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Lesions  of the p leu ra  inhibit i n t e rcos ta l  r e f l exes  on the ips i l a t e ra l  side.  Inhibition of mo te -  
neurons a t  the thorac ic  level of the spinal  cord is effected through postsynapt ic  mechan i sms .  
Transec t ion  of the spinal  cord a t  the level  C7-T1 produces  a g r e a t e r  i nc rea se  in in te rcos ta l  
r e f l exes  on the s ide of the lesion than on the unaffected side. Consequently,  bes ides  segmenta l  
inhibi tory m e c h a n i s m s ,  s u p r a s e g m e n t a l  m e c h a n i s m s  also par t ic ipa te  in the pro tec t ive  ref lex  
a t  the thoracic  level.  

The object  of this invest igat ion was to study the nervous mechan i sm of the pro tec t ive  r e s p i r a t o r y  
ref lex:  l imitat ion of r e s p i r a t o r y  movemen t s  of the ches t  wall  on the side of a lesion of the par ie ta l  p leura  
accompanying  pleuropneumonia ,  p leur isy ,  pneumothorax,  or  wounds of the chest .  

To study the re la t ionsh ip  between segmenta l  and s u p r a s e g m e n t a l  m e c h a n i s m s  in this phenomenon, 
i n t e rcos t a l  polysynapt ic  r e f l exes  we re  inve:~tlgated before  and a f te r  t ransec t ion  of the spinal  cord (at the 
C7-T1 level) in an imals  with a uni la tera l  p leura l  lesion. 

E X P E R I M E N T A L  

Exper imen t s  we re  c a r r i e d  out on cats  weighing 2~ kg. A lesion of the p leura  was produced by 
single or  repea ted  injections of 2-5 ml  hot wa te r  (80-90 ~ into the p leura l  cavity by means  of a syr inge.  
In te rcos ta l  polysynapt ic  r e f l exes  we re  invest igated by Downman's  method [3]~ The cen t ra l  ends of the di-  
vided 6th, 7th, or  8th in t e rcos t a l  ne rves  were  s t imula ted  with single square  pulses  5-10 t imes above the 
threshold s t rength  and 0.5 m s e c  in duration~ Responses  were  recorded  f rom the cen t ra l  ends of divided 
neighboring in te rcos ta l  ne rves  (5th, 6th, or  7 th , respect ive ly) .  For  s t imulat ing and record ing  r e sponses ,  the 
cen t ra l  ends of  the divided in te rcos ta l  ne rves  were  placed on bipolar  plat inum e lec t rodes ,  with in t e re l ec -  
t rode dis tance 0.5 cm. Nerves  and e lec t rodes  were  insulated f rom the surrounding t i ssues  by means of 
cellophane packs.  The spinal  cord was divided at  the level  C7-TI~  The sur face  of the spinal  cord at  the 
point of division was i r r iga ted  with 1-2% procaine  solution 10-15 rain before  t ransect ion,  without opening 
the dura~ To invest igate  the pos t synap t ic  mechan i sms  of inhibition, the an imals  rece ived  an intravenous 
injection of s t rychnine  (0.05-0.5 mg/kg) .  Genera l  anes thes ia  with ch lora lose  and urethane (40 and 200 
mg//kg and 20 and 100 mg/kg ,  r espec t ive ly )  was used. The an imal  was placed on an automat ica l ly  controlled 
heated table,  the su r face  t e m p e r a t u r e  of which var ied  f rom 36 to 40 ~ . Exposed par t s  of the nerves  and t is -  
sues  were  i r r iga ted  with w a r m  m i n e r a l  oil. The a r e a s  of the polysynapt ic  r e sponses ,  expressed  as p e r -  
centages  re la t ive  to the ini t ial  background, were  compared .  At each t ime in terva l  not l ess  than 3-5 single 
r e sponses  we re  r eco rded  and their  a r i t hme t i c  mean  value de termined.  Each s e r i e s  of the invest igat ion 
included 10 exper iments .  The c r i t e r ion  of s ignif icance was calculated by Wilcoxon's  method. 
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Fig. I. Polysynaptic reflexes recorded in the 7th in- 
tercostal nerve in response to single electrical stim- 
ulation of ipsilateral 8th intercostal nerve. A, C, E) 
Side of injury; B, D, F) intact side; A, B) before uni- 
lateral injury to pleura; C, D) after unilateral injury 
to pleura; E, F) intravenous injection of strychnine 
nitrate increases reflexes on both sides, but more 
especially on the injured side (E) compared with 
amplitude of reflexes immediately before injection 
of strychnine (C, D); Calibration: voltage 100 ~V, 
time 10 msee.  

