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Taur ine  had no effect  on the cyclic  nucleotide level in the hear t  of intact  r a t s  but sharp ly  r e -  
duced the inc rease  in cycl ic  AMP and cycl ic  GMP levels  taking place during s t r e s s .  The act ion 
of taur ine  on the cycl ic  GMP content in the hear t  was not exhibited a f t e r  p r e l i m i n a r y  a t rop in iza -  
l ion of the an imals ;  its ef fect  on cycl ic  AMP was g rea t ly  reduced af ter  par t i a l  blockade of /3- 
a d r e n o r e c e p t o r s .  It is suggested that  taur ine  is a nonspecif tc  r egu la to r  of the sens i t iv i ty  of the 
myoca rd ia l  cel ls  to biological ly act ive subs t ances .  
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In s eve ra l  papers  published recen t ly  a role  is a sc r ibed  to taur ine  in the regula t ion  of card iac  act ivi ty .  
Taur ine  has a therapeut ic  act ion in angina pec to r i s ,  i schemia ,  and card iopath tes  [9, 10], r e s t o r e s  the patho-  
logical ECG spontaneously  to no rma l  [2], p o s s e s s e s  inotropic p rope r t i e s ,  and abol ishes  f ibr i l la t ion of the 
guinea pig hear t  caused by per fus ion  of the hea r t  with medium deficient  in K + [2]. 

However ,  the m e c h a n i s m  of the above-ment ioned  effects  of taur tne  is by no means  c l e a r .  It  has been 
suggested that  the physiological  act ion of taur ine  on the hear t  is based  on changes in the exci tabi l i ty  of the 
hear t  musc le  under the influence of this amino acid,  through changes in pe rmeab i l i t y  of the cel l  m e m b r a n e  to 
K + and Ca 2+ [2-5]. Since taur ine  modif ies  the r e sponse  of hea r t  musc le  to adrenal in  and acetytchol ine {ACh) 
[6], this  sugges ts  that  it m a y  have an ef fec t  on the r e c e p t o r s  for  these  subs t ances .  In te rac t ion  of ca techo[-  
amines  and ACh with r e c e p t o r s  is known to take place through the par t ic ipa t ion  of adenyla te -  and guanyla te-  
cyctase  r e spec t i ve l y ,  followed by changes in the levels of cyclic  nucteotides in the ce l l .  

Accordingly ,  in the invest igat ion descr ibed  below the effect  of taur ine  on the cycl ic  AMP and cyclic  GMP 
content in the r a t  hea r t  was studied under conditions of s t r e s s .  

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

Exper imen t s  were  ca r r i ed  out on 230 male  Wis t a r  r a t s  weighing 250 g. The an imals  were  compel led to 
swim in water  at a t e m p e r a t u r e  of 23-25~ for  15, 30, 45, and 60 min,  a f te r  which they were  rapidly i m m o -  
bi l ized.  The hear t  was r emoved ,  washed with physiological  sa l ine ,  and f rozen  with Wohienbe rge r ' s  f o r ceps .  
The t i s sue  was ground to powder in liquid n i t rogen.  Cyclic AMP and cycl ic  GMP were  de te rmined  by a r a d i o -  
immunologic  method using kits f rom the Radiochemica l  Cent re ,  A m e r s h a m ,  England. Taur ine  was injected 
in t raper i tonea l ly  (0.4 g /kg)  10 min before  swimming  began.  The ~ -ad renob locke r  Obsidan (propranolo[) in a 
dose of 2.5 mg /kg  or the musca r in i c  (M) choi inergic  blocking agent  a t ropine ,  in a dose of 2 mg /kg ,  was in-  
jected into some  of the an imals  60 min before  swimming  began.  

