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The effect of hydrocor t isone was studied on the following stages of immunogenesis : migra -  
tion of hematopoietic s tem cells f rom the bone mar row;  migrat ion of B lymphocyte p r e c u r -  
sors  of ant ibody-forming cells;  cooperat ive interaction of T and B lymphocytes in the p r ima ry  
immune response  to antigenic st imulation by sheep 's  red cells.  Experiments were carr ied  out 
on FI(CBA• C57BL) mice. Hydrocort isone,  in doses not inhibiting proliferat ion of hemato-  
poietic cells,  had a marked immunodepress ive  effect which was the resul tant  of inhibition be- 
tween different s tages of immunogenesis  : migrat ion of s tem cells and ]3 lymphocytes and 
cooperat ion between T and B lymphocytes.  
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Cort icosteroids  are  known to inhibit both the humoral  and the cel lular  immune response  [3, 9, 14]. 
However, the mechanisms of the immunodepress ive action of these substanceshave not been adequately stud- 

ied. 

Recent r e s e a r c h  has-revealed the basic stages of immunopoiesis :  migrat ion of s tem cells f rom the 
bone mar row into the cent ra l  lymphoid organs - the thymus and the bursa  of Fabricius or its analog, dif- 
ferentiation of these cells into T and B lymphocytes,  fur ther  dissemination of lymphocytes into per iphera l  
lymphoid organs,  and cooperat ive interaction between T and B lymphocytes during the immune response  
to antigenic st imulation [2, 4, 7, 10, 12, 15]. In the light of these findings it is important  to study the effect 
of cor t icos teroids  on the concre te  stages of immunopoiesis .  

The most  interest ing problem is the study of doses of a prepara t ion that do not inhibit prol i ferat ive 
activity of cells of the hematopoietic sys tem and, in par t icular ,  the s tem cells.  The wr i te rs  showed p re -  
viously that hydrocort isone acetate,  in doses of 20-50 mg/kg,  had no effect or only a very  slight mitostatic 
action on prol i ferat ion of s tem cells [3, 14]. Meanwhile the drug has a c lear  selective lymphotoxic action 
(prevents T lymphocytes f rom inducing a graft  versus  host reaction) in a dose of 5 mg/kg. 

In the present  investigation the action of the abovedoseso f  hydroeort isone acetate was assessed with 
the aid of appropriate  models on the following s tages:  1) migrat ion of colony-forming s tem cells (CFCs) 
f rom the bone mar row;  migrat ion of B lymphocytes which are  p r e c u r s o r s  of antibody-forming cells (AFCs); 
3) cooperat ive interaction between T and B lymphocytes in the course  of the p r imary  immune response.  

EXPERIMENTAL METHOD 

FI(CBA x C57BL) mice aged 3-4 months and weighing 22-24 g were used. The animals were i r rad i -  
ated on the RUM-17 apparatus at a dose rate of 215 R/min  and on the ~GO-2 apparatus with Co6~ rays at 
a dose rate  of 300 R/min.  The effect of the prepara t ion on migration of the s tem cells was studied on an 
experimental  model devised previously [5]. Mice were irradiated in a dose of 800 R but with par t  of their 
hind limbs up to the midcalf  level screened.  On the seventh to eighth day after  i rradiat ion the number  of colonies 
formed f rom stem cells migrat ing f rom the protected area  of bone mar row was counted in the spleen. Spe- 
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TABLE 1. Effect of Hydrocor -  
tisone on Migration of Stem 
Cells f rom Bone Marrow 

�9 . = I ~ ~lNumber of 
o :.~-~ ~ ~ AFCs migrat: 

+.o ~-~I = ~/ing from 
~o o ~c =,~ ~ bonemarrow 
C~ ~>'.~ B ZOm(M~m) 

-- 10 9,4• 
5 i0 9,0+0,8 

20 12 7,1~0,9 
50 15 5,8• 

>0,5 
40,05 
~0,05 

red cells only after irradiation. 

cial investigations showed that the growing colonies developed only 
f rom stem cells migrating f rom the screened area  [7]. To study the 
effect of hydrocort isone on migrat ion of the stem cells the drug was 
injected intraperi toneal ly in doses of 20 and 50 mg/kg during the 2 
days af ter  irradiat ion,  once a day. 

Migration of the B lymphocytes of the bone mar row into pe- 
r iphera l  lymphoid organs [6, 8] also was assessed  in lethally i r rad i -  
ated animals with part  of their bone mar row screened.  For this pur -  
pose, 2 days after  i rradiat ion the animals were given an intravenous 
injection of a suspension of 2 �9 107 syngeneic thymocytes mixed with 
2 �9 10 ~ sheep 's  red cells. Control mice received an injection of sheep 's  

Onthe eighth day after  immunization of the mice the number of AFCs was 
determined by Je rne ' s  method [11]. The number  of AFCs in this model was determined entirely by the num- 
ber of B cells migrat ing to the spleen f rom the screened bone marrow,  for the number of transplated thy- 
mocytes interacting cooperat ively with these cells was the same in all groups compared;  this was shown 
by previous investigations [41. Changes in migrat ion of B lymphocytes in one way or  the other produced by 
the drug led to a corresponding change in the number of AFCs. To study the effect of hydrocort isone on 
migrat ion of the B lymphocytes the drug was injected intraperi toneally in a dose of 20 mg/kg  during the 
f i r s t  2 days after  i r radiat ion and before transplantat ion of the thymus ceils.  

