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E F F E C T  OF D , L - D O P A  ON P R O T E I N  A N T I G E N  C O N T E N T  

IN S O M E  R A T  B R A I N  S T R U C T U R E S  

I .  F .  P a r l o r  a n d  M.  B .  S h t a r k  UDC 612.82(577.3'1):577.122:57.085 

KEY WORDS: brain ,  prote in  antigens,  neurospec i f ic  pro te ins ,  dopa. 

The p rob lem of the role  of n e u r o t r a n s m i t t e r  s y s t e m s  in t r ans - synap t i c  regulat ion of p ro te in  synthes is  in 
pos tsynapt ic  s t r u c t u r e s  is a key p rob lem in neurobiology.  A decis ive  role  has been Bscribed to the poss ib le  
se lec t ive  effect  of n e u r o t r a n s m i t t e r s  on pos t - t r ans l a t i on  modificat ion of prote ins  in the convers ion  of s h o r t -  
t e r m  changes in unit act ivi ty into s table ,  l o n g - t e r m  changes.  Induction of modif icat ions of individual b r a in -  
specif ic  pro te ins  (antigens) by med ia to r s  undoubtedly has a d i rec t  bear ing on the mechan i sms  of p las t ic i ty  [9]. 

Data on the mechan i sms  of concre te  in te rac t ionbe tween  n e u r o t r a n s m i t t e r s  and pro te in -syn thes iz ing  bra in  
s y s t e m s  are  ve ry  scanty and are  concerned chiefly with synthes is .  Changes in RNA and pro te in  synthes is  in 
the bra in  have been demons t ra ted  under  the influence of noradrena l in  (NA) and its analogs [2, 3, 14]. F o r  ex-  
ample ,  s t imulat ion of ad reno reeep to r s  by amphe tamine  inhibited incorpora t ion  of rad ioac t ive  label  in RNA and 
pro te ins ,  but with an inc rease  in the dose of the drug the i r  synthes is  was ac t iva ted  [2, 3]; D-amphe tamine  in-  
hibited pro te in  synthes is  in the r a t  b ra in  [14]; a d e c r e a s e  in the NA content in the bra in  by die thyl thiocarbonate  
and r e s e r p i n e  reduced,  whereas  e levat ion of the NA level  i n c r e a s e d , t h e  intensi ty  of RNA synthes is  [4]. 

Changes in nucleic acid and pro te in  me tabo l i sm under  the influence of NA may  a lso  be an impor tan t  s tage  
in the m e c h a n i s m  of regulat ion of synapt ic  eff ic iency [7]. Evidence of this is given by reorgan iza t ion  of the 
chemoreac t ive  p rope r t i e s  of c e r eb ra l  neuron m e m b r a n e s  by micro iontophore t ic  applicat ion of NA and by s t i m -  
ulation of the locus coeru leus ,  the pr incipal  s i te  of concentra t ion of no rad rene rg i c  neurons  [5, 13]. C lea r ly  the 
role  of  individual pro te ins  in this p r o c e s s  may be ve ry  cons iderab le .  An e lec t rophore t ic  study of wa te r - so lub le  
pro te ins  of the c e r e b r a l  and c e r e b e l l a r  cor tex revea led  divergent  changes in individual pro te in  f rac t ions  in r e -  
sponse  to e l ec t r i ca l  s t imulat ion of the locus coeruleus  [8]. However ,  the question of the functional role  of dif-  
fe ren t  individual, including t i s sue - spec i f i c ,  pro te ins  in the mechan i sms  of action of NA r ema ins  unsolved. 

The a im of the p re sen t  invest igat ion was to study (by c ro s sed  immunoe lec t rophores i s )  the c h a r a c t e r  of 
the effect  of the NA p r e c u r s o r  D,L-dopa ,  on the content of prote in  antigens ia the hypothalamus,  ce rebe l lum,  and 
f rontal  cor tex  of the r a t  bra in .  

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

An an t i s e rum obtained by immunizing rabbi t s  with wa te r - so lub le  ex t rac t  of r a t  b ra in  by the scheme de-  
s c r i bed  previous ly  [11] was used fo r  the immunochemica l  invest igat ions.  To r emove  antibodies against  s e r u m  
prote in  the immune s e r u m  was exhausted with r a t  blood s e r u m  [6]. 
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TABLE 1. Content of Antigens in Rat Brain 
Structures  af ter  Injection of D,L-Dopa (in % 
of control) 

Antigen 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Brain structure 

cortex 

98 

94 
105 
lll 
100 
102 

1;; 
105 

cerebellum 

106 

105 
95 

110 
95 

104 
121" 
107 
ll0* 

hypothalamus 

100 
113, 
107 
105 
126 
96 

102 
141"* 
111 
125. 

