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An impor tan t  p rob lem ia c u r r e n t  immunology is  the quanti tat ive es t imat ion  of changes taking place 
in lymphoid t i s sue  a f te r  immunizat ion.  Another  aspec t  of this p rob lem is the p re sence  of ce l l s  in lymphoid 
t i s sue  p rede te rmined  in re la t ion  to a pa r t i cu la r  antigen, the number  of these cel ls ,  the causes  of this p r e -  
de terminat ion,  and so on. 

Until recent ly ,  the study of these  p rob lems  has  been e x t r e m e l y  difficult, because  it has been  i m p o s -  
sible to invest igate  individual an t ibody- fo rming  cel ls  e i ther  by the Coons '  method or  by other  i m m u n o m o r -  
phologica] methods,  because  of t he i r  sma l l  number  in a pa r t i cu la r  organ.  

In the p re sen t  invest igat ion the method of local hemloys i s  in a gel was used to de t e rmine  the n u m b e r  
of an t ibody-forming  cel ls  in the spleen of an imals  of different  spec ies  before  immuniza t ion  and in the e a r l y  
per iods  a f te r  inject ion of antigen. 

EXPERIMENTAL METHOD 

Adult an imals  of  var ious  s p e c i e s - i n b r e d  (mice of line CC57BR, August rats)  and noninbred ( rabbi ts ,  
guinea pigs, h a m s t e r s ,  albino rats)  - w e r e  used in the exper imen t s .  The antigen cons is ted  of s h e e p ' s  e r y -  
th rocy tes  injected in t ravenous ly .  The number  of  an t ibody- forming  cel ls  was de te rmined  by the method of 
J e rne  and Nordin [13] with ce r t a in  modif icat ions [2]. In ce r ta in  expe r imen t s  the t i t e r  of hemolys ins  and 
hemagglut inins in the a n i m a l s '  blood was de te rmined  by the usual  method.  The r e su l t s  were  subjected to 
s ta t i s t ica l  ana lys i s .  

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

Ant ibody-forming cel ls  were  found before  immuniza t ion  in all  the an imals  of the spec ies  inves t iga ted  
(Fig. 1). The number  of these  "no rma l "  an t ibody- fo rming  producing cel ls  was g r e a t e s t  in the r abb i t s  and 
ra t s ,  and sma l l e s t  in the guinea pigs and mice .  H a m s t e r s  occupied an in te rmedia te  posit ion.  This  d i s t r i b -  
ution of the an imals  co r r e sponds  to the f requency  with wMeh norma l  antibodies a r e  found in the i r  blood. 
The expe r imen t s  c a r r i e d  out to t i t r a te  hemagglut ins  and hemolys ins  in the unimmunized an ima l s  showed 
that  in rabbi ts  and r a t s  antibodies a r e  found more  f requent ly  and in higher  t i t e r s  than in mice .  

Only isolated r epo r t s  of changes in the number  of "norma l"  an t ibody- fo rming  ce l l s  in the lymphoid 
t i s sue  of an imals  exposed to var ious  p rocedures  unconnected with immuniza t ion  with spec i f ic  ant igen may 
be found in the l i t e ra tu re  [8]. The authors  have p rev ious ly  shown [2] that 6-thioguanine,  if  injected into 
an imals  dur ing immuniza t ion  with s heep ' s  e ry th rocy tes ,  sharp ly  reduces  the n u m b e r  of  an t ibody- fo rming  
cel ls .  In this connection it was  in te res t ing  to study the action of this analogue of one of the b a s e s  of the 
nucleic acids on the population of an t ibody- forming  ce l l s  in unimmunized an imals .  

The r e su l t s  of expe r imen t s  conducted on mice  in which 6-thioguanine was injected in t r ape r i tonea l ly  
into the an imals  as a single dose of 6-12 mg/rkg body weight, showed that 2-3 weeks a f t e r  i ts  inject io n the 
number  of "no rma l "  an t ibody- forming  ce l l s  is s ignif icant ly  i nc reased  above the control  level  (Table 1). 
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Fig. 1. Number  of an t ibody-p ro -  
ducing ce l l s  in spleen of intact  
an imals  (per  106 spleen cel ls) .  
Ordinate) number  of ant ibody- 
fo rming  cel ls ;  abscissa)  number  
of an imals  invest igated.  

TABLE 1. Effect  of 6-Thioguanine 
on Product ion of "Normal"  Antibody 
Forming  Cells (M• 

Group of mice 

No, of antibody- 
�9 ~ formIng cells 

~8 in the per 10 ~ 
spleen cells 

Receiving 6- 172 134_+15 I 
thioguanine 

Intact 49 85_+ 10 

this question a r e  avai lable .  

The r e su l t s  of the study of changes in the number  of ant ibody-  
producing ce l l s  in mice  and ra t s  a f t e r  immuniza t ion  with 0,5-1 b i l -  
lion s h eep ' s  e ry th roey te s  a r e  given in Fig. 2. The number  of ant i -  
body-producing  cel ls  in the spleen r i s e s  rapidly,  so that the inc rease ,  
which a f t e r  12 h is not significant,  becomes  significant  a f t e r  24 h. 
The number  of ant ibody-producing cel ls  is m a x i m u m  on the 4th day 
a f t e r  immunizat ion ,  a f t e r  which it fa l ls .  In the s tage of logar i thmic  
growth the number  of cel ls  is doubled approx imate ly  a f t e r  10 h, in 
a g r e e m e n t  with data for  the r a t e  of divis ion of p l a smab la s t s  and i m -  
ma tu re  p l a sma  ce l l s  [3, 17-19]. 

