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Sareolysin, degranol, and thio-TEPA effectively suppress the production of antibody- 
forming cells. The optimal times of injection of these compounds and the duration of 
their  effect on the immunologic reactivity of animals and on hematopoiesis were in- 
vestigated. 

Alkylating agents are  known to be effective inhibitors of immunogenesis [12-14]. However, many 
aspects of the mechanism of their immunodepressive action are still unexplained. 

The object of this investigation was to study the immunodepressive activity of certain radiomimetics: 
novembichin, degranol, sarcolysin, and thio-TEPA. The existing data on this question are few in number 
[2, 4-10] and do not allow comparison of the effectiveness of these agents. Because of the extensive clinical 
use of these compounds, the investigation of their immunodepressive activity is of both theoretical and 
practical  interest .  

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

Adult CC57BR and noninbred mice weighing 20-25 g were immunized intravenously with sheep's e ry -  
throcytes (5.108 cells). 

Novembichin and degranol were injected intravenously the day before immunization and on the day of 
injection of antigen, in various doses (novembiehin 1 mg/ml,  degranol 30 mg/kg/day). Thio-TEPA and 
sarcolysin ~ere injected intraperitoneally, either as a single dose of 16 mg/kg at various times or as four 
separate daily doses of 8 mg/kg, starting on the day before immunization. These doses corresponded to 
the upper l imit of tolerance.  In some experiments the animals received whole-body irradiation on an ]~GO- 
2 apparatus in the highest tolerated dose (500 R). 

The number of antibody-forming cells in the spleen was determined on the 4th day after immunization 
by the method of Jerne and Nordin [11] with some modifications. The t i ter  of hemolysins and hemagglutinins 
circulating in the blood was determined in parallel tests by the usual method. The results were subjected 
to statistical analysis. 

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

The results of experiments to study the effect of sarcolysin, thio-TEPA, degranol, and novembichin 
on the immune response are  given in Table 1. 
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TABLE 1. 
Response  

Compound 

Novembiehin 

Degranol 

Sacrolysin 

thio-TEPA 

Control 

Action of Alkylating Compounds on P r i m a r y  Immune  

Day of injec- Num~ Number of 
�9 ~ .  [ cells in 

tion of corn- , ~ / spleen 
pound* I O I  / . 6 mice] k10 ) 

28 185+--I3,1 

51 26,6• 

20 21,5+4,1 

68 60--+ [0 

15 3t6+-24 

- -  1,0 

- -  1,0 

-~,  o,+ 1,+2 

- t, o,+ L+2 

o 

Number of anti- I Tiler of antibodies 
body-forming hemo- hemag- 
cells in spleen I lysin~ glutimns 

43,050 
(31 920 -- 58 080) 

88 
(52-- 150) 

19 
(IJ --32) 

I59 
(106--237) 

115,300 
(91 411 - 145 500) 

5,7_.+0,2 6,3• 

<1 < l  

< l  <1 

< l  I,t_0,3 

6,2_+0,7 7,7~0,5 

*Days of injection of compound: -1) on day before  immunizat ion;  
0) on day of immunizat ion;  +1) on day a f te r  immuniza t ion .  
1~n logar i thms  to base  2, initial  dilution of s e r u m  1:10. 
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Fig.  1. Effect  of whole-body i r rad ia t ion  and of some 
r a d i o m i m e t i e s  on immune r e s p o n s e  depending on 
t imes  of admin i s t r a t ion .  Absc i s sa ,  days of i r r a d i a -  
tion or injection of r ad i om i m e t i c s  be fo re  (-3, -2, -1} 
or  a f te r  (+1, +2, +3) injection of antigen; ordinate ,  
number  of an t ibody- forming  cells  in spleen 4 days 
a f t e r  immunizat ion;  1) th io-TEPA;  2) sa rco lys in ;  3) 
i r r ad ia t ion  (500 R); 4) control  ( immunized mice) .  

All the t es t  compounds had a s t rong  inhibi tory 
action on the immune  response ,  except  novembichin,  
the effect  of which was t e s s  m a r k e d  (Table 1). 
Compar i son  of the changes in the total  n u m b e r  of 
spleen cel ls  and changes in the number  of ant ibody-  
fo rming  cells a f t e r  admin i s t r a t ion  of sa rco lys in ,  
degranol ,  and t h i o - T E P A  suggests  that  these  c o m -  
pounds act  mainly  on the an t ibody- forming  cel ls  or  
the i r  p r e c u r s o r s  Coy compar i son  wi th the  other  
sp leen cel ls) .  The act ion of novembichin,  on the 
o ther  hand, is t e s s  se lec t ive .  

