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SAVAKI tt. t',. AND (;. M. LI-VIS. CYmnges in rat brahtgangliosidesfollowingaetire aroidanee conditionbtg. PItARMA('. 
BIO('HEM. BEttAV. 711) 7- 12, 1977. - Brain gangliosides ot'rats trained in a conditioned avoidance Sidman task and 
undisturbed rats in their cages were studied. The (' 4(?) acetate was injected intracerebrally seven days before the starting 
of 30 days training. Thirty-seven days after injection all rats were killed and ganglioside fractions were isolated from 
neocortex, hippocampus, brain stem, cerebellum and residual cerebral tissue of each one brain. Trained rats had higher 
levels o f  ( ~ 4  (J-labeled polysialogangliosides 1(;,. G:.  G., 1 in hippocampus and neocortex than the controls. Regarding the 
rest of the brain areas, a significant increa,~ of G 2 in the residual cerebral tissue of the trained as compared with the 
controls was found. The results suggest that the sialic acid rich gangliosides of <rely certain parts of the brain are affected 
by the Sidman avoidance conditioning of the animals. 

(;angliosides Active avoidance conditioning Sidman schedule l,earning 

( ;ANGLIOSIDES are concen t r a t ed  at areas of high synapt ic  
densi ty in tile nervous sys tem [1, 4, 8, 11, 32] .  They 
increase in amotmt  as well as in complex i ty  with onto-  
genetic and phylogene t ic  evolut ion 137, 41, 46, 47] .  ( 'ell 
con t ac t -dependen t  ganglioside changes have been repor ted ,  
suppor t ing  their  role during the format ion  of  synapses  
[17,491. It has been suggested that gangliosides play an 
inlpor tant  role in the neuronal  t ransmission [12 .39 ] ,  
possibly by exer t ing  an ion binding and releasing funct ion  
19,331 and that  they may be involved in the in format ion  
storage processes [15, 16, 261, or in the facili tation of  the 
funct ional  es tab l i shment  of  a synapt ic  pa thway [5, 6, 7, 
43] .  Ganglioside metabol ism in relation to sensory stimula- 
lion has recently been s tudied [10. 13, 36] .  Small changes 
of ganglioside metabol ism in the whole brain of  the rats or 
mice have been found after  short term behavioral stimula- 
tion [14,211.  It has been shown also that passive avoidance 
learning is inhibi ted by ant iserum to brain gangliosides 
[281. In view of  these cons idera t ions  we have s tudied tile 
changes in ganglioside species, which have been identif ied in 
particular parts o f  tile rat brain, after a long term active 
avoidance condi t ioning.  

METHOD 

Beha rioral Procedure 

Male Wistar rats were housed in a t empera tu re  control led  
room with a constant  pho tope r iod  of 12 hr l ight/12 hr 
dark. At the 23rd day of  their age each rat was given 
intracerebral ly 50 u C i - l t ' ' ( ' ) a c e t a t e  (spec. radioactivi ty 55 
m ( ' i / m m o l e l  in 5 0 u l  of NaCI 0.9~;, through the right 
parietal area into the center  of the right cerebral  hemis- 
phere. ' r raining of  nine rats ( cond i t ioned  group)  according 
to Sidman schedule [45] s tar ted seven days later. The 
Sidman awfidance schedule opera tes  as follows: The rat is 
placed in a Skinner box.  tile f loor of  which is an electrif ied 
grid: af ter  20 sec a light comes on for 10 sec and then a 
shock is delivered lasting 0.5 sec every I0 sec. The rat can 
avoid or te rminate  shock at any time by pressing a lever. 
This sets the schedule back to tile beginning. The op t imunl  
time to press tile lever to obtain nmximum avoidam:e of  
shock with nt inmlum lever presses is aroum! 26- 27 scc of 
the schedule.  Using this schedule we can obtain one 
dependen t  anti three i ndependen t  measures. [al Premature  
responses - Responses made before the condi t ioned  stimu- 
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lus (light) comes  on. (b) Late responses  Responses  made 
too late to avoid shock.  (c) React ion time -- the t ime 
be tween  the onset  of  the cond i t ioned  st imulus and the rat 's 
response.  (d) Efficient  (effect ive)  responses  (the dependen t  
variable) - those made while the cond i t ioned  st imulus is on 
and before shock. These will naturally increase in pro- 
por t ion  that (a) anti (b) increase. Effective,  ineffect ive 
(premature  plus late) responses and reaction time of each 
rat were tape recorded and analysed with the aid of  a 
com pu te r  (A ' fAC 5 0 1 - 2 0  Nihon Kohden  Kogyo,  Japan).  
Ano the r  group of nine rats housed during the training 
period was used as contro l  group.  

