
t e rminan t  focus m o r e  often than in expe r imen t s  on cats  [2, 3]. This may be due to the fact  that c o r t i c o - c o r t i -  
eal  connections in rabbi t s  a r e  l e s s  well developed than in cats  [6, 7, 12, 13], and inhibitory m e c h a n i s m s  sup-  
p r e s s ing  independent secondary  epi leptogenes is  a r e  l ess  pe r fec t ly  developed [14[. 

On the whole it can be concluded f r o m  the r e su l t s  of these invest igat ions that spec ies  d i f fe rences  in the 
morphologica l  and functional organiza t ion  of the c e r e b r a l  cor tex  a re  respons ib le  only for  some pa r t i cu l a r  fea-  
tu res  of the rea l iza t ion  of the de te rminan t  pr inciple  but do not modify it substant ia l ly .  This fact,  together  with 
the observa t ion  that de t e rminan t  re la t ionships  exis t  in d i f ferent  pa r t s  of the CNS [1 ], is evidence that the de-  
t e rminan t  pr inciple  is un ive r sa l  in c h a r a c t e r  and is one of the essen t ia l  p r inc ip les  governing activi ty of the 
CNS. As has been  shown [1],  it is a bas ic  pr inciple  of i n t r a s y s t e m i c  re la t ions .  
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EFFECT OF THYMECTOMY AND THYMUS 

POLYPEPTIDE FACTOR ON INSTRUMENTAL 

REFLEX FORMATION TO FOOD IN RATS 

I. M. Kiselev and G. A. Belokrylov. UDC 612.833.36-06:612.438].014.46:615.357.438 

KEY WORDS: thymectomy; thymarin; instrumental reflex to food. 

The wr i t e r s  showed prev ious ly  [ 1, 3, 4[ that l ow-molecu l a r -we igh t  polypeptides isola ted by ex t rac t ion  
with acet ic  acid f r o m  the thymus ( thymarin)  and f r o m  the c e r e b r a l  cor tex of ca lves  (cortexin)  a re  not only 
ant igenical ly  re la ted  [4],  but also p o s s e s s  a common p rope r ty  of r e s t o r i n g  the T-ce l l  population in adult thy-  
m e e t o m i z e d  mice  by s t imulat ing di f ferent ia t ion of T -ce l l  p r e c u r s o r s  into m a t u r e  T lymphocytes  [3],  n o r m a l i z -  
ing immunologic  reac t iv i ty  to thymus-dependent  antigen in the thymec tomized  animals  [3l and s t imulat ing it in 
no rma l  an imals  [ 1]. It  was decided to study whether  this function of the thymus is l imi ted  to i ts  effect  on i m -  
munogenes is  or,  s ince it p o s s e s s e s  common antigenic components  with cel ls  of the c e r e b r a l  cor tex  [4],  i t  can 
also influence p r o c e s s e s  of higher  nervous  act ivi ty.  

The object  of this invest igat ion was to study the effect  of thymec tomy and of the thymus polypeptide f ac -  
to r  thymar in  on the e f fec t iveness  of ins t rumenta l  re f lex  fo rmat ion  to food in adult r a t s .  

Insti tute of Expe r imen ta l  Medicine, Academy of Medical Sciences of the USSR, Leningrad.  (P resen ted  by 
Academic ian  of the Academy of Medical Sciences  of the USSR A. A. Smorodintsev . )  T rans l a t ed  f rom Byulleten '  
Ekspe r imen t a l ' no i  Biologii i Meditsiny,  Vol. 94, No. 10, pp. 15-18, October ,  1982. Original  a r t i c l e  submit ted  
March  19, 1982. 
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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 thymectomized noninbred male albino rats .  The thymus was removed 
f rom animals aged 2-2.5 months under ether anesthesia,  with local infiltration of the operative field with 0.5% 
lidoeaine solution [2]. Experiments  to study the effect of thymectomy on instrumental  reflex formation to food 
were ca r r i ed  out 5-7 and 8-9 months af ter  the operation. Rats of the same age undergoing mock operat ions,  in 
which all stages of the operat ion except removal  of the thymus were per formed,  served as the control.  A 
course  of injections of thymarin,  which is a complex consist ing of polypeptide fract ions of the thymus with a 
molecular  weight of under 10,000 daltons, was given to the thymectomized animals 9 months af ter  the opera -  
tion. Thymar in  was injected in t ramuscula r ly  daily for ]0 days in a dose of 1.0 nag per  rat,  in 0.5 ml physiolog-  
ical saline. Completeness of removal  of the thymus was verif ied by autopsy at the end of the experiments  and 
by determinat ion of the number of T lymphocytes  in the spleen by the complement-dependent  cytotoxic test  [4] 
with ant i serum against  ra t  cerebra l  cor t ical  antigens, absorbed twice for  1 h at 20 ~ by ra t  l iver  homogenate 
or  by sheep and ra t  e ry throcy tes  in the rat io of 0.1 ml of solid cell residue to 1.0 ml of whole serum.  F resh  
guinea pig s e rum (1 : 3) was used as complement,  and in this dilution it has no di rec t  toxic action on lymphoid 
cells.  When the spleen was studied, 200 nucleated cells were counted in each animal and their  viability a s -  
sessed  by means of 0.2% aqueous solutions of t rypan blue. Ant• serum,  absorbed by the method indicated 
above, led to death of 98.5 • 1.9~ of thymocytes but of only 8.2 �9 1.9% of bone mar row cells of ra ts  in the cy-  
totoxieity test. 

