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Removal  of the thymus s t rengthened and prolonged to le rance  to sheep ' s  red blood cel ls  obtained 
with the aid of cyc lophosphamide  if t hymec tomy  was p e r f o r m e d  on the mice  before  or  a f t e r  the 
induction of to le rance .  Thymec tomy  had its g r e a t e s t  effect  if p e r f o r m e d  24 h before  the induc- 
tion of to le rance .  The resu l t s  conf i rm the view that  this f o r m  of to l e rance  is due to a def ic iency 
of a definite clone of T he lpe r s .  
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Severa l  concepts  have been sugges ted  in o r d e r  to explain the mechan i sm of immunologic  to le rance .  Ac-  
cording to one of them, the cause  of specif ic  to le rance  is the el iminat ion or  inact ivat ion of the cor responding  
clone of immunocompetent  cel ls  (for thymus-dependent  antigens these  a r e  the T he lpers  [1, 4, 13]). Other  
worke r s  explain the s t a te  of immunologic  to le rance  by act ivat ion of T s u p p r e s s o r s  [3, 6]. To study this p rob-  
l em var ious  f ac to r s  have  been used to inhibit the function of the T ce l l s ,  such as thymectomy,  admin is t ra t ion  
of ant i !ymphoeyt ic  s e r u m ,  and so on [7]. According to e a r l i e r  s tudies [2, 5, 12], p r e l i m i n a r y  t hymec tomy  
deepens and prolongs the s ta te  of to l e rance  to ce r ta in  thymus-dependent  ant igens.  In r ecen t  y e a r s ,  however ,  
new data not conf i rming this hypothesis  have  been obtained [8, 10, 11]. 

The object  of this invest igat ion was to study the effect  of thymec tomy on the fo rmat ion  of to le rance  to 
sheep ' s  red blood cel ls  (SRBC) obtained with the aid of cyclophosphamide (CP) and on the dynamics  of the sub-  
sequent  r e c o v e r y  of immunoreac t iv i ty .  

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

Noninbred ma le  m i c e  and (CBA x C57BL/6)F 1 ma le  m i c e ,  weighing 18-20 g, were  used.  To le rance  to SRBC 
was induced by in t raper i tonea l  injection of 6.2 �9 109 SRBC and, 42-45 h l a t e r ,  in t raper i tonea l  injection of CP 
in a dose  of 200 m g / k g  [1]. Animals  rece iv ing  CP and intact  mice  s e rved  as the control .  

In s e r i e s  I some  of the exper imenta l  and control  an imals  we re  thymectomized  2 weeks before  induction 
of to le rance .  The opera t ion was p e r f o r m e d  under  hexabarb i ta l  anes thes ia  (100 mg/kg ,  in t raper i toneal ly) ,  
using a su rg ica l  e lec t r ic  suct ion appara tus .  At var ious  t imes  a f t e r  induction of to le rance  (7, 30, and 90 days) 
the an imals  we re  given an intravenous injection of 5.108 SRBC, and the number  of an t ibody- forming  ce l l s  
(AFC) in the spleen was counted on the 4th day by the method of local  hemolys i s  in gel. 

In the exper iments  of s e r i e s  II  t h y m e c t o m y  was p e r f o r m e d  before  the induction of to le rance  (1 o r  14 
days before  injection of SRBC) or a f t e r  induction (3 h a f t e r  injection of CP). Animals  undergoing mock  thy-  
m e c t o m y  se rved  as an additional control ,  One month a f t e r  the injection of CP the mice  w e r e  given an i n t r av e -  
nous in jec t ionof5 ,108  SRBC; the number  of AFC in the spleen was counted on the 4th day by J e r n e ' s  method.  

In all the expe r imen t s  the comple teness  of r emova l  of the thymus was ver i f i ed  before  de te rmina t ion  of 
the number  of AFC in the thymec tomized  animals .  Mice with r ema ins  of the thymus were  re jec ted .  
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Fig. 1. Dynamics  of r e c o v e r y  of immunoreac t iv i ty  in to le ran t  and control  an imals ,  t) 
Thymec tomized  to le ran t  mice;  2) to le ran t  mice;  3) thymec tomized  mice  rece iv ing  CP; 
4) mice  rece iv ing  CP; 5) thymec tomized  mice;  6) intact  mice .  Ordinate,  number  of 
AFC in spleen; a b s c i s s a ,  t ime  of invest igat ion,  days.  

Fig. 2. Effect  of interval  between operat ion and induction of to le rance  on level  of t o l e r -  
ance.  Black columns denote thymec tomized  mice;  unshaded columns mice  undergoing 
mock thymectomy.  1, 2) Operat ion 14 days before  induction of to lerance;  3, 4) operat ion 
i day be fo re  induction of to le rance ;  5, 6) opera t ion 3 h a f t e r  induction of to lerance;  7, 8) 
opera t ion  16 days be fo re  injection of CP; 9) level of immune r e sponse  of to lerant  animals ;  
10) level  of immune r e sponse  of mice  rece iv ing  CP. Ordinate ,  number  of AFC in spleen. 

