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Cells  producing no rm a l  antibodies against  sheep ' s  e ry th rocy te s  were  revea led  by local  he-  
molys i s  in agar  in the spleen of e m b r y o s  in the late s tage of development  and of newborn 
guinea pigs. P r e l i m i n a r y  immunizat ion  of the pregnant  an imals  with sheep ' s  red ce l l s  did not 
affect  the number  of hemolys in -p roduc ing  ce l l s  in the spleen of the e m b r y o s  or newborn guinea 
pigs. The number  of no rma l  an t ibody- forming  cel la  in the spleen of s te r i l e  adult guinea pigs 
was the same  as in a n i m a l s  of the same  spec ies  kept  under o rd ina ry  conditions. The r e su l t s  
sugges t  that no rmal  hemolys in -produc ing  ce l l s  a r i s e  in guinea pigs not by antigenic s t imu la -  
tion through c r o s s - r e a c t i n g  antigens of the ex te rna l  environment~ but by physiological  d i f fe r -  
entiat ion of p r e d e t e r m i n e d  p r e c u r s o r  cel ls .  This hypothesis  co r r e sponds  to one of the postu-  
la tes  of the clonal se lec t ion  theory of immunogenes is .  
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So-cal led no rma l  (natural) antibodies against  antigens of different  or ig in  a re  often found in the blood 
s e r u m  of nonimmunized an imals  and man [22]. These antibodies have been found also against  sheep ' s  red 
ce l l s  [4, 6, 11]. Normal  an t ibody- forming  ce l l s  (AFCs) have been demons t r a t ed  by the method of local 
hemolys i s  in gel, even when antibodies could not be de te rmined  quanti tat ively in the blood, in the spleen,  and 
other  o rgans  of mice  [8, 11, 16, 21], r a t s  [17], r abb i t s  [14, 18], h a m s t e r s  [3], piglets  [18], b i rds  [9], and 
man [7]. The w r i t e r s  have desc r ibed  d i f fe rences  in the number  of these ce l l s  in an imals  of different  spec ies  
[3]. 

On the question of the or ig in  of no rma l  antigens (and, cor respondingly ,  of AFCs) the mos t  commonly  
held view is that they a r i s e  as a r e su l t  of na tura l  immunizat ion  of an imals  with c r o s s - r e a c t i n g  antigens [19, 
22]. In pa r t i cu la r ,  the F o r s s m a n  antigen, found in sheep ' s  red cel ls ,  is widely d is t r ibuted  in the envi ron-  
ment  - in bac t e r i a  and food products  - poss ib le  m a t e r i a l s  giving r i se  to spontaneous immunizat ion of ani-  
mals  not normal ly  p o s s e s s i n g  this antigen (rats ,  rabbi t s ,  pigs).  

According to another  view, shared  by fewer  inves t iga tors ,  normal  antibodies a r i s e  as a r e su l t  of 
physiological  d i f ferent ia t ion of p r e c u r s o r  ce l l s  into an t ibody-forming  cel ls  unconnected with any specif ic  
antigenic s t imulus .  This view is based  chiefly on indi rec t  evidence; the s imul taneous  appearance  of normal  
antibodies aga in s t  d i f ferent  antigens [12], the high r e s i s t a n c e  of normal  AFCs to fac tors  depress ing  the im-  
mune r e sponse  - such as i r rad ia t ion  [4, 11], hype r immune  s e r u m  [21], ant i lymphocytic  s e r u m  [15], and so 

o n .  

One of the chief  a rgumen t s  put forward  in support  of the " immune"  nature  of normal  antibodies is the 
absence  of n o r m a l  AFCs in newborn mice ,  rabbi t s ,  and pigs,  in which these ce l l s  begin to appear  1-2 weeks 
af ter  bir th,  together  with the fact  that in g e r m - f r e e  an imals  (mice, pigs) ce l l s  producing antibodies against  
sheep ' s  red  ce l l s  a re  e i ther  comple te ly  absent  o r  appear  much la te r  and in s m a l l e r  numbers  than  in o rd i -  
na ry  an imals  [10, 16, 18, 20]. 
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In the investigation descr ibedbe low,  the presence  of normal  AFCs was investigated by using s h e e p ' s  
red cel ls  as antigen, in guinea pigs in the ear ly  s tages of development,  and also in g e r m - f r e e  guinea pigs 
and guinea pigs kept under o rd ina ry  conditions. Guinea pigs were chosen as the test  object for the following 
reasons :  1) unlike many other  species  of labora tory  animals ,  guinea pigs mature ear ly  (they can see at 
birth); 2) the organs  of guinea pigs contain F o r s s m a n  antigen, as a resul t  of which it cannot induce the f o r m a -  
tion of normal  antibodies against  sheep ' s  red cel ls  in the animals  of this species.  

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

Exper iments  were ca r r i ed  out on guinea pig embryos  (taken 1-2 days before the expected day of birth, 
as revealed by the degree  of separat ion of the pubic symphysis  in the pregnant  animals),  newborn animals 
(during the f i rs t  24 h after birth), and adult guinea pigs aged 1-3 months.* The mater ia l  chosen for study was 
the spleen, in which the number of hemolys in-producing  cells was determined by the "direct"  method of local 
hemolys is  in agar  [2, 13]. The identification and counting of the zones of hemolys is  formed in agar  were 
ca r r i ed  out macroscop ica l ly  and microscopica l ly  (dry objective,  40 • or  '70 • f rom the presence  of a nu- 
cleated cell in the center  of a zone of hemolysis .  Statist ical  analysis  of the resu l t s  was ca r r i ed  out with the 
aid of Student 's t - t e s t  and W i l c o x o n - M a n n - W h i t n e y  nonparametr ic  U- tes t  [1]. 

