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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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Fig. 1. Effect of in t raventr icular  injection of adrenalin alone (5 ~g) and adren-  
alin combined with the fl adrenoblocker  propranolol  (6.5 ~g) on ACE activity in 
cor tex and subcort ical  white mat ter  of frontal lobe of ra t  brain:  1, 3) cor t ical  
ACE activity after injection of adrenalin alone and adrenalin with propranolol;  
2, 4) subcort ical  ACE activity after injection of adrenalin alone and adrenalin 
with propranolol.  Abscissa,  exposure (in h); ordinate, ACE activity (in % of 
control). 

TABLE I. Effect of In t raventr icular  Injection of Adrenalin, IMromycin, Eusptran, and 
Noradrenalin on ACE Activity in Cortex and Subcortical White Matter of Frontal  Lobes 
of the Rat Brain (M • m) 

Experimental conditions 

Control (15) 
Adrenalin (10) 

(6) 
(8) -n + Puromyei adrenalin (8) 

Enspiran (6) 
(6) 
(6) . 

Noradrenahn (7) 
(8) 

Dose, 
~/lOOg T[meof 
body ~ xposure, 
weight 

5 
10 
2O 
90 
20 
2,5 
5 

10 
5 

10 

I 
I 
I 
2 
i 
2 

Cortex 

ACE 

3,13-----0,05 
3,37-'-0,08 
3,52::t: 0,07 
3,87-'-0,08 
3,26~0,43" 

3,13~0,06" 
3,30----- 0,05" 
3,33-+- 0,09 * 
3,09"~-'-- 0,05" 
3,33~0,05" 

% of 
control 

100,0 
I07,7 
112,5 
123,6 
104,2 

100,0 
105,4 
106,4 
98,7 

106,4 

Subcortex 

ACE 

3,80---+0,06 
5,t5-----0,15 
5,37m 0,11 
5,17"-0,16 
3,75-----0,24* 

4,14~ 0,07 
4,85-~0,05 
5,32-----0,14 
4,16-~0,12 
4,12-~---0,09 

% of 
control 

100,0 
135,5 
141.3 
136,1 
98.7 

108,8 
127,6 
140,0 
109,5 
108,4 

Legend. Here and in Table 2: 1) enzyme activity expressed in 10 -4 M acetyl-  
cho l tne /h /g  wet weight of t issue; 2) number of experiments  in parentheses ;  3) values 
for which P �9 0.05 compared with control marked by aster isk.  

The stimulating effect of adrenalin disappeared completely after pre l iminary  injection of puromycin,  
which inhibits protein synthesis,  into the brain (exposure 2 h). This fact is fundamental evidence of induction 
of the synthesis of ACE molecules  by adrenalin. 

Euspiran,  an analog of adrenalin, also stimulated brain ACE activity. Depending on the dose injected 
(2.5, 5, or 10 ~g) the activity of the enzyme in the subcort ical  white mat ter  after an exposure of 2 h rose  by 
8.6, 27.6, and 40~, respect ively .  Noradrenalin,  in a dose of 5-10 pg, had a weak effect  on the enzyme activity. 
It exhibited a stimulating action on ACE activity only in the subcort ical  white mat te r :  The activity of the en- 
zyme increased by 9, 5% during an exposure of 2 h. 

After tn t raventr icular  injection of the dibutyryl analog of cyclic AMP in a dose of 5 ~g an increase in ACE 
activity also was observed, but chiefly in the subcort ical  white matter.  In this case,  after an exposure of 4 h, 
the activity of the enzyme was 60.8% higher than in the control. In the cortex, where the highest phosphodies-  
te rase  activity is found [6],  ACE showed no significant change (Table 2). Puromycin  completely inhibited the 
st imulating effect of d ibutyryl -cycl ic  AMP, and also of adrenalin, on the brain ACE activity. 

