
in the two groups of animals. However, starting with the 10th 
day, regeneration in the rats with TE began to be slower than in 
the rats with M]:E, and the difference was particularly marked 
after irradiation in a dose of 400 R. 

Since bone mar row is a complex population of ceils with different radiosensi t ivi t ies ,  details are also 
given below of the dynamics of the three principal cell groups of bone marrow,  erythroid,  myeloid, and 
lymphoid .  As Fig. 2 shows, the decrease  in the number  of bone mar row ceils of the different types was 
identical in animals undergoing TE and MTE. Differences began to appear in the r ecove ry  period. The 
ear l ies t  and most  marked differences affected the ly mphocytes of the bone marrow.  In the period f rom 
the 10th to the 20th day a wave of increase  in the number  of lymphocytes  was observed in the bone m a r r o w  
of the r a t s  undergoing TE and M]?E. However, the increase  was much less marked in the thymectomized 
ra t s .  

Restorat ion of the number of erythroid  cells took place equally rapidly in the two groups of animals 
until the 10th day, at which time their  initial level had been res to red .  Subsequently a decrease  in the 
number  of e ry throid  cells  was observed,  and this was more  marked in the rats  undergoing TE. 

The beginning of r ecove ry  of the myeloid se r i e s  of bone mar row ceils  was later ,  and whereas  in the 
Period f rom the 10th to the 15th days the magnitude and rate of r ecove ry  was a lmost  identical for the rats  
after  TE and MTE, la ter  the degree and rate of r ecove ry  of the myeloid cell population were appreciably 
lower in the thymectomized animals .  

It follows f rom these resul ts  that the most  marked difference between the ra ts  of the two groups was 
concerned with the number  of lymphocytes  in the bone mar row.  To study this aspect  in g rea te r  detail the 
number  of lymphocytes  in the bone m a r r o w  was studied on the 10th, 12th, 13th, 15th, 16th, and 21st days 
af ter  i r radiat ion and the mitotic index of the bone mar row lymphoeytes was deter mined by counting 3000 
lymphocytes  at each of these t imes in impress ions  of the bone mar row.  The resul ts  showed that between 
the 10th and 20th days the number  of lymphocytes in the bone m a r r o w  of the thymeetomized ra ts  was 15-30 
million less  than in the animals undergoing the mock operation. Meanwhile the mitotic index of these cells 
was identical in the two groups and showed very  little change dur ing the 10 days of observation (Fig. 3). 

Analysis  of postradiat ion regenerat ion of the cell composit ion of the bone m a r r o w  in ra ts  undergoing 
TE and MTE showed that it takes place more  slowly in rats  with TE and that differences in the period f rom 
the 10th to the 15th day were concerned mainly with the number of lymphocytes,  and at la ter  stages with 
the number of myeloid cel ls .  

Many invest igators  are  now of the opinion that the lymphoid population of the bone mar row consists  
mainly of cells migra t ing from lymphoid t i ssues .  The nature of the export ing organs is not c lear .  The 
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Fig. 2. Changes in number 
of cells of different types 
(in percent of control) in 
thymectomized (a) and 
mock-thyme ctom i zed (b) 
rats irradiated in a dose 
of 400 i~: I) lymphoid, 
H) erythroid, Ill) myeloid 
cells .  
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Fig~ 3o Number of lymphocytes 
in femoral  mar row and their 
mitotic index in thymectomized 
(broken line) and mock - thymec -  
tomized (continuous line) ra t s  
i r radiated in dose of 400 R: 1) 
lymphocytes,  2) mitotic index. 

resul ts  of these experiments  suggest  that one source 
of the lymphoeytes for  the bone mar row is the thymus 
gland. The wave of increase  in the number of 
lymphocytes in the bone mar row in the period from 
the 10th to the 20th day after  i r radiat ion in a dose of 
400 R may in fact be due to two causes :  e i ther  an 
increase  in the intensity of prol i ferat ion of the 
lymphocytes or their  migrat ion into the bone mar row 
from elsewhere .  The present  experiments  in which 
the mitotic index of the bone m a r r o w  lymphoeytes 
was determined showed that the fourfold increase  in 
the number  of lymphocytes  between the 10th and 13th 
days and the subsequent, equally marked  decrease  
in their  number between the 13th and the 21st days 
were unconnected with any change in mitot ic  activity. 
This confirms the likelihood that the cells migra ted  
into the bone marrow~ The difference between the 
degress  of migrat ion in ra ts  undergoing TE and MTE 
indicates that the thymus is one place from which this 

migrat ion took place. It must  be emphasized that f rom the 10th to the 15th day after  i r radiat ion cells 
capable of division reached the bone marrow,  because despite considerable fluctuation in the number  of 
lymphoeytes,  the mitotic index remained vir tually at the same level. If cells incapable of dividing had 
entered the bone mar row the mitotic index at the height of the increase  would have been considerably r e -  
duced because of the "dilution e f fec t . "  The fate of the lymphocytes migra t ing  f rom the thymus into the 
bone mar row is uncertain,  but invest igators  who have observed this phenomenon attribute it to subsequent 
activation of myeloid hematopoiesis  [7]. The resul t s  described above also suggest that these phenomena 
are  interconnected. If regenerat ion of the erythroid  ser ies  is unconnected with the wave of increase  in the 
number  of lymphocytes  in the bone mar row,  the differences in myelopoiesis  detected in the rats  undergoing 
TE and MTE after  i r radiat ion in a dose of 400 R come to light in the period of decline of the lymphoid wave. 
In the thymectomized ra ts  i r radiated in a dose of 700 R the number of myeloid cells was also 40% less  in 
the period between the 20th and 30th days than in animals undergoing the mock thymectomy.  

The resul ts  thus confirmed the ea r l i e r  hypothesis that thymocytes migra te  into the bone m a r r o w  
and play a role in postradiat ion regenerat ion of the bone marrow~ 
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