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COUPLING OF MEMBRANE ELECTRICAL 

PROCESSES AND CONTRACTILE ACTIVITY 

OF SMOOTH MUSCLE CELLS OF THE 

ANOCOCCYGEUS 

V. M. T a r a n e n k o  UDC 612.731.014.423 

KEY WORDS: Smooth muscle  cells; phasic and tonic contraction; calcium channels; blockers  
of the calcium current ;  depolarization. 

A close connection is known to exist  between the degree of polar izat ion of the membrane  and contract ion 
of smooth-musc le  cells (SMC) [3, 5, 6, 8]. The inflow of external calc ium is considered to be the chief com- 
ponent in the coupling of excitation with contract ion [2, 4, 6, 9]. However, according to some workers ,  an ef- 
fect of in t racel lular  calcium, which is connected with slow (tonic) contract ion [7], is another possibili ty.  

The object of this investigation was to study how activation of SMC of the anococcygeus muscle depends 
on membrane  potential (MP), by the use of various agents blocking the calcium current .  

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on s tr ips  of the rabbit anococcygeus muscle 200 ~ in d iameter  and 1.5 
cm long. Elec t r ica l  activity of SMC of the anococcygeus was recorded  by the double sucrose  gap method [1], 
with simultaneous recording  of contract i le  activity of SMC. Changes in the degree of membrane  polarizat ion 
were  produced both by changing the external  K § concentrat ion and by the action of a polarizing current .  The 
original  Ringer -Locke  solution (35~ was of the following composit ion (in raM): NaC1 154.0, KC1 5.1, CaC12 
2.2, NaHCO 3 1.8, glucose 5.6. Changes in the external  K + concentrat ion were produced by removal  of KC1 or 
addition of the dry  sal t  to the Ringer -Locke  solution. 

EXPERIMENTAL RESULTS 

In most cases the anoeoecygeus muscle cells possess spontaneous electrical and contractile activity. 
Accordingly, experiments were carried out on muscle strips in which spontaneous activity was weak or com- 
pletely absent, for such activity would complicate the course of the investigation. 

A depolarizing current of 10 ttA, I00 msec in duration, evoked action potentials (AP), but a depolarizing 
current (1 #A) led to the appearance of an anelectrotonic potential (AET) in the muscle cells (Figs. la, b: K0, 
A0). The action of a hyperpolarizing current on SMC of anococcygeus normally does not cause relaxation of 
the muscle, regardless of the strength of stimulation used (Fig. la, b: A0). The AP of anococeygeus SMC con- 
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Fig. 1. Effect of polarizing current (I) and various ex- 
ternal potassium concentrations (II) on electrical and 

contractile activity of anococcygeus SMC. In, b: KoA0) 
normal conditions; KIA I - K4A4) during depolarization 
of SMC; K~Ah) after removal of depolarization. IIa) 
[K+]0= 0; IIb-e) with 15, 30, 60, and 120 mMK +, re- 
spectively, in Ringer-Locke solution. Here and in Figs. 
2 and 3: top tracing shows contraction, bottom tracing 
electrical response of SMC. K and A) action of cathode 
and anode of polarizing current on muscle cells. D) 
depolarization of SMC membrane during action of 
cathode of polarizing current of varied strength and 

duration. Arrows indicate beginning and end of mem- 
brane depolarization. 

sists of monophasie potentials with an amplitude of 20-30 mV and a duration of 50-100 msec.  To each spike 
there is a corresponding phasic contraction (Fig. la, b: K0). 

Depolarization of the anococcygeus muscle cell membrane  by the action of the cathode of a polar izing 
current  of up to 10 mV was not accompanied by AP generation or  by a change in muscle tone (Fig. 1, In). How- 
ever,  with a shift of MP by about 12-13 mV from normal,  spike potentials and a very  small  increase  in tonic 
contraction of the muscle cells appeared. A further  increase  in the degree of depolarization of SMC led to an 
increase  in the frequency of AP, which was accompanied by a high-amplitude phasic contraction. The magni-  
tude of the contractile response in this case was determined by summation of the individual phasic contrac- 
tion. During the prolonged action of a depolarizing current on the muscle cells, AP was inhibited and the de- 
gree of muscle contraction gradually diminished. After the depolarizing current had acted for about 2 rain 
stabilization of tone of SMC was observed (Fig. I, IA). In all the experiments, membrane depolarization was 
accompanied by a decrease in resistance of the membrane and a decrease in evoked APs and phasic contrac- 
tions of the anococeygeus SMC (Fig. i, In, b). Whereas under normal conditions, as stated above, hyperpolar- 
ization did not cause changes in contraction of the muscle cells (Fig. I, In, b: A0), with an increase in muscle 
tone in response to hyperpolarization of the membrane, relaxation of SMC took place (Fig. i, Ia, b: A4). With 
discontinuation of cathodal depolarization of the membrane, recovery of AP, muscle tone, and the response of 
the anococcygeus SMC to the action of the polarizing current was observed. 

