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Evidence of d i f fe rences  in the  f ibers  of the infer ior  r ec tus  muscle  of the f rog as r e g a r d s  the 
type of its e l ec t r i ca l  act iv i ty  was obtained by a mic roe lec t rophys io log ica l  method. A con -  
stant tonic activity,  consis t ing of polymorphic  postsynapt ic  potent ials ,  was obse rved  in most  
f ibers .  Individual f ibe r s  responded by a s e r i e s  of action potent ials  to the depolar iza t ion p r o -  
duced by inser t ion of the mic roe lec t rode ;  this r e sponse  is cha r ac t e r i s t i c  of t rans i t ional  ske l -  
etal  f ibers .  The remain ing  f ibers  were  inactive and some  of them,  with a high m e m b r a n e  po-  
tent ial ,  can be c l a s sed  among the phasic sys tem.  
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Invest igat ions of the e lec t rophysiologica l  cha r ac t e r i s t i c s  of the oculomotor  appara tus  (OMA) of m a m -  
mals  have shown [4, 8] the p re sence  of tonic f ibers  analogous to those descr ibed  [3] in the skele ta l  musc les  
of amphibians.  F ibers  of the amphibian ocular  musc les  can be p r e sumed  to be s i m i l a r  to the i r  skele ta l  
muscle  f ibers  and they can be r e g a r d e d  as phylogenetic p r e c u r s o r s  of the tonic f ibers  of the m a m m a l i a n  
OMA. There  a r e  e x t r e m e l y  few elect rophysiological  data on the external  ocular  musc les  of the frog [2], 
and it is imposs ib le  f r o m  them to make a re l i ab le  functional a s s e s s m e n t  of the i r  f iber  composi t ion,  although 
the re  is morphologica l  evidence [1, 9] of specia l iza t ion  of the musc le  f ibers  of the frog OMA. 

The e lec t r i ca l  act iv i ty  of f ibers  of the f rog infer ior  r ec tus  musc le  is desc r ibed  in this paper .  

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

Frogs  of the spec ies  Rana t e m p o r a r i a  we re  used. To immobi l ize  the animals  the spinal  cord  was de-  
s t royed  and in some  exper iments  superf ic ia l  ttrethane anes thes ia  was used (1-2 ml of 10% urethane solution 
injected int raper i toneal ly) .  Access  to the infer ior  r ec tus  muscle  of the eye was obtained through the o ra l  
cavity.  The e lec t r i ca l  act ivi ty  of the musc le  f ibers  was r e c o r d e d  in t race l lu la r ly  by means  of g lass  m i c r o -  
e lec t rodes  f i l led with 3 M KC1 solution. The r e s i s t a n c e  of the e lec t rodes  was 5-15 n ~ .  To ampl i fy  the 
r eco rded  act ivi ty  the UBP1-02 ampl i f i e r  was used and the potent ials  were  r e c o r d e d  on the N-102 loop o sc i l -  
lograph.  
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Fig. 1. Activi ty of tonic (a) and in termedia te  (b) 
types of f ibers  of frog infe r ior  r ec tus  muscle .  Top 
l ine shows level  of ze ro  potential .  Cal ibrat ion:  
ampli tude 50 mV, t ime  35 msec .  
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TABLE 1. P a r a m e t e r s  of PSPs  and MPs of F r o g  In fe r io r  Rectus  
Muscle F i b e r s  

Fibers 

Tonic 

Inter-  
m e d i a t e  

Silent 

Statistical 
index 

Range of 
variation 

.Mode 
Mean 
Range of 

variation 
Mean 
Range of 
' variation 
Mo de 
Mean 

MP (in mY) 

54,16----- 1,52 

53,8 ..+- 1,67 

20-- 99 
70--85 

65,00"4-3,12 

O ~  ~ 

0 , ~  0 0 0 

t --20 
2--10 
7,36 

1--14 
2--5 
4,00 

1--35  
3--16 
7,91 

15-50 
36,36--- 3,76 

EXPERIMENTAL RESULTS AND DISCUSSION 

Among the 165 fibers of the inferior rectus muscle of the frog investigated II0 fibers possessed nat- 
ural tonic activity. Thirteen fibers responded to insertion of the microelectrode by the appearance of reg- 
ular act ion  potent ia ls  (APs). In 42 f ibe r s  no v i s ib le  f luctuat ions of m e m b r a n e  potent ia l  (MP) were  observed .  