Legend. * P <  0.05; * * P <  0.01. Twelve ex-  
per iments  each in control  and experiment .  

Fig. I. 

5 
7 

Crossed immtmoelectrophoresis of rat cerebellum antigens (shown diagramatically on 
right). Explanation in text. 

Experiraents were ca r r i ed  out on male Wis tar  ra ts  weighing 200-300 g. There were  two ser ies  of ex-  
per iments ,  and 12 animals were used in each se r i e s .  The ra ts  were  given an intraperi toneal  injection of D ,L-  
dopa (from Reanal, Hungary) in a dose of 40 m g / k g .  The solvent was injected into control animals.  The rats  
were decapitated 1.5 h la ter  and the frontal  cortex,  cerebel lum,  and hypothalamus were  removed in the cold. 
The brain s t ruc tu res  were homogenized in barbital  buffer, pH 8.6, with ionic s trength 0.035, in the rat io of 3 ml 
buffer to 1 g t issue.  The homogenate was centrifuged at 8000 rpm for  50 rain and the supernatant was inves-  
t igated by c ros sed  immunoelec t rophores is  [12]. 

Samples 5 pl in volume were f ract ionated e lec t rophoret ica l ly  in 1% agarose  gel in the same buffer with a 
field intensity of 1 2 V / c m  for  20 rain. E lec t rophores i s  was then continued in gel containing 120 pl/cm 2 of anti-  
se rum,  with a potential gradient  of 2 V / c m  for  18 h at  14~ After  immanoelec t rophores is  the plates with gel 
were washed in 0.15 M NaC1, dried at 60~ and stained for  proteins with Coomassie  bright blue R-250 (from 
Farak ,  Eas t  Germany).  

The content of protein antigens in the brain s t ruc tu res  was es t imated f rom the a rea  of the precipi tat ion 
peaks ,  which is direct ly  proport ional  to the concentrat ion of the corresponding antigen in the tes t  mixture [12]. 
The resul ts  were subjected to s tat is t ical  analysis  by Student's t test  and dispers ion analysis .  

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

The an t i se rum used, which reac ts  in c ros sed  immunoelec t rophores is  with extracts  of rat  brain s t ruc tu res ,  
revealed  about 20 precipitat ion peaks differing in position, shape, and intensity of staining (Fig. 1). The ten 
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Fig.  2. Content of antigen 1-10 in ra t  bra in  
structures (in conventional units). F i r s t  
column in each group r e p r e s e n t s  f rontal  
cor tex ,  second - ce rebe l lum,  th i rd  - hypo-  
tha lamus  (n = 6). 

antigens which could be identified in all  t e s t  s t r u c t u r e s ,  and with which the l a t e r  work  was done, were  num-  
bered  f r o m  1 to 10. Antigens 1-10 were  absent  in ra t  blood s e r u m ,  but antigens 4-10 were  found in l ive r  ex-  
t r a c t s ,  i .e . ,  they are  not specif ic  fo r  brain .  

The invest igat ion showed that these  brain  s t r u c t u r e s  di f fered quanti tat ively in the i r  content of antigens 
revea led .  The content  of antigens 1, 4, and 7 were  only equal in the  cor tex ,  ce rebe l lum,  andhypotha lamus;  the r e -  
maining antigens were  unevenly d is t r ibuted  among the s t r u c t u r e s .  

The r e su l t s  in Table t indicate that  inject ion of D,L-dopa  into the an imals  affected m e t a b o l i s m  of in-  
dividual p ro te ins  (antigens) of the bra in  s t r u c t u r e s  to a different  degree .  In mos t  eases  the changes w e r e  in 
the d i rec t ion of an inc rease  in the i r  content, and the changes were  g r e a t e s t  in the hypothalamus.  A signif icant  
i n c r e a s e  in the content of antigens 8 and 10 was obse rved  in the ce rebe l lum and hypothalamus,  and of antigen 2 
in the hypothalamus;  the l a t t e r  was p r e s en t  in much s m a l l e r  quanti t ies in the ce rebe l lum and f rontal  cor tex .  

Attention is drawn to the fact  that locat ions of antigens 8 and 10 c o r r e l a t e  with the dis tr ibut ion of NA in 
the cor tex,  ce rebe l lum,  and hypothalamus [1, 15]; the content of antigen 2 in the hypothalamus,  like that  of NA, 
was s eve ra l  t imes  g r e a t e r  than in the other  two s t r u c t u r e s  (Fig. 2). 

