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The oculomotor  apparatus (OMA), which ass is ts  the optic analyzer  [31 in the course  of its many dif- 
ferent activities,  constantly pe r fo rms  two essential ly different functions: it facil i tates fixation of the eye 
and its change from one object to another by means of various forms of muscular  activity: f i rs t ,  by means 
of posturat  tone and relat ively slow movements  (movements of fusion or scanning movements) ,  and sec -  
ond, by very  rapid and brief  movements  (saccades). A high speed (short duration) of the saceades is an 
essential  quality of these movements ,  because during their  pe r formance  vision is interrupted [8]. The 
author ' s  ear l ie r  investigations [4-6] revealed this dual function of the OMA in mammals ,  and the existence 
of highly special ized phasic and tonic sys tems  resembl ing the homoIogous sys tems  in the locomotor  ap- 
paratus  of amphibians [4-61. 

These resul ts ,  in agreement  with morphological  findings [1O], have subsequently been fully con-  
f i rmed [91. 

It may be concluded f rom facts now established [6, 9j that ali the slow movements of the eyes in 
mammals  and, evidently, in man also are  per formed by a special  tonic system,  and the rapid movements  
by the phasic sys tem of the OMA. However,  more  concre te  information can be obtained only by exper t -  
mental investigation of the working of the eye musc les  responsible  for the slow and rapid movements  of 
the eyes.  The activity of the phasic system of the OMA may be judged from the rapid biphasic action po- 
tentials of the mass  of phasic f ibers  on the e lee t romyogram (ENG), while the activity of the tonic system 
may be judged from the slow, monophasie potentials on the EMG - the potentials of the motor  end-plates 
of the nonconducting tonic f ibers  [4, 51. 

As the s implest  forms of natural  activity of the OMA, including both slow and rapid movements,  
pos t - ro t a to ry  and optokinetie nystagmus were selected.  

These phenomena have a l ready been investigated eleetromyographieal ly ,  but with no attempt to 
analyze the forms of the potentials [7i. 

EXPERIMENTAL METHOD 

Experiments [8] were carried out on unanesthetized rabbits with an intact brain. Under local an- 

esthesia the lateral rectus muscle of one eye was dissected, needle electrodes were inserted into it (one 

into the belly, the other into the tendon) and the EMG was recorded. The investigated muscle worked in 

isometric conditions ; it was periodically bathed with a warm mixture of mineral oil and paraffin.* At the 

same time, the electro-oculogram (EOG) was recorded by means of needle electrodes inserted into the 

skin near the "angle" of the opposite eye. The EMG and EOG were recorded on continuously moving film 

(at winding speeds of 3.3 and 8.35 era/see), which was then examined under an enlarger. The frequency 

characteristic curve of the cathode-ray oscillograph used in the experiments was linear within the range 

1-3000 cps. 

P o s t - r o t a t o r y  (labyrinthine) nystagmus (LPN) was evoked by rotat ing the rabbits  10 t imes on a manual 
centrifuge in either direct ion (10 turns  in 10-15 see). Optokinetic nystagmus (OKN) was evoked by rotating 

* In some experiments its contractions were recorded by an oscillograph using a piezocrystal. 
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Fig. 1. Recordings of pos t -  
ro ta to ry  nystagmus of the 
la teral  rec tus  muscle of a 
rabbit.  MG( Mechanograms 
(recorded by means of a piezo-  
crystal)  ; EMG) e lec t romyograms .  
Top ser ies)  Calibration of am-  
plitude of MG and EMG, t ime 
scale and background EMG; 
middle series)  active work of 
the muscle in the rapid phase 
of nystagmus;  bottom ser ies)  
active work of the muscle in the 
slow phases of nystagmus.  