To study the activity of hydrocort isone on cooperation between B and T lymphocytes the following 
model was used [13]. Three hours after whole-body i r radiat ion of the mice in a dose of 800 R they received 
an intraperi toneal  injection of hydrocort isone (20 mg/kg) ,  and 30 rain later bone mar row cells (B lympho- 
cytes) in a dose of 1 �9 107, thymus cells (T lymphocytes) in a dose of 2 �9 107, or a mixture of these cells were 
t ransplanted into them. At the same time, 2 �9 108 sheep 's  red cells were injected into the animals. On the 
eighth day after  injection of cells and antigen, the number  of AFCs in the spleen of the recipient  mice was 
determined by Je rne ' s  method [11]. 

The numer ica l  resu l t s  were subjected to s ta t is t ica l  analysis with calculation of the standard e r r o r  
(m), the ar i thmetic  mean (M), and the level of significance of the differences (P) by the Student-: Fisher  
method or with the aid of the 95% (P_<0.05) confidence limits (lp) as described in [1]. 

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

As Table 1 shows, after  i r radiat ion of mice, with par t  of their  bone mar row screened,  9.4 • col-  
onies were formed in their  spleen on account of s tem cells migrating from the protected area. After ad- 
ministrat ion of hydroeort isone in doses of 20 and 50 mg/kg,  7.1 • and 5.8 • colonies respect ively  ap- 
peared in their  spleen. Hydrocort isone,  in the above doses, does not affect prol iferat ion ofhematopoiet ie  
s tem cells and does not al ter  the number of endogenous hematopoietie colonies growing after i r radiat ion 
in sublethal doses [3, 14]. Consequently, in a dose of 20-50 mg/kg,  hydrocort isone reduces the intensity 
of migrat ion of s tem cells f rom the bone marrow.  

The study of the effect of hydrocor t i sone on migration of the B cells gave the following resul ts  (Ta- 
ble 2). In the group of mice irradiated with par t  of the bone mar row screened,  and receiving an injection 
of syngeneic thymocytes  and sheep 's  red ceils  2 days after  irradiation,  625.0 • AFCs were found in the 
spleen as the resu l t  of migrat ion of B lymphocytes,  cooperating with the transplanted thymocytes,  f rom the 
bone mar row into the spleen. However, only 69.0 • AFCs were formed in the spleen of mice undergo- 
ing s imi lar  t rea tment  but receiving hydrocor t isone in a dose of 20 mg/kg during the f i rs t  day af ter  i r rad ia -  
tion. These resul ts  are  evidence of marked inhibition by hydrocort isone of the migrat ion of B lymphocytes 
f rom the bone marrow.  

The resul ts  of experiments  to study the effect of hydrocort isone on cooperat ion between T and B 
iymphocytes in the immune response  (Table 3) show that 18.1 • AFCs were formed in the spleen of the 
immunized recipients  of bone mar row ceils (B lymphoeytes), 17.6 • were formed in the recipients of 
thymus cells (T lymphocytes),  and 191.1 • AFCs were formed in recipients of a mixture of these two 
types of ceils. This sharp increase  in the intensity of the immune response  in the last group of mice  is 
the resu l t  of the well-known phenomenon of cooperat ion between T and B lymphoeytes [12, 13], leading to a 
considerable increase  in the number of antibody producers .  

In recipients  of bone m a r r o w  cells receiving hydrocort isone,  13.0 • AFCs were formed in the 
spleen. After administration of hydrocortisone to recipients of thymoeytes 13.7 • AFCs were formed, 
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T A B L E  2. E f fec t  of H y d r o c o r t i S o n e  on M i g r a t i o n  of B - L y m p h o e y t e s  
f r o m  Bone Marrow 

Scheme of experiment 

Screening of BM +SRBC 
Screening of BM + T+ SRBC 
Screening of BM + T + SRBC 

Legend .  

D o s e  o f  
hydrocor- 
tisone(in 
mg/kg) 

umber of AFCs in 
ieen after screen, 

Number lih~ofbone marrow 
of tan~ injection of 2' 
animals [10Tthymocytes and 

[2" 10 8 sheep's red 
]cells (M ~ _m) 

8 259,3--+22,4 
625,3--- 47,8 

8 69,0----- 17,6 

l p  

206,4--3t2,2 
509,5 --74 I. I 
27,5--110,5 

BM) Bone m a r r o w ,  SRBC) s h e e p ' s  r e d  c e l l s ,  T) t h y m o c y t e s .  