It can be concluded f r o m  the resu l t s  that  NA par t i c ipa tes  'in the regulat ion of m e t a b o l i s m  of wa te r - so lub le  
antigens 2, 8, and 10 in the brain,  and one of its mechan i sms  may be se lec t ive  s t imulat ion of t he i r  synthes is  o r  
pos t - t r ans l a t i on  modificat ion by the n e u r o t r a n s m i t t e r .  

This hypothesis  gives added conviction to our  prev ious  data [10] indicating that  injection of d i su l f i r am,  
an inhibitor of NA synthes is ,  into r a t s  se lec t ive ly  affects  the content of b ra in - spec i f i c  (P1) and g e n e r a l - t i s s u e ,  
c ro s sed  (P2) antigens in the cent ra l  s t r u c t u r e s .  Changes in the i r  content we re  linked with s tages  of learning:  
P1 with the record ing  of informat ion,  Pz with its fixation in the brain .  The r e su l t s  of the p re sen t  invest igat ion,  
obtained by quanti tat ive immunoe lec t rophores i s ,  allow these hypotheses  to be developed fu r the r  and sugges t  the 
poss ib i l i ty  of ntranslat ion" of the new biochemical  pro te in  phenotype induced by monoamines  (NA) into an e l e -  
men ta ry  behaviora l  act  through a s y s t e m  of NA - secondary  m e s s e n g e r  - individual pro te in  (antigen). P o s t -  
t r ans la t ion  modificat ion of this antigen (these antigens) may  also  lie at the bas i s  of f ixation of an acqui red  ski l l  
and its subsequent  uti l ization and improvemen t .  

The authors  a re  gra teful  to P. N. Lyubos lavskaya  fo r  help with the work.  
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CIRCADIAN RHYTHM OF ACTIVITY OF THE CAUDATE 

NUCLEUS IN CATS AND ITS SENSITIVITY TO PSYCHOTROPIC DRUGS 

E. B. Arushanyan and V. D. Parlor UDC 612.826.1"52~+612.826.1.014.46:615.214 

KEY WORDS: caudate nucleus; circadian rhythm; psychotropic drugs. 

Circadian changes in brain function may be reflected significantly in the action of psychotropic drugs. 
The specific properties of individual psyehostimulants and neurolepties largely depend on changes in activity 
of the basal ganglia and, in particular, of the caudate nucleus [2, 3]. 

It was  accordingly decided to a s s e s s  the c h a r a c t e r  of caudate nucleus act ivi ty at different  t imes  of the 24-h 
per iod  and to a s s e s s  the role  of this fac tor  in the effect  of the psychos t imulant  amphetamine  and of the n e u r o -  
leptic  haloper idol .  

EXPERIMENTAL METHOD 

Altogether 96 experiments were carried out on seven cats of both sexes weighing 2-3.5 kg. Under pento- 
barbital anesthesia bipolar nichrome electrodes (diameter 0.2 ram) were first inserted into different parts of 
the caudate nucleus. One week after the operation the experiments were repeated, with the conditions of keeping 
and feeding standardized as much as possible. Natural illumination was used during the summer months (June 
to August). The level of general activity of the cats was assessed by their response to adequate test stimuli 
(calling by name, petting, playing) by means of a point scale [8]. To characterize stereotyped behavior the num- 
ber of head movements was counted and abnormal activity of the animals was recorded cyclographically [5]. 
The caudate nucleus was stimulated by square pulses (frequency 2 pulses/sec, strength of current 2-20#A, 
duration of stimulus 0.5 reset, of stimulation 10-15 see). Restraint of movements arising as a result was an- 
alyzed by the method described previously [4]. 

In three cats (Nos. 6, 7, and 8; eight experiments) general activity and thresholds of the restraining re- 
sponse were determined during the 24-h period every 3 h starting at 9 a.m. In the other cases the caudate re- 
sponse and effect of the drugs were assessed at midday (ii a.m.-i p.m.) and midnight (11 p.m.-i a.m.) at inter- 
vals of 2-3 days. The drugs were injected intraperitoneally at the specified times 25-30 min before determina- 
tion of the effect. ~he numerical results were subjected to statistical analysis by StudentTs t test (P < 0.05). 
After the end of the experiments and fixation of the brain, the position of the stimulating electrodes was deter- 
mined in frontal sections and compared with data in the atlas [13]. 
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