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T r e a t m e n t  of mice  with a high dose of Vi-ant igen and cyclophosphamide a l t e red  the immuno-  
reac t iv i ty  of the animals :  in response  to injection of a tes t  dose of Vi-ant igen marked  inhi- 
bition of the fo rmat ion  of ant ibody-forming cel ls  synthesizing both 19S- and 7S-ant ibodies  
was  observed.  The a reac t iv i ty  thus found is  specif ic  in cha rac t e r .  Meanwhile, a high con- 
centra t ion of antibodies against  Vi-ant igen can be found by seve ra l  t e s t s  in the s e r u m  of 
these  animals .  

Combined adminis t ra t ion  of a high dose of antigen and the powerful  immunodepres san t  cyclophos-  
phamide induces a s tate  of immunologica l  to le rance  in adult an imals  to va r ious  co rpuscu la r  antigens [2, 4 -  
6, 8]. Af te r  combined injection of soluble Vi-ant igen of Salmonel la  typhi and cyclophosphamide,  judging 
f rom the r e su l t s  of t i t ra t ion  of antibodies c i rcula t ing in the blood s t r e a m  and detected by the pas s ive  h emag -  
glutination tes t  (PHT) with a Vi diagnostic  se rum,  a state phenomenological ly  s im i l a r  to to le rance  is p r o -  
duced [3]. 

The object  of this  invest igat ion was  to make a more  detai led study of immunological  a reac t iv i ty  to Vi-  
antigen, reproduced  with the aid of  cyclophosphamide,  by the use of severa l  tes ts .  

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

Adult CBA and (CBA x C57BL)F l mice  and noninbred albino mice  were  injected in t raper i tonea l ly  
with 200 or  500 t~g Vi-ant igen of S. typhi.* These an imals  rece ived  an in t raper i tonea l  injection of 200 
mg/kg  cyclophosphamide 42-44 h-~ater. Control an imals  rece ived  e i ther  Vi-ant igen or  cyclophophamide or  
nei ther .  Af te r  2-3 weeks  all the an imals  w e r e  given an in t ravenous  injection of 1 ~g Vi-ant igen (test in jec-  
tion). The number  of an t ibody-forming  cel ls  (AFC) in the spleen and, some t imes  also,  in the ce rv ica l  lymph 
glands was de te rmined  3-4 days l a t e r  by the pass ive  hemolys i s  in gel tes t  with sheep ' s  e r y t h r o c y t e s  loaded 
with Vi-ant igen [1]. In some expe r imen t s  the " indirect"  plaques  were  counted by incubating the dishes 
addit ionally before  introduction of the complement  with rabbi t  an t i s e rum against  mouse "/-globulin in a di lu-  
t ion of 1:300 fo r  1 h. If sheep ' s  e ry th rocy te s  we re  used for  the tes t  injection, the AFC w e r e  de te rmined  by 
the usual  method of local  hemolys i s  in gel as descr ibed  by J e r n e  [7]. 

Antibodies in the s e r a  of the exper imenta l  and control  an imals  we re  de te rmined  in the PHT with 
human group 0 e ry th rocy t e s  loaded with Vi-ant igen (Vi-erythrocytes)  o r  with s tandard e ry th rocy t i c  Vi 
diagnostic s e r u m  (Moscow R e s e a r c h  Insti tute of Epidemiology and Microbiology).  In some ca se s  the PHT 
was  c a r r i e d  out in a pa ra l l e l  s e r i e s  with se ra  t r ea t ed  with cysteine.  

'*Vi-antigen (batches Nos. 189 and 30) we re  generous ly  provided by A. P. Alli luev (Moscow Resea r ch  Ins t i -  
tute of Epidemiology and Microbiology),  to whom the authors  a re  s incere ly  grateful .  
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TABLE 1. Induction of Immunological Areact ivi ty  by S. typhi Vi- 
antigen in Adult Mice by Combined Injections of Antigen and 
Cyclophosphamide 

Group Preliminary injections* 
Number 
of mice 

Number of AFC in 
spleen (x 10z)~ 

Titers of circulat- 
ing antibodies in 
PHT with Vi- 
erythrocytes 

200-500 PR Vi-antiRen and 
cvclopho~phamide ~ 

20D-560 p~ Vi-anti~en and 
cyeloptid~phamid~ 

500 ~g Vi-antigen 

Cyclophospham/de 

9 

42 

32 

41 

43 

0,2 

0,4 
(0,3--0,6) 

53,4 
(40,1 --71,9) 

59,3 
(42,3--83,2) 

i53,5 
(123,3--191,0) 

<2 

3,9• 

8,520,4 

7,720,2 

9,2-----0,3 

*All mice except animals of group 1 received intravenous in- 
jection of 1 /zg Vi-antigen 2 weeks after  pre l iminary  injections 
(test injection). 