Fig. 2. Charac ter i s t ics  of labyr in-  
thine pos t - ro ta to ry  nystagmus (LPN). 
On the left, f rom top to bottom) EOG 
and EMG of the la teral  rectus  muscle 
in  the rapid phases of nystagmus;  
EOG and EMG of the same muscle  
in the slow phases of nystagmus in 
the opposite direction. Two examples 
of activity of the muscle  in the rapid 
phases of nystagmus of different f r e -  
quency (constant duration of the vol-  
leys of biphasic AP). Scheme of 
working of the phasic (shaded) and 
tonic (white portion) of the sys tems  
of the agonist (AG) and antagonist 
muscle  (ANT) in the rapid phase 
(RP) and slow phase (SP) of LPN. 
On the right, f rom top to bottom) 
forms of the EMG of the rapid (top) 
and slow (2 bottom tracings) phases 
of nystagmus.  Graphs showing the 
relationship between the duration of 
the SP and RP and the duration of the 
periods of nystagmus (T). 

a "white" cylindrical  screen  with ver t ical  black bands around the experimental  animal. The visual angle 
of the bands was 4 ~ and the distance between neighboring bands 20~ the velocity of rotation of the cylinder 
was 15 deg/sec;  the duration of rotation was varied. 

When defining the direct ion of nystagmus in the rapid phase, the investigated muscle will be called 
the agonist if it takes an active part  in the rapid phase and an antagonist if it plays an active part  in the 
slow phase of the nystagmus (in the opposite direction). 

EXPERIMENTAL RESULTS 

The rapid phase of nystagmus in the investigated muscle  (as agonist) took the form of a re la t ively 
short  "parcel"  of rapid biphasic action potentials (AP), combined with a slight increase  in the amplitude 
of the slow waves (mainly monophasic in form). During the subsequent slow phase, slow waves of dimin- 
ishing amplitude and frequency were recorded  (Figs. 1-3). 
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Fig. 3. Characteristics of optokinetic nystagmus 
(OKN). From top to bottom) EMG of the lateral 
rectus muscle during activity in the rapid phases 
of nystagmus (2 tracings) and the slow phases of 
nystagmus (the 2 bottom tracings); EOG and EMG 
of the same muscle in nystagmus in a different 
direction (fragments of a tracing during slow 
winding of the film). Scheme of working of the 
phasic (shaded) and tonic (white portion) systems 
in OKN. Graph showing the relationship between 
the durations of the RP and SP and the duration 
of the pe r iod  of nys tagmus  (T). 

When the inves t iga ted  musc l e  worked as an 

antagonist ,  the r ap id  phase  of nys tagmus  appea red  
as the m o r e  or l e s s  comple te  inhibit ion of e l e c -  
t r i c a l  ac t iv i ty  and the slow phase  as a g radua l  in-  
c r e a s e  in the ampl i tude  and f requency of the slow 
monophasic  potent ia l s  (Figs.  1-3). Judging by 
the shapes  and the t ime  p a r a m e t e r s ,  the r a p i d  
b iphas ic  waves must  be taken as the AP of the 
musc l e  f ibe r s  of the phas ic  s y s t e m  and the slow, 
monophasic  waves as the po ten t ia l s  of the f i be r s  
of the tonic sy s t em (see F i g s .  1-3 and the tab le) .  

The rap id  phase  of nys tagmus  is  thus brought  
about by the combined work  of the phas ic  and tonic 
s y s t e m s  (agontst musc le s ) .  This  dual mechan i sm 
is ful ly jus t i f ied :  the phasic  sy s t em gives the 
movement  i ts  speed,  while the tonic s y s t e m  p r o -  
v ides  for  main tenance  of the pos i t ion  achieved as 
the s t a r t i n g  point for  the subsequent  slow move-  
ment in the opposi te  d i r ec t ion .  

The slow phase  of nys tagmus  is  p e r f o r m e d  
main ly  by the tonic s y s t e m  of ocu la r  musc l e s ,  the 
ac t iv i ty  of which in the agonist  and antagonist  
changes in opposi te  d i r ec t i ons  (Figs.  2 and 3). 
S imi la r  conclus ions  may evident ly  be made f rom 
examinat ion of c e r t a i n  EMG t r a c i n g s  of human 
ocular  m us c l e s  p r e s e n t e d  in the l i t e r a t u r e  with-  
out ana lys i s  [71. 

