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Intraperi toneal  injection of eyclophosphamide (CP) into mice in a dose of 200 mg/kg body weight 
leads after 2-3 weeks to a marked accelerat ion of the formation of nonspecific immunoglobulins 
(NIG) by spleen cells in vitro. In the ear ly  period (3-7 days) after injection of CP the acce le ra -  
tion of NIG production was due mainly to synthesis of macroglobulins;  after 2 weeks the fo rma-  
tion of both macroglobulins and IgG was increased.  Normal NIG synthesis  was not res tored  
until at least  1 month later.  Injection of antigen (sheep's  red cells) against the background of 
hyperproduction of NIG led to a decrease  in the latter. The formation of antibodies against red 
cells in mice treated with CP was at a lower level at all t imes of the investigation than in con- 
trol immunized animals. 
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Cyclophosphamide (CP) is known as an inhibitor of antibody formation [ 3], depress ing the proliferation 
[7, 9] and differentiation [ 8] of B lymphocytes.  

The object of this investigation was to study the late effects of CP on the synthesis of antibodies and non- 
specific immunoglobulins in adult animals. 

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

Exper iments  were car r ied  out on CBA mice and (CBA x C57BL/6)F 1 hybrids. CP was injected int ra-  
peri toneally in a dose of 200 mg /kg  body weight. After various time intervals  the spleen was removed from 
the control  and experimental  animals, its cells were incubated in Eagle ' s  medium containing 14C-glycine, and 
the quantity of nonspecific immunoglobulins (NIG) synthesized was determined from the increase  in radioact iv-  
ity on an immunosorbent  containing rabbit  antibodies against mouse IgG [ 1]. 

To determine the effect of CP on antibody formation, intact mice and mice receiving CP were immunized 
with sheep 's  red cells (5 • 108 cells intravenously). The spleen was removed on the 4th day and the cells in- 
cubated as descr ibed above. 

Antibody formation against red cells  was judged f rom the number of ant ibody-forming cells  (AFC) in the 
spleen, determined by J e r n e ' s  method, and f rom the ti ter of hemagglutinins and hemolysins in the blood serum. 

NIG synthesized by the cells of the immune spleen were determined after exhaustion of the culture me-  
diumwith sheep 's  red cells,  also by the aid of an immunosorbent  [ 1]. 

To determine the c lasses  of NIG synthesized under the different conditions the culture medium was f r ac -  
tionated at 4~ on a column with Sephadex G-200 (26 x 100 cm), equilibrated with 0.1 M Tr is  buffer, pH 7.6, 
containing 1 M NaC1. In some experiments,  before the culture medium was applied to the column, it was 
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t r ea t ed  with d i th io thre i to l  and monoiodoace tamide  [ 6] to produce d i s soc ia t ion  of the macrog lobul ins  in it .  
in the eluted f rac t ions  was de te rmined  with the aid of an immunosorben t  (the volume was 2.7 o r  5.4 ml). 

Rad ioac t iv i ty  was counted with a BFL25 end- type  counter  and an In ter technique SL-40 sc in t i l l a t ion  
counter .  

NIG 

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

Inject ion of CP into the mice  led af ter  2-3 weeks to a sha rp  (by th ree  to four t imes)  i n c r e a s e  in NIG syn-  
thes i s .  The i r  fo rmat ion  r ema ined  i n c r e a s e d  for  at l e a s t  3 weeks af ter  a s ingle  in jec t ion  of CP into the an imals ,  
a f te r  which the NIG level  fel l  g radual ly ,  to r each  in 1 month the leve l  obse rved  in n o r m a l  an imals .  Data  on 
changes in NIG syn thes i s  depending on the t ime  e laps ing  af te r  in ject ion of CP into the mice a r e  given in Table  
1. Since the absolute  values  of incorpora t ion  of the label  va r i ed  g rea t ly  f rom one expe r imen t  to a n o t h e r ,  the 
r e s u l t s  a re  given in pe r cen t ages  of NIG syn thes i s  in in tac t  an imals .  

The next s tep was to d i s cove r  which c l a s s e s  of immunoglobul ins  were  r e spons ib l e  for  the i n c r e a s e  in 
NIG in the an ima l s  t r ea t ed  with CP. F o r  this  purpose ,  cu l tu re  fluid obtained dur ing incubation of sp leen  ce l l s  
taken 3, 7, and 14 days af te r  the in jec t ion  of CP was f rac t iona ted  on a column with Sephadex G-200. The r e -  
sul ts  showed that a f te r  3 and 7 days  ma in ly  macrog tobu l ins  were  synthes ized;  a f te r  14 days the format ion  of 
both macrog lobu l ins  and IgG was sha rp ly  i n c r e a s e d  (Fig. 1, curve  1). The main  c l a s s  of NIG synthes ized  
in v i t ro  in the intact  m ice  was macrog lobu l ins  (Fig.  1, curve  2); in an imals  immunized  with red  ce l l s  syn thes i s  
of both macrog lobu l ins  and IgG was i n c r e a s e d  (Fig.  1, curve  3). 

