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Researches into the role played by catecholamines and by cycl ic adeno-
ine monophosphate ( cAMP) , controlled by them, as a second class mediator 

in the transmission of nerve impulses wi th in the myoneural synapses have 
allowed a new interpretation of the well known property of norepinephrine 
and epinephrine to liberate acetylcholine ( A C H ) in . the mentioned above 
and in other synaptic formations (8, 10). I t has been established that this 
part icular property of catecholamines, s imilar to many others, is being 
mediated by c A M P (3, 4) . As a matter of fact they stimulate adenyl cyclase 
which converts A T P into c A M P (9). However, as a rule, c A M P cummula-

ion might be accomplished also by way of phosphodiesterase ( P D E ) inhi 
bi t ion which cleaves c A M P by hydrolytic route. The xanthine alkaloids 
theophylline, theobromine and caffeine have been designated as classical 
or standard (reference) inhibitors of this enzyme. Among them, theophyl
l ine , w i th an inhibit ion constant equal to 5 x 10 4 M , is distinguished for 
he highest inhibitory ac t iv i ty . The picture delineating may be schemati

c a l l y presented as follows: 
Phosphodiesterase 

Theophylline 
Catecholamines Adenyl Intensive 
(Norepinephrine cyclase—vcAMP—•Acetylcholine -> muscle contractions 

and epinephrine) liberation 

We set out to test this hypothesis (proved to a va ry ing degree) about 
the role played by the c A M P system in transmitt ing nerve impulses wi th in 
the myoneural synapses, and to verify whether or not it is va l i d also for the 
act ion of a number of pharmaceuticals, distinguished for the effect they 
exert on these synapses, such as D-tubocurarine or act ivat ing phospho
diesterases. Imidazole was employed as activator of the latter enzyme in 
our studies, since it has been proved that it activates P D E when admini
stered at high concentrations (11). On the other hand, the researches of 
Poletaev (1) show that this substance stimulates acetylcholine liberation. 

Material and Method 

The experiments were conducted on a series of 18 male cats weighing 
I torn 3.5 to 5 kg, under urethane narcosis (2.0/kg body weight subcutane-
ously — 20 per cent solution 10 ml/kg body weight) . The m. gastrocnemius 
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contractions of the animal experimented upon were recorded upon rhythmic 
stimulation of the n. ischiadicus motor neuron using rectangular electric 
impulses wi th the following parameters: duration 1 msec, frequency 6 im-
pulses/min and current voltage equal to the doubled rheobase. Pr ior to the 
beginning of the experiment, the cats were subjected to adrenalectomy 
wi th a view to el iminate a r ich source of endogenic, hormonal epinephrine, 
e. g. the adrenal glands. 

I n most of the experiments the changes in respiration were also recorded. 
The substances used were given according to the following scheme: physo-

stigmine — 20 mcg/kg weight — г dose which alone produces no changes 
in the power of muscle contractions (according to preliminary experiments), 
but manifests the effects of epinephrine, most l ike ly by way ol protecting 
acetylcholine liberation;* epinephrine— 15 mcg/kg weight; caffeine — 
10 mcAV/kg weight; theobromine— 10 mcM'kg weight; imidiazole — 100, 
200 and 300 m g ; k g weight; D-tubocurarine — 300 mcg/kg weight. A l l sub
stances were intrccuced by intravenous route into the femoral artery. 

Results and Discussion 

From F i g . 1 it can be seen that physostigmine, epinephrine, theophyl-
ine, caffeine and theobromine, given separately at the indicated above 
dieses, do not cause visible changes in the contractions of the cat gastroenfc-
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F i g . 1. F r o m top to bottom: respiration; calf muscle 
contraction after indirect st imulation with rectangu

lar electric impulses; 
t ime i n t e r v a l — 10 sec; P h — physos t i gmine 20 mcg/kg ; Е — 
epinephr ine 15 mcg/g ; T h — t h e o p h y l l i n e 10 m c M / k g ; С — caf-