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

The content of cycl ic  AMP and cyclic  GMP in the hea r t  of the intact r a t s  was 426 �9 35 and 43 �9 6.0 
p m o l e / g  wet weight of t i s sue  r e s pec t i ve l y .  An inc rease  in the cycl ic  AMP concentra t ion  in the r a t  hea r t s  
was observed  as ea r l y  as 15 rain a f te r  the beginning of swimming ,  a m a x i m u m  was reached  a f te r  45 min,  and 
the level r ema ined  high in ra t s  which swam for  1 h (Fig. 1). The cycl ic  GMP concent ra t ion  increased  s igni f i -  
cantly only 45 min a f te r  the beginning of swimming ,  and it continued to r i s e  1 h a f te r  the beginning of the ex-  
pe r imen t .  

Taur ine  had no effect  on the content of cycl ic  nucleotides in the r a t s  before  swimming .  However ,  
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Fig.  1. Changes in cycl ic  AMP (A) and cycl ic  GMP (B) 
levels  in ra t  hear t  during swimming .  1) Intact  r a t s ;  2) 
r a t s  rece iv ing  taur ine  (0.4 g/kg)  10 min before  swimming .  
Level  of cycl ic  nucleotides in hea r t s  of ra t s  before  s w i m -  
ming taken as 100%. Each point r e p r e s e n t s  mean  of 9-12 
de t e rmina t ions .  Here  and in F igs .  2 and 3; a b s c i s s a ,  
durat ion of swimming  (in min);  ordinate ,  l eve l  of cyclic  
nucleotides (in % of initial level) .  

injection of taur ine  10 min before  the beginning of swimming prevented the inc rease  in the level of both cycl ic  
nucieotides in the hear t  on account of s t r e s s .  The cycl ic  AMP concentra t ion a f t e r  swimming  for  60 min,  in 
an imals  rece iv ing  t aur ine ,  was actual ly  20-25% below its initial level .  

The dec r ea s e  in the content of cycl ic  nucleot ides in the hear t  during swimming  in r a t s  rece iv ing  an in-  
jection of taur ine  can be explained on the  grounds that taur ine  changes the sens i t iv i ty  of the ceil  m e m b r a n e  to 
adrenal in  and ACh at the level of recept ion  of these  med ia to r s .  

This  hypothesis  was tes ted in r a t s  compel led to swim (after previous  inject ion of taur ine  or  without t au -  
r ine)  a f ter  p r e l i m i n a r y  blockade of f l -adrenerg ic  and M-chol inergic  r ecep to r s  with Obsidan or a t ropine r e -  
spec t ive ly .  The expe r imen t s  show that  Obsidan lowered the initial cyclic  AMP level in the hear t  of ra t s  before  
swimming  on ave rage  by 60%. Changes in the cycl ic  AMP concentra t ion  during swimming  in the hear t  of the 
ra t s  t r ea ted  with Gbsidan were  cons iderably  less  marked  than in the ra t s  of the control  g roup .  Inject ion of 
taur ine  into these an imals  r e s t o r e d  the cycl ic  A MP concentra t ion during swimming to its previous  level (Fig. 
2a). 

The cycl ic  GMP concent ra t ion  a f t e r  ~ - a d r e n o r e c e p t o r  blockade in the r a t  hea r t  at r e s t  was 3 t imes  
higher than in the intact an imals  ~ so that  the i r  cycl ic  AMP/cyc l i c  GMP ra t io  was approx ima te ly  1 (its mean  
value in intact r a t s  was 10). The cyclic  GMP level  in these  r a t s  fell gradual ly  during swimming .  Taur ine  
led to an inc rease  in the cyclic  GMP level 1 h a f t e r  the beginning of swimming (Fig. 2b). 

Inject ion of a t ropine into the intact an imals  led to a fall  in the cyclic  GMP and a r i s e  in the cycl ic  AMP 
level in hea r t  m u s c l e .  The ra t io  of cycl ic  AMP/cyc l i c  GMP in these  r a t s  was 33 (Fig. 3). The cycl ic  GMP 
concentra t ion  was unchanged during swimming  in the r a t s  t r ea ted  with a t rop ine .  Inject ion of taur ine  l ikewise 
had no ef fec t .  The cycl ic  AMP concentra t ion  in a t ropinized ra t s  a f t e r  swimming  for  30, and, in pa r t i cu la r ,  
for 60 min was 4 and 8 t imes  higher than the initial  level r e spec t i ve ly .  Under the influence of taur ine  the 
cycl ic  AMP concentra t ion in these  r a t s  fell  sha rp ly  during swimming (Fig. 3). 