Macrog lobul ins  synthes ized  by in tac t  spleen ce l l s  had a lower  mo lecu l a r  weight than those produced by 
ce l l s  of the immune spleen,  and the l a t t e r ,  in turn, were  " l i g h t e r "  than macrog lobu l ins  syn thes ized  by ce l l s  
f rom mice  r ece iv ing  C P. 

After  d i s cove r ing  these  d i f fe rences  in the d i s t r ibu t ion  of the macrocomponen t s  in the three  d i f ferent  
c a s e s  de sc r ibed  above, i t  was decided to t es t  whether  the heavy components  of the cu l tu re  medium during in-  
ves t iga t ion  of mice  r ece iv ing  C P w a s  in fact  macroglobul in .  F o r  this purpose  the medium was reduced and 
a lkyla ted  under  mild condi t ions,  leading to d i s soc i a t i on  of the macrog lobul ins  into subunits  [6].  Af ter  the 
t r ea tmen t  the peak of the heavy m a t e r i a l  d i s appea red  comple te ly ,  showing i t  to be macroglobul in  in nature .  
The same  r e s u l t  was obtained by f rac t iona t ion  of the cul ture  fluid containing NIG of immunized  an imals  on a 
column with Sephadex G-200. 

The " c o l l a p s e "  of NIG syn thes i s  observed  in this inves t iga t ion  under  the influence of CP was to some 
degree  unexpected.  A prev ious  study [4] showed that hype r r egene ra t i on ,  following 1 week af te r  ap l a s i a  of the 
hematopoie t ic  and lymphoid ce l l s  caused  by in jec t ion  of CP, affects  mainly  the e ry th ro id  and myeloid ce l l s  of 
the spleen;  i t  is  not unti l  a f t e r  3 weeks  that  the lymphoid t i s sue  r e t u r n s  to normal .  

It is  a lso  known that the level  of ce l l s  forming r o s e t t e s  with s he e p ' s  red ce l l s  1-2 weeks af ter  in ject ion 
of CP is  e i the r  the s ame  as the cont ro l  or  ac tua l ly  a l i t t l e  lower  [2] .  F ina l ly ,  in many inves t iga t ions  immuno-  
competence  was found to be d e p r e s s e d  as a r e s u l t  of the in jec t ion  of CP, and this was conf i rmed by the r e s u l t s  
of the p r e sen t  inves t iga t ion  (see below). The mechan i sm of format ion  of the l a rge  quant i t ies  of NIG under  the 
influence of CP thus s t i l l  r e m a i n s  unexplained. 

The r e l a t i v e l y  sma l l  i n c r e a s e  in the number  of " b a c k g r o u n d "  ce l l s  producing ant ibodies  agains t  sheep ' s  
red ce l l s  at a t ime when maeroglobul in  syn thes i s  was s t imula ted  by CP (Table 2) and the absence  of any in -  
c r e a s e  in the t i t e r s  of hemagglut in ins  and hemolys ins ,  which did not exceed 1:10 in the blood s e r a  of the ex-  
p e r i m e n t a l  an imals ,  i . e . ,  which were  a lso  within no rma l  l imi t s ,  d e s e r v e  attention. 

TABLE 1. Effect  of CP on NIG Synthesis  
Depending on Time of I ts  Inject ion 

Time after 
Number of mice injection of NIG syrtthesis 
in group CP (days) (% of contxol) 

43 
I3 
9 

30 

i4--18 
21--25 
28--30 

I O0,Om 6+6 
320,8--59,6 
178,8 -.+ 38,9 
110,9• 
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Fig .  1. D i s t r i b u t i o n  of i m m u n o g l o b u l i n s  s y n t h e s i z e d  by s p l e e n  c e i l s  f r o m  
i n t a c t  m i c e ,  m i c e  i m m u n i z e d  with r ed  c e l l s ,  and m i c e  t r e a t e d  with c y c l o -  
p h o s p h a m i d e ,  d u r i n g  ge l  f i l t r a t i o n  on Sephadex  G-200 c o l u m n :  1) NIG s y n -  
t h e s i z e d  by s p l e e n  c e i l s  14 d a y s  a f t e r  i n j e c t i o n  of C P  into m i c e ;  2) NIG 
s y n t h e s i z e d  by s p l e e n  c e l l s  of i n t a c t  a n i m a l s ;  3) NIG s y n t h e s i z e d  by s p l e e n  
c e l l s  of m i c e  i m m u n i z e d  wi th  s h e e p ' s  r e d  c e l l s .  A b s c i s s a ,  f r a c t i o n  No.; 
o r d i n a t e ,  14C a c t i v i t y  ( e o u n t s / m i n ) .  

