
6. I . N .  Lyamper t  and T. A. Danilova, Prog.  Allergy, 188, 423 (1975). 
7. F . M .  Burnet, Cellular  Immunology, Melbourne (1969). 
8. C . B .  Carpenter ,  A. W. Boyeston, and J. P. Merri l l ,  Cell Immunol.,  2, 435 (1971). 
9. I . R .  Cohen, Cell Immunol. ,  8, 209 (1973). 

10. M. Schlesinger,  Prog.  Allergy,  1__66, 214 (1972). 
11. A . J .  Steinberg, Arth.  Rheum., 1_~7, 11 (1974). 

AGE CHANGES IN IMMUNE RESPONSE OF RATS 

TO REPEATED INJECTIONS OF DIFFERENT 

DOSES OF SHEEP'S RED CELLS 

T.  L.  E k h n e v a  UDC 612.67.017.1 

The number of ant ibody-forming cells and the s e rum antibody t i ters  were determined in adult 
and old rats  af ter  tenfold immunizat ion with "small"  (4 �9 108 cells) and "large" (4 �9 101~ cells) 
doses of sheep ' s  red cells.  The antibody (hemolysin and hemagglutinin) t i ters  in the animals 
of both age groups were  found to be ei ther  s imi la r  in magnitude or  higher in the younger  adult 
ra ts  (for hemolysins ,  in the case of injection of the " large" dose of antigen). The number  of 
d i rec t  p laque-forming cells in the spleen of the old animals was g rea te r  than in the young 
adults at all t imes of immunization, but the number of indirect  p laque-forming cells was g rea te r  
only at the end of immunization. The resul ts  are  evidence of differences in maturat ion of the 
immune response in animals of different ages. 

KEY WORDS: immune response;  age differences.  

For  a long time the view has been f i rmly  held that with age the ant ibody-forming ability of the organism 
diminishes,  in connection with a decrease  in the number of potential ant ibody-forming cells [3, 11, 13, 18]. 
Recently, however,  a definite decrease  during aging has been found only with respec t  to the p r i m a r y  immune 
response  [4, 6, 14, 16], whereas  the secondary  response shows a much sma l l e r  decrease  or, in general ,  shows 
no change [7, 9, 15, 17]. There  is evidence that the change in ant ibody-forming ability in old age may be due 
not so much to a deficiency of ant ibody-forming cells as to a disturbance of regulatory mechanisms [4, 6, 8]. 
This hypothesis seems perfect ly  probable,  for  histological  investigation of lymphoid t issue in hyper immune 
rats  showed a wel l -marked  cellular  response in old animals [2]. The wr i te r  has also shown that old animals 
can produce antibodies ei ther  more  or  less actively than younger adults, depending on the dose and duration 
of injection of the antigen [1], 

The object of the p resen t  investigation was to study the possible mechanism of differences in the state 
of antibody format ion in old animals under different experimental  conditions. 

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

Experiments  were ca r r i ed  out on noninbred male albino rats  of two age groups:  adult (8-10 months) and 
old (24-26 months). 

A n t i g e n -  sheep 's  red cells - was injected intraperi toneally ten t imes (at intervals  of seven days) in 
doses of 4 �9 108 cells (the "small"  dose) and 4 �9 10 l~ cells {the "large" dose). This par t i cu la r  scheme of im- 
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Fig. i. Titers of hemolysins (a) and hemagglutinins (b) in adult (I, 2) and old (3, 4) 
rats during ten immunizations with "small" (I, 3) and "large" (2, 4) doses of sheep's 
red cells. Abscissa, number of injections of antigen; ordinate, titer of antibodies 

(log). 

Fig. 2. Number of DPFC in spleen of adult and old rats during ten immunizations 
with "small" (a) and "large" (b) doses of sheep's red cells. Here and in Fig. 3: or- 
dinate, number of antibody-forming cells in spleen; i) after two injections, 2) after 
ten injections of antigen. 

Fig. 3. Number of IPFC in spleen of adult and old rats during ten immunizations 
with "small" (a) and "large" (b) doses of sheep's red cells. 

munization was used having regard to personal observations [I] and datain the literature [i0] indicating that 
age relations in antibody formation are modified by repeated injection of the antigen. 

On the seventh day after the second and tenth injections of antigen the animals were killed and their ti- 
ters of antibodies (hemolysins and hemagglutinins) in the blood serum and the number of antibody-forming cells 
in the spleen were determined. 

