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MECHANISM OF THE RELAXING ACTION OF NORADRENALIN 

ON SMOOTH MUSCLE CELLS OF THE CORONARY ARTERIES 

E. I. Nikitina, N. G. Kochemasova, UDC 612.181.612.172.1].014.46:615.357.452 
V. M. Taranenko, and M. F. Shuba 

KEY WORDS: smooth muscles; coronary ar ter ies ;  basal tone; noradrenalin; calcium channels. 

The basal tone of the coronary vessels and of the vessels of skeletal muscles,  the mesentery,  etc. is 
determined mainly by the inflow of external calcium ions into the smooth-muscle cells (SMC). Previously 
the writers  showed that the inilow of calcium takes place through potential-dependent slow calcium channels 
[2, 11]. The aim of the present investigation was to continue the study of the membrane mechanisms of regu- 
lation of basal tone and, in particular,  to examine the role of mediators (noradrenal in-  NA) in these processes.  

E X P E R I M E N T A L  ME THODS 

Experiments were carr ied out on circular  strips of the anterior descending branch of the bovine left 
coronary ar tery  with an external diameter of 1.0-1.5 mm by the double sucrose gap method, with simultaneous 
recording of electrical  and contractile activity of the SMC. Electr ical  activity was derived and the SMC stimu- 
lated by Ag-A gC 1 electrodes.  Contact between muscle and electrodes was effected through agar bridges. 
The original Krebs '  solution had the following composition (in raM): NaC1 120.4; KC1 5.9; NaHCO~ 15.5; MaC12 
1.2; NaH2PO 4 1.2; CaC12 2.5; glucose 11.5 raM, made up in bidistilled water. Potassium-enriched solution 
(80 ram KC1) was prepared by adding the dry KC1 salt to Krebs '  solution; calcium-free solution was prepared 
by removing calcium ions from Krebs ' solution by the addition of 0.5 mME GTA. To stabilize the membrane, 
the MaC12 concentration in the calcium-fre~ Krebs, solution was hmreased to 12 raM. NA was added in a con- 
centration of 10 -5 M and the testing solutions were aerated with a gas mixture containing 95% O 2 aad 5% CO 2. 
The temperature of all solutions was maintained at 35-36~ The preparations in the chamber were subjected 
to a load of 7• 10 -3 to 10 • 10 -3 N. The e~periments began 60-90 rain after  loading the p~parat ious  in the 
chamber.  

Department of Neuromuscular Physiology, A. A. Bogomolets Institute of Physiology, Academy of Sci- 
ences of the Ukrainian SSR, Kiev. (Presented by Academician of the Academy of Medical Sciences of the USSR 
A. M. Chernukh.) Translated from Byulleten' Ekspertmental 'noi Biologii i Meditsiny, Vol. 91, No. 5, pp. 
517-520, May, 1981. Original art icle submitted July 17, 1980. 
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Fig.  1. Act ion of NA and a polar iz ing c u r r e n t  on e l ec t r i ca l  and con t rac t i l e  act iv i ty  
of  SMC of the c o r o n a r y  a r t e r i e s .  Top t r a c e s  show e lec t r i ca l ,  bottom t r a c e s  con-  
t r ac t i l e  r e sponses  of SMC. A r r o w s  on A, B, and C show beginning and end of action 
of NA, in D - beginning and end of  act ion of hyperpola r iz ing  cu r r en t  (HP). 

Fig .  2. Action of NA on cont rac t i le  act ivi ty  of SMC of co rona ry  a r t e r i e s .  A: 1) 
Action of NA in normal  K r e b s '  solution, 2) act ion of c a l c i u m - f r e e  solution and 
beginning of action of NA against  this background; B: a) action of NA in no rma l  
K r e b s '  solution; b) act ion of NA against  the background of  80 mM KC1 (continuous 
line). Ar rows  indicate beginning and end of action of subs tances .  

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

The results showed that in approximately 50% of experiments NA induced hyperpolarfzation of the SMC 
membrane by 2-5 mV, and this was accompanied by relaxation of the muscle (Fig. IA, B). Since hyperpolari- 
zation of the membrane in these experiments was connected with a decrease in its resistance (Fig. IC), this 
could indicate that NA induces an increase in membrane conductance chiefly in relation to potassium ions. 
Other workers, studying the action of NA on the pig's coronary arteries [6], reached the same conclusion. 

