
monoamine  oxidase  inhibi tor  and to block ~ - a d r e n e r g i c  r e c e p t o r s  [6]. It  can accordingly  be cons idered  that  
the autonomic and EEG phenomena  accompanying  the p r e s s o r  r e sponse  a re  ba sed  mainly  on ad rene rg ic  mech -  
a n i s m s ,  whereas  the d e p r e s s o r  r e s p o n s e s  a r e  based  on a different  neurochemica l  mechan i sm.  It  follows f rom 
the work  of Va l ' dman  et al. [2] and of Teplov and V a s i l ' e v a  [8] that  the e lec t roencepha lograph ic  and autonomic 
mani fes ta t ions  of d e p r e s s o r  r e s p o n s e s  evoked by s t imulat ion of the hypothalamic  nuclei  have a p redominant ly  
chol inergic  mechan i sm.  
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E F F E C T  O F  A H I G H - V O L T A G E  C A P A C I T O R  D I S C H A R G E  

ON O P T I C A L  P R O P E R T I E S  O F  F R O G  H E A R T  M U S C L E  

I .  P .  A r l e e v s k i i ,  V.  K.  B e z u g l o v ,  
a n d  Vo G.  B u z u k i n  

UDC 612.172.3 

A high-vol tage  capac i to r  d i scharge  caused a sharp  i nc r ea se  in the intensi ty  of flux of p l ane -po-  
l a r i z ed  light pass ing  through a s t r ip  of f rog  hea r t  musc l e .  This  may  indicate  changes in the opt i-  
ca l  p r o p e r t i e s  of the t i s sue  due to conformat ional  changes in the m e m b r a n e  pro te ins .  

KEY WORDS: h igh-vol tage  d ischarge ;  hear t ;  opt ical  p r o p e r t i e s .  

Expe r imen t s  on a cell  m e m b r a n e  model  based  on the use  of f rog skin showed that  an e lec t r i c  d i scharge  
induces changes in i ts  t r a n s m e m b r a n e  potent ia l ,  in the p a r a m e t e r s  of the v o l t - a m p e r e  c h a r a c t e r i s t i c  curve ,  
and in p e r m e a b i l i t y  to sodium, po t a s s ium,  and ca lc ium ions [1-3]o 

All these  changes a r e  evidently a ref lec t ion of m o m e n t a r y  s t ruc tu r a l  changes in the cell  m e m b r a n e s  at the 
t ime  of the e l ec t r i c  d i scha rge .  
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Fig. 1. Scheme of appara tus  to study ac-  
tion of d i scharge  on optical  p r o p e r t i e s  of 
f rog  h e a r t  musc le .  Explanation in text.  

Fig. 2. 

Fig. 3, 

Fig. 2 Fig. 3 

Recording of d i scharge  cur ren t s  (tissue; vol tage i kV). Scanning speed 1 m s e c / c m .  

Phot ic  flux (frog hea r t  muscle ;  voltage 1 kV). Scanning speed 50 m s e c / c m .  

The object  of this invest igat ion was to study the action of a high-vol tage capac i to r  d ischarge  on the optical  
p r o p e r t i e s  of a s t r ip  of f rog hear t .  

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

A s t r ip  of f rog  hear t  was p laced  in a cell  between two glass  p la tes  and nickel  e l ec t rodes  so that  an e lec -  
t r i c  d i scharge  and a beam of po la r i zed  light could be p a s s e d  through it. A block d i ag ram of the appara tus  is 
shown in Fig. 1. The cell  (1) was p laced  in the ML-1 luminescence  m i c r o s c o p e  (2) between two c ro s sed  p o l a r -  
oids (12 and 13). The beam of light pass ing  through the cell  and the polaro ids  fell  on the photocathode of an 
F]~U-39 photoelec t ronic  mul t ip l i e r  (3), the voltage for  which was supplied by a VS-23 high-vol tage s tabi l ized 
r ec t i f i e r  (4). The signal f rom the photoelec t ronic  mul t ip l ie r  was led to a UIS-2M ampl i f i e r  (5) and then to an 
S-1-54 osc i l loscope  (6). The sweep of the osc i l loscope  was t r igge red  by appl icat ion of a potential  f rom the 
voltage source  (8) through a r e l ay  (7) ac t ivated by the button (11). The d i scharge  f r o m  the ID-1 -V~I  def ibr i l la-  
tor  (10) was t r ansmi t t ed  to the cel ls  through the re lay  (9). So that the osc i l loscope  would be t r igge red  a little 
e a r l i e r  than the beginning of the d i scharge ,  the actuation t ime of the re lay  (7) was l ess  than the actuation t ime  
of the re lay  (9). The signal was r eco rded  f rom the osci l loscope sc reen  by means  of a wZenit '  c amera .  

EXPERIMENTAL RESULTS AND DISCUSSION 

In p r e l i m i n a r y  expe r imen t s  in which the cell  was rep laced  by an equivalent r e s i s t o r ,  the pulse was photo- 
graphed at dif ferent  d i scharge  vol tages .  The duration of the signal was found to be 3-5 m s e c .  The d ischarge  
consis ted  main ly  of two p a r t s :  an exponential  drop of the cu r r en t  (duration 1 msec)  and a damped osc i l l a to ry  
p r o c e s s .  When the cell  containing the biological  object  was included in the scheme,  the p a r a m e t e r s  of the d is -  
charge  were  p rac t i ca l ly  unchanged (Fig. 2). 
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Strong luminescence  was obse rved  during the action of the high-vol tage capac i to r  d ischarge  on the m u s -  
cle; i ts  total duration depended on the voltage of the d ischarge  and was 15-100 msed with a voltage of 0.5 kV 
and 100-350 m s e c  with a voltage of 1.0 kVo 

The luminescence  in r e sponse  to d i scharges  of different  vol tages had common p r o p e r t i e s ,  consis t ing of 
intense luminescence  actual ly during and just  a f t e r  the d ischarge  (f i rs t  15-25 msec ) ,  followed by a decline 
along an exponential  curve  (Fig. 3). In this p a r t  of the p r o c e s s  single f lashes  were  obse rved ,  the in te rva l s  
between which showed a tendency to i n c r e a s e .  The total  duration of luminescence  was about two o rde r s  of 
magnitude g r e a t e r  than the duration of pa s s age  of the d ischarge  i tself .  

In the w r i t e r s '  view the i nc rea se  in intensi ty  of photic flux is evidence of changes in optical  p r o p e r t i e s  
due to conformat ional  changes in the m e m b r a n e  p ro te ins  [4, 5, 7]. The re  a re  two mos t  p robable  causes  of 
configurat ion changes in cell  m e m b r a n e s .  The f i r s t  is  the d i rec t  action of the e lec t r i c  d i scharge  on hydrogen 
bonds o r  hydrat ion l aye r s  s tabi l iz ing the th ree -d imens iona l  s t ruc tu re  of m a c r o m o l e c u l e s .  Second, an indi rec t  
effect  through a change in the phys icochemica l  p a r a m e t e r s  of the medium in the immed ia t e  vicini ty of the p r o -  
tein molecu les  cannot be ruled out. St ructural  changes in m e m b r a n e s  can be r ega rded  as a cause  of changes 
in the i r  pe rmeab i l i t y  [3, 6]o 
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