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The cause s  of the r i s e  in ampl i tude of the r e cep to r  potential  (RP) of Pacin ian  co rpusc l e s  in 
Ca++- f ree  solution were  invest igated by the external  per fus ion  method.  In Ca++- f r ee  solution 
the ampli tude of RP was shown to i n c r e a s e ,  but this i n c r e a s e  was blocked by the addition of 
10-20 mM t e t r ae t hy l am m on i um  to the solution. A t e m p o r a r y  i n c r e a s e  in the  ampl i tude of RP 
was obse rved  in solution with 0.2 mM 2,4-dini trophenol .  The sens i t iv i ty  of the r e c e p t o r  m e m -  
b rane  to mechanical  s t imul i  was unchanged in Ca++-f ree  solution. It is suggested that  t he r e  
a r e  no negat ive  cha rges  n e a r  the mechan ica l ly  sens i t ive  ionic channel of  the  r e c e p t o r  m e m -  
b rane  of Pac in ian  co rpusc l e s  which could affect  the s ta te  of the "gating" s y s t e m  of the m e -  
chanical ly  sens i t ive  channel.  

KEY WORDS: mechanorecep to r ;  ca lc ium ions; r e c e p t o r  potential .  

It was shown prev ious ly  that  a t e m p o r a r y  r i s e  in ampl i tude of the r e c e p t o r  potential  (RP) of  Pac in ian  
corpusc les  takes  place in Ca++- f ree  solution [1]. It is suggested that  the change in ampli tude of RP is due to 
the fact  that  in Ca++- f r ee  solution the re  is an i n c r e a s e  in the concentra t ion  of t hese  ions in the axop lasm of 
the s enso ry  ending, poss ibly  on account of t he i r  l ibera t ion  f rom the mi tochondr ia ,  and also of act ivat ion of the  
po t a s s ium conductance of the r e c e p t o r  m e m b r a n e ,  leading to an i n c r e a s e  in the m e m b r a n e  potential  and a m p l i -  
tude of RP.  

To conf i rm this  hypothes is ,  the r e s u l t s  of expe r imen t s  in which the r e c e p t o r s  we re  ac ted  upon by 2,4- 
dinitrophenol (DNP) and t e t r a e t hy l am m on i um  (TEA) a r e  desc r ibed  below. 

DNP i s  known to block p r o c e s s e s  of  oxidat ive  phosphoryla t ion  in mi tochondr ia ,  with the  consequent  l i b e r -  
ation of Ca ++ f r o m  the mi tochondr ia  into the cy top la sm [3]. The  addition of DNP to the  solution causes  an 
i n c r e a s e  in the m e m b r a n e  potential  of mol luscan  neurons  [10] and neurons  of  the cat  co r t ex  [6]. The  m e m b r a n e  
potent ia l  of the  pho toreeep tor  ce l l s  of the scal lop i n c r e a s e s  by 35 mY in a solution containing 0.2 mM DNP [7]. 

TEA ions a r e  known to block the po ta s s ium p e r m e a b i l i t y  of the n e r v e  cel l  and f ibe r  m e m b r a n e ,  with a 
consequent  d e c r e a s e  in m e m b r a n e  potential .  

The  causes  of the i n c r e a s e  in ampl i tude  of RP of Pac in ian  co rpusc l e s  in solution without Ca +~ were  
analyzed in the  invest igat ion desc r ibed  below. 

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

The  invest igat ion was c a r r i e d  out on Pacin ian  co rpusc l e s  i so la ted  f r o m  the cat  m e s e n t e r y .  The  r e c e p t o r s  
w e r e  decapsula ted  as  fa r  as the inner  bulb and placed in a cont inuous-f low c h a m b e r  with a capac i ty  of 0.2 ml,  
kept at  constant  t e m p e r a t u r e ,  in solution flowing a t  the  r a t e  of 0.5 ml /min .  The  n e r v e  f iber  was  p laced  in the 
neighboring chamb e r .  The  c h a m b e r s  were  sepa ra t ed  by an a i r  gap m e a s u r i n g  200-300 ~.  Full  deta i ls  of the 
method of r ecord ing  e lec t r ica l  ac t iv i ty  of the  r e c e p t o r s  were  desc r ibed  p rev ious ly  [1]. 

