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Among the twitch muscle  fibers (T-fibers) of the super ior  oblique muscle  of the rabbit '  s 
eye investigated a few fibers (two of 106) with bineuronal irmervation were  found. The 
firing patterns of the motoneurons are  independent, and the action potentials spreading 
f rom the two synaptic regions of such a bineuronal muscle  fiber interact  (demonstrating 
both relat ive and absolute r e f r ac to ry  phases). It is postulated that the bineuronal innerva- 
tion of the twitch fibers increases  the speed and strength of their  contract ions.  

The extraocular  muscles  of mammals  differ from the skeletal muscles  of these animals,  which are  
more  or less uniform in composition, by being composed of fibers which differ in their  physiological prop- 
ert ies .  Chiefly the polar var iants  of these fibers have been distinguished: a) twitch fibers,  with a single 
innervation and with spreading excitation and b) slow fibers,  with multiple innervation and with local ex- 
citation [1, 4]. 

However, the ocular  muscles  also contain intermediate types of muscle fibers whose identification 
in the twitch or slow groups is to some extent conventional. These include, for example, the "slow va r i -  
ants" of twitch fibers [2] and also the twitch fibers with bineuronal innervation descr ibed in the same paper. 
Examination of the properties and determination of the number of all the intermediate types are necessary 
for a general evaluation of the functional speetrum of the neuromotor units of these muscles. 

EXPERIMENTAL METHOD 

Twitch fibers of the super ior  oblique muscle of the eye were  studied in rabbits anesthetized with 
urethane (at 32-35~ Intracel lular  recording of the potentials was ca r r i ed  out in situ with the aid of glass  
microe lec t rodes  filled with 2.5 M I4C1 solution. A type UBP1-02 amplif ier  and N-102 loop osci l lograph 
(N-135-2 loop, up to 2000 Hz) were  used. Full details of the method are  given elsewhere [2, 4].* 

EXPERIMENTAL RESULTS AND DISCUSSION 

Altogether 106 twitch fibers of the rabbit  super ior  oblique muscle  were  studied. Most of them (85%) 
had no spontaneous activity and e lect r ical  st imuli  had to be applied to excite them [2]. It was impossible 
f rom their  responses  to est imate the number of a -motoneurons  innervating these f ibers.  However, con- 
stant activity was found in 16 twitch f ibers (i.e., in 15%), and in 14 of them it consisted of a more  or  less 
regular  ser ies  of action potentials (APs) charac te r i s t i c  of fibers with a single innervation, while activity 
of two fibers was more  complex: the basic firing pattern was complicated by an additional rhythm of end- 
plate potentials (EPPs) or APs, evidence of double innervation. The parameters  of activity of these fibers 
will be examined below. 

* T. M. Drabkina and T. B. Khilo helped with the experiments and with the analysis of the resul ts .  
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Fig. i. Electr ical  activity of twitch fiber No. 1 (two 
success ive  cuts of the record).  EPPs ,  shown below as 
dots, can be seen between the APs. On the right cut 
the E P P  is continuous with the AP. Resting membrane  
potential (RP) at the beginning of the record  is 79 mV. 
Time marke r  (100 Hz) shown below. 

Fig. 2. Activity of twitch fiber No. 21 (suc- 
cess ive  cuts of the same record) .  Besides 
the r egu la r ,  fast firing pattern there  is a 
slower,  additional rhythm (marked by dots 
below). The c loser  the approximation of 
two APs,  the g rea te r  the decrease  in am-  
plitude of the second AP. Membrane RP at 
the beginning of the record  64 inV. Time 
marke r  100 Hz. 

Twitch fiber No. 1 (Fig. 1) had a rest ing membrane  
potential of 79 mV. Its firing ra te  was 1 9 / s e c ,  and the 
mean paramete r s  were  as fellows: amplitude 80 4- 0.4 
mV, r i se  t ime 0.71 4- 0.03 msec,  half-decay t ime 0.32 4- 
0.01 msec.  The APs had no prepotentials,  indicating that 
they were generated in the region of the synapse distant 
f rom the microelec t rode.  Meanwhile, slower and lower 
fluctuations of potential, with a frequency of 2 0 / s e c ,  in- 
dependent of the firing rate  specified above, were  found 
in the same fiber. The paramete r s  of these waves were: 
amplitude 2.1 • 0.18 mV, r i s e  t ime (tr) 5 4- 0.12 msec,  
half decay t ime (thd) 5.2 4- 0.17 msec.  The shape and 
paramete r s  of these waves indicate that they are  E P P s  of 
reduced amplitude. Presumably  these EPPs  were gen- 
erated by the synapse of the second motoneuron lying near 
to the recording electrode and, for some reason or  
another, lacking in quantum composition. It is worth 
noting that the amplitude of these EPPs  var ied and some-  
t imes reached sufficient magnitudes to enable an AP to 
a r i se  on the basis of the E P P  (Fig. 1). 

