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The effect of e lect r ical  stimulation on synaptosomal membrane-bound tyrosine hydroxylase (TH) 
activity in the ra t  hypothalamus was investigated. Elect r ica l  stimulation intensified respira t ion 
and glycolysis ,  evidence of excitation of the synaptosomes.  Against this background, activity of 
membrane-bound TH was increased.  The value of K m for tyrosine fell from 0.091 to 0.026 mM. 
Inhibition of the enzyme act iv i ty  by the end product of cathecholamine biosynthesis  (noradrenalin) 
was reduced. It is postulated that the effect of depolarization on the rate of catecholamine syn- 
thesis in nerve endings is effected through modification of TH. 
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Excitation of brain s t ruc tures  is accompanied by activation of tyrosine hydroxylase (TH) [ 14]. In small  
doses,  cocaine excites the CNS, but in vitro it activates TH of isolated nerve endings (synaptosomes) [3].  It 
was decided to obtain more  d i rec t  information on the relat ionship between excitation of nerve endings and TH 
activity. 

For  this purpose the kinetic charac te r i s t i c s  of TH were studied during depolarization of nerve endings. 
Depolarizat ion of synaptosomes isolated from ra t  brain increases  the liberation of catecholamines [5, 7] and 
the rate of their synthesis [13], and intensifies respi ra t ion  and glycolysis  by synaptosomes [6]. To cha rac te r -  
ize the native state or otherwise of the syaaptosomes,  their respi ra t ion  and glycolysis  were measured  at r e s t  
and during stimulation. The synaptosomes were excited by e lec t r ica l  stimulation (ES) [2, 6]. 

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

Synaptosomes were isolated f rom the hypothalamus of noninbred male albino ra ts  weighing 180-200 g by 
the method of Gray and Whittaker [8].  The residue of synaptosomes was suspended in 0.1 M Krebs---Ringer 
phosphate buffer, pH 7.5 [6].  The suspension was t r ans fe r red  to the small  containers  of Warburg flasks in 
which concentr ic  platinum wire (diameter 0.5 mm) electrodes  were soldered. During the experiment  these 
small  containers  were connected together e lec t r ica l ly  in ser ies  to the output of an t~SU-1 st imulator.  Two of 
them contained the synaptosomes for stimulation; the other two contained incubation medium. The medium was 
used to study the thermal  and e lec t rochemical  effects of the electr ic  current .  Two s imi lar  pairs  of small  
Warburg containers  formed the control group. In all the experiments  the strength of the cur ren t  {mean con-  
tinuous cur ren t  10 mA), the frequency of stimulation (50 pairs  of square pulses of opposite polari ty per sec-  
ond), and pulse amplitude (3-4 V) were appliedto the container  for  0.4 msec .  Equality of amplitudes of opposite 
polari ty was verified by a Tes la  pulse vol tmeter  and the shape of the pulse was monitored on the screen  of an 
$1-18 ca thode- ray  oscil loscope. 

After the end of ES the contents of the small  containers  were centrifuged for 10 min at 25,000g to s epa r -  
ate the synaptosomes from the incubation medium. The concentrat ions of pyruvic and lactic acids in the 
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Fig. 1. Oxygen consumption of suspension of ra t  hypothalamic syn-  
aptosomes at r e s t  (1) and during ES (2). Arrows mark  beginning and 
end of ES. Abscissa,  time (min); ordinate, oxygen consumption (in 
/~moles O2/100 mg protein/h).  

supernatant  were determined by enzymic methods [1]. The synaptosomes were disintegrated osmotical ly  by 
keeping them in hypotonic 0.001 M K-phosphate buffer, pH 7.0, containing 0.001 M CaC12. The remaining sus -  
pension was treated by the method of Kuczenski and Mandell [10] to obtain the synaptosomal membrane-bound 
TH. Activity of TH was measured  at26~ by aspee t rophotomet r ic  method [4] and protein by Lowry ' s  method [ 11]. 
To obtain synaptosomes,  the brain t issue of 40 animals was used in each experiment.  The resul ts  of five ex- 
per iments  are descr ibed below. 

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

T h e  rate of respi ra t ion  of the syaaptosomes remained unchanged during observat ion for 35 rain, indicat- 
ing that the synaptosomes were in the native state and that the incubation conditions were adequate. The p re s -  
ence of platinum electrodes  had virtually no effect on the oxygen consumption. The absolute values of the oxy- 
gen consumption of the control samples agreed with data in the l i terature [6].  

