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It has previously been reported from this labora tory  
[1, 2, 3] that  as a centra l  nervous dominant  develops i t  
passes through a number  of phases re la ted  to changes in 

the ab i l i ty  of  the center  to summate  s t imul i .  These re -  
sults have: been confirmed by other workers [9, 10]. 

We, and others, [4 - 8, 11, 12] have shown that as 
i t  develops further, the dominant  passes into a condit ion 
of  parabiosis.  

The  results obtained m a y  be  expla ined in terms of 
the changed condit ion of  the centers result ing from the 
formation in them of a dominant .  

To te:~t this hypothesis,  we have tr ied to find whether 
i t  is possible for a cent ra l  nervous dominant  to be formed 
while the nervous centers a re  inf luenced by drugs. 

M E T H O D  

Experiments were carried ou~ on, ca, is under sodium 
a m y t a l  and chloral  hydra te  anaesthesia.  Sixty five to 

seventy five mg per  kg of  sodium amyta l  was in jec ted  
subcutaneously. Two hundred to four hundred mg per kg 

of chlora l  hydrate  were given per  rec tum or by mouth. 

A prepara t ion  was made  of the semitendinosus muscles 
and peroneal  nerves of both hind l imbs  and of the deep 

flexors of the digits  and the ulnar nerves of both fore-  

l imbs.  Myograms of the ref lex contract ions were r e -  
corded. The  centra l  cut ends of  the nerves were stimuLat- 
ed e l ec t r i ca l ly  by an induction coi l .  The dominant  was 
developed in the f lexor center  of the  hind l i m b  by pro-  

longed subthreshold s t imula t ion  of the afferent  fibers of 

the peroneal  nerve.  
The  exper iments  were carr ied out in the following 

order: 
1) The; threshold s t imula t ion  of the peroneal  and 

ulnar nerves required to cause ref lex contract ion of  the 
semitendinosus and deep d ig i t a l  flexors of  the fore.- and 
h ind- l imbs  was de te rmined ;  

2) The: contract ions of these muscles for different  
stimulus strengths were recorded.  In  some experiments ,  
while the p eroneal  nerve was being s t imula ted  to cause 

contract ion of  the semitendinosous muscle,  the peroneal  
nerve o f  the opposite side and both ulnar nerves were 
s t imulated.  NormaLly, s t imula t ion  of the opposite peror- 

hea l  nerve inhibi ted the ref lex muscular  contraction,  
while s t imula t ion  of  the ulnar nerve had no effect  or 
else also inhibited this contract ion.  Next,  the nerve 
was s t imulated so as to form a dominant .  At intervals  of  
15 - 25 rain the s t imula t ion  was interrupted,  and the 

previous test repea ted .  The  format ion  of a dominant  in 

the hind l imb flexor center  was ind ica ted  by increased 

contract ion of  the semitendinosus muscle  caused by 
s imtataneous "addi t iona l"  s t imulat ion of the opposite 
peroneal  and the ulnar nerves. 

R E S U L T S  

The depth of anesthesia was determined from the 
corneal  reflex,  ampl i tude  and frequency of respirat}on; 
and from the response to painful  s t imulat ion.  The  effect  

obtained depended upon the depth, and varied from one 
an imal  to another. 

When the anesthesia was l ight  and the reflexes were 

somewhat reduced,  a dominant could be formed in the 
flexor centers of the spinal cord by prolonged afferent 

s t imulat ion of the peroneal  nerve. I t  could be developed 
simultaneously in both hind JAmb flexor centers.  As can  
be seen from the myograms (Fig. I a)  recorded 90 rain  

after in jec t ing  chloral  hydrate,  "addi t iona l"  s t imula t ion  

of the opposite peroneal  and the ulnar nerve inhibi ted 
reflex contract ion of the semitendinosi .  

The myogram of Fig. I b recorded 50 rain after c o m -  
mencing subthreshold s t imulat ion of the ipsLlateral pe ro -  
hea l  nerves showed that ~addi t ional"  s t imula t ion  of the 
opposite peroneal  and both ulnar nerves during ref lex 
contract ion of  the semitendinosi  causes an increased 
flexor ref lex on both sides. 