Biochemical  Procedure 

At the 60th day of  their age all rats were killed by 
decapi ta t ion  and their  brains dissected into h ippocampt ,  s, 
neocor l ex ,  brain stem, cerebelhun and residual cerebral  
tissue according to an atlas of  the rat brain 12t)l. Until 
ex t rac t ion  of their lipids, the brains were s tored at 20"(" 
in sealed plastic vials. ( ;angliosides were isolated by the 
me thod  of Ilohn and Svennerhohn [18I .  All assays were 
carried out in a blind fashion, l he  brain tissue was 
homogenized  m ,m all glass homogenizer .  "rile homogena te  
was ex t rac ted  for 1 hr with 10 vol. of  c h l o r o f o r n p m e t h a n o l  
(('-M) 1:1 and the ext rac t  was passed th.rough a glass filter. 
Fhc tissue was re-extracted twice with 5 vol. of ('-M I:1;  
for tile second ex t rac t ion  tile solut ion was at boiling point .  
loca l  lipids recovered from the combined  ext rac ts  were 
counted  for radioactivi ty and used for the final cor rec t ion  
of tile radioactive data of  individual brain areas. The 
combined  ex t rac t s  were evaporated and taken to dryness  by 
addi t ion of  a small voltmw of  toluene--ethanol 1:1 at the 
end of  the evapora l ion .  The extract  was redissolved in 3 
w)l. o f  ( -M 2:1 and the precipi ta te  formed was removed by 
centr i fugat ion.  [ 'he superna tan l  fluid was evaporated and 
redissolved m a small w~lume of  ( -M 0:1. The total lipid 
extract  ',','as run on a glass co lumn (2 cnl inner dianleter)  
packed with silica gel ( , ( 2 5 0 - 5 0 0  mg fresh brain tissue/g 
gel). Almost all lipids excepl  gangliosides wcrc cluted with 
15 vo]. of ch lo ro fo rn l -me lhano l -wa tc r  ( ( ' - M - W ) 6 5 : 2 5 : 4 ,  
after which the gangliosides were eluted with 15 vol. of  
(-M-W 60:35:8 .  I-'or fur ther  purif icat ion of  the crude 
ganglioside fract ion,  the ganglioside from co lumn chroma-  
tography was hydro lyzed  in 5 ml of 0.1 M sodit, m 
methyla tc  in methanol  for I b r a t  room tempera ture .  Af t e r  
neutra l iza t ion with acetic acid. tile hydro lysa te  was dia- 
lysed against distilled water at 4 ("  for 3 days. r h e  dialysis 
residue was evapora ted  and redissolved in 10 ml ,,Tf ('-M 2:1. 
Aliquots of  gangliosides of tile same brain areas from 
control  anti trained rats were ch roma tog raphed  on tile same 
plate in one d imension ,  on silica gel (;, with tile solvent 
system (*M-2.5 N ammonia  solut ion 60 :40 :0  131,35l .  A 
mixture of s tandard  brain ganglioside from beef brain was 
ch roma tog raphed  at ttle same time for ident i f ica t ion.  
Radioactive spots  were located by au torad iography ,  scraped 
out f rom the plate,  powdered ,  suspended in 4':; w/v 
('ab-()-Sil (Packard) in scinti l lat ion solut ion and counted  in 
a Packard Liquid scinti l lat ion spec t romete r .  Sufficient 
counts  were accunltl laled troln each salnph." for a coun t ing  
error  of less than 3':;. Results are expressed as d p m / 2 0 0  mg 
of wet t issue/50 u('i radioactivity of  total lipid extracts .  A 
s landard curve of  channel ' s  ratio p lo t ted  a,eainst eff ic iency 
v,'as used for es t imat ion  of  dpm:  ( 'ont l i t ioned versus control  
values were tested by S tuden t ' s  test. Since the values mighl 

not be normally  dis t r ibuted we also recorded the non- 
parametr ic  Wilcoxon test of  tile same hypothesis .  Intra- 
molecular  d is t r ibut ion of radioactivity of  gangliosides was 
measured fol lowing acid methanolys is  127] and separat ion 
of fa t ty  acids and bases 1341. 