DNP was added to the  normal  solution in a concent ra t ion  of 0.2 mM and TEA ions in a concent ra t ion  of 
10-20 mM. Recep to r  d i scha rges  w e r e  blocked by 0.1% proca ine  solution. 
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Fig. 1. Effect  of Ca++-free  solu-  
t ion on ampli tude of RP.  A ) Dy- 
namics  of changes in amplitude 
of RP in C a++-free  solution with 
10 mM EDTA; B) co r re l a t ion  be -  
tween amplitude of RP and strength 
of mechanical  st imulation (abscis-  
sa,  r e l a t ive  units of V) in normal  
solution (empty c i rc les )  and in 
C a~- - f~ee  solution (filled c i rc les )  
at  15th minute of exposure .  Du- 
ra t ion  of mechanical  st imuli  3 
m s e c ,  

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

A t e m p o r a r y  i nc rease  in amplitude of RP of the Pacinian corpusc les  took place in Ca++-free solution con-  
taining 10 mM EDTA (Fig. 1A). In some exper iments  on photoreceptor  ce l ls  an i nc rease  in the amplitude of 
RP also was demonst ra ted  in a solution with a reduced  Ca ++ concentra t ion [4, 8]. It was shown by the  use  of 
a photoemission method [12] on sa l ivary  gland cel ls  that in C a++-free solution these  ions a r e  discharged f rom 
the mitochondria  into the cytoplasm. 

The  p resen t  exper iments  showed that the ampli tude of RP increased  fo r  10-30 rain both in solution with 
DNP and in Ca++-free  solution (Fig. 2). Longer  exposure  to DNP led to a gradual  fall in the amplitude of RP 
o r  even total  blocking of the e lec t r ica l  r e sponses  of  the r ecep to r s .  

If an inc rease  in potass ium conductance of the r ecep to r  membrane  does in fact  take place  in Ca++-free  
solution, the  addition of TEA to the solution ought to block these  changes.  It was actually found that in Ca ++- 
f r e e  solution containing 10-20 mM TEA instead of an i nc rease  in amplitude of RP, it was r ev e r s ib ly  reduced 
(Fig. 3). The  durat ion of RP in solution with TEA inc reased  perhaps  because  of a change in the r e s i s t ance  
of the r e c e p t o r  membrane .  The  r e su l t s  of the presen t  exper iments  a r e  evidence in support  of the view that  
potass ium channels,  act ivated by Ca ++, a r e  p resen t  in the r ecep to r  membrane  of Pacinian corpusc les ,  although 
fu r the r  exper iments  a r e  needed before  final conclusions can be drawn. 
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Fig. 2. Effect of 0.2 mM DNP on 
amplitude of RP. 1) Response in 
normal solution; calibration: 100 
pV, 3 msec; 2-4) responses in solu- 
tion with DNP at 9th, 23rd, and 29th 
minute. 

t 2 3 - - 1  

5 6 

F~. 3. Effect of Ca++-free solution 
containing 20 mM TEA on amplitude 
of RP. 1) Response in normal solu- 
tion; 2, 3) responses in Ca++-free 
solution with TEA at l l t h  and 64th 
minute; 4-6) restoration of ampli- 
tude of RP in normal solution at 4th, 
15th, and 20th minute; calibration: 
100 ~V, 3 msec. 