Twitch fiber No. 21 (Fig. 2) had a rest ing membrane  potential of 64 mV. Only APs were  found in the 
fiber, but their  pattern was very  i r regular .  Sometimes the APs came so close together that the second 
potential was sharply reduced compared with the f i rs t  ( refractor iness) .  Analysis of this activity showed 
that it includes two independent and relat ively regular  firing patterns:  a fas ter  rhythm of 3 0 / s e c  and a 
slower of about 9 / s e c .  APs forming these two rhythms were  indistinguishable in their  pa ramete rs .  Their  

TABLE 1. Comparison of Pa rame te r s  of Twitch Fibers  with Bi-  
neuronal Innervation and General  Pa rame te r s  of Twitch and Slow 
Fibers  

Object 

Twitch fibers 
with bineurOnal 
innervalion: 
No. l 
No, 21 

A lltwltch fibers 
studie_d in the 
glyen muscle 

All slow fibers 
studied in the  
given muscle 

M e a n p ~ a m e t e r s o f A P  

ampl i t .  
(in mV) 

80 
72 

48--132 

t r (in thd (in 
msec) msec) 

0,71 0,32 
0,8 0,8 

0,32- -0 ,8  0 ,95- -0 ,8  

None 

l Mean param.ofEPP (PSP) 

amplit. 
(in mY) 

2,  1 

24,0 

I t r (in 
iTlS@c) 

5,0 

'2, I--3,5 

thd (in 
msee) 

5,2 

1 ,8 - -7 ,7  

Source 

1ThlLinves- ~:anon 
[21 

[41 
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Fig. 3. Amplitude of second AP (AAP) as a 
function of interval (t) between that and the 
previous AP: I) graph of function. Abscissa ,  
intervals (in msec); ordinate,  AAP (in mV); II) 
d iagram showing appearance of "double rhythm" 
in twitch muscle  fiber (M). N I and N I I -  axons 
of two motoneurons.  Regions of generat ion of 
independent se r ies  of APs spreading along the 
fiber shown in black. ME) microe lee t rode ,  
RRP) relat ive r e f r ac to ry  period, ARP) absolute 
r e f r ac to ry  period. 

mean amplitude was 72.4 �9 0.7 mY. Because of this interaction between the APs,  special  measurements  
were made of the total duration of the spike and the duration of its negative af ter-potent ial .  The duration 
of the spike (approximately equal to t r  +2 thd was 1.6 �9 0.11 msec.  The mean duration of the negative a f t e r -  
potential was 9.1 �9 0.23 msec.  There  is every  reason  to suppose that these two firing pat terns  were p rod-  
uced by two motoneurons innervating this par t icu lar  twitch fiber~ Under these conditions interaction be -  
tween APs evoked by different motoneurons demonst ra tes  the r e f r ac to r iness  of the muscle fiber uncomplicated 
by the r e f r ac to r ine s s  of the motoneurons.  The duration of the absolute (ARP) and relat ive (RRP) r e f r a c t o r y  
periods of the twitch fiber can be est imated f rom the graph in Fig. 3, which shows the ra t io  between the 
amplitude of each AP (AAP) and the interval between it and the preceding AP. It follows f rom this graph 
that ARP of the muscle fiber was less  than 2.5 msec while RRP was about 9 msec.  It will be noted that 
ARP corresponded to the spike duration and RRP to the duration of the negative af ter-potent ia l  of the twitch 
fiber.  

The charac te r i s t i c s  of the two twitch fibers examined above (their membrane  rest ing potential, the 
values of t for AP, AI~P, and RRP) were  typical for the fibers of this group [2] and differed sharply f rom 
those of the slow group [3] (Table t) .  The somewhat lower AAP than that described previously f rom twitch 
fibers [2] is explained in this case by the conditions of recording (the piling up of the high frequencies on 
the N-102 loop). 

It is thus the bineuronal innervation which c lear ly  distinguishes these two twitch fibers f rom the mass  
of the other twitch fibers.  Incidentally, bineuronaI innervation in cer ta in  var iants  of fibers of this type in 
the ocular  muscles  could be predicted on morphological  grounds [5, 6]. The meaning of this double inner- 
vation in the twitch fibers which are  designed for rapid j e r k s  is probably to reduce the t ime loss in the 
conduction of excitation along the muscle fiber and to synchronize the beginning of activity in its various 

parts.* With a conduction velocity of 3 m/sec [4] and a fiber length of 30 mm doubling the innervation 

could be equivalent to shortening the time taken to produce excitation of the fiber from 5 to 2.5 msec. As a 
result, the speed and strength of the contraction are both increased [4]. 
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