jy^vj k" feine 10 m c M / k g ; T h b — theobromine 10 m c M / k g ; P h - f - E _ 
physos t igmine -bep inephr ine in the ind ica ted doses; P h + T h — 

physos t igmine + t h e o p h y l l i n e in the doses ind ica ted above 

- . r ~ : n 

mius, or else bring about a hardly detectable st imulation (wi th epinephrine). 
The combined, simultaneous i . v . introduction of epinephrine (15mcg/kg 
weight) and theophylline (10 mcM/kg weight) results in a considerable s t f 
mulation of the gastrocnemius muscle contractions — averaging 50 per cent 
in a l l the experiments. The combined, simultaneous injection of physo
stigmine and epinephrine accounts for a substantially greater increase of 
the range of muscle contractions as compared to their independent admi
nistration ( F i g . 1). 
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The phosphodiesterase inhibitor theophylline, introduced intravenously, 
simultaneously wi th the acenyl cyclase activator epinephrine and physo
stigmine, leads to a marked stimulation of muscle contraction, much great, 
er than when injected alone (12 per cent) ( F i g . 2) . The combined injection 
of physostigmine and epinephrine results in an equally strong musle con-

F i g . 2. From top to bottom: respira
tion; calf muscle contraction during 
indirect st imulation with rectangular 

electric impulses; 
P h - f E + T h — physos t igmine 20 meg kg-! 
- f e p i n e p h r i n e - f t h e o p h y l l i n e 10 mcM kg; 
P h - f - E — physos t igmine 20 meg/kg + epine-
phr ine 15 meg/kg; P h + T h — physost ig
mine 20 m c g / k g + theophy l l ine 10 m c M ' k g . 

traction, whereas when physostigmine and theophylline are given simulta
neously, the effect is less pronounced in strength, but lasts for a longer 
time ( F i g . 2) . 

Upon simultaneous intravenous introduction of physostigmine and epi
nephrine wi th the-three xanthine alkaloids, administered at equal molar 
doses, it is seen that the effect of caffeine and theophylline is v i r t ua l ly wi th 
equal strength and duration, and is considerably weaker wi th theobromine 
( F i g . 3) . . . 

The strongest stimulation of the leg muscle contraction is recorded after 
i . v . imidazole injection at dose 100 mg/kg weight. The mean values of this 
increase from a l l the experiments amount to 115 per cent relative to c the 
range of in i t i a l contraction ( F i g . 4) . However, upon imidazole injection at 
dose exceeding 200 mg/kg weight, a strong inhibi t ion of muscle contraction 
takes place ( F i g . 5 ) . 

Epinephrine introduced through endovenous route at dose 30 mcg/kg 
against the background of a complete neuromuscular block due to D-tubo-
curarine, promptly restores, almost instantly, neuromuscular conduction 
to its starting values ( F i g . 6 ) . 

The results obtained are in support of the hypothesis, already mentioned 
in the beginning, about the possibility of muscle contractions' intensifica
tion by the effect of adenyl cyclase activators (epinephrine^ and phospho-

F i g . 3. Tcp to bottom: respiration; 
calf muscle contraction during indi

rect st imulation with rectangular 
electric impulses; 

P h - j - C + E — physos t igmine 20 meg/kg+caf 
feine and sodium benzra te 10 mcM/kg-b 
^ e p i n e p h r i n e 15 meg kg ; physos t igmine 
20 mcg /kg—theophy l l i ne 10 mcM/kg + epi-
nephrine 15 mcg/kg; physos t igmine 20 meg' 

k g - theobromine 10 m c M / k g - ь epinephrfne 
15 meg kg. 
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diesterase inhibitors (theophylline, theobromine, caffeine). Although through 
somewhat different mechanisms, they lead to the same ultimate result — 
increase of c A M P concentration. Th i s common mechanism unifies in a single 
group substances, which by chemical structure possess no common features 
whatsoever, except for their effects being mediated by this second class 

Imidazol ЮОтд/кд i.v 

Fig . 4. Leg muscle contraction du
ring indirect stimulation with rectan

gular electric impulses; 
I m i d i a z o l e — 100 mg/kg we igh t . 