Dependence of the amplitude of RP on the strength of stimulation in normal solution and in Ca++-free 
solution is i l lustrated in Fig. lB.  Clear ly  in the Ca++-free solution there  is an increase  in the maximal value 
of the amplitude of RP, but no difference in l~e location of the curves along the abscissa. This is evidence 
that  the threshold of the receptor  membrane in Ca++-free solution is unchanged. It was shown recently that 
the threshold of the photoreceptor cells, like that of the Pacinian corpuscles,  is unchanged in Ca++-free solu- 
tion [8]. This differs in the receptor  membranes essentially from electrically excitable membranes,  the 
threshold of which depends on the external Ca ++ concentration. Electr ical ly excitable membranes a re  con- 
side.red to have fixed negative charges near the ionic channels and the effects of C a ++ a re  considered to be 
due to changes in the surface charge on the membrane [5, 9, 11]. 

Considering that the sensitivity of the receptor  membrane of the Pacinian corpuscle  is unchanged in 
Ca++-free solution, this suggests that no negatively charged groups which could have an effect on the "gating" 
system of the channels a re  present  near  mechanically sensitive ionic channels. The reason for  this may be 
that in the receptor  membrane of the Pacinian corpuscle near  ionic channels at pit 7.4 the re  is a high Concen- 
t ra t ion of neutral lipids. It has been suggested that t he re  a re  likewise no negatively charged groups in the 
photoreceptor membrane of the channel along which Na + enters the cell [2]. 
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D E P E N D E N C E  OF S I N G L E  M U S C L E  R E C E P T O R  F U N C T I O N  

ON M U S C U L A R  A C T I V I T Y  

O. P. Dobromyslova, R. S. Orlov, 
and G. M. Pivovarova 

UDC 612.816 : 612.741 

Spontaneous and evoked activity of single muscle spindles and Golgi receptors was recorded in 
cats anesthetized with chloralose and urethane and the effect of muscular activity evoked by 
direct or indirect stimulation on this activity was studied. The contractile activity of the plan- 
taris (fast) and soleus (slow) muscles was shown to reduce the spike discharge both of muscle 
spindles and of Golgi receptors, and much more so in the case of muscle spindles of the fast 
muscles than of the slow. 

KEY WORDS: single muscle receptors; muscular activity. 

Investigators who have studied muscle reception in warm-blooded animals have given adequate descrip- 
tions of the basic principles governing function of single muscle receptors (muscle spindles, Golgi receptors), 
but no data can be found on the effect of contractile activity of a muscle on receptors located in it [4, 5]. Yet 
investigations in which afferent impulses are recorded from skeletal muscle receptors of cold-blooded ani- 
mals have shown that during prolonged activity of a muscle the flow of afferent impulses diminishes, and the 
more strongly the muscle contracts, the more rapid and more marked the diminution and the faster the muscle 
becomes fatigued [6, 7, 10]. 

The object of this investigation was to study the effect of prolonged contractions of a muscle in warm-  
blooded animals, produced by direct  or  indirect electrical sthnulation of the muscle, on discharges from 
single muscle  spindles and Golgi receptors  of the same muscle.  

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

Cats were anesthetized with a mixture of chloralose (5 ~g/kg) and urethane (500/~g/kg) intraperitoneslly. 
The test objects were muscle receptors (muscle spindles and Golgi receptors) of fast (plantaris) and slow 
(soleus) muscles before and after contractile activity of the same muscles evoked by direct or indirect stimu- 
lation. 

The ventral and dorsal spinal roots were dissected and divided at level Ls-St; all muscles in both hind 
limbs were denervated except the soleus and plantaris. A weight of 200 g was attached to the tendon of these 
muscles, causing them to stretch and producing spontaneous activity of the receptors located in them; after 
attachment of the weight, the muscles contracted under isometric conditions. 

To obtain impulses from single receptors the dorsal root was separated into filaments under oscillo- 
scopic control, until impulses of equal amplitude were obtained. Activity was recorded on the UEF-5 electro- 
physiological system (transmission band 10-3500 Hz, sensitivity 2 mm//~V, amplifier noise 8/~V). Muscle 
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