In the expe r imen t s  of s e r i e s  II, on 216 an imals ,  
the effect  of the t ime of admin i s t r a t ion  of t h io -TEPA,  
sa rco lys in ,  and ionizing radia t ion  on the i r  immLmo- 
dep re s s ive  act ivi ty was inves t iga ted  (Fig. 1). These  
expe r imen t s  showed that  s a r c o l y s i n  p o s s e s s e s  the 
s t ronges t  immunodep re s s ive  action if injected on 
the day before  immuniza t ion  or on the s ame  day, 
while t h io -TEPA has the s t ronges t  action if given 
on the day of immunization or ~he following day. 
Ionizing radiation produces maximum inhibition of 
antibody formation if the antigen is injected 24 h 
after irradiation. Irradiation on the day of injection 
of antigen or on the following days is less effective. 
However, irradiation 2 h after injection of antigen 
inhibited the immune response more strongly than 
irradiation 2 h before injection of antigen. 

The study of the duration of the a f t e re f f ec t  of these  compounds (Fig. 2) showed that 30 days a f t e r  
inject ion of s a r c o l y s i n  and degranol  the immunologic  r eac t i v i t y  was st i l l  subs tant ia l ly  lowered .  Af ter  the 
act ion of t h io -TEPA,  however ,  r eac t iv i ty  was  r e s t o r e d  more  rapidly  and had a lmos t  r eached  the control 
level  on the 30th day. Immunologic  r eac t iv i ty  was not r e s t o r e d  for  a ve ry  long t ime  a f t e r  whole-body i r r a -  
diation (7.3% of the control  level  on the 30th day). 

The number  of nucleated cel ls  in the spleen was r e s t o r e d  f a s t e r  a f te r  injection of the t es ted  imrnuno-  
dep re s s ive  agents than abili ty to produce  an t ibody-forming  cells  (Fig. 2). 

All the t es ted  compounds d e p r e s s e d  hematopo ies i s  (Fig. 3)~ The number  of leukocytes  in the p e r i -  
phe ra l  blood r eached  its  lowes t  level  a f t e r  4 days,  and during the next  20 days it  gradual ly  r e tu rned  to its 
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Fig. 2. Immunologic reactivity of'animals 30 days after injectionof 
radiomimetics and after whole-body irradiation. 1) Control; 2) thio- 
TEPA; 3) sarcolysin; 4) degranol; 5) irradiation (500 R); a) number 
of antibody-forming cells in spleen 4 days after immunization; b) 
total number of spleen cells. 

~8 

I7 
IG 
I$ 

13 
12 
II 
JO 
8 
8 
7 
6 
5 

3 
2 
l 

A 

/0 

~7 
"6 
t,f 

13 
12 

7 

O ~' /O 20 

C 
, / /  

f 

Z / 

9 IO 20 

Fig. 3. Effect of some radiomimetics on number of leukocytes (a), lymphocytes (b), and polymorphs 
(c) in circulating blood. Abscissa, days after injection of compound; ordinate, number of cells (in 
thousands/mm3}: 1} sarcolysin; 2) thio-TEPA; 3) degranol; 4) novembichin; 5) control. 

normal level. After administration of these compounds the numbers  of both lymphocytes and polymorphs 
were reduced. The most marked lymphecytopenic action was shown by sarcolysin (Fig. 3b), which caused 
practically the complete disappearance of lymphocytes from the blood in the period between the 4th and 10th 
days after injection. The lymphocyte count in the circulating blood was res tored much more slowly than 
the polymorph count after administration of all these compounds except novembichin. However, by the 20th 
day the lymphocyte count was close to its initial level, or  sometimes it was actually higher. 

Analysis of these results shows that all the tested compounds (except novembichin) very strongly 
suppressed immunologic reactivity.  So far  as sarcolysin and, to some extent, thio-TEPA are concerned, 
this result  is confirmed by the work of other investigators [2, 4-10]. 

Some immunomorphologic parallels are interesting. As might be expected, the immunodepressive 
activity of the various compounds is directly dependent on their ability to depress lymphopoiesis.* However, 
the immunologic reactivity of animals receiving radiomimetics is res tored much la ter  than the number of 
cells in the spleen and the number of lymphocytes in the blood. It may therefore  be supposed that immuno- 
logic "maturation" of the regenerating lymphoid tissue is delayed compared with normalization of purely 
morphological indices. This fact has also been observed in relation to regeneration of the spleen after 
surgical trauma [3]. 

*Unlike some other workers [1], the wri ter  did not observe any selective depression of lymphopoiesis by 
novembichin. 
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All the compounds investigated belong to the group of r ad iomimet i c s .  It was the re fo re  natural ly  
expected that the t imes  at which thei r  injection produced the maximal effect  would coincide with the t imes  
of maximal  effect  of i r radia t ion ,  or would be ea r l i e r  (because of pe r s i s t ence  of the compound in the body)~ 
However,  the corresponding curves  fo r  sa rco lys in  and, in par t icu la r ,  for  th io -TEPA were  shifted slightly 
toward l a t e r  per iods compared  with the curves  for  i r rad ia t ion .  The r ea son  for  this shift  is not ye t  c lea r .  

Both sa rco lys in  and i r rad ia t ion  gave the maximal effect  when given before  inject ion of antigen or  
s imultaneously with its inject ion.  It may the re fo re  be postulated that the chief ta rge t  of thei r  action con-  
s is ts  of potential ly immunogenie cel ls  which have not yet  s t a r t ed  to undergo the cycle of ceil convers ion  
associa ted  with the immune response .  
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