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The functional capacity of the immunity system is known to decline during aging, largely in connection 
with changes in the immunocompetent ceils [9, Ii]. Changes in these cells depend in turn on the influence of 
the environment in which their morphogenesis and differentiation take place [1, 8, 13 ]. This environmental 
effect may be mediated by the cellular microenvironment, or by humoral and, in particular, endocrine factors 
or certain unknown regulatory influences at the cell population level. Changes in these regulatory mechanisms 

with age probably lead to changes in the immune function during aging [5, 7 ]. 

The object of this investigation was to study the mechanisms of development of insufficiency of the im- 
mune function during aging. For this purpose an attempt was made to alter the cellular environment by using 

parabiosis between animals of different ages as the model. 

EXPERIMENTAL METHOD 

Female CBA mice of different ages obtained from the "Stolbovaya" nursery, Academy of Medical Sci- 
ences of the USSR, were used. 

Operations to form parabiotic pairs were carried out on animals aged 2-3 and 22-25 months under in- 
traperitoneal and hexobarbital anesthesia in a dose of II0 mg/kg body weight, by the method of Bunster and 
Meyer [4], during which the peritoneum, muscles of the abdominal wall, scapular muscles, and skin were 
sutured together. 

The parabiotic pairs could survive 2 years or more if both partners were young at the time of the oper- 
ation, but not more than 7 months if one of lhe partners at operation was 22 months old and the other 3 months 
old. 

To study the humoral connection between the parabiotic partners one of them was given an intraperi- 
toneal injection of I~ indigocarmine solution, The function of the vascular anastomoses between the partners 
was  a s s e s s e d  on the b a s i s  of the  r a t e  of d i s a p p e a r a n c e  of h e n s '  e r y t h r o c y t e s ,  i n j e c t e d  into one of  the  p a r t n e r s ,  

TABLE i. Colonization of Bone Marrow, 
Thymus, and Spleen by Parabiotic Partner's 
Ceils (in %) 

Test object 

Bone marrow 

Thymus 

Spleen 

Young partner 
its own foreign 
cells ceils 

78.+4.6 22.+4,6 
(3) (3) 

70+0 30-+0 
~) (2) 

58-+2,5 42_+2,5 
(3) (3) 

Old partner 
its own 
cells 

91~)1,7 

69~+ 2,0 
(2) 

67:t: 1,2 
(3) 

foreign 
cells 

9• t,7 
(3) 

31-+2,0 
(2) 

33-+- 1,2 
(3) 

~ .  Number of parabiotic pairs shown in 
parentheses 
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Fig. I. Number of direct PFC per spleen (black columns) 
and serum hemolysin titers (shaded columns) in para- 
biotic pairs. Y) Single young animals; O) single old ani- 
mals; Yy) young animals connected with young; Oo) old 
animals connected with old; Yo) young animals connected 
with old; Oy) old animals connected with young. Ordi- 
nate: on left, number of PFC (in thousands), on right: 
log 2 of dilutions of serum. 

from the blood stream compared with the rate of their elimination from the blood stream of a single animal. 
To determine colonization of the lymphoid organs of the animal by circulating cells of the other partner in 
parabiosis, CBA mice were connected with animals of the subline CBA T6T6. The primary immune response 
of the parabiotic pair to injection of sheep's erythrocytes was studied 8-i0 weeks after the operation. Its mag- 
nitnde was determined on the 4th day by the number of direct [10] and indirect [6] plaque-forming cells (PFC) 
in the spleen and by determining the levels of hemolysins [12] and hemaglutinins [2] in the blood serum. 

EXPERIMENTAL RESULTS 

Investigation of the humoral connection between the partners by injection of indigocarmine showed that 
18 h after the operation soluble substances could pass from one animal to the other. After 2 months, nucleated 
erythrocytes injected intravenously into one partner were found in the blood stream of the other partner. It 
was calculated that 1% of the blood per minute was exchanged through the vascular anastomoses of the part- 
ners. As a result of these anastomoses, circulating cells were exchanged. This was confirmed by investiga- 
tion of parabiotic CBA-CBA T6T6 pairs. Data on colonization of the bone marrow, thymus, and spleen by the 
partner's ceils 6 months after the operation are given in Table I. No difference was found in colonization of 
the thymus by "foreign" cells of the old and young partners. Bone marrow and spleen of the young partner 
were colonized to a greater degree by these ceils than in the old animal. Different organs of the immunity 

system were colonized to different degrees by "foreign" cells. 