The experimental  sys tem used in the experiments  for producing an instrumental  reflex to food in the 
thymectomized animals consis ted of a single box in which the rats  could move about f reely  and p ress  a pedal 
which automatical ly supplied food into a feeding bowl. After  a high level of food motivation had been created in 
the experimental  animal by keeping it for  a shor t  period (4-5 days) on a quantitatively deficient diet followed 
by deprivation for 24 h, it was placed in the experimental  chamber  where the number  of t imes it p ressed  the 
pedal, which was accompanied by recept ion of food (pieces of cheese) was recorded.  Responses followed by 
eating of the food between press ings  on the pedal were c lassed as complete.  The c r i te r ion  of formation of an 
ins t rumental  food reflex was five complete press ings  on the pedal, not interrupted by any behavioral  acts un- 
associa ted  with the inst rumental  obtaining of food and its subsequent consumption. The t ime required to reach  
this c r i t e r ion  also was recorded.  The animals were observed through a sys tem of m i r r o r s .  

The cha rac t e r  of motor  activity and its level were studied in the rats  by the "open  field" method [5t. 

EXPERIMENTAL RESULTS 

As Table 1 shows, 5-7 months af ter  thymeetomy a tendency was observed for values of the cr i te r ion  of 
learning of the inst rumental  food reflex by the rats  to fall: thymectomized animals were trained in 66.6 i 21.1% 
of cases  compared with 100% in the group of ra ts  undergoing mock operations and the number  of completed r e -  
sponses and the time taken for their  pe r formance  were reduced about by half compared with the control.  To 
reach the c r i te r ion  of learning, 8-9 months after  thymeetomy three t imes more  completed re sponses were needed; 
the t ime required for their  pe r formance  also showed a s imi la r  increase  compared with animals undergoing the 
mock operation; the number  of trained thymectomized animals fell to 22.2 ~= 14.7% compared with 85.7 • 9.7% 
in the group of ra ts  undergoing the mock operat ion (P < 0.01). 

Injection of thymarin  in a dose of L0 mg per  animal in t ramuscular ly  for 10 days into the thymectomized 
ra ts  9 months af ter  the operation increased  the percentage of trained animals f rom 22.2 i 14.7 to 85.7 • 14.9%. 

TABLE 1. Effect of Thymectomy and Thymus Polypeptide Fac tor  on Per fo rmance  of Rats 
Taught an Instrumental  Food Reflex (M i m) 

Group of rats 
Number of 

ratS 
in group 

Time after 
operation, 
months 

No. of completed �9 
Number o f  trained responses to reach 

animals, % criterion of learning 

Time taken to reach 
criterion of  learning, 

min 

Mock operation 6 5 - - 7  1 O0 12 ,7•  1.1 42,2• 6.1 
14 8 - - 9  8 5 , 7 •  I 0 , 2 •  3 7 , 1 •  

Thymeetomy 6 5 - - 7  6 6 , 6 •  21,1 I 5 , 2 •  3, t 7 4 , 8 •  13.2" 
9 8 - - 9  22,2• 14,7"* 3 1 , 5 •  0,8"* 112,84- 1.9"* 

T h y m e c t o m y  + administration 
of thymarin 7 Over 9 8 5 7 •  14,9"** 17 ,6•  55 ,6•  

Legend:One  and two as te r i sks  indicate significant difference compared  with corresponding 
values for  ra ts  of the same age undergoing mock operation, at P < 0.05 and P < 0.01 levels 
respect ively;  three as te r i sks  indicate significant difference compared  with corresponding 
values for thymectomized animals of the same age, at P < 0.01. 
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TABLE 2. Results of Study of Rats '  Behavior 
by "Open Fie ld"  Tes t  5-7 Months (A) and 
8-9 Month: (B) af ter  Operation (M + m) 

Parameter 

No. of 
standings on 
hind limbs 
No. of 
crossings of 
center 
No, of 

crossings of 
squares 
No. of 
defecations 

Rats undergoing mock 
operation 

A B 

7,3• 4,9• 

1,0• 0,75• 

75,3• 46,2~6,0 

2,0• 2,7• 

Thymectomized 
rats 

A 

9,2• 

1,53~0,3 

74,0• 

1,9• 

3,4• 

0,6• 

41,8• 

2,8• 

The cha rac te r  of motor  activity, its intensity, and the level of emotional activity, measured  as the number of 
defecations,  were the same in animals undergoing thyrnectomy and the mock operation, both 5-7 months and 
also 8-9 months af ter  the operat ion (Table 2). 