R E S U L T S  

The data re la t ing to the presence  of AFCs in the embryonic  and newborn guinea pigs are  given in 
Table 1. 

The resu l t s  show that hemolys in-producing  cells  were found more often in the newborn guinea pigs 
than in the embryos  (P = 0.032). However, their re la t ive and absolute numbers  in the spleens of those ani-  
mals in which they were found were pract ica l ly  identical. The wr i te rs  showed previously  [3] that in adult 
guinea pigs the number of normal  AFCs per 106 nucleated spleen cells is 0.15 (0A1-0.21). Compar ison of 
this value with the data in Table 1 shows that the relat ive number of AFCs in the embryos  and the newborn 
guinea pigs did not differ significantly f rom that in the adult animals (although in the adult guinea pigs, un- 
like the younger animals,  normal  AFCs were found in every  case and their  absolute number  was grea ter  
because of the much l a rge r  size of the spleen). In the next se r ies  of exper iments  the effect  of immunizat ion 
of the pregnant guinea pigs with sheep ' s  red cells  on the number of AFCs in the spleen of the embryos  and 
newborn animals was studied. For  this purpose,  the females  in the late stage of pregnancy were given an 
intravenous injection of 1" 109 sheep ' s  red ce l l s ,and  5-8 days later  the spleen was taken for investigation 
from the embryos  (1-2 days before birth) and from the newborn guinea pigs (during the f i rs t  24-48 h of 
life). The resu l t s  are  given in Table 2. 

As the resu l t s  of Table 1 and 2 show, immunizat ion of the pregnant females  had no effect  either on the 
frequency of detection of AFCs in the embryos  and newborn animals or  on their  number in the spleen. 

In the exper iments  on intact adult animaIs  guinea pigs of the following types were  used: 1) s ter i le  
(germ-free)  guinea pigs rece iv ing  s ter i le  food; 2) o rd ina ry  guinea pigs, also rece iv ing  s ter i le  food; 3) o rd i -  
nary guinea pigs which for 1-3 weeks before sacr i f ice  received steriIe  food to which feces were added in 

* The mater ia l s  taken f rom adult g e r m - f r e e  and the corresponding control  animals were generously provided 
by O. V. Chakhava, Head of the Labora tory  of Gnotobiology, N. G. Gamaleya Institute of Epidemiology and 
Microbiology, and the wr i t e r s  wish to express  their  gratitude to him. 

TABLE 1. Number of Normal AFCs in 
Spleen of Embryos  and Newborn Guinea 
Pigs (xg and 95 % confidence limit) 

T g s t  

object 
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TABLE 2. Number of AFCs in Spleen of 
Embryos  and Newborn Guinea Pigs af ter  
Immunizat ion of Pregnant  Females  with 
Sheep's  Red Cells (Xg and 95% confidence 
limit) 
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0,13 
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TABLE 3. AFCs in Spleen of Adult Nonimmune Guinea Pigs  Kept  
under  Different  Conditions 

Animals Number of AFCs in individual guinea 
pigs (per 106spleen cells) 

0,66 0,82 Germ-free, receiving sterile food 
Ordinary, receiving sterile food 
Ordinary, receiving sterile food + feces 

0,06 0,19 0,20 0,60 
0.07 0,21 0,66 .0,94 
0,13 0,14 0.20 

Legend. Di f fe rences  in numbers  of AFCs in an imals  of var ious  
groups  not s ignif icant  (P >0.05) by the use of the t -  and U- t e s t s  

o rde r  to s imula te  bac t e r i a l  s t imulat ion of the intestine.  De te rmina t ion  of the number  of AFCs in the spleen 
o f  the an imals  in these groups  showed no d i f ference  between them. 

The f i r s t  point to note when summing  up these r e s u l t s  is that no rmal  hemolys in  producing cel ls  a re  
p re sen t  in the spleen not only of newborn guinea pigs but also of e m b r y o s  in the late stage of development .  
The absence  of any effect  of immunizat ion  of the mothe r s  with sheep ' s  red  ce l l s  on the number  of AFCs in 
the fe tuses  and newborn guinea pigs is evidence m e r e l y  that  the antigenic ma te r i a l*  c i rcu la t ing  in the m a -  
t e rna l  o r g a n i s m  does not r each  the embryo  or  that the immunocompeten t  ce l l s  of the embryo  at that p a r -  
t icular  s tage of the deve lopment  do not give an immune r e sponse  to e ry th rocy t i c  antigen. Hence it can be 
concluded that the normal  AFCs found in the spleen of guinea pigs e m b r y o s  and also of the newborn animals  
during the  f i r s t  24-48 h do not a r i s e  as a r e su l t  of antigenic s t imulat ion by antigens (bacter ia ,  food) pene-  
t ra t ing  into the m a t e rna l  o rgan i sm.  This  conclusion is supported by data showing that the number  of AFCs 
in the spleen of g e r m - f r e e  guinea pigs is indist inguishable f rom that in o rd ina ry  animals .  

On the whole, the r e s u l t s  a re  in a g r e e m e n t  with one of the propos i t ions  of the clonal se lect ion theory 
[5], which pos tu la tes  that ce l l s  p r e d e t e r m i n e d  toward var ious  antigens and capable ,  at a ce r t a in  stage of 
development ,  of producing no rma l  ant ibodies ,  a re  p r e sen t  in animals .  
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*As well  as intact  red  ce l l s  this m a t e r i a l  could also be the i r  in vivo breakdown products ,  as  was shown by  
e a r l i e r  expe r imen t s  on mice.  
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