RESUI.TS 

Belmvioral  

The Skhnan schedule was applied for 30 lit, one hr per 
clay. Maximal per forn lance  ratio ,,,,'as achieved at 22 hr of 
training (Fig. 1). Statistical significance of the di f ferences  
be tween means were de te rmined  using the paired /-lest.  The 
value of  tile 1st, 5th and 12th hr are significantly lower 
(p, 0.05) than those of the 22nd and 27th hr. Differences 
between the 22nd and 27th hr of training were not 
significant ( p , 0 . 0 5 ) .  The number  of responses during the 
period of condi t ioned  st imulus (( 'S) increased with tile 
training and remained at these accelerated levels, while the 
response rate during the 20-rain segment p r e c e e d i n g t l l e ( ' S  
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I'1(,. I. Pcrt,nrrnan,.'e Ratio (ctTc,,:dvc.;incft'cctivc rc~,ptmsc:.;)during 
the training. I:ach point represent:,; tl'tc rncan'  standard error o t  9 
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showed an initial increase tha t  gradt, ally d i sappeared  as the 
animals  adap ted  to the schedule ,  l 'he p r o p o r t i o n  o f  

prema tu re  and late responses  b o t h  finally decreased and 
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hence  the p r o p o r t i o n  +~feffective responses  increased.  The 
animals  also improved  the i r  reac t ion  t ime I Fig. 2). At the 
27 th  hr  of  t ra in ing  they acquired higher  avoidance  of  
shocks  with fewer  lever presses than  at the 12th hr. 

Bio the mical 

The total  rad ioac t iv i ty  of  the ('-M ex t rac t  that  inc luded  
gangliosides did not  differ  s ignif icant ly  be tween  the indivi- 
dual  brain areas of  the e x p e r i m e n t a l  and con t ro l  groups.  
However ,  the final rad ioac t iv i ty  data  were normal i zed  for 
radioact iv i ty  in the to ta l  lipid ex t rac t .  I l i ppocampus  and 
neoco r t ex  were tile brain areas of  tile cond i t i oned  rats 
where most  of the disialo ( G : ,  ( ;~)  and trisialo ( ( ; , )  
gangliosides c o n t a i n e d  s ignif icant ly  higher  rad ioac t iv i ty  as 
compared  with the con t ro l s  (Table  1). l h e  disialo- 
ganglioside G 2A was de t ec t ab le  only in h i p p o c a m p u s  and 
cerebe l lum.  The rad ioac t iv i ty  of  (~2A f rac t ion  of h ippo-  
campus  was also s ignif icant ly  h igher  than that  of cont ro ls .  
In the residual  cerebral  tissue only the radioact iv i ty  of the 
dis ialoganglioside G= was h igher  in the  c o n d i t i o n e d  rats, 
while no s ignif icant  d i f fe rences  were found  in any of  the 
ganglioside f rac t ions  of  the brain stern and the  cerebel lum.  
In the h i p p o c a m p u s  and the n e o c o r t e x  the most  marked  
change found  in the gangliosides of  the cond i t i oned  rats, as 
deduced  by the s ignif icance of  d i f ferences  shown in Table 
1, was the increase in the G: disialoganglioside.  Maximal  
perccnl  increase of  rad ioac t iv i ty  of  t ra ined over the con t ro l  
group (109!:;) was found  in G: f rac t ion  of  n e o c o r t e x l l i g .  
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T A B L E  I 

RADIOACTIVIIY (it. GAN(;I.I()SII)I-S IN VARIOU.~ BRAIN 
PARTS OI :CON T R ( )L  AND CONI)II"IONED RATS 

dpm.'Z(X) m g  ~ c t  t issue:50 ~Ci radioactivity of  total lipid extract 
Contrc, I Condit ioned P~ t'~, 