Investigation of the primary immune response showed (Fig. 1) that it was several times weaker in the 
old than in the young animals. Operations to form parabiotic pairs affected neither the antibody level nor the 
number of PFC in the spleen. Antibody titers were identical in both parabiotie partners. In the young partner 
connected withan oldanimal, the number of both direct and indirect PFC was considerably less than in young 
control animals and was nearer to the level found in old animals. Meanwhile, the number of PFC in the spleen 
of the old partner was unchanged or, in some groups, it showed only a tendency to increase. Direct correla- 
tion was found between the magnitude of the immune response of the old animal and that of its young partner 
(pS = 0.82; P < 0.001). The antibody level correlated with the number of PFC, and in parabiotic pairs of dif- 
ferent ages its value was intermediate between the antibody levels in the young and old control animals. 

The immune response was studied in animals of three groups differing in the time they were obtained 
and in the season of the investigations. Initial levels of the immune response in young and old animals in 
these groups differed a little. However, in all three groups the change described above in the immune re- 
sponse of partners of different ages was observed (Fig. 2). The immune response of the young partner de- 

pended on the immune response of the old partner to a greater degree. 

The results show that in a system of parabiosis between animals of different ages the old animal has the 
determining influence on the immune response of the young partner. Meanwhile, the young partner has no 
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F ig .  2. I m m u n e  r e s p o n s e  of  young p a r a b i o t i e  p a r t n e r s  
depend ing  on i n i t i a l  l e v e l  of i m m u n e  r e s p o n s e  of o ld  
a n i m a l s .  Magni tude  of i m m u n e  r e s p o n s e  of  young con-  
t r o l  a n i m a l s  t aken  as  100%. A b s c i s s a ,  g roup  of  an i -  
r e a l s .  Cont inuous  l i ne  r e p r e s e n t s  s i ng l e  young a n i m a l s ,  
b r o k e n  l ine  young a n i m a l s  c o n n e c t e d  wi th  old,  l i ne  of 
do t s  and d a s h e s  old  a n i m a l s  c o n n e c t e d  with  young,  
do t t ed  l ine  s i n g l e  o ld  a n i m a l s .  

c l e a r l y  m a r k e d  s t i m u l a t i n g  e f fec t  on the old.  If the  p h e n o m e n a  o b s e r v e d  d u r i n g  aging  w e r e  s i m p l y  the  r e s u l t  
of a d e c r e a s e  in the n u m b e r  o r  a c t i v i t y  of  p a r t i c u l a r  t ypes  of i m m u n o c o m p e t e n t  e e l l s ,  th i s  d e f e c t  in the  old  
p a r t n e r  cou ld  be  c o m p e n s a t e d  by  the young p a r t n e r ,  fo r  in o r d e r  to r e s t o r e  the i m m u n e  p o t e n t i a l  of a l e t h a l l y  
i r r a d i a t e d  a n i m a l  i t  i s  s u f f i c i e n t  to i n j e c t  107 bone m a r r o w  c e i l s  [1],  i . e . ,  about  o n e - f o r t i e t h  of the t o t a l  n u m -  
b e t  of bone  m a r r o w  c e i l s  in  a m o u s e  [3, 14]. F o r  the  s a m e  r e a s o n ,  the r e d u c t i o n i n t h e  i m m u n e  r e s p o n s e  of  
the  y o u n g p a r t n e r  cannot  b e  r e g a r d e d  as  the  r e s u l t  of s i m p l e  r e d i s t r i b u t i o n  of i t s  i m m u n o c o m p e t e n t  c e i l s  b e -  
tween  the  two p a r t n e r s .  M o r e  p r o b a b l y ,  a c t i v e  inh ib i t ion  of the i m m u n i t y  s y s t e m  of the young p a r t n e r  by  the 
o ld  t a k e s  p l a c e .  An i n v e s t i g a t i o n  by  Tauch i  and H a s e g a w a  [15] showed tha t  c h a n g e s  c h a r a c t e r i s t i c  of the  l i v e r  
c e l l s  of an old  a n i m a l  t ake  p l a c e  in the l i v e r  of a young p a r a b i o t i e  p a r t n e r .  In tha t  c a s e  t h e r e  w e r e  only 
h u m o r a l  i n f l u e n c e s .  It c an  c o n s e q u e n t l y  be  s u g g e s t e d  tha t  s u b s t a n c e s  wi th  a s u p p r e s s o r  e f fec t  on the i m m u n e  
r e s p o n s e  of the young p a r t n e r  c i r c u l a t e  in the b lood  of the  o ld  p a r t n e r .  
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