
taur ine  may be a fac tor  control l ing both the synthesis  and catabol ism of cyclic nucleotides [1]. Whatever  its 
nature ,  the inhibitory action of taut [he  on the format ion  of cycl ic  AMP and cyclic GMP under conditions of 
s t r e s s  can be regarded  as a protect ive  response  of the body against overloading with adrenalin and ACh 
under ex t r ema l  condit ions.  
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CHANGES IN ACTIVE UPTAKE OF NORADRENALIN-14C 

BY RAT BRAIN SYNAPTOSOMES DURING CONDITIONING 

A. S. Bazyan and R. N. Glebov UDC 612.825.1+08:612.822.1:577.175.522 

Active uptake of noradrena l inJ4C (NA-~4C) by ra t  bra in  synaptosomes was shown to be inhibited 
by the action of ouabain (0.1 M) and during potassium depolar iza t ion.  Defensive conditioning 
(DC) led to depress ion  of active uptake of NA by synaptosomes.  This  effect may be connected 
both with changes in the state of the presynapt ic  membranes  and with possible enhancement  of 
the function of postsynaptic adrenerg ic  r e c e p t o r s .  

KEY WORDS: conditioning; active uptake of noradrenal in;  ra t  bra in  synaptosomes .  

An important  s tep in the explanation of the mechanisms of format ion  and fixation of t e m p o r a r y  connec-  
t ions is the study of functional changes in the synapses which may give r i s e  to changes in the i r  s t r u c tu r e .  A 
neurochemical  index of a change in the eff icacy of synaptic t r ansmis s ion  is the highly specif ic  active uptake of 
media tors  by  nerve  endings [1,9]. This index largely ref lec ts  presynapt ic  mechanisms of regulat ion of synap-  
t ic  act ivi ty,  namely the reass imi la t ion  of media tors ,  which is a method of inactivation of neu ro t r ansmi t t e r s  
and which probably plays an essent ia l  role  in the real iza t ion of synaptic functions.  

The basis  for  this investigation consisted of r e s e a r c h  which showed that ,  under ce r t a in  conditions (s t ress  
[7, 8], e lec t r i c  shock [4]) the ra te  of uptake of biogenic amines by the corresponding nerve  endings is changed, 
as exper iments  in v i t ro  with labeled media tors  have shown. 

The object of this investigation was to study active uptake of noradrenalin-14C (NA-14C) by isolated nerve  
endings (synaptosomes) during defensive conditioning (DC). 

E X P E R I M E N T A L  METHOD 

Exper iments  were  ca r r i ed  out on 68 noninbred male  albino rats  weighing 180-200 g. Defensive conditioning to 
e lec t r ic  shock was produced in the animals in a shutt le chamber,  in the form of bi la tera l  avoidance with a 5-sec  delay. 
The photic s t imulus was light. Five c o r r e c t  responses  to six presenta t ions  se rved  as the c r i t e r ion  of DC. 
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TABLE 1. Uptake of Labeled NA (10 -s M) by Rat Bra in  Synaptosomes (500 pg pro te in /  
ml;  M~:m)  

ExI~rimental conditions 

Control (37"C) 
Incubalion (0~ 
Ouabain (0.1 M) 
K-depoLarization (60raM KC1) 

*P~0,05. 

Rate of uptake. Change in 
epm/mg protein ]rate of up- 

i take, ~/o 

31875,3+1378,0 100,0 
2008,3+ 112,6 6,3" 

19125,2.+837,2 60,0" 
20145,3.+1029,8 63,2* 

Number of 
animals 

30 
30 
21 
18 

Passive 
control 

10 
10 
7 
6 

The animals were divided into two groups. Defensive conditioning took 7-10 min in one group and 18-2 0 min in the 
other.  Animals which received the same number  of conditioned and unconditioned stimuli as the experimental  ani-  
mals  within the same t ime interval were  selected individually to each experimental  animal (active control}. Intact 
animals served  as the passive control .  Immediately  af ter  these procedures  the animals were decapitated, the 
bra in  was extracted,  and the cerebel lum was removed and placed in liquid ni trogen.  After  thawing of the t issue 
synaptosomes were isolated [6]. 

The bra in  t issue was homogenized in 18 ml of 0.3 M sucrose  solution and centrifuged (1500g, 10 min). 
The supernatant  was centrifuged (9000g, 25 rain) and the residue was resuspended in 5 ml 0.3 M sucrose ,  
layered above a layer  of 0o8M sucrose  (20 ml), and centrifuged for  20 mill at 9000g. The suspension of synap-  
tosomes  in the layer  of 0.8 M sucrose  was then separated and diluted with 0.1 M sucrose  to a concentrat ion of 
0.3 M. Synaptosomes were obtained as a residue by eentrifugation (20,000g, 30 rain, K-24 centrifuge -- f rom 
East  Germany).  The res idue was resuspended in cold Krebs - -R inge r  solution, containing (in mM) NaCi 104, 
KCI 5, MgC[2 1.3, NaH2PO 4 1.2, glucose 10, Tr i s -HC[ ,  pH 7.4, 20, and CaC12 1.2. The protein concentrat ion 
was determined by Lowry ' s  method. Samples (250 and 500/~g prote in /ml)  were kept for  10 min at 0~ then 
preineubated (10 min, 37~ and incubated for  10 min at 37~ in the presence  of 7.0 -10 -~ or 10 -5 M NA-14C 
(specific radioactivi ty 35 mCi /mmole ,  Radiochemical  Centre,  Amersham,  England). After  incubation, the 
samples  (1 ml) were diluted fourfold with Krebs - -R inge r  solution and centrifuged (20,000g, 5 rain, 0-4~ 
The residue was resuspended severa l  t imes ,  washed, dr ied,  and then dissolved in 0~ ml of I N NaOH (45~ 
0.1 ml of the solution was t r ans fe r red  to a counting flask containing a mixture of scinti l lation fluid (4 g PPO, 
0.1 g POPOP,  1 l i ter  toluene) with ethanol (7 : 3). Radioactivity was counted in a scinti l lation counter (SL-30, 
Interteehnique, France) .  In all cases  control  checks were made for adsorption of label, which averaged 25% 
of the total NA binding. The resul ts  were subjected to s ta t is t ical  analysis  by means of Student's c r i t e r ion .  