Hippocanlpus  
O~ 124 + 23 (61 249 ± 26 (9) 
(3. 836 = 184 (6) 1549 +_ 11(1(91 
G2. \ 159 ± 19 141 279 -_. 30(71 
O~ I I  15 _-'- 9(/161 1749 = 181 191 
G4 879 _+ 122 161 13116 ± 197 191 

Neocor tex  
O I 86 _-'- I t} (8) 139 ± 12 19} 
G ,  513  = 96(8)  1(174 + 117191 
Ci~ 779 -_ 1(13 181 1432 ± 213 19) 
O~ 653 ~_ 118181 813 = 145 (81 

Re~,idual Cerebral Tissue  
O I 67 -_ 8 17) 86 + g (71 

(J, 44(1 ± 57 171 618 + 4 9  17) 

('i~ 514 : 73 171 561 .. 47 (7) 

G 4 617 _+ 233 171 572 ~ 136 (7) 

Brain Stem 
G I 215 -" 43 18~ 279 _-c. 311 19) 

G~ 11115 ± 26718) 11132 ± 156191 
(i~ 540 r,- 2115 18) 575 + 148 191 
(;z 21174 ._ 743 (81 2011 _+ 6111 191 

Cerebelhml 
(Jr 3117 - 311181 433 + 55 (9) 
G. 1528 + 124(8) 17811 = 221 (9) 
G: .  x 362 -_ 711181 393 + 61 19) 
(i~ 1385 = 265 IX) 1284 ; 16(I (9l 
(3: 11155 +_ 1611181 11143 + 232 (9) 

- o.111 -.111 
• (1.oo5 .: .112 

< I).|125 - 111 

< 0 . 0 2  • .115 
• O . l  • . I  

• 0 . 0 5  .(12 

+ 11.(X15 -" .01 

-: 0.(125 < .1)2 

• 0 . 4  . .  I 

• (1. I 

11.025 

• (1.5 

- ( ) .7  
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11.115 

(1.3 

11.7 

(1.7 
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Ganglion, ides of  the t'i~e brain parts of  condit ioned and control 
an imals  isolated b3. co lumn and thin layer  ch roma t og raphy  as 
d e s c r i b e d  in METHOD .  Gangliosidcs nomencla ture  is th-al of  Korey 
a n d  (-}onatas [3(I]. Resul ts  are mean ', alues ± s tandard error of  the  
mean for the  number  of samples  ~,hm.,,n in parenthe,~es. Statistical 
~+,ignificance of  the difference>+ between the means ',,,as determined 
u,;ing Student',+ t-te'4, a,, well as the distribution-free Wilcoxon test. 
Re,,ult,+ f rom le,,,, than nine samptes arc presented in ca,,e,+ o f  
un,mccesMul db, section o f  the brain or ]o,,,, o f  the ,+ample. 

3). T h e  r a d i o a c t i v i t y  (1I the  acid i n c t h a n o l y s i s  p r o d u c t s  o f  
i n d i v i d u a l  g a n g l i o s i d e  spec i e s  o f  the  n e o c o r t e x  o f  the  
e x p e r i m e n t a l  and  c o n t r o l  a n i m a l s  ,:ire showl l  ii1 t a b l e  2. It 
can  be seen  tha t  m o s t  o t t h e  r a d i o a c t i v i t y  was  f o u n d  in the  
f a t t y  ac id  a n d  s p h i n g o s i n e  r e s i d u e s ,  i.e., in the  ce r ,mt ide  
par t .  o f  t he  gang l i o s ide s .  Th i s  f i n d i n g  also i n d i c a t c s  tha t  the  
g a n g l i o s i d e s  i so la t ed  u n d e r  the  p r e s e n t  e x p e r i m e n t a l  co n -  
d i t i o n s  were  n o t  c o n t a m i n a t e d  wi th  rud ioac t iv i tx  f r o m  
n o n l i p i d  ma te r i a l s .  