In the next series of experiments dependence of the contractile activity of the anococcygeus SMC on the 
level of membrane polarization was studied during a change in the external K § concentration. Removal of K* 
from the Ringer-Locke solution caused very slight depolarization (5 mV), the appearance of spikes with con- 
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Fig. 2. Action of Ma *+ (1) and Cd ~* (II) on electrical and 
contractile activity of anococcygeus SMC. I, II a,a') ac- 
tion of anode and cathode of polarizing current on 
anococcygeus SMC under normal conditions. I, lib, b') 
in Ringer-Locke solution containing 10 rnM Mn ++ and 
i mM Cd++, respectively. I, Ilc, c') rinsing the SMC with 
normal Ringer- Locke solution. 

siderable after-hyperpolarization, and an increase in membrane resistance. No tonic contraction was observed 
under these circumstances (Fig. I, IIa). 

An increase in [K + ] 0 to 15 mM in the Ringer-Locke solution ledto depolarization of the membrane by 5 mV, 
to the appearance of APs in the form of separate volleys of discharges accompanied by high-amplitude 
phasic contractions and to a decrease in membrane resistance (Fig. 1, IIb). Muscle tone in this case was un- 

changed. With an increase in [K* ] 0 to 30 mM, further membrane depolarization (13 mV), an increase in the 
frequency of AP and of phasic contraction, and a decrease in membrane resistance were observed. Muscle 
tone increased appreciably (Fig. i, lie). A further increase in [K*] 0 to 60 and 120 rnM led to even more 
marked changes in electrical and contractile activity of the anococcygeus SMC. For instance, the action of 
K § in these concentrations caused depolarization of the muscle cell membrane by 18 and 25 mV, respectively 
(Fig. 1, lid, e). The contractile response of SMC under these circumstances consisted of a fast increase of 
contraction (phasic component), on account of summation of individual phasic contraction, and a slow contrac- 
tion (tonic component), which persisted even after inhibition of AP and was unchanged in the course of action 
of potassium depolarization. Under these conditions the action of strong hyperpolarizing current caused re- 

laxation of the muscle (Fig. 1, IId, e). The resistance of the SMC membrane in the presence of a high [K+]0 
concentration fell almost to zero. 

The action of agents blocking the calcium current on electrical and contractile activity of the anococey- 
geus SMC is illustrated in Figs. 2 and 3. The experiments show that the action of MN +* (i0 raM) and Cd ++ (i rnM) 
on SMC led to inhibition of spikes and of phasic contractions of the muscle ceils. The resting potential 
and membrane resistance were unchanged (Fig. 2, I, II b, b': K I, At). During prolonged and high-amplitude 
cathodal depolarization (over 20 rnV), despite the presence of Mn ++ inthe Ringer-Locke solution, contraction 
of the strip was observed (Fig. 2, Ib). Under the influence of Cd +§ however, both the phasic and the tonic com- 
ponents of contraction of SMC were completely suppressed regardless of the degree and duration of cathodal 
depolarization (Fig. 2, lib, b y). Rinsing the strips with normal Ringer-Locke solution completely restored the 
electrical and contractile response of the anococeygeus SMC (Fig. 2, I, lie, c'). 

The results of investigation of the effect of potassium depolarization of contractile activity of the anoeoe- 
eygeus SMC under normal conditions (I) and with Ca *+ present in the external solution (II) are given in Fig. 
3. The SMC membrane was depolarized by 40 rnM [K§ As Fig. 3, II shows, the increase in [K+]0 in the 
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Fig. 3. Action of polar iz ing cu r r en t  and po tass ium de- 
polar iza t ion  on e lec t r i ca l  and cont rac t i le  act ivi ty of 
anococcygeus SMC under no rma l  conditions (I) and with 
Cd ++ in ex te rna l  solution (II). I, IIa, a ' )  action of anode 
and cathode of polar iz ing  cu r r en t  on musc le  cel ls  under  
normal  conditions and in R inger -Locke  solution con- 
taining 1 mM Cd :~+, I, IIb, b') during the action of po t a s -  
s ium depolarization on SMC under normal conditions 
and with the addition of Cd ++ to Ringer-Locke solution. 
I, IIc, c') electrical and contractile activity of SMC 
during action of polarizing current after removal of 
potassium depolarization. 