The schemes  of the r e l a t i onsh ips  between 
the ac t iv i ty  of the phas ic  and tonic s y s t e m s  in the 
f o r m s  of nys tagmus  studied in these  expe r imen t s  
a r e  shown in F igs .  2 and 3. 

The r e s u l t s  showed that  the dura t ions  of the 
r ap id  phases  of nys tagmus  - the s aecades  (in con-  
t r a s t  to the  dura t ions  of the slow phases)  we re  

not clearly correlated with the durations of the nystagmic periods, but were approximately constant during 
phasic volleys of different strengths (saccades; see Figs. 2 and 3). This fact evidently indicates the exist- 
ence of special mechanisms for limiting the duration of the saccade (as a factor obliterating the image on 
the retina and disturbing vision). 

The limitation of the duration of the saccade explains the direct relationship between the velocity 
of the saccade and its amplitude, which has been known for some time [8j. 

The investigated LPN and OKN were identical in all these respects. 

So far as differences in the investigated types of nystagmus in the conditions described above are 
concerned, the duration of the periods in LPN was much shorter (the frequency was higher) than in OKN. 
The period in LPN increased as the nystagmus diminished (the frequency fell). The period (and frequency) 
of OK_N, with a constant velocity of rotation of the "striped screen" varied about a constant level. The 
activity of the tonic system in the slow phases of LPN and GKN increased differently: in the slow phase 
of LPN almost uniformly, but in the slow phase of OKN (in a scanning movement), at first rapidly, and then 
very slowly (see Figs. 1 and 2, schemes). A slight difference was found in the mean durations of the rapid 
phases  of LPN and OKN and in the mean dura t ions  of the slow waves in the EMG during LPN and OKN (see 
the table),  but these  d i f fe rences  were  not s t a t i s t i c a l l y  s ignif icant  within the range  of the m a t e r i a l  obtained.  
The obse rved  d i f fe rences  between LPN and OKN a re  r e m i n i s c e n t  of the s i m i l a r  s l ight  v a r i a n t s  of "an-  
es the t ic"  nys tagmus ,  r e p o r t e d  in the l i t e r a t u r e  [21. 
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Characteristics of Investigated Forms of Nystagmus of 
i 

Parameter 

Duration of per iod (T; in see) 
Durat ion of rapid  phase  

(tr; in sec) 
Coefficient of co r re la t ion  between t r and T 
Durat ion of slow phase  (ts; in sec) 
Coefficient of co r re la t ion  between t s and T 
Durat ion of biphasic  AP in the rapid  phase 

(in msec)  
Durat ion of monophasic  potent ials  in the slow 

phase (in msec)  

he La te ra l  Rectus  Muscle of the Eye 

Labyrinthine 
Optokinetic 

p o s t - r o t a t o r y  
nys tagmus nys tagmus  

r i 

0.3-0.7 1-4.9 
0 .09"0.01 0 .14"0 .03  

(0.064-0.121) (0.067-0.293) 
- 0 . 1 9  +0.25 
0.2-0.6 0.8-4.7 
+ 0.93 + 0.99 

No m o r e  than Not m o r e  than 
3 (in both phases)  3 (in both phases)  

10• 13• 
(7-14) (9-17) 

Note:With in t race l lu la r  r ecord ing  the duration of the AP of the phasic f i be r s  of the ocular  musc l e s  was 
2-3 msec ,  the duration of the potent ia ls  of the excited tonic f ibers  (potential of the moto r  end-plate)  10- 
20 msec  [4, 5]. 
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  

t i o n s  of the a b b r e v i a t i o n s  as  g i v e n  in  the o r i g i n a l  R u s s i a n  j o u r n a l .  Some  or a l l  o f  this  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l l s t  of the  c o v e r - t o -  
cove r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  a t  the  b a c k  of the f i r s t  i s s u e  of t h i s  year .  
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