However, relaxation of SIVIC of the coronary arteries could also take place without any change in the 
res t ing  potential  (RP) level  (Fig. 1B). It  mus t  be pointed out that  Mekata  and Niu [8], using a m i c r o e l e c t r o d e  
technique, were  unable in any of t he i r  exper imen t s  to obse rve  a change in RP during re laxa t ion  of the c o r o n a r y  
a r t e r i e s  of a dog under the influence of NA. 

However ,  in those of  the p r e s en t  expe r imen t s  in which NA induced m e m b r a n e  hyperpolar iza t ion ,  the 
re laxing effect  of  NA could not be comple te ly  explained by the change in RP,  for  a change in RP  to the s a m e  
level  by means  of a hyperpolar iz ing  cu r r en t  induced much less  m a r k e d  re laxa t ion  of SMC of the co rona ry  
a r t e r i e s  (Fig. 1D). F u r t h e r m o r e ,  on r emova l  of the hyperpolar iz ing  cu r ren t ,  musc l e  tone was r e s t o r e d  r e l a -  
t ive ly  quickly, whereas  a f t e r  discontinuation of the act ion of NA repo la r iza t ion  of the m e m b r a n e  neve r  coincided 
with r e s to ra t i on  of the tone of the m us c l e  cel ls  (Fig. 1A, C). 

The w r i t e r s '  previous  invest igat ions showed that  the inflow of ca lc ium ions, regula t ing basa l  tone of 
the SMC of the co rona ry  a r t e r i e s ,  takes place through potent ia l -dependent  s low ca lc ium channels [2, 11]. 
Accordingly ,  that  pa r t  of the re laxat ion  reac t ion  to NA which is connected with hyperpola r iza t ion  of the SMC 
m e m b r a n e  can be explained by closing of the potent ia l -dependent  slow ca lc ium channels .  However ,  this pa r t  
of the reac t ion  amounted to only 38-40% of the re laxa t ion  of the m u s c l e  ce l l s  under  the influence of NA. How 
can the r e s t  of  the reac t ion  (about 60%) be explained ? 

We know that  a dec r ea s e  in m us c l e  tone m a y  also be brought about through a reduct ion in the in t r ace l lu la r  
concentra t ion of f ree  ca lc ium ions as a resu l t  of its binding in in t r ace l lu la r  s t o r e s .  The p re sen t  invest igat ions 
showed that  a f t e r  r e m o v a l  of ca lc ium ions f rom the externa l  solution NA was p rac t i ca l l y  unable to produce 
fur ther  re laxat ion  of the m us c l e  cel ls  (Fig. 2A). Relaxat ion under  the influence of NA in c a l c i u m - f r e e  solution 
amounted to 7-12% of  the reac t ion  to NA in normal  K r e b s '  solution. To explain the re laxing  effect  of NA which 
is not due to hyperpola r iza t ion  and which does not involve binding of ca lc ium in in t race l lu la r  s to re s ,  i t  mus t  
be a s sumed  that  NA can inhibit the t r a n s m e m b r a n e  inflow of ca lc ium direct ly ,  through its action on potent ia l -  
independent chemosens i t ive  ca lc ium channels .  These  hypothetical  ca lc ium channels in the usual s ta te  a r e  
open and, toge ther  with the potent ia l -dependent  slow ca lck tm channels,  they regula te  the supply of ca lc ium to 
the musc le  cel ls ,  thereby  maintaining the in t race l lu la r  ca lc ium concentra t ion and the basa l  tone of the musc le  
at the n e c e s s a r y  level .  
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Fig. 3. Scheme of calcium channels of SMC 
membrane. I) Fast  potential-dependent regen- 
erative calcium channels, ]7) slow potential-de- 
pendent nonregenerative calcium channels, III) 
slow potential-independent chemosensitive cal-  
cium channels. Arrows to the right indicate 
number of open calcium channels, arrows to the 
left number of closed calcium channels. C) 
Contraction, PC) phasic contraction, T) tonic 
contraction, BT) basal tone, AP) action potential, 
RP) resting potential, D) depolarization, H) hy- 
perpolarization, I) inner, O) outer side of mem-  
brane. 

The existence of these channels is also confirmed by the fact that the reaction to noradrenalin is p re-  
served in a muscle depolarized by potassium chloride. Under these conditions the chemosensitive potential- 
independent calcium channels remain open, whereas the effect connected vvith the action of NA on the potential- 
dependent calcium channels ought to be absent, for an increase in the potassium conductance of the membrane 
in cells depolarized by an increase in the external concentration of potassium ions ought not to be accompanied 
by hyperpolarization of the membrane.  In fact, the relaxing action of NA on a muscle depolarized by potassium 
chloride was preserved (Fig. 2B, b) and amounted to 40-46% of the reaction to NA under normal conditions 
(Fig. 2B, a). 