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

The isolated ra t  b ra in  synaptosomes contained minimal contamination -- not more  than 5-8% of mitochon-  
dr ia  and myel in .  

It will be c lear  f rom Table 1 that the uptake of labeled NA (10 .5 M) by synaptosomes is a highly selective 
and active p roces s ,  for  the rate of uptake is reduced pract ical ly  to zero  at 0~ and considerably reduced by 
various depolar izing p rocedures .  Active uptake of NA by nerve endings against  the concentrat ion gradient is 
observed in a concentra t ion of 10-5-10 -T M of media tor  in the incubation medium [9]. The actively ass imilated 
NA is mainly s tored in the synaptiz ves ic les ,  whereas passively ass imilated NA is metabolized [3]. Active 
uptake of NA is c losely  linked wi th the  function of the Na,K-pump and, for  that  reason,  the process  can be in- 
hibited by ouabain. Both ouabain and other depolarizing substances also a re  known to inhibit the active uptake 
of media tors ,  especial ly  NA [1]. 

Considering that in these experiments  neither ouabain nor K-depolar izat ion completely inhibited the up- 
take of NA by synaptosomes (10 -S M), in the next exper iments  with DC a lower concentrat ion of NA was used 
in order  to study only active uptake without the passive components .  

As Table 2 shows, significant changes in the rate of uptake of NA by the synaptosomes during DC were 
observed .only if NA was present  in a concentra t ion of 7 �9 10 -6 M arid synaptosomes in a concentrat ion of 250 ~g 
protein/mlo As a resul t  of DC the active uptake of NA was inhibited by 207o relat ive to both control  groups;  
the e r r o r  of the method, i .e~ sca t t e r  between the samples  in one experiment ,  was 1-2%. Meanwhile no s ig -  
nificant difference was observed between the active and passive control  groups .  The resul ts  for the two groups 
of ra ts  --  those fast and slow to learn -- a re  summar ized  in Table 2. The resul ts  were pooled because no dif-  
ference was found between these groups as regards  ei ther  the di rect ion or the intensity of changes.  
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TABLE 2. Effect  of DC and Uncombined Presenta t ions  of Stimuli on Active NA Uptake 
by R a t B r a i n  Synaptosomes (M -~ m) 

50o ~g p ~  ~i NA 

Exl~rimenta 1 
conditions 

P a s s i v e  control 
Active 
DC 

rate of uptake, 
cpm/mg protein 

35143,6+-1629,3 
34159,6+- 1577,4 
37159,6_____1938,6 

changein No. odNo. of 
tarate ofup,ke, % tests/[animals 

100,0 15 5 
97,2 15 5 

107,0 15 5 

250 rig ~ 7"I0 -s M NA 

r a t e  of uptake change in l  [ 
, ~qo. of iNc. of 

epm/mgprotem rateo~upt 
ltake.r lests animal-~ 

43104,6+--1103,4 
43492,5+1823,1 
34311,3+-1107,7 

100.0 / 56 
I01.0. "48 
79,6 t 56 

; P<0,001 compared with passive control. 
P<0,01 compared with active control. 

The process  of active uPtake of NA by nerve  endings consis ts  of a mechanism of inactivation of the NA 
af te r  its l iberat ion into the synaptic space.  Consequently,  DC causes  inhibition of the inactivation p roce s s .  
Such inhibition can increase  the action of the media tor  on postsynaptic s t r u c t u r e s .  The sy s t em  of NA uptake 
can be control led both p r e -  and postsynapt icat ly .  The lat ter  possibi l i ty is indicated by data [2] showing that 
act ivat ion of postsynaptic ad reno recep to r s  leads to a dec rease  in active NA uptake. These fac tors  must  be 
taken into account when the resu l t s  of the presen t  exper iments  are  explained.  

The resu l t s  a re  of special  importance because  they were  observed during exper iments  in v i t ro .  This 
fact indicates that activity of synaptic s t ruc tu re s ,  modified by the format ion  of a t em p o ra ry  connection, is 
p r e se rved  af te r  conditioning. The dec rease  in active uptake of NA during conditioning evidently does not 
re f lec t  any adverse  act ion on the r e s to r a t i on  of its r e s e r v e s  in nerve  endings.  During l iberat ion of ca t e -  
cholamines f rom nerve endings the mechanism of the i r  more  rapid biosynthesis  is act ivated.  Under these 
c i r cums tances ,  a change in the i r  concentra t ion in the synapses  has a modulating effect  on eatecholamine syn-  
thesis  [5]. 
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