Number of AFC in spleen and t i te r  of circulating antibodies 
were determined on the 4th day after  test  injection. 

TABLE 2. Ti ters  of Antibodies in PHT with Vi -e ry th rocy tes  and 
with Vi Diagnostic Serum and Their  Sensitivity to Cysteine (5th 
day after test  stimulus) 

Treatment of mice before 
test injection 

200-500 ~g Vl~antigen 
+ cyclophosphamide 

Cyc lophosphamide 

200-500 pg Vi-antigen 

Vi-eryt)rocytes 
without 
cysteine cysteine 

1,8~0,8 
(9) 

5,0• 
(8) 

8,1• 
(7) 

5,9~-0,4 
(8) 

w [thou t 
cysteine 

V[-d[agnost!c serum 
with 
cysteine 

7,9• 
(9) 

11,4• 
(8) 

10,4_+0,6 
(7) 

11,4~ 0,3 
(8) 

2,6+0,9 
(9) 

7,920,7 
(8) 

8,0• 
(7) 

8,020,3 
(8) 

1,8• 
(9) 

4,5• 
(8) 

6,1+0,8 
(7) 

4,1• 
(8) 

Note. Ti te rs  of antibodies expressed in logar i thms to base 2; 
initial dilution 1:10 (1.0). Number of samples in parentheses .  
Each sample a mixture of se re  f rom 5 mice. 

The numerica l  resul ts  were  subjected to statist ical  analysis:  the geometr ic  mean and its confidence 
l imits (P < 0.05) were calculated and the significance of the differences between the mean values of the 
compared group was determined by Student' s method. 

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

Induction of to lerance in animals with a large dose of Vi-antigen and cyclophosphamide, if ca r r i ed  
out 2 weeks before  the test  injection, sharply reduced the immunoreact ivi ty  of the animals as shown by the 
number of AFC in the spleen on the 4th day after tes t  injection (Table 1, group 2). Adminis t rat ion of ei ther  
a large dose of antigen or cyclophosphamide separately to the mice led to only a ve ry  slight inhibition of 
immunoreact ivi ty  (groups 3 and 4). The phenomenon was  charac te r ized  by immunological specificity, as 
shown by comparing the responses  of mice in which to lerance had been induced by test ing with Vi-antigen 
and with sheep 's  e ry throcytes  (Fig. i). 

The resul ts  of t i t rat ion of antibodies circulating in the blood s t ream in the PHT with Vi -e ry th rocy tes  
for the experimental  animals on the 5th day after the test  injection of Vi-antigen were  unexpected (Table 2). 
These mice were  found to have antibodies in relatively high concentration, obviously not corresponding to 
the small  numbers  of AFC in the spleen. These antibodies were  mainly cyste ine-sensi t ive ,  i.e., they be-  
longed to the 19S-class.  Para l le l  t i t rat ion of the same se ra  in the PHT with the Vi diagnostic serum con- 
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Fig. 1. Specifici ty of a reac t iv i ty  induced by combined injection of a 
high dose of Vi-ant igen and cyelophosphamide:  1) mice rece iv ing  p r e -  
l iminary  injection of Vi-ant igen and cyclophosphamide;  2) mice r e c e i v -  
ing cyclophosphamide alone; 3) mice rece iv ing  p r e l i m i n a r y  injection of 
Vi-ant igen (high dose) alone; 4) intact mice.  Unshaded columns r e p r e -  
sent number  of AFC in spleen on the 4th day a f t e r  tes t  injection of Vi -  
antigen; shaded columns show number  of AFC in spleen on the 4th day 
a f te r  tes t  injection of sheep ' s  e ry throcy tes .  Ordinate: number  of AFC. 