l)l.t.;(.'l 7SSI()N 

l h e s e  s t u d i e s  were  p h m n c d  to i nves t i ga t e  p o s s ib l e  
c h a n g e s  o c c u r r i n g  in the  c o m p o s i t i o n  o f  g a n g l i o s i d e s  in five 
bru in  a reas  o f  the  rat f o l l o w i n g  long  l a s t ing  a v o t d a n c c  
c o n d i t i o n i n g .  For  th i s  PUrl~Osc and  in v iew o f  lhu  sma l l  
q u a n t i t y  o f  s a n | p i e s  w h i c h  were  ava i lab le  for  a n a l y t i c a l  
purl~Oscs it ,,,,as t h o u g h t  n e c e s s a r y  to p r o d u c e  g a n g l i o s i d e s  
l abe l l ed  in the  c e r a m i d e  m o i e t y  w h i c h  is s t ab le  [ I ~ I so tha t  
c h a n g e s  o f  the  g a n g l i o s i d c  c o n t e n t  and . .o r  p a t t e r n  relat ixu 
Io lhc  c ( l n l ro l s  c o u l d  be i t t cn t i f i cd  b} c o u n t i n g  e l  fadio-  
act|vii.,, a t t e r  a c o n s i d e r a b l e  l ong  t ime  pe r i od .  Als(~, tile 
l abe l l ing  o f  b ra in  g a n g l i u s i d e s  and  trainin,e 111 the  an | t in ,  Is 
l o ( I k  place  at an age pe r i od  d u t h l g  w h i c h  the  c o n t e n t  and  
p a t t e r n  o f  t he  g a n g l i o s i d e  (/I the  w h o l e  b ra in  do  no t  c h a n g e  
c o n s i d e r a b l y  [ 3 . 3 7 ]  so  tha l  the  e f f ec t  o f  t e n d | f i r m i n g  on 
g a n g l i o s i d e  lllelabolislYi Wotlhl 11111 be o b s c u r e d  b}, v'halIge'~ 
title I17 bra in  deveh)pl l lCl l t .  (.ll(.leI {|leSt t , t)l lditioiis pr()- 
no t ince t l  d i f f e r e n c e s  belx~,een the  COlllrOl {lI]d the  t2\tlcri- 
m e n t a l  g r o u p s  o f  a n i m a l s  were  i d e n t i f i e d  m the  radio-  
ac t iv i ty  a s s o c i a t e d  wi th  tile p o l x s i a l o s y l  gang l i o s id c  frac- 
t i ons  o n l y  e l c e r t a i n  pa r t s  o f  the  bra in .  

It is e v i d e n t  tha t  u n d e r  the  p r e s e n t  e x p e r i m e n t a l  
c o n d i t i o n s  it is d i t f i cu l l  to d e f i n e  the  e x a c t  m c l a b o l i c  
c h a n g e s  u n d e r l y i n g  tltc p r e s e n t  f m d m g s u s  well a s t h e  ex ac t  
p o i n t  d u r i n g  t r a i n i n g  at w h i c h  the  c h a n g e s  o c c u r r e d .  
f l o w e r e t ,  t h c  r e su l t s  s h o w  tha t  in c e r h m l  pa r t s  o f  l h e  bra in  
o f  t he  c o n d i t i o n e d  ra t s  vet , ,  n o t a b l e  c h a n g e s  in the  
m e t a b o l i s m  1/I t he  si:,lic acid r ich ganglJos i ( les  haxc  o c c u r -  
red. 

It is k n o w n  tha t  a c e t a t e  is ClUickly m e t a b o l i z e d  m the  
b ra in ,  a n d .  t he rc ' fo re ,  at the  b e g i n n i n g  o f  the  t r a i n i n g  (7 
d a y s  a f t e r  a c e t a t e  in . [ec t ionL all a c e t a t e  s h o u l d  be illeta- 
bo l i zed  and  s t ab le  c e r a m i d e  r e s idue  o f  e a c h  gang t io s idu  o f  
b o t h  g r o u p s  o f  a n i m a l s  e q u a l l y  l abe l l ed  m p t o p o r l i o n  to 
(hei r  c o n l e n l .  On  th i s  basis ,  at the  e n d  o f  (he (iaillmg,. t he  