T A B L E  2. S y n t h e s i s  of A n t ibod i e s  and NIG 
by Spleen  C e l l s  of M i c e  I m m u n i z e d  with 
Red C e i l s  Depend ing  on T i m e  a f t e r  I n j e c -  
t ion of C P  

g (per 106 cells) 

§ 

A _  

14--18 

21 --25 

28--30 

before test after test 

0,13---0,04 281• 
(12) (4) 

0,20~0,05 86+33 
(13) (6) 

- -  258 + 20 
(3) 

--* 32 +-- 13 
(6) 

--* 540-- + 76 
(5) 

--* 232-+ 42 
(4) 

before 
test 

Quantitu of NtG 
(counts]rain/108 
cells} , 

after test 

64~-) 19( 

262~-) 40( 

31~C43 

62~C 11~ 

(5) 

1215• 182 
(4) 

1099 + 163 
(6) 

492+-63 
(3) 

376.-+-62 
(6) 

499 +. 58 
(5) 

381-----68 
(4) 

*Not d e t e r m i n e d .  N u m b e r  of a n i m a l s  in 
g roup  shown in p a r e n t h e s e s .  

The  a b s e n c e  of i n c r e a s e  in  the n u m b e r  of c e l l s  p r o d u c i n g  a n t i b o d i e s  a g a i n s t  r e d  c e l l s  i n d i c a t e s  that  the 
NIG s y n t h e s i z e d  u n d e r  the i n f luence  of C P  d i f f e r  f r o m  the p o l y c l o n a l  NIG f o r m e d  th rough  the ac t ion  of non-  
s p e c i f i c  m i t o g e n s  [ 5].  

It was  shown p r e v i o u s l y  tha t  t r e a t m e n t  of m i c e  with  C P  does  not p r e v e n t  the a p p e a r a n c e  of l a r g e  n u m b e r s  
of A F C  when the a n i m a l s  a r e  i m m u n i z e d  14 d a y s  l a t e r  wi th  s h e e p ' s  r e d  c e l l s  [ 1].  S i m i l a r  r e s u l t s  w e r e  o b -  
t a ined  in the p r e s e n t  i n v e s t i g a t i o n .  T h e r e  was  a s h a r p  i n c r e a s e  in  the n u m b e r  of AFC in the s p l e e n  of the i m -  
munized  a n i m a l s  t r e a t e d  p r e v i o u s l y  with CP,  and the t i t e r s  of h e m a g g l u t i n i n  and h e m o l y s i s  in t h e i r  b lood s e r a  
r o s e  to 1 :80-1:640.  Howeve r ,  a t  a l l  t i m e s  of the  ac t ion  of C P  i n v e s t i g a t e d ,  the n u m b e r  of AFC in the sp l een  
a f t e r  a t e s t  i n j e c t i o n  of an t igen  was  l o w e r  than in m i c e  not r e c e i v i n g  C P  (Table  2). 
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The sharp decrease  in NIG synthesis when antigen was injected into the animals in the ear ly  stage of the 
action of CP was unexpected. For  instance,  whereas in the intact mice immunizat ion with red cei ls  stimulated 
NIG synthesis  by about 1.5-2.5 t imes,  in animals receiving CP 2-3 weeks beforehand NIG synthesis ,  by con-  
t ras t ,  was reduced by 33-50%. Ability to r eac t  to antigen by increased synthesis  of NIG was not res tored  until 
at least  a month later ,  and moreover ,  not in all experiments.  

Since the antigenic st imulus increas ing NIG synthesis in the control  animals did the opposite in mice 
receiving CP short ly beforehand, and depressed it, ult imately the initial differences in the intensity of fo rma-  
tion of NIG in the two groups of animals were equalized. Under the influence of the antigenic stimulus, in-  
dividual fluctuations in the intensity of NIG synthesis  also were reduced:  As special  calculations showed, the 
standard deviations, expressed as percentages  of the mean, ranged from 34 to 75 in the different groups be- 
fore injection of the antigen, but only f rom 22 to 40 after  its injection (a decrease  in five of the six exper i -  
ments). 

The mechanism of the normal iz ing action of the antigen is not yet c lear .  The possibili ty cannot be ruled 
out that the st imulating and inhibitory effect of the antigen on NIG synthesis  operates  in general  at different 
levels. 
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