The number  of T cells in the spleen of ra ts  before and 5-6 months af ter  the mock operation was 29.8 • 
2.3 and 26.3 + 3.1% respect ively ,  and after  9 months their  number  had fallen to 19.0 • 2.6%. The number of T 
lymphocytes in the spleen 5-7 months af ter  the operat ion had fallen to 2.2 • 0.7%, and after  8-9 months no T 
cells  whatever  could be found. Injection of thymarin  into the ra ts  9 months af ter  the operat ion re s to red  the 
number  of T lymphocytes f rom 0 to 25.0 + 3.5%. 

The resul ts  indicate that thymectomy not only disturbs the immunologic functions of the animal [31, but 
also affects higher nervous activity. In par t icular ,  it lowers  the effect iveness of training in an instrumental  
food reflex:  5-7 months af ter  thymectomy the percentage of animals trained in the instrumental  food reflex was 
down to 66.6 • 21.1, and 8-9 months after  the operat ion it was only 22.2 • 14.7 compared with 85.7 �9 9.7 in the 
group of ra ts  undergoing the mock operation. The decrease  in effect iveness of instrumental  food reflex fo rma-  
tion in thymectomized rats, it will be noted, was not accompanied by any change in the animals' motor activity 
- one of the important factors involved in instrumental behavior formation. 

The antigenic kinship of thymarin and cortexin, but not of the preparation from the white matter of the 
brain [4], suggests that these polypeptides, even if not identical, at least must have common antigenic compo- 
nents with Thy-1 antigen, for the latter, like thymosin [11] (thymarin was used in the present experiments), is 
synthesized by the epithelial cells of the thymus [131, it has the same polypeptide molecular weight (12,500 
daltons) [7, 10], and cortexin, like the Thy-I brain antigen, is found only in the gray matter of the brain and is 
practically absent in the white matter [3, 4]. In turn, the Thy-I antigens of thymus and brain are not only anti- 
genically related, but they also have an absolutely identical amino-acid composition [6]. Meanwhile the Thy-1 
antigens of thymus and brain do not possess quantitative correlations: congenital absence of the thymus in nude 
mice does not involve any quantitative changes in Thy-1 antigen in the brain [9]. Nevertheless, up to 20% of T 
lymphocytes can be found in these animals [8]. Partial restoration of this cell population is observed in adult 
thymectomized animals in the late stages after thymectomy [ 14]. It can be tentatively suggested that the pres- 
ence of T lyrnpohcytes in mice with congenital absence of the thymus, like the partial recovery of this cell pop- 
ulation in adult thymectomized animals, is due to the regulating influence of brain Thy- 1 antigen: Data on the 
discovery  of a thymus fac tor  (thymosin ~1) in the cerebrospinal  fluid and its ability to penetrate into the bra in  
[ 12] and to pe r fo rm the function of a mediator  [15] are  par t icu lar ly  interest ing f rom this point of view. 

The fact that not only is the functional activity of the T lymphocytes  of thymectomized rats  r e s to red  
quantitatively by thymarin,  but ability to learn  complex inst rumental  forms of behavior,  when sharply de-  
p res sed  af ter  thymectomy,  also is res tored ,  is evidence of close corre la t ions  between the immune and nervous 
sys tems.  

1.  

2. 
3. 
4. 

LITERATURE CITED 

G. A. Belokrylov, V. G. Morozov, and V. Kh. Khavinson, Byull. Eksp. Biol. Med., No. 12, 703 (1978). 
G. A. Belokrylov, Zh. Mikrobiol., No. 9, 55 (1978). 
G. A. Belokrylov, Byull. Eksp. Biol. Med., No. 6, 572 (1979). 
G. A. Belokrylov, Byull, Eksp. Biol. Med., No. 9, 330 (1980). 

1328 



5. T . P .  Semenova,  V. A. Ivanov, and T. M. TretYyak, Zh. Vyssh. Nerv.  Deyat. ,  No. 3, 640 (1979). 
6. A . N .  Barc lay ,  M. Le t a r t e -Mui rhead ,  and A. F. Wil l iams,  Blochem. J . ,  15___~1, 699 (1975). 
7. A . L .  Goldstein,  A. Guha, M. M. Zatz,  et al. ,  Proe .  Natl. Acad. Se[. USA, 6_~9, 1800 (1972). 
8. D . W .  Jenkins ,  J .  Ao Need, J .  S. Scott, e t  al . ,  Br.  Med. J . ,  112, 542 (1978). 
9. G. Kraal ,  D. Boden, and E. V. Hull, Immunology,  3__6_6, 799 (1979). 