Further subthreshold s t imula t ion  of  the nerve causes 
the dominant  to become  concentrated in the center  re -  
ce iving the subthreshold st imulation.  This can be well 
seen from the next myogram (Fig. 1 c )  recorded 90 rain 
after the start of  subthreshold s t imulat ion;  ~addit ional  n 
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Fig. 1. Change in  the  semitendinosus flexor reflex caused by 

subthreshold s t imulat ion of the ips i la tera l  peroneal  nerve 
under l ight chloral  hydrate  anesthesia (formation of a domi-  
nant), a - In i t i a l  response, 90 rain after in jec t ing  chloral  hy-  
drate;  b - 50 rain after  applying subthreshold st imulat ion;  
c - 90 ra in  after the onset of subthreshold stimu!ation; d - 
150 rain after  subthreshold st imulation.  Curves, from above 
downwards: Contract ion of the contra la tera l  semitendinosus 
muscle,  of the ips i la tera l  semitendinoms , marker  showing 
s t imulat ion of the ipsiLateral peroneal  nerve, of the contra-  
la te ra l  peroneal  nerve,  of the contra la tera l  ulnar nerve,  of the 

ips i la teral  ulnar nerve, t ime  marker  (1 see). The numbers over 

the stimulus marker  indicate  the distance between the induction 
coils in cent imeters .  [P. K . -  s t imulat ion of contra la tera l  pero-  
heal  nerves.] 

s t imulat ion of  the ulnar nerve remits  in an increased re-  
flex contract ion of the ips i la tera l  semitendinosns muscle,  
though the same stimuius causes no contract ion in that of 
the opposite side. Fig. 1 e also shows that  increasing the 
strength of the stimulus increases the strength of con- 
tract ion,  and that therefore the condit ion is not one of  
parabiosis. 

When the nerve was s t imulated for as long as 120 - 
150 rain or more,  the dominant  disappeared and there was 
once more rec iprocal  inhibit ion.  

The myogram of Fig. 1 d was recorded 150 rain after 
applying mbthreshold stimuli,  and i t  can be seen that 
there was no increase in the  reflex eontractious of ei ther  
of the semitendinosi  due to the "addi t iona l"  peroneal  
st imulation,  and that s t imulat ion of the contra la te ta l  
peroneM nerve produced a vcell-m arked rec iproca l  in -  
hibit ion.  

In deeply  anesthet ized animals ,  reflexes were r e -  
duced and equal iz ing and paxadoxical  parab io t ic  stages 
developed in the spinal flexor centers. Under these con-  

ditions, parabiot ic  stages occurred in the flexor centers 
even before the app l ica t ion  of  subthreshold s t imulat ion of 
the peroneal  nerve. 

Prolonged subthxeshold s t imulat ion of the peroneal  
nerves did not r emi t  in  the format ion of a dominant  in  
the corresponding center but caused only a further re -  
duetion in ref lex exci tab i l i ty ,  and a more  profound 
parabiosis.  Reciprocal  i nh ib i t i on  was main ta ined  until  
the end of the exper iment .  

In  many experiments,  before the mbthreshold st imuli  

were applied during the anaesthesia,  reflex exc i tab i l i ty  
was reduced,  though paxabiotic stages ei ther fai led to 
develop: or else developed as fax as the equal iz ing stage 
only. Under these conditions subthreshold s t imula t ion  
caused only an increased inhibi t ion and a deve lopment  
of equal iz ing and paxadoxicat  stages in  the spinal flexor 
centers. 

The myogram of Fig. 2a was recorded 90 rain after in-  
jec t ing  chloral  hydrate,  and before subthreshold s t imula-  
tion was commenced ;  it can be seen that  increasing s t imu- 
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Fig. 2. Change in the reflex contraction of flexor muscles 

caused by subthreshold st imulation of the ipsilateral peroneal  
nerves in an animal  under deep chloral hydrate anesthesia 

(no dominant formed), a - Imtia l  response, 90 rain after in-  

ject ing chloral hydrate; b - 25 rain, c - 60 rain, and d - 

180 rain after comm encing subthreshold stimulation. Curves, 

from above downwards: Contraction of the ipsilateral flexor 

digitorum profundus, contraction of the contralateral flexor 

digitomm profundus, of the contralateral  semitendinosus, of 

the ipsilateral semitendinosus; marker of stimulus applied to 

ipsilateral peroneal nerve, to contralateral peroneal  nerve, 

to contralateral  ulnar nerve, to ipsilateral ulnar nerve; t ime 
marker (i see). 