Tonic Act iv i ty .  E l e c t r i c a l  ac t iv i ty  r e c o r d e d  f r o m  f ibe r s  with ac t iv i ty  of tonic type cons i s t ed  of an a s -  
so r tmen t  of po lymorph ic  pos t synap t i c  po ten t ia l s  (PSPs; Fig.  la ) .  These PSPs  succeeded  each other  at high 
f requency and were  s u p e r p o s e d  to such a degree  that  it was imposs ib l e  to de te rmine  the f requency  of the 
individual types  of PSPs .  The mean MP of these  f i be r s  was 54 inV. The t e m p o r a l  and ampli tude c h a r a c t e r -  
t s t i cs  of the PSPs  v a r i e d  widely .  The ampl i tude  of the PSPs  was mainly  2-10 mV, but in some eases  i t  
r e a c h e d  20 mV (Fig.  2b). The range  of va r i a t ion  of the dura t ion  of the ascending phase  of the PSPs  was 1- 
14 m s e c ,  the more  usual  values  being 1-5 msec  (Fig. 2a). Most values  of the h a l f - d e c a y  t ime  of the PSPs  
l a y  within the r ange  2-16 msec  (Table 1). The ampl i tude  of some PSPs  fel l  t o h a l f  t h e i r v a l u e  over  a l o n g e r  
pe r i od ,  up to 46 msec  (Fig.  2c). The d i s t r ibu t ions  of the p a r a m e t e r s  of the PSPs  (Fig. 2a, b,  c) we re  skew 
and monomodal .  
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Fig. 2. Histograms of parameters of PSPs 
and MPs of fibers of frog inferior rectus 
muscle: a) duration of ascending phase of 
PSPB; b) amplitude of PSPs; c) half-decay pe- 
riods of PSPs; d) NiPs of fibers of inferior rec-  
tus muscle. Abscissa: in a, e) temporal param- 
eters (in msee), in b, d) amplitude parameters 
(in mV); ordinates: number of observations. 
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Action Potentials .  In 13 f ibers  insert ion of the microe lec t rode  evoked a b r i e f  response  consist ing of 
APs without overshoots  (Fig. lb). Not more  than 2.5 sec af te r  the beginning of record ing  the f ibers  ceased  
to generate  APs.  A distinguishing feature  of this act ivi ty was that each AP a rose  against a background of 
slowly increasing depolarizat ion (prepotential). The APs had a phase of a f te r -hyperpolar iza t ion .  The mean 
value of MP of the f ibers  was 54 inV. The f requency of the APs was 15-50 Hz (Table 1). 

Silent F ibers .  In 42 f ibers  e lec t r ica l  activity was absent. The MP of these s i lent  f ibers  var ied  f rom 
20 to 99 mV, with a mean value of 65.0 • 3.1 mV. The l imi ts  of the modal class  were  70-85 mV (Table 1). 

Fibers  of the frog OMA which had natural  e lec t r ica l  act ivi ty 'can be Classed with the tonic type. The 
fo rm of activity was s imi la r  to that descr ibed  [10] for  tonic f ibers  of frog skeletal  muscles t  although the 
temporal  c h a r a c t e r i s t i c s  of PSPs of the frog external  ocular  muscle fiber's were  shor t e r  (especial ly the 
hal f -decay per iod of the PSPs) ,  so that they r e sembled  more  c losely  the f ibers  of the tonic sys t em of the 
mammalian OMA. However, no c lear  r egu la r  sequence of the PSPs  could be found in the tonic f ibers  of 
frog OMA, nor  were  there  any of the"spike- l ike"  PSPs charac te r i s t i c  of the e lec t r i ca l  p ic ture  of the tonic 
f ibers  of the rabbit  OMA [5, 6]. 

The act ivi ty consist ing of low-amplitude APs with prepotent[als  observed  in 13 f ibers  evidently a rose  
in f ibers  of intermediate  type. The intermediate  f ibers  of frog skeletal  muscles a re  known to have low ac-  
comodative power and pacemaker  activity [1], which often a r i ses  in response  to depolarizat ion c rea ted  by 
inser t ion of the microe lec t rode  into the f iber  ( traumatic action). 

The silent f ibers  had correspondingly  g rea te r  powers of accomodation. Considering that in half (46%) 
of these f ibers  the MP exceeded 70 mV, it can be assumed that most  of these f ibers  belonged to the phasic 
type. 

The range of var ia t ion of the MPs of all the f ibers  tes ted  was considerable  (17-99 mV). The width of 
the sca t te r  of the MP values in the frog infer ior  rec tus  muscle was mentioned by Zhdanov [1]; the d is t r ibu-  
tion of MPs obtained by h im was bimodal (with maxima at 58 and 73 mV). According to the present  exper i -  
ments,  MPs of between 40 and 70 mV were  found with about equal f requency (Fig. 2d). In the f iber  popula- 
tion studied, to judge f rom the electrophysiological  p ic ture ,  tonic f ibers  predominated  (67%); this may ac-  
count for  the shift in the lower l imi t  of the MP distribution into the region of low values.  In addition, injury 
to the f ibers  of the frog OMA by the microe lec t rode  is a probabil i ty,  for  they are  much thinner than skeletal  
muscle f ibers  [2]. 
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