E lec t r ica l  stimulation of the synaptosomes was accompanied by an increase  in the rate of respira t ion 
(Fig. I) and a marked  increase in glyeolysis:  The pyruvate concentration rose  by 50% (Table I). The lactate 
concentrat ion was increased by only 13~0, probably on account of a decrease  in lactate dehydrogenase activity. 
Thus, ES evoked a distinet metabolic response of the synaptosomes and these resul ts  coincided with resul ts  ob- 
tained by other workers  using different methods of depolarization of the synaptosomes [ 6]. 

Incubation of the synaptosomes for 35 rain in Krebs-Ringer  medium at 37~ had a marked effect on the 
proper t ies  of the membrane-bound TH isolated from them, as was manifested in par t icular  by a decrease  in 
the affinity of the enzyme for the substrate.  Under these conditions the value of K m for the control samples 
(Km = 0.091 x l0 -3 M) was almost  twice the value (0.045-0.055 raM) given in the l i terature  [4, 10] for TH im- 
mediately after isolation from the brain. Elect r ica l  stimulation of the synaptosomes activated the membrane-  
bound enzyme considerably (Fig. 2). In all the experiments  an increase in the initial react ion velocity was ob- 
served. Analysis of the curve showing the react ion velocity as a function of substrate  concentration showed 
that the affinity of the enzyme for tyrosiae was increased after ES. As Fig. 2 shows, the value of K m was r e -  
duced by 71.4% compared with the control  (0.026 raM). TH is known to be controlled by the end product of the 
chain of react ions of catecholamine synthesis, namely noradrenaiin.  Accordingly, experiments  were car r ied  
out to study the effect of 0.8 mM noradreaal in on TH activity. In the control  samples noradrenal in in this con-  
centrat ion inhibited the activity of the enzyme on average by 96%. Inhibition of TH by noradrenal in after ES of 
the synaptosomes was 73%, i.e., it was reduced by 23%. The study of the relationship between TH activity and 
the concentration of the coenzyme DMPH 4 showed a difference between the enzyme preparat ions  from the  
stimulated and control  synaptosomes.  Special analysis is required to elucidate the charac te r  of these dif fer-  
ences. 
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TABLE 1. Concentrat ion ( i n _ g m o l e s / 1 0 0 m g p r o t e i n ) o f L a c t i e  and Pyruvic  Acids in 
Suspension of Rat  Hypothalamlc Synaptosomes  at Res t  and during ES (M ~ m) 

Metabolites l 

Pyruvate t 
Lactate 

Incubation medium 
control ES 

2,05m0,52 2,83-----0,54 
5,95~0,24 6,74-----0,28 

" I  Residue of synaptosomes 
control I ES 

1,01~0,22 ] 1,51-+'0,22 
2,95-----0,15 3,39~--0,16 
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Fig. 2. Velocity of tyros ine  hydroxylase  reac t ion  as a function of 
tyros ine  concentrat ion at r e s t  (1) and during ES (2). Buffer:  0.1 M 
T r i s - m a l e a t e ,  pH 6.15. Concentrat ion of coenzyme 2 - a m i n o - 4 - h y -  
droxy-6 ,  7 -d imethy l -  5, 6, 7, 8 - te t rahydropte r id ine  (DM19H 4) 0.185 raM. 
Absc issa ,  1/[ tyrosine]  • 10 ~ (in moles) ;  ordinate,  1 / reac t ion  veloci ty  
(in mM -1 h / m i n / m g  protein) ,  

In a recent ly  published paper  by De Bel leroche et al. [9] inc reased  dopamine synthes is  during ES of syn-  
ap tosomes  isolated f rom the corpus  s t r i a tum of the sheep brain  was descr ibed.  The inc rease  in dopamine syn-  
thesis  was found only when labeled tyrosine  and not 3,4-dihydroxyphenylalanine was used. Simi lar  r esu l t s  
were  obtained with depolar iza t ion  induced by vera t r id ine  [ 13]. 