The exper iments  thus showed that cyclic AMP plays the role of secondary mediator  in the stimulation of 
brain ACE, To verify this conclusion, the role of a -  and ]3-adrenergic r ecep to r s  in the inductive synthesis of 
ACE molecules  was studied. 
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TABLE 2. Effect of In t raventr icular  Injection of Dibutyryl-Cycl ic  AMP, Puromycin,  and 
Propranolol ,  Blocking fl-Adrenergic Receptors ,  on ACE Activity in the Cortex and Sub- 
cort ical  White Matter of Frontal  Lobe of the Rat Brain (M ~ m) 

Dose, ~g/Time of] 
100 g exposure, Experimental conditions body ACE 
weight h [ 

Control 

Oibutyryl-cycllc AMP 
Dibutyryl-cyclic AMP+ 
p, roptanolol (4) 

Dlbutyryl-cyclic AMP + 
pmpranolol (5) 

Dibutyryl- cyctic AMP 
Dibutyryl-eyclie AMP+ 

p.rOpranolol (3) 
Dtbutyryl-cycltc AMP + 
prop~ano!ol (5) 

Dibutyry!-cyclic AMP (6) 
Diburyryl-cyclic AM-P + 
pml~anolol (5) 

vrop~anolol (5) ~- 
DiSutyryl-eyclic AMP. 

propranolol (8) 

5 
5 

5,5 
5 

t2,5 
5 
5 
6,5 
5 

12,5 
5 
5 

12,5 
t2,5 
90 

5 

Cortex 

3,13m0,05 

3,44-+0,I 1 
3,40-+0,12 

3,46-----0,09 

3,39-+0,08* 
3,39-+0,19 

3,25-+0, I 1" 

3,21"*'0,12" 
3,13-+ 0,09* 

2~79-+ 0, I 0 
3,07-+-0,05 * 

% of 
control 

100,0 

109,9 
108,6 

110,5 

108,3 
107,9 

103,8 

102,6 
100,0 

89,1 
98, I 

Subc0rtex 

ACE 

3,80-+0,06 

4,75-+0,07 
4,78=~0,09 

3,44--+0,t0 

6,11-+0,18 
6,09-+0,07 

4,84+0031 

3,85--0,06* 
3,76-+0,04* 

2,50-+O,2t 
3,40• 

% of 
control 

lOQ,O 

125,0 
125,8 

90,5 

160,8 
150,3 

127,4 

I01,3 
98,9 

65,8 
89,5 

As Fig. 1 shows, after  the simultaneous injection of adrenalin and propranolol,  blocking f l -adrenerg ic  
receptors ,  the positive action of adrenalin on ACE activity was completely abolished or,  at least,  appreciably 
reduced. Propranolol ,  alone in a dose of 0.5/zg or  after d ibutyryl-cycl ic  AMP (Table 2), had virtually no effect 
on brain ACE activity ei ther  in the cor tex  or  in the subcort ical  white matter .  With an increase  in its close to 
12.5 #g, after an exposure of 2 h ACE activity fell by 34.2~c (Table 2}. The stimulating effect of dibutyryl-  
cyclic AMP in the subcort ical  white mat ter  was reduced by about the same amount. 

No changes in the ACE activity of brain homogenate could be found in the experiments  in vitro after a 
change in the propranolol  concentration in the incubation medium from 0.65 to 12.5 ~zg/ml. By cont ras t  with 
the fl adrenoblocker,  propranolol,  the ~ adrenoblocker phentolamine stimulated ACE activity in the subcort ical  
white mat te r ,  which it increased by 18-68%. It must  be concluded from these findings that blocking of the 
fl receptor  does not affect the biochemical  convers ions which lie at the basis of the inductive synthesis of ACE 
after  injection of d ibutyryl -cycl ic  AMP. 