T A B I + E  2 

INTRAMOt.[-~CL:IAR DISIRIB[FIION ()F f i l e  RADIOA('I'I',,'ITY IN THE (iANGI.I()SIDFZ% O1. I I (E 
NEOCORTEX 

Control Condit ioned 
Percent Radioactivit,, 

(.ianglioside~, Fa tb  Acid'., Sphingosine Fatt} ..\cid', Sphingo~,ine 

(}~ 58 37 55 3X 
(.ie 54 43 56 40 
(}:~ 64 32 62 33 
(;;  57 36 59 35 

Part o f  total ganglio,,Me', ol + the neocor tex f rom three contro l  and three conditioned animal,, not t+,,ed 
for  count ing o f  radioactivit. ', were pooled and separated into fraction,, h,, T I .C.  Each ganglio', ide wa,, 
extracted f rom the ',ilica gel (-; with three ~ashing,, o f  ch loro form-methanol -H: :O 65:35:8 ,,:v. The 
e\ t ract  '.','as dried and subjected to acid tnethanolysis 127 I. I 'at ty acids '.,.ere extracted three times 
with pctroleunl ether, then the mi\ t t t re  V, as made alkaline pH 12 and ,~phingosine v, as extracted 
similarly [341. Re,,ults are percentages oF the radh~activity of  the ganglioside fractions before 
methanoly,d,< 
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radio-act iv i ty  of  gangl iosides  per  wet weight  of  the two 
groups  can bc compared .  Also, the results  showing  in- 
creased rad ioac t iv i ty  of  the G , ,  G : ,  and G3 species of  thc 
e x p e r i m e n t a l  group,  as c o m p a r e d  to the con t ro l  group,  
s t rongly  suggest an increascd c o n t e n t  of  these gangliosides 
in the a b o v e - m e n t i o n e d  brain areas. The relative increase of  
the rad ioac t iv i ty  i n c o r p o r a t e d  in to  each of  these ganglioside 
fract ions,  in the e x p e r i m e n t a l  as c o m p a r e d  to the con t ro l  
group,  is b e t t e r  i l lus t ra ted when  the results  are expressed as 
percent  changc1'l.ig. 3 I. 

The observed changes  in these gangliosides dur ing  
c o n d i t i o n i n g  are well in accordance  with the  m e c h a n i s m s  
proposed  for  the role pos tu l a t ed  for  these glycol ipids  in 
net, ro func t ions .  These m e c h a n i s m s  depend  on the c o n t e n t  
of the  negat ively  charged sialic acid groups  [331 and 
possibly as suggested by Hohn and S v e n n e r h o l m  [ 18] on an 
increased sialyl t ransferase  act ivi ty  and on the a f f in i ty  of  
the sialic acids for b ind ing  ca t ion ic  c o m p o u n d s  which  is 
highest  for  disialosyl groups  [ 4 8 [ .  This h y p o t h e s i s  is also 
cons i s ten t  with  tha t  of  Irwin. Irwin and col leagues [ 21, 22, 
23] using a swim-escape parad igm (shor t  te rm du ra t i on  
e x p e r i m e n t  of  c o n d i t i o n i n g )  found  a shift  f rom disialo-to 
t r is ialogangliosides,  which  in the absence  of  changes  in 
sialidase levels, has  been a t t r i b u t e d  to an increase in sialyl 
t ransferasc  act ivi ty.  T h o u g h  the i r  results  conce rn ing  the  
small relative increase of  G, is no t  at variance wi th  our  
findings,  the e x p e r i m e n t a l  c o n d i t i o n s  used by these in- 
ves t igators  and especial ly the  shor t  te rm of  t ra in ing  and the 
analysis of gangliosides f rom the brain as a whole  do not  
al low fu r t he r  c o m p a r i s o n  of  the results. It is possible tha t  
behaviora l  s t imul i  can p roduce  specific changes  in cer ta in  
areas of  the brain which can be masked  by e i the r  a 
r ed i s t r ibu t ion  of  local levels of  func t iona l  and me tabo l i c  
act ivi ty w i thou t  s ignif icant  change  in the average of  the 
brain as a whole ,  or the res t r i c t ion  of  a l tered me tabo l i c  
act ivi ty to regions too  small  to be de tec ted  in n l ea su remen t  
of the brain as a whole.  On thc o t h e r  hand ,  in shor t  term 
expe r imen t a l  sys tems  it is no t  possible  to iden t i fy  changes  
in gangliosidc c o n c e n t r a t i o n  due to the large half-life of  
ganglioside me tabo l i sm I 1 8] .  