Antibody-forming cells were determined by local hemolysis in gel: Cells forming 19S antibodies (direct 
plaque-forming cells - DPFC) were detected by the method of Jerne and Nordin [12], and cells forming 7S anti- 
bodies (indirect plaque-forming cells - IPFC) by the method of Dresser and Wortis [5]. 

The data given in this paper are the geometric mean values of results obtained on 10-19 animals. 

EXPERIMENTAL RESULTS 

After immunization with a "small" dose of antigen the titers of serum hemolysins in the adult and old 
rats did not differ significantly throughout the period of investigation; after immunization with the "large" dose 
the hemolysin titers of the young adult animals were higher than those of the old rats (after two injections of 
antigen P < 0.05) (Fig. la). So far as the effect of dose of antigen on antibody titer in animals of the same age 
is concerned, no significant differences were found in either the adult or the old rats. 

Titers of the other type of antibodies (hemagglutinins) at these times of the immunization period were 
equal or similar in value in the adult and old animals after injection of both small and large doses of antigen 
(Fig. Ib). Dependence on the dose of antigen was found within the same age group: After immunization with the 
"large" dose of antigen the hemagglutinin titers were much higher than after immunization with the "small" 
dose (for the adults P < 0.005 at both times of testing, for the old rats P < 0.05 and < 0.005). 

The study of the number of DPFC (Fig. 2) gave the following results. In the course of immunization the 
number of DPFC in the spleen of the young adult animals fell: P = 0.05 and P < 0.05 respectively for the "small" 
and "large" doses of antigen. In the old animals, changes in the number of cells showed the same tendency but 
they were not statistically significant. The number of DPFC in the spleen increased with an increase in the 
dose of antigen. This increase was more marked after two injections of the antigen (P < 0.05 for the adult and 
P < 0.01 for the old rats) than after ten injections. 

The number of DPFC in the spleen of the old animals was greater than in the adults after immunization 
with the "large" dose (P < 0.05 and P = 0.05) and was the same as their number in the adult rats after immuni- 
zation with the "small" dose of antigen. 
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A ra the r  different  dynamics  was c h a r a c t e r i s t i c  of the indirect  p l aque- fo rming  cel ls  (Fig. 3). During i m -  
munizat ion the number  of IPFC in the spleen of the adult animals  was a lmos t  unchanged a f t e r  inject ion of the 
" sma l l "  dose  of antigen, but a f t e r  inject ion of the " l a rge"  dose it fell  cons iderably  (P < 0.02); in the old ani-  
mals ,  however ,  in both cases  the re  was a shift  toward an inc rease .  An inc rease  in the dose of the antigen led 
to an i n c r e a s e  in the num ber  of  IPFC in the an ima l s  of both age groups.  In the adult r a t s  this was c l ea r ly  v i s i -  
ble only a f t e r  the second injection of antigen (P < 0.01), but in the old ra t s  it could be seen  at both t imes  of 
tes t ing (P < 0.01 and < 0.05). 

Age d i f fe rences  in the number  of IPFC in the spleen were  obse rved  only a f t e r  ten injections of the " large" 
dose of antigen: Under these  conditions the n u m b e r  of cel ls  in the spleen of the old animals  was more  than 
three  t imes  g r e a t e r  than the i r  number  in the adult r a t s  (P < 0.005)~ 

Compar i son  of the number  of p laque- fo rming  cel ls  with the s e r u m  antibody t i t e r s  shows that the i r  dy-  
namics  differed during the per iod  of immunizat ion:  The antibody t i t e r s  rose  more  or  less  substant ia l ly  (de- 
pending on the dose of antigen and the age of the animals) ,  whe reas  the number  of an t ibody-forming  cells 
e i ther  fel l  in the an imals  of both age groups,  although less  so  in the old animals  (DPFC), or  fell  in the adult 
and rose  in the old ra t s  (IPFC). This fact  indicates d i f fe rences  in the matura t ion  of the immune response  in 
an imals  of d i f ferent  ages .  It can be postula ted  that in adult an imals  antibody product ion by a single antibody- 
fo rming  cell  i nc r ea se s  in adult an imals  in the course  of immunizat ion.  In old animals ,  under the s a m e  condi- 
t ions,  the an t ibody-forming  abili ty of each cel l  is poss ib ly  lower  than in younger  adults.  However,  this hypoth-  
es is  r equ i r e s  d i r ec t  evidence for  its support .  
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