T A B L E  3. E f f e c t  of H y d r o c o r t i s o n e  (20 
m g / k g )  on C o o p e r a t i o n  b e t w e e n  T and B 
L y m p h o c y t e s  a f t e r  T r a n s p l a n t a t i o n  of 
M i x t u r e  of Bone M a r r o w  and T h y m u s  C e l l s  
into I r r a d i a t e d  A n i m a l s  

Number of 
transplanted ~ Number of AFCsinspleer 
cells (.10 T ) .~ 

.lO 
lO 

Jo 
lO 

m 

20 
20 
20 

I5 
15 
15 
I5 
15 
15 

18,1--3,0 
13,0 + 1,2 
17,6-+-2,9 
13,7---+2,4 

191,5----+ 21,2 
46,2-- + 11,0 

11,7--24,5 
10,4--15,6 
11,4--23,8 
8,6--18,8 

145,8--236,5 
22,8--69,7 

w h e r e a s  in r e c i p i e n t s  of a mLxture of t h e s e  two t y p e s  of 
c e l l s ,  t r e a t e d  with  h y d r o e o r t i s o n e ,  the  n u m b e r  of A F C s  
in the  s p l e e n  was  46.2 •  T h e s e  r e s u l t s  a r e  c l e a r  e v i -  
d e n c e  tha t  h y d r o e o r t i s o n e  has  v i r t u a l l y  no e f fec t  on the  
i m m u n e  r e s p o n s e  in i s o l a t e d  p o p u l a t i o n s  of bone  m a r r o w  
o r  t h y m u s  c e l l s  but  i t  s h a r p l y  inh ib i t s  the  i m m u n e  r e s p o n s e  
of a m i x t u r e  of t h e s e  c e l l s ,  the  r e s u l t  of t h e i r  c o o p e r a -  
t i ve  i n t e r a c t i o n .  

It can  be  conc luded  f r o m  the r e s u l t s  of t h e s e  e x p e r i -  
m e n t s  as  a whole  tha t  h y d r o c o r t i s o n e ,  in d o s e s  wi thout  any 
i n h i b i t o r y  ac t i on  on p r o l i f e r a t i o n  of s t e m  c e l l s ,  p o s s e s s e s  
a w e l l - m a r k e d  i m m u n o d e p r e s s i v e  ac t ion .  Th i s  a c t i o n  i s  
the  c o m b i n e d  r e s u l t  of inh ib i t ion  of the  v a r i o u s  s t a g e s  of 
i m m u n o g e n e s i s :  m i g r a t i o n  of s t e m  c e l l s ,  m i g r a t i o n  of 
B c e l l s ,  and c o o p e r a t i v e  i n t e r a c t i o n  of T and B l y m p h o -  
c y t e s .  The a c t i o n  of th i s  p r e p a r a t i o n  and,  ev iden t ly ,  of 
the  whole  g roup  of c o r t i c o s t e r o i d s  on i m m u n o g e n e s i s  is  

c o m p l e x  in c h a r a c t e r  and t a k e s  p l a c e  a t  d i f f e r e n t  s t a g e s  of i m m u n o g e n e s i s .  T h e s e  e x p e r i m e n t s  d e m o n s t r a t e  
tha t  i t  is  p o s s i b l e ,  in p r i n c i p l e ,  to  ac t  on the  i m m u n e  r e s p o n s e  t h rough  f a c t o r s  in f luenc ing  i ts  s e p a r a t e  s t a g e s .  

LITERATURE CITED 

i. I.P. Ashmarin and A. A. Vorob'ev, Statistical Methods in Microbiological Research [in Russian], 

Leningrad (1962). 
2. R.V. Petrov, Usp. Sovr. Biol., 6_~9, No. 2, 262 (1970). 
3. R.V. Petrov, V. M. Man'ko, R. M. Khaitov, et al., Tsitologiya, 1_~.4, No. 1, 121 (1972). 
4. R.V. Petrov, ]~. I. Panteleev, and R. M. Khaitov, Radiobiologiya, No. 5, 681 (1972). 
5. R.V. Petrov and R. M. Khaitov, Radiobiologiya, No. 1, 69 (1972). 
6. R- V. Petrov, R. M. Khaitov, and A. A. Gorokhov, in: Repair and Compensatory Processes in Radia- 

tion Injuries [in Russian], Leningrad (1973), p. 40. 
7. R.M. Kheitov, in: General Problems in Pathology [in Russian], Vol. 3, Moscow (1972), p. 217. 
8. R.M. Khaitov, "Experimental analysis of important practical problems in the transplantation of hema- 

topoietic tissues into irradiated recipients," Doctoral Disseration, Moscow (1972). 
9. H.N. Claman, New Engl. J. Med., 287, 388 (1972). 

I0. H.N. Claman and D. E. Mosier, Progr. Allergy, 16, 40 (1972). 
ii. N.R. Jerne and A. A. Nordin, Science, 140, 405 (1963). 
12. J.F.A.P. Miller, A. Basten, J. Sprent, et al., Cell. Immuno]., 2, 469 (1971). 
13. J.F.A.P. Miller and G. F. Mitchell, J. Exp. Med., 128, 801 (1968). 
14. R.V. Petrov, V. M. Manyko, R. M. Khaitov, et al., J. Exp. Med., 133, 640 (1971). 
15. J . H . L .  P l a y f a i r ,  Cl in.  Exp.  Immuno l . ,  8,  839 (1971). 

1338 