Ringer-Locke solution in the presence of Cd ++, just as under normal conditions (Ib), caused membrane de- 
polarization (lib). Under these circumstances, however, neither AI D generation nor contraction of the strip 
was observed. Application of the depolarizing current in this case, both before potassium depolarization (Fig. 
3, IIa, a') and during its course (Fig. 3, lib, b'), was not accompanied by AI D and phasic contractions of the 
muscle cells. The resistance of the SMC membrane was reduced during potassium depolarization, just as 
under normal conditions. 

The results thus suggest that the contractile system of the anococcygeus SMC is activated in two ways: 
by the AlP and by steady membrane depolarization. 

The fact that under the influence of Iv[n ++ and Cd § which block the calcium current, both AI D and phasic 
contraction are inhibited indicates that the AI D are calcium in nature and that phasic contraction are evoked by 
the same Ca § ions which participate in AP generation and enter the muscle cells through fast potential-de- 
pendent Ca-channels. Since Cd ++ blocks tonic contraction but reversibly, it can be postulated that the tonic 
components of contraction is also activated by extracellular Ca ++ ions which, however, enter the muscle 
cells through the so-called slow potential-dependent Ca-channels, which are activated by slow depolarization 
of the muscle cells. 

Hence, both phasic and tonic contraction in the anococeygeus muscle cells are evoked mainly by extra- 
cellular Ca ++ . 
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During format ion of a blood clot, besides p lasma components of blood coagulation cells also take part ,  
pr incipal ly the blood platelets.  Adhesion and aggregation of platelets under the influence of collagen, throm- 
bin, adrenalin, prostaglandins,  ADP, and cer ta in  other agents can create  a basis for the formation of an int ra-  
vascular  thrombus [9, 101. There is no doubt that the nervous sys tem also part icipates  in the regulation of 
in t ravaseular  blood clotting. Dysfunction of the sympathetic or parasympathet ic  nervous sys tem leads to 
changes in hemostas is  [12, 13]. 

In previous investigations the wr i te rs  showed that an experimental  model of in t racardiac  thrombosis  
can be created  [14]o This model was obtained in rats  deprived of their  sympathetic per iphera l  innervation 
since the time of birth. In s t r e ss  situations the desympathized animals died, due to the formation of large 
thrombi in the chambers  of the a t r ia  [6, 13, 14]. 

The object of the presen t  investigation was to study the effect of chemical  desympathization on platelet  
aggregation and the role of platelets in thrombus formation in desympathized rats .  

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

Noninbred rats  were desympathized with the aid of guanethidine. If this substance is injected into new- 
born animals,  they develop i r r eve r s ib le  degenerat ion of sympathetic ganglion cell bodies [8, 14]. The follow- 
ing groups of animals were used: 1) par t ia l ly  desympathized ra ts  receiving guanethidine for two weeks af ter  
birth. About 25% of uninjured neurons remained in the stellate ganglia of these animals; 2) ra ts  with com-  
plete desympathization,  receiving guanethidine for four weeks after  birth. Only 0.57o of neurons were p re -  
served in the stellate ganglia of these animals [3, 14]. ADP-induced aggregation was determined in both 
groups of ra ts  on reaching the ages of 1.5, 2.5, and 4 months, and thrombin-induced aggregation was studied 
in the completely desympathized animals (CDS) only, at the ages of 1.5 and 2.5 months. 

Blood for  investigation was taken f rom the jugular vein and treated with 3.8% sodium ci trate solution in 
the ratio of 9:  1. The aggregating power of the platelets was determined by the method descr ibed in [7]. ADP 
(Reanal, Hungary) or thrombin (Sigma), in a final concentrat ion of 10 ~M and 0.1 unit, respect ively ,  were used 
to induce aggregation. The recaleif icat ion t ime o f  the animals '  blood was determined with the N333 coagulo- 
graph, and the thrombin t ime and adrenalin concentrat ion were also measured  [5], The sensit ivity of the vas 
deferens to adrenalin also was investigated by determining the apparent  dissociat ion constant (K) of the 
a d r e n a l i n - a d r e n o r e c e p t o r  complex, which is the rec iproca l  of sensit ivity [1]. 
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