Considering that after injection of adrenalin into the animals the concentration of free acetylcholine (AC) 
in the brain is increased [8],  the attempt was made to evaluate the role of AC in the inductive synthesis of 
ACE. To abolish the effects of AC, the cholinolytic drug atropine was injected into the brain. Atropine, in a 
dose of 1.25 ~g (by bilateral  tn t raventr icular  injection), ei ther  by itself or in the presence of dibutyryl-cycl ic  
AMP, was found to have no significant effect on ACE activity in the cortex or  subcort ical  white matter ,  but it 
reduced the stimulating action of adrenalin on the ACE activity in the cort ical  white mat te r  on the average by 
30% (P < 0.05). Atropine, in a dose of 2.25 ~g, separately  (without adrenalin) stimulated ACE activity after an 
exposure of 2 h by 32.9%. Hence, i tmus t  be concluded that the inducing action of adrenalin on ACE synthesis 
is due part ly to AC. The increase  in ACE activity produced by atropine can evidently be explained on the 
grounds that atropine, on the one hand, abolishes the inhibitory effect of ACE on adenylate cyclase,  and on the 
other hand, st imulates adenylate cyclase [10-12].  

According to data in the l i terature  [2],  atropine is a weak revers ib le  inhibitor of ACE. This view con- 
flicts with the resul ts  now obtained. However, it must  be pointed out that the inhibitory proper ty  of atropine is 
manifested in a concentration of 250 #g/100 g body weight, which is about 50-100 t imes grea te r  than the doses 
used under the conditions of the present  experiments.  

The great  difference will be noted between the rate of the inductive action of adrenalin and of dtbutyryl-  
cyclic AMP on ACE synthesis in the brain. Whereas this action of adrenalin is maximal after 2 h (Fig. 1), the 
greates t  effect of dibutyryl-cycl ic  AMP is found after an exposure of 4 h (Table 2), when the action of adrenalin 
has completely disappeared. The explanation of this fact must  be sought in the lower react ivi ty of exogenous 
dibutyryl -cycl ic  AMP. Adrenalin exerts  its action through adrenergic  receptors ,  with the use of endogenous 
cyclic AMP as secondary mediator.  According to data in the l i terature,  the inotropic and metabolic effects of 
adrenalin and cyclic AMP likewise occur at different t imes [3]. 
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It is thus c lear  that the increase  in brain ACE activity after in t raventr icular  injection of adrenalin and 
dibutyryl -cycl ic  AMP is the resul t  of inductive synthesis of the enzyme. The effects of adrenalin and of cyclic 
AMP are s imi la r  in direct ion and are mediated through f i -adrenerg lc  receptors .  The potentiation of ACE ac-  
tivity after blocking of the ~ recep to r s  can be explained by elimination of their inhibi[ory effect on the 
/3-adrenergic receptors .  
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A M U L T I C O M P O N E N T  S Y S T E M  OF E S T R A D I O L -  

B I N D I N G  P R O T E I N S  tN R A T  L I V E R  C Y T O S O L  

AND ITS DEPENDENCE ON SEX STEROIDS 

O. V. Smirnova, A. N. Smirnov, 

and V. B. Rozen 

UDC 612.621.31:612.351.1 

The marked  sex differences in the rat io between the hormonal capacity of estradiot-binding 
components with Stokes' radii  (a) of 7.0 and 2.5 nm observed in sexually mature animals are 
somewhat reduced but do not disappear completely after gonadectomy. Prolonged adminis t ra-  
tion of es t radiol  (50 ~tg, 8 days) to gonadectomized rats  leads to depress ion of the es t rad io l -  
binding activity of all components of liver eytosol of females and males. Injection of testos- 

terone propionate (2 mg, 8 days) into gonadectomized animals leads to selective stimulation 

of a special estrogen-binding protein with a = 2.5 n m, normally characteristic of males alone, 
in both males and females. It is postulated that sex differences in the system of ~$tradiol- 

binding proteins of the rat liver cytosol are due to sexual differentiation of the System in the 

early stages of development, on the one hand, and to the active regulatory influence of andro- 

gens and estrogens in the late stages of development, on the other hand. 

KEY WORDS: estrogens; estradiol-binding proteins; liver; sex steroids. 

The l iver of fishes, amphibians, and birds,  under the influence of es t rogens,  can produce the egg proteins 
llpovitellin and phosphitin and can thus play a direct part in the reproductive process [7, I0]. In mammals, the 
effects of estrogens on the reproductive function mediated through the liver are not so clearly defined and they 
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