Fig. 2. Number  of AFC synthesizing 7S-ant ibodies  in spleen of mice  
on the 4th day a f t e r  tes t  injection of Vi-ant igen:  1) mice receiving 
p r e l i m i n a r y  inject ions of Vi-ant igen and cyclophosphamide;  2) mice  
rece iv ing  p r e l i m i n a r y  injection of cyclophosphamide;  3) mice r e c e i v -  
ing p r e l i m i n a r y  injection of Vi-ant igen (high dose); 4) control  mice.  
Ordinate,  num be r  of AFC. 

f i rmed  e a r l i e r  r e su l t s  [3]: all  s e r a  had lower t i t e r s  than 1:40 in th is  test .  The r ea sons  for  d i s ag reemen t  
between the resu l t s  of t i t ra t ion  with V i - e r y t h r o c y t e s  and Vi-d iagnos t ic  se rum,  p r e p a r e d  with the aid of 
fo rmal in ized  e ry th rocy tes ,  r equ i re  fu r ther  study. 

The individual va lues  of the t i t e r s  of antibodies detectable  in the PHT with V i - e r y t h r o c y t e s  in the 
exper imenta l  an imals  va r i ed  within v e r y  wide l imi ts :  on the 4th day a f t e r  the tes t  injection of 1 ~g Vi-  
antigen int ravenously ,  the t i t e r s  of 15 of the 42 mice tes ted  were  below 1:20, in 9 an imals  they were  between 
1:20 and 1:160, and in 18 between 1:320 and 1:2560. It must  be emphasized ,  in pa r t i cu la r ,  that be fore  the 
t e s t  injection (Table 1, group 1) antibodies we re  not found sero logica l ly  in the blood of these  mice  e i ther  
with V i - e r y t h r o c y t e s  o r  with the Vi-diagnost ic  se rum.  

The poss ib le  r ea sons  for  the d i sc repancy  between the numbers  of AFC in the spleen and the t i t e r  of 
antibodies c i rcula t ing in the blood s t r e a m  may  be as follows: 

1) ex t rasp len ic  synthes is  of antibodies; 

2) an e a r l i e r  than usual  m ax i m um  of the number  of AFC; 

3) different p rope r t i e s  of the antibodies detected by the pas s ive  local  hemolys i s  in gel t es t  andthe PHT; 

4) product ion of a subthreshold quantity of antibodies by 1 AFC, not detectable  by the test ;  in total, 
however,  a suff iciently high concentra t ion of antibodies is formed.  
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Determination of the total number of AFC in the cervical lymph glands on the 4th day after the intra- 
venous test injection of Vi-antigen revealed a small number of AFC in the animals of all the experimental 
groups, the smallest number being found in the experimental mice (mean 33 AFC). Mice previously receiv- 
ing cyclophosphamide alone had 81 AFC in their lymph glands, and those receiving nothing before the test 
injection had 104 AFC. 

Investigation of the number of AFC in the spleen on the 3rd day after the intravenous test injection 
showed that the mean number of AFC in the mice in which tolerance had been induced was 469. Meanwhile, 
in the control mice (previously receiving cyclophosphamide alone or receiving nothing) the mean number of 
AFC in the spleen was 1009 and 2985 respectively. 

These results suggest that the relatively high blood level of antibodies in the animals in which toler- 
ance had been induced was not due to the earlier maximum of the immune response or to extrasplenic 
antibody synthesis .  

Determinat ion of the " indirect"  plaques  (7S-AFC) showed that the number  of AFC producing 7S-an t i -  
bodies  was  reduced in the spleen of the exper imenta l  mice  af ter  the tes t  injection of Vi-ant igen (Fig. 2), 
in good ag reemen t  with e a r l i e r  observa t ions  (Table 2) on the cys te ine-sens i t iv i ty  of the antibodies in the 
experimental animals. 

The results thus demonstrate that the induction of tolerance in mice by a high dose of Vi-antigen and 
cyelophosphamide changes the immunoreactivity of the animals: after the intravenous test injection of Vi- 
antigen, the formation of AFC in the spleen is sharply inhibited. Meanwhile, the serum of these animals 
contains a high concentration of antibodies, not matching the number of AFC. In order to understand the 
discrepancies observed between the assessments of the response of the experimental animals to the test 
stimulus, further experfmental investigations are necessary. 

1. A . A .  
2. L . A .  
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5. A . C .  
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