A number  of authors  have studied the morphology of ant ibody- 
producing cel ls  as revea led  by J e r n e ' s  method [5-7, 21]. The r e -  
sults of these  invest igat ions a r e  cont rad ic tory  and, in addition, the 
mic roscop ic  methods (espec ia l ly  e l ec t ron  m i c r o s c o p y  [5 ]) used  by 
these  au thors  enabled them to study only a l imi ted  number  of  ce l l s  
in the population. In our own l abora to ry  M. S. Svirski i  used a method 
of f rac t ionat ing a suspension of spleen cel ls  by centr i fugat ion in a 
densi ty  gradient  of suc rose  solution. It  has  p rev ious ly  been shown 
[1, 9, 10] that  sp leen cel ls  may be subdivided in this  waY,into a 
"top" fract ion,  of which more  than 99% a re  smal l  lymphoeytes ,  and 
a "bot tom" f rac t ion  r ich  in p l a sma  cel ls  and p l a smab la s t s .  

Exper imen t s  c a r r i e d  out on mice  immunized  with sheep 
e ry th rocy tes  (Table 2) showed that  the number  of an t ibody- forming  
cel ls  detectable  by J e r n e ' s  method in the lymphocyte f rac t ion  is 
1-50th of that in the f rac t ion  containing p l a sma  cel ls  and p l a s m a -  
b la s t s .  

Turning now to the d iscuss ion  of the r e su l t s  obtained, the i n t e r -  
45_+4 spec ies  d i f fe rences  in numbers  of an t ibody-forming  cel ls  in the ani -  
32_+4 reals  be fo re  immunizat ion  must  f i r s t  be examined.  It is r epor t ed  in 

the l i t e ra tu re  that  ant ibody-producing cel ls  a re  p resen t  in the spleen 
of unimmunized animals  [6, 8, 12, 20], but no compara t ive  data on 

The r e su l t s  of the p resen t  expe r imen t s  show (see Fig. 1) that in an imals  whose 
t i s sues  contain F o r s s m a n  antigen (guinea pigs,  hams te r s )  o r  an antigen re la ted  to it (mice),  the number  of 
ant ibody-producing cel ls  is much s m a l l e r  than in an imals  without F o r s s m a n  antigen ( rabbi ts ,  ra ts ) .  This 
suggests  that  the re la t ive ly  l a rge  number  of an t ibody-forming  ce l l s  in rabbi ts  and r a t s  may  be due to the 
spontaneous immunizat ion of these  an imals  with F o r s s m a n  antigen, which is widely dis t r ibuted in the s u r -  
rounding m i e r o f l o r a  and in food products  [11, 21]. 

By analogy with the hypothesis  e x p r e s s e d  above it may  be supposed that the p re sence  of ce l l s  f o r m -  
ing antibodies to sheep ' s  e ry th rocy te s  in unimmunized an imals  is a lways connected with spontaneous i m -  
munizat ion with antigens in the surrounding envi ronment  re la ted  to the antigens of sheep e ry th rocy te s .  
However,  another  view is  held which may  explain the appearance  of no rma l  antibodies (cor responding  to 
the "norma l"  an t ibody-forming  cells) by somat ic  mutat ions [4]. The r e su l t s  of the au tho r s '  expe r imen t s  
(see Table  1) with admin is t ra t ion  of 6-thioguanine, which may be incorpora ted  into the DNA of ce r t a in  t i s -  
sues  [14], and which evidently has  a mutagenic action, a r e  in ag reemen t  with this hypothesis  although they 
cannot be r ega rded  as s t r i c t  proof.  It  is  poss ib le  that  the obse rved  inc rease  in the number  of ant ibody- 
fo rming  ce l l s  m a y  be connected,  not with the mutagenic  action of 6-thioguanine, but with i ts  o ther  p r o p e r -  
t ies .  This  p rob lem requ i re s  spec ia l  invest igation.  

Analys is  of the phase  of i nc rea se  in the number  of an t ibody-forming  cel ls  a f t e r  immuniza t ion  r e -  
veals  a co r r e l a t i on  between the number  of these  ce l l s  in intact and vaccinated r a t s  and mice  (Fig .  2). In 
ra t s ,  which had more  ant ibody-producing cel ls  before  immunizat ion,  cor respondingly  more  of these  ce l l s  
a re  fo rmed  a f t e r  immunizat ion.  It may ,  the re fore ,  be a s sumed  that  the ce l l s  of "normal"  and " immune"  
antibodies have common p r e c u r s o r s .  The number  of an t ibody-forming  ce l l s  in the spleen of intact  mice 
co r r e sponds  fa i r ly  accu ra t e ly  to the number  of p r e c u r s o r  cel ls  de te rmined  by o ther  methods [15, 16]. 
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TABLE 2. Antibody-FormingActivity 
of Fractionated Population of Spleen 
Cells (iVi �9 m) 

Top f rac t ion  
Bottom 
Initial  suspension 

No. of ant ibody-  
fo rming  cel ls  

pe r  l0 G 

11-~2 
592*28 
461 ~:21 

~7000 
tO00 
100/0] 

i i l r 
01 0 1 2 

Fig. 2. Number  of an t ibody- forming  
cel ls  in the spleen of r a t s  (1) and 
mice  (2) before  and a f t e r  i m m u n i z a -  
tion (per 106 spleen cel ls) .  Ordinate) 
Number  of ant ibody-producing cel ls  
( logar i thmic scale) ;  absc issa)  days 
a f te r  immunizat ion.  
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