EXPERIMENTAL RESULTS 

The results of investigation of the formation and dynamics of recovery of immunoreactivity in the toler- 
ant and control, thymectomized and intact, animals are shown in Fig. i. Experiments were carried out on 310 
noninbred mice. Tolerance was studied on the 7th, 30th, and 90th days after injection of CP. As Fig. 1 shows, 
t hymec tomy  inc reased  to le rance  s t a r t ing  f r o m  the f i r s t  t ime  of investigation.  L a t e r  during the exper iments  
the d i f fe rences  between the thymee tomized  and nonthymectomized to lerant  mice  increased ,  evidence of d i s -  
turbance  of the r e c o v e r y  of immunoreac t iv i t y  as a r e su l t  of thymectomy.  The deepening and prolongat ion of 
to le rance  in the thymec tomized  an imals  were  in ag reemen t  with evidence obtained p rev ious ly  that the main 
f ac to r  in this f o r m  of t o l e rance  is a def ic iency of T cells  [1]. Never the less ,  as is c l e a r  f r o m  Fig. 1, abi l i ty to 
f o r m  antibodies in thymec tomized  to le ran t  an imals  neve r the l e s s  inc reased  a lmos t  sixfold in the cour se  of 
t ime.  Pa r t i a l  r e c o v e r y  of immunocompetence ,  despi te  the thymectomy,  can be explained in two ways:  1) 
blockade of T he lpers  in this f o r m  of to le rance  may  be r eve r s ib l e ;  2) a f t e r  t hymec tomy  natural  death of the 
T s u p p r e s s o r s  is obse rved  [8, 9], leading to intensif icat ion of the immune response .  The second suggest ion 
is cont radic ted  by the fac t  that  t h y m e c t o m y  in the control  an imals  had no signif icant  effect  on the intensi ty  of 
the immune r e sponse  r e g a r d l e s s  of the t ime  of observa t ion  (Fig. 1). 

The resu l t s  of exper imen t s  to c o m p a r e  the ef fec t iveness  of induction of to l e rance  depending on the t ime  
of t hymec tomy  a re  s u m m a r i z e d  in Fig. 2. Exper imen t s  we re  c a r r i e d  out on 104 male  (CBA • C57BL/6)F 1 
mice  weighing 18-20 g. As will be  c l e a r  f r o m  Fig. 2, r emova l  of the thymus in this s e r i e s  of exper iments  
a lso  intensified to le rance  wha teve r  the t ime  of thymectomy.  The opera t ive  t r a u m a  i tself  did not affect  the 
fo rmat ion  of to le rance :  In to le ran t  an imals  undergoing mock thymee tomy (groups 2, 4, 6) the AFC level  
agreed  exact ly  with the AFC level  in intact  to le ran t  an imals  (groups 1 and 3). If, however ,  the mice  w e r e  
thymec tomized  immed ia t e ly  a f t e r  the induction of to le rance ,  this operat ion was re f lec ted  in the level  of t o l e r -  
ance much l e s s  s t rongly  (group 5). These  d i f fe rences  pe rhaps  indicate that during the induction of to le rance  
some  p r e c u r s o r s  of T he lpers  avoid inact ivat ion by migra t ing  f rom the thymus into the pe r iphera l  lymphoid 
organ.  It  was shown prev ious ly  [1] that  dur ing the induction of to le rance  in t ra thymic  and ext ra thymie  p r e c u r -  
so r s  of T he lpe r s  a r e  inact ivated equally.  However ,  the in te rmedia te  s tage  of d i f ferent ia t ion of the T he lpers  
is evidently m o r e  r e s i s t an t  to this p r o c e s s .  

It follows f r o m  Fig. 2 that  to le rance  in an imals  thymectomized  beforehand was weake r  if the opera t ion 
was p e r f o r m e d  1 day, and not 14 days,  before  injection of the antigen (groups 1 and 3). In that case  the long-  
t e r m  consequences  of t h y m e c t o m y  w e r e  evidently apparen t  - a change in the ra t io  between individual subpop-  
ulations of T cel ls  in the to le ran t  an imals ,  marked  exhaustion of shor t - l iv ing  T 1 cel ls  [8, 8], and loss  of con-  
t ro l  ove r  thei r  different ia t ion by thymus hormones .  
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The results confirming the effect of thymectomy on the recovery of immunoreactivity in tolerant mice 
are in harmony with the observations of Aisenberg et al. [2]. Contrary data were obtained on other models of 
tolerance (injection of de-aggregated protein antigens [9, 11]). The time chosenby the present writer for the 
operation (2 weeks before injection of the antigen) led to reduction of the T suppressors by the time of induc- 
tion of tolerance [8, 9]. The fact that thymectomy not only did not prevent the induction of tolerance, but ac- 
tually intensified it, points to the clonal-deficiency nature of this form of areactivity. Meanwhile, the more 
marked intensification of tolerance when thymectomy was performed 1 day and not 14 days beforehand can be 
interpreted as evidence of the participation of short-lived T suppressors in the induction of tolerance. 
However, participation of T suppressors is not an essential component of this process. 
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