The fact  of modificat ion of TH, manifes ted  as a change in the kinetic p rope r t i e s  of the enzyme and a de-  
c r e a s e  in its sens i t iv i ty  to inhibition by the end product  (noradrenalin),  es tab l i shed  by these exper iments ,  sug-  
ges ts  that the key fac tor  in the increased  ra te  of ca techolamine  b iosynthes is  during depolar iza t ion  of adrenerg ic  
nerve  endings is a change in the regu la to r  p rope r t i e s  of TH. 

Modification of the enzyme may be due to Ca 2§ ions enter ing  the synap tosomes  on depolar iza t ion  [ 5]. 
Changes in the kinetic p rope r t i e s  of the membrane -bound  enzyme on depolar iza t ion  induced by ES a re  s i m i l a r  
to those observed  for soluble TH in the p resence  of Ca 2§ ions [ 12]. 
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ROLE OF THE ADENYLATE CYCLASE SYSTEM 

IN INDUCTIVE ACETYLCHOLINESTERASE 

S Y N T H E S I S  IN  T H E  B R A I N  

N. G. A l e k s i d z e  a n d  M. V. B a l a v a d z e  UDC 612.82 +577.15 

The inc rease  in ace ty lcho l ines te rase  (ACE) act ivi ty in the r a t  bra in  af ter  in t raven t r i cu la r  in- 
jection of adrenal in  and the dibutyryl  analog of cyclic  AMP was shown to be the r e su l t  of induc- 
t ive synthes is  of the enzyme.  Induction of ACE is mani fes ted  to a g r e a t e r  degree  in the white 
m a t t e r  of the subcor tex  than in the cortex.  Blocking f l -adrenerg ic  r e c e p t o r s  inhibits the 
s t imulat ing action of adrenal in  on ACE act ivi ty but does not a l te r  the effect  of cyclic  AMP. 
Blocking of the a - a d r e n e r g i c  r ecep to r s ,  on the other  hand, potent iates  induction of synthes is  
of the enzyme.  The effects  of adrenal in and of d ibu tyry l -cye l ic  AMP are  s i m i l a r  in di rect ion 
and are  media ted  through f l -adrenergic  r e c e p t o r s .  The inc rease  in ACE act ivi ty af ter  b lock-  
ing of a r e c e p t o r s  can be explained by the e l iminat ion of thei r  inhibi tory effect  on f i -adren-  
erg ic  r ecep to r s .  

KEY WORDS: ace ty lcho l ines te rase ;  r a t  brain;  a -  and f l -adrenerg ic  r e c e p t o r s ;  cyclic  
nucleotides;  induction of enzyme synthesis .  

Evidence of the s t imulat ing effect  of adrenal in  and of cyclic AMP on ace ty lcho l ines te rase  (ACE) activity 
of the animal  bra in  has been published [ 1, 4, 5, 9], but the mechan i sm of the potentiation of act ivi ty of this en-  
zyme has not ye t  been explained. 

The invest igat ion descr ibed  below was ca r r i ed  out to study this problem.  

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

The brain  of growing albino r a t s  weighing 80-100 g was used. The following doses  of the var ious  sub-  
s tances  were  tes ted (per 100 g body weight): noradrenal in  or  adrenal in  5, 10, and 20 #g, d ibutyry l -cyc l tc  AMP 
5 ~g, eusp i ran  (isoprenaline) 2.5, 5, and 10 ~g, puromycin  90 ~g, anapri l in  (propranolol) ,  blocking f l -adrenergic  
r e c e p t o r s ,  6.5-12.5 ~g, and atropine,  a cholinolytic,  1.25-2.50 ~g. The subs tances  used were  made up in phys -  
iological sal ine and injected in t ravent r icu la r ly ,  b i la tera l ly ,  d i rec t ly  into the 3rd vent r ic le  by means  of a m i c r o -  
syr inge .  Activity of ACEwas de te rmined  by El iman '  s method [ 7] in the cor tex  and in the subcor t ica l  white ma t t e r  
of the frontal  lobes of the r a t s '  brain.  

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

The expe r imen t s  of s e r i e s  1 showed an inc rease  in ACE activity both in the co r t ex  and in the subcor t ica l  
white m a t t e r  a f ter  an exposure  of 1 h to adrenal in  injected into the bra in  in doses  of 5, 10, and 20/~g (Table 1). The in-  
c r e a s e  in enzyme activi ty co r r e l a t ed  with the dose of adrenal in  injected. The ACE activi ty also increased  
gradual ly  with t ime (Fig. 1), evidence of induction of synthes is  of the enzyme.  
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