F i g . 5. Top to bottom: respiration; contrac
tion of the calf muscle during indirect stimu

lation with rectangular electric impulses; 
I m — 100 rag/kg weight ; I m — 300 mg/kg weight . 

mediator. In addition, the data of the 
study performed show that the pharma
ceuticals whose chief action is locali
zed in the cAMP system and results 
in the rise of cAMP concentration, po
tentiate the contractions of skeletal 
muscles upon their indirect stimula
tion. On the other hand, it should be 
beared in mind that substances as imi
dazole, for instance, exerting influence 
on the terminal l ink in the chain of in
termediate processes, connected with 
muscle contraction, exert effects deter
mined by the terminal linkage proper, 
and not by the effect they have on ear
lier stages, especially in case of weaker 
manifestation of this effect. Th i s is 
precisely the reason owing to which 

imidazole, administered at dose 100 mg/kg, intensifies muscle contractions, 
in a l l l ikelihood, on the ground of facil i tat ing acetylcholine liberation 
(Severin et a l , Poletaev) ( 1 , 2 ) . Regarding the blocking of myoneural 
synapses by elevated imidazole doses (exceeding 200 mg/kg weight), it is 
quite probably due, on the one hand, to the liberation of blocking acetyl
choline quantities, and on the other, to the activation of phosphodies
terase — a phenomenon realized by its higher doses only. I n the latter 

F i g . 6. Contraction of the calf 
muscle upon indirect st imulation 
with rectangular electric impulses; 
D-t— D - T u b o c u r a r i n e 300 mcg/kg we igh t ; 

Е — epinephr ine 30 mcg/kg weigh t . 
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case, the enhanced enzyme ac t iv i ty of P D E produces a reduction of 
cAAlP , respectively, a decrease of muscle contractions. 

Apart from confirming the well known anticurare action of epinephrine, 
we would l ike to lay emphasis on the mechanism of its real izat ion through 
the c A M P system. 

I n conclusion, it should be stressed that a great deal of caution is required 
when interrelations are seeked between the effects of various pharmaceutical 
nd other chemical substances and the c A M P system. T h i s is implied by the 
ircumstance that quite often these substances exert effects which , under 

physiological conditions, are being controlled by the c A M P system, regard-
'ess of the fact that they are produced v i a mechanisms ly ing out of i t . 
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О З Н А Ч Е Н И И СИСТЕМЫ Ц И К Л И Ч Е С К О Г О А Д Е Н О З И Н М О Н О Ф О С Ф А Т А 
Д Л Я Д Е Й С Т В И Я В Е Щ Е С Т В С И З Б И Р А Т Е Л Ь Н Ы М 
В Л И Я Н И Е М НА М О Н О Н Е В Р А Л Ь Н Ы Е С И Н А П С Ы 

Д. К. Желязков, Р. Г. Марев, Н. М. Георгиев 

Р Е З Ю М Е 

И з у ч а л а с ь система циклического аденозинмонофосфата в передаче 
нервных импульсов в мионевральных синапсах на к о ш к а х , при помощи 
Активаторов аденилциклазы (адреналина) и ингибиторов фосфодиэстеразы 
(теофиллина, теобромина и кофеина) , а т а к ж е и имидазола . Установлено , 
что активаторы адейилциклазы и ингибиторы фосфодиэстеразы приводят 
к повышению концентрации циклического аденозинмонофосфата, выра
женного Путем стимуляции сокращений поперечнополосатых мышц при 
непрямом р а з д р а ж е н и и . Кроме этого установлен^, что имидазол, вве
денный внутривенно в дозе 100 м г / к г веса, повышает мышечные сокра
щения на 115% в сравнении с исходными, а в дозе превышающей 200 
мг /кг веса — до полной нервно-мышечной блокады. 

Scripta scientifica medica 