The fi-effeet of NA on the postsynaptie membrane of SMC of the coronary arteries can thus be repre- 
sented as follows. On the one hand, NA causes an increase in potassium conductance of the membrane and, 
consequently, hyperpolartzation of the membrane, and this leads to closing of the potential-dependent slow 
calcium channels and to a decrease in the transmembrane inflow of external calcium ions. On the other hand, 
NA acts on the open potential-independent chemosensitive calcium channels of the membrane and closes them, 
which also limits the inflow of external calcium ions into the muscle cells. As a result of this dual effect of 
NA the intraeellular concentration of free calcium ions is considerably reduced and the basal tone falls. 

In those eases when NA causes relaxation of the muscle without any accompanying change in RP, its 
effect is evidently due chiefly to closing of the ehemosensitive potential-independent slow calcium channels 
of the membrane of SMC of the coronary arteries. This may take place when RP is close to the potassium 
equilibrium potential or when the chemoreceptors are mainly located on calcium channels. 

The results of experiments to study the action of NA on SMC of the coronary arteries fill in some of the 
gaps in our ideas of the pathways of transmembrane inflow of external calcium ions into SIVIC. On the basis 
of the results c~ the writers ' previous investigations obtained on SMC of the portal vein, ureter, and coronary 
arteries [1-5, 7, 9, Ii], and also of experimental data described above, the presence of several types of cal- 
cium channels, through which external calcium ions enter the muscle cells and take part in maintenance of 
basal tone and active contraction, can be postulated in the membrane of SMC Fig. 3. 
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USE OF SIMULTANEOUS RECORDING OF AUDITORY CORTICAL- 

EVOKED POTENTIALS AND COCHLEAR MICROPHONE POTENTIALS 

TO STUDY THE MECHANISM OF AUDITORY ADAPTATION 

B. M. Sagalovich and G. G. Melkumova UDC 612.858.7-08:[612.825.1+612.858. 
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Intensive acoustic stimulation is known to reduce auditory sensitivity, i.e., to raise the thresholds of 
audibility. This r i se  of thresholds may pers is t  for some trine after  the end of above-threshold acoustic st imu- 
lation. The amount of the r ise  in thresholds and the trine required to res to re  their  initial level are  determined 
under normal conditions by the strength and duration of the acoustic stimulation. This fact is described in 
the l i terature under various names: "direct and reversed adaptation," "the fatiguing effect of noise," "the time 
shift of the auditory thresholds."  However, ideas on the mechanism of this phenomenon are highly contradictory 
in character .  Some workers ascribe the leading role to the central divisions of the auditory system [1, 6, 14], 
others to its peripheral formations and, in particular,  the spiral organ [8, 11, 13] and, finally, others attach 
importance to the nonspecific systems of the brain stem [5, 7]. 

To shed light on this problem experiments were required with simultaneous recording of electr ical  
auditory responses from central and peripheral s t ructures  of the auditory system, and the investigation de- 
scribed below was carr ied out for this purpose. 

E X P E R I M E N T A L  ME THOD 

Auditory evoked potentials (AE P) were recorded from the cortex and microphone potentials (MP) from 
the cochlea. The technique of deriving and recording the AE P was fully described by the wri ters  previously 
[3, 4]. The animals were anesthetised with chloralose and pentobarbital. Cortical AEP was recorded in one 
channel of the recording system, MP from the cochlea were recorded synchronously in the other channel. MP 
was derived from the fenestra  rotunda by means of a nichrome electrode. Approach to the cochlea was ob- 
tained through the bulla ossea.  The electrode was fixed with acrylic glue. 

Both potentials were reproduced by tonal stimulation with definite parameters. The duration of the 
tonal stimulus was 20 msec, the rise time 2.5 msec, and the filling frequency 0.5, 1.0, 4.0, and 8.0 kHz. Stim- 
ulating volleys were applied with a frequency of once per second. Stimuli were generated by an AUG-69 audi- 
ometer with an attachment enabling the assigned stimulus parameters to be formed. White noise was used as 
the above-tlnreshold strong stimulus. The intensity of the noise was 90 dB above the 2 • 10 -5 P level, and ex- 
posure lasted 10 rain. The noise was generated by means of a second AUG-64 audiometer. The sound emitters 
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