Taur ine  was shown to have no effect  on the cycl ic  nucleotide [eve[ in the hea r t  of in tac t  an ima l s  and to 
reduce  the i r  level  sha rp ly  during s t r e s s .  A d e c r e a s e  in cycl ic  GMP fo rmat ion  during cold s t r e s s  has been  
observed  in the b ra in  under the influence of taur ine  [7]. The p rob lem of the m e c h a n i s m  of these  effects  of 
t aur ine  a r i s e s .  During s t r e s s ,  t aur ine  inhibits l iberat ion of adrena l in  f r o m  granules  in the adrenals  and lowers  
its blood concentra t ion  [8]. This may explain the observed d e c r e a s e  in the cycl ic  AMP concentra t ion  in the 
hear t  under  the influence of t au r ine .  However ,  the effect  of taur ine  on the cycl ic  AMP concentra t ion  can a lso  
be examined at the r e c e p t o r  leve l .  Taur ine  prevented  the inc rease  in cycl ic  AMP concent ra t ion  in the hear t  
during f l - ad reno recep to r  blockade which, at f i r s t  glance,  sugges ts  absence  of compet i t ion  between taur ine  and 
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Fig.  2. Changes in cyclic  AMP (A) and cyclic  GMP {B) 
levels in ra t  hea r t  a f te r  f l - ad renorecep to r  b lockade ,  1) 
Intact  r a t s ;  2) r a t s  rece iv ing  in t raper i tonea[  injection of 
Obsidan (2.5 mg/kg)  60 min before  swimming;  3) r a t s  
rece iv ing  taur ine  and Obsidan before  swimming .  Each 
point r e p r e s e n t s  mean  of 6-9 de t e rmina t ions .  
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Fig,  3. Changes in cycl ic  AMP (A) and cycl ic  GMP (B) 
IeveIs in r a t  hea r t  during swimming af ter  blockade of M- 
chol inergic  r e c e p t o r s .  1) Intact  r a t s ;  2) ra t s  rece iv ing  
in t raper i tonea[  inject ion of a t ropine  (2 mg/kg)  60 min b e -  
fore  swimming;  3) r a t s  rece iv ing  taur ine  and a t ropine 
before  swimming .  Each point r e p r e s e n t s  mean  of 6-9 
de t e rmina t ions ,  

adrenal in  for  the r e c e p t o r .  However ,  such a poss ibi l i ty  cannot be ruled out, for  Obsidan, in the concentra t ions  
used,  could not comple te ly  block the a d r e n o r e c e p t o r s ,  and a r i s e  in the cycl ic  AMP level  was observed during 
swimming .  

Changes in the cycl ic  GMP concent ra t ion  in the hear t  during s t r e s s  did not take place in animals  t rea ted  
with a t rop ine .  No effect  of taur ine  l ikewise was exhibited during swimming .  The absence  of any effect  of t au -  
f ine  on the cycl ic  GMP concentra t ion  in the r a t  hear t  a f t e r  M-chol inergic  r e cep to r  blockade sugges ts  co mp e t i -  
t ive  re la t ionships  between the chol inergic  agents  and t au r ine .  

The r e su l t s  of these  expe r imen t s  do not allow any conclusions to be drawn rega rd ing  the m o l e c u l a r  
m e c h a n i s m  of the effect  of t au r ine .  Taur ine  is known to cause an inc rease  in the pe rmeab i l i t y  of m e m b r a n e s  
for  Ca  2+ in the myoca rd ium [4], A change in the Ca 2+' concentra t ion  in the cei l  m e m b r a n e s  in the p re sence  of 
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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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