I0. P . W .  Kuhel, D. G. Campbel l ,  A. N. Barc lay ,  et ai. ,  Biochem. J . ,  169, 411 (1978). 
11. B. Mandi and T. Glant, Nature New Biol., 246, 25 (1973). 
12. J.  MeClure,  A. T o r r e y ,  and A. L. Goldstein,  in: Psychoneuro immunology ,  R. Ader ,  ed., New York 

(1981), p. 21. 
13. R. Raedler ,  E. Arndt ,  E. Raedler ,  et al., Eur.  J.  Immunol . ,  8, 728 (1978). 
14. T. Sato, H. Kamisaku,  and S. Aizawa, Cell. Immunol . ,  49.__, 51 (1980). 
15. C . A .  Wil l iams,  Nature,  283, 82 (1980). 

N O N Q U A N T U M  A C E T Y L C H O L I N E  R E L E A S E  IN 

T H E  F R O G  M Y O N E U R A L  J U N C T I O N  A F T E R  

D I S T U R B A N C E  O F  A X O P L A S M I C  T R A N S P O R T  

BY C O L C H I C I N E  

E .  M. V o l k o v  a n d  G.  I .  P o l e t a e v  UDC 612.815.2:612.816].014.46:615.277.3:547.944.6 

KEY WORDS: nonquantum acetylehol ine re lease ;  axop lasmie  t ranspor t ;  neurot rophie  control;  
musc le  f iber .  

Dis turbance  of axop lasmie  t r a n s p o r t  (AT) by colchieine (Co) in a frog moto r  ne rve  lowers  the res t ing  
m e m b r a n e  potential  (MP) of musc le  f ibers ,  the po ta s s ium conductance of the m e m b r a n e  becomes  g r e a t e r  than 
the chloride conductance,  and ex t rasynapt ic  sens i t iv i ty  to aeetylchol ine (ACh) appears ,  jus t  as a f t e r  d en e rv a -  
tion of the musc le  [2-4] .  However,  in the f i r s t  case  t r a n s m i s s i o n  of excitat ion f rom nerve  to musc le  is p r e -  
se rved  [1, 2]. S imi la r  denerva t ion- l ike  changes in the m e m b r a n e  of skele ta l  musc l e s  develop a f t e r  AT b lock-  
age in m a m m a l s  also [5, 11]. These  observa t ions  suggest  that the p rope r t i e s  of the m e m b r a n e  of the inner -  
vated skele ta l  muse le  f iber  a re  de te rmined  by subs tances  t r anspo r t ed  to the musc le  by AT [2-5, 11]. 

However,  the opinion also is held that synapt ic  ACh may  also play the role  of fac tor  respons ib le  for  
neurot rophic  control  of the musc le  m e m b r a n e  [71. A specia l  role  in this p roce s s ,  it will be noted, has recent iy  
been a sc r ibed  to ACh [7] l ibe ra ted  by ne rve  endings in nonquantum f o r m  [6, I0 ! .  It was accordingly  i n t e r e s t -  
ing' to study the effect  of AT blockade on nonquantum ACh r e l ea se ,  and the invest igat ion desc r ibed  below was 
c a r r i e d  out for  that purpose .  

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

Exper imen t s  were  c a r r i e d  out on the s a r t o r i u s  musc le  of the frog Rana ridibunda in the fall and winter,  
using a s tandard  m i c r o e l e c t r o d e  technique. AT in the nerve  supplying the musc le  was blocked with 10 mM solu-  
tion of Co ( f rom Merck,  West Germany} by the method desc r ibed  prev ious ly  [2]. During the expe r imen t  the 
musc le  was kept in continuously flowing R inge r ' s  solution of the following composi t ion (in raM): NaC1 118, 
KC1 0*  CaC12 1.8, in phosphate buffer ,  pH 7.3, at 10 • 0.5~ Before  the e x p e r i m e n t  the musc le  was kept for  
30 rain in R inge r ' s  solution containing 5 • 10 -s M armin,~; an i r r e v e r s i b I e  ace ty l cho l ines t e ra se  inhibitor,  and 
was then r insed  for  20 rain. MP was r eco rded  a l t e rna te ly  in the synapt ic  and ex t rasynapt ic  zones of s e v e r a l  

*As in Russ ian  or ig inal  - Publ i sher .  
TEthyl-p-ni t rophenyl  e s t e r  of ethylphosphinic acid. 
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