Fig. 2. Polysynaptic reflexes recorded in 7th inter- 
costal nerve in response to single electrical stimu- 
lation of ipsilateral 8th intercostal nerve. A, C, E) 
Affected side; B, D, F) unaffected side; A, B) before 
unilateral injury of pleura; C, D) 30 min after uni- 
lateral injury of pleura; E, F) transection at level 
C7 increases reflexes from both sides, but more so 
on affected side (E) compared with amplitude of 
reflexes immediately before transection of spinal 
cord (C, D); calibration of voltage i00 #V, of time 
i0 msec. 

EXPERIMENTAL RESULTS 

According to data in the l i terature  [3, 7], maximal  st imulation of the central  end of the divided in ter -  
costal nerve produced only polysynaptic responses  in the neighboring intercostal  nerve. No monosynaptic 
ref lexes were recorded  under these conditions. The latent period of the polysynaptic ref lexes varied from 
4 to 8 msec ,  their maximal  duration usually varied from 15 to 20 msec,  and their maximal amplitude from 
200 to i000 #V. The threshold of stimulation largely depended on the depth of anesthesia and varied from 
I00 to 500 inV. Definite irradiation of these polysynaptie reflexes from one side of the spinal cord to the 
other was observed. The amplitude of the contralateral responses was 30-40% less, and their latent period 
2-2.5 msee longer than those of the ipsilateraI polysynaptic reflexes. 
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In some  expe r imen t s  these polysynapt ic  r e f l exes  (with a latent  per iod of 4-8 msec)  we re  followed by 
polysynapt ic  d i scha rges  with a latent  period of 25-30 msec .  The c h a r a c t e r i s t i c s  of  these late re f lexes  c o r -  
responded to late polysynapt ic  r e s p o n s e s  a t  the lumbar  level whose cen te r s  lie in the mesencepha l ic  r e t i cu -  
la r  fo rmat ion  [1, 6]. Late  polysynapt ic  r e f l exes  were  m o r e  var iab le  than segmenta l .  Somet imes  late poly-  
synapt ic  r e f l exes  of thorac ic  segmen t s  of the spinal  cord appeared  in r e sponse  to the s a m e  thresholds  of 
s t imula t ion  as segmenta l  polysynapt ic  re f l exes ,  s o m e t i m e s  with lower thresholds .  

Impulses  f rom the affected p leu ra  caused a d e c r e a s e  in ampli tude of the segmenta l  in te rcos ta l  poly-  
synapt ic  r e sponses  evoked by an a f fe ren t  t e s t  d i scharge  on the side of the lesion (on the ave rage  by 55.2%, 
P < 0.01), and an i nc r ea s e  in ampli tude of these r e s p o n s e s  evoked by a t es t  d i scharge  f rom the unaffected 
side (on the ave rage  by 19.4%; P < 0.05). 

To de te rmine  the m e c h a n i s m  of inhibition of the in te rcos ta l  polysynapt ic  r e f l exes  by a lesion of the 
pleura,  the an imals  were  injected with subconvulsant  doses  of s t rychnine,  which block inhibi tory synapses  
[5]. Inject ion of s t rychnine  led to an i n c r e a s e  in r e s p o n s e s  f rom both s ides ,  but on the side of the lesion 
(compared with the magnitude of the r e sponses  before  injection of s t rychnine)  this i nc rea se  averaged  74.5% 
(P < 0o01) more  than the con t r a l a t e ra l  side (Fig. 1). I t  thus follows that on the side of the lesion, act ivi ty  
of inhibi tory synapses  was much g r e a t e r  than on the unaffected side.  

As s e v e r a l  w o r k e r s  have shown [2-4], high t r ansec t ion  of the spinal  cord i n c r e a s e s  i n t e r c o s t a l - i n t e r -  
costa l  re f lexes ,  thus indicating that  no rma l ly  these r e f l exes  a r e  under suprasp ina l  inhibition. A s i m i l a r  in-  
c r e a s e  in ampli tude of i n t e rcos t a l  r e f l exes  took place a f t e r  t ransec t ion  of the spinal  cord in an imals  with a 
lesion of the p leura .  The spinal  cord was divided a t  the level  C7-T1 between 30 min and 1 h a f te r  uni la tera l  
in jury of the p leura ,  a t  a t ime  when the