Our  results  arc also in accordance  with those  of  l )unn  
and t logan 114] who  observed increased i n c o r p o r a t i o n  of  
[1 -~ H]g lucosaminc  in to  gangliosidcs of  the whole  brain  in 
response to an avoidance  t ra in ing  similar to ours  but  of  a 
shor t  t e rm dura t ion .  The increases were not  specif ic  for any 
ganglioside species and in this respect  the i r  results  were 
d i f fe rent  f rom ours  mos t  p robab ly  duc to the facts tha t  the 

brain was e x a m i n e d  as a whole  and they used a shor t  t e rm 
training.  

It is for  the  first t ime tha t  an emphas i s  has been given in 
the eva lua t ion  of  the ef fec t  of  the long term t ra in ing  on 
gangliosides of  the var ious  func t iona l ly  d i f fe ren t  par ts  of  
the brain.  In this respect  the observed changes  in pa r t i cu la r  
par t s  of  the brain b e c o m e  more  i m p o r t a n t  when  cor re la ted  
with the increased me tabo l i c  ac t iv i ty  of  mac romolecu l e s  
occur r ing  in these  pa r t i cu la r  bra in  par ts  of  t ra ined animals ,  
like RNA and p ro t e in  of  the n e o c o r t e x  [19 ,24]  and  
h i p p o c a m p u s  [20,  25, 42. 44,  501.  It can the re fo re  be 
suggested tha t  the changes  in ganglioside c o n t e n t  may be 
relevant  to the changes  in RNA a n d / o r  the p ro te in  synthes i s  
in the above m e n t i o n e d  brain par ts  and especial ly in the 
h i p p o c a m p u s ,  which is associated with the j u n c t i o n  of  
arousal  and  reward  sys tem which cons ider  to have signifi- 
cant  role in the learning fo rma t ion .  Several o t h e r  repor t s  
c o n c e r n i n g  e lec t rophys io log ica l  ac t iv i ty  125 ,40] ,  e lectr ical  
resis tance [21 and  asp i ra t ion  of  cer ta in  brain areas [381 
po in t s  to an impl i ca t ion  of  the h i p p o c a m p u s  and the 
neocor t ex  in the learn ing  process.  

i ' he  results  p resen ted  in this s tudy  derive f rom the 
analysis  of  brain mater ia l  o b t a i n e d  from cond i t i oned  rats  
with  conso l ida ted  exper i ence  which  was well d o c u m e n t e d .  
It was no t  possible to have app rop r i a t e  func t iona l  con t ro l s  
undergo  the same st imuli  with  the t ra ined animals ,  because 
any m a n i p u l a t i o n  with a s u p p l e m e n t a r y  con t ro l  ( func t iona l  
con t ro l )  on a fixed t ime wi th  cer ta in  s t imuli  wouhi  have 
c o n d i t i o n i n g  effect  of  a n o t h e r  type.  In o rder  to use 
appropr i a t e  func t iona l  cont ro l s ,  we should  know the 
analyzed c o m p o n e n t s  ( sub-behaviors )  of  the S idman 
schedule .  The two-way shu t t l ing  behav io r  has been an- 
alyzed by l zqu ie rdo ,  but  this is a sho r t - t e rm training- 
avoidance  cond i t ion ing .  Consequen t ly ,  we admi t  tha t  the  
changes  of  ganglioside label l ing c a n n o t  be cor re la ted  with 
any par t i cu la r  sub-behavior .  

The cons i s tency  of  our  f indings with those of Karpiak et 
al. [ 2 8 ] ,  who  repor ted  a 95% i nh ib i t ion  of  an avoidancc  
/earning in rats  receiving the ant igangl ios ide  serum,  com- 
pared with no inh ib i t ion  of  rats receiving absorbed  anti-  
serum, are s t rongly  indicat ive  of  specific effect  of  condi-  
t ion ing  on brain gangliosides.  F u r t h e r m o r e ,  the increase of  
the c o n t e n t  of  cer ta in  gangliosidc f rac t ions  in par t i cu la r  
areas of  the rat  brain af te r  long term training,  suggested 
here,  nlay result  in more or less pe rn l anen t  func t iona l  
changes  ( c o n n e c t i o n s )  of  the n e u r o n s  involved.  
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