lation of the ipsi lateral  peroneal  caused increased reflex 
contraction ef the ipsilatezal semitendinosus and that a 

stronger stimulus (9 cm on the induction coil scale) 
caused a stronger semitendtnosus contraction than did a 

weaker stimulus (10 cm on the scale).  Stimulating the 

contralateral peroneal nerve at a strength corresponding 

to 10 ,11 ,  and 12 cm distance between the coils caused 

a reflex contraction of the contralateral  semitendinosus 

of almost the same strength. Here, as can be seen from 
Fig. 2 a, the "additional'* s t imulat ion of the ipsilatetal  
peroneal during contraction of the contralateral  semi-  
tendinosus irflxtbited the flexor reflex. "Additional'* s t imu- 
la t ion of the ulnar nerve during refle~ semitendiaosus 
contraction had no effect on the amount of the con-  
l~acrdom 

The next myograrn (Fig. 2b )  recorded 25 rain after 
the onset of subthreshold stimulation shows the develop- 

ment of a paradoxical stage in the front l imb flexor 
centers. Here stronger st imulat ion (9 cm ) caused a 
weaker contraction than did the weaker stimulus (10 - 

11 c.m ). Sixty minutes  after the onset of the act ion of the 
subthreshold stimulus, reciprocal inkibit ion and parabiotic 

stages once more occurred (Fig. 2 c).  

Figure 2 d was recorded 180 rain after the onset of  

subthreshold stimulation, and it can be seen that the re-  
flex contractions are now much weaker, and that para- 
doxical stages have occu~ed in  ~he hind i imb  flexor 
centers. Strong st imulat ion of the ipsilateral peroneal  
nerve with a coil separation of 4 cm caused a smaller 
reflex contraction of the ipsilateral semitendinosus than 
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did stimulation when the separation is 5 - 6 cm. Strong 
stimulation with a coil separation of 4 - 7 cm applied 
to the contralateral peroneal nerves caused a contraction 
of the ipsilatexal peroneal which was less than that 
which occurred with a weaker stimulation (10 - 1 2 c m  
separation). Under these conditions, reciprocal in- 
hibition may be observed. 

Similar observations were made on animals under 
sodium amytal anaesthesia. 

It is important to note that during general anesthesia, 
the flexor centers of both fore- and hind limbs became 
involved in the parabiotie process as is shown by the 
fact that parabiotic stages are revealed by reflex excit-  
ability tests of these centers. The formation of a central 
nervous dominant is thexefore possible under light anaes- 
thesia, though it is considexably hindered by changes in 
the general excitability of the nervous centers. Under 
these conditions, the dominant is not stable and disap- 
pears with continued subthreshold stimulation. Under  
deeper anaesthesia, the excitability and liability of the 
spinal centers becomes greatly ~educed, so that the con- 
ditions are not appropriate to the formation of dominant 
centers in the spinal cord. Subthxeshold stimulation of a 
nerve now no longer induces the formation of a dominant, 
and leads only to an increased depth of parabiosis in the 
nervous centers. 

When a certain depth of anesthesia has been reached, 
if the nervous centers are affected there is a marked re-  
duction in their excitability and lability and it  is no 
longer possible to establish dominant zones in the central 
nervous system, and previously established dominants 
are suppressed. 

SUMMARY 

Changes in nervous centers and the formation of a 
spinal cord dominant under the effect of chloral hydrate 
and sodium amytal  were studied. The results showed that 
during subliminal stimulation of the peroneal nerve the 
spinal cord flexor centers could be stimulated. 

When subthreshold stimulation was continued for 
about two hours, the dominant disappeared and was re -  

placed by reciproca.l inhibition. When anaesthesia was 
deep, both the reflexes and the depth of parabi0sis in the 
flexor centers o f  the spinal cord were decreased. Sub- 
l iminal  stimulation applied to a nerve under these con-  
ditions did no t induce a spinal cord dominant, but served 
only t0  cause an even greater reduction of the reflex 
excitati0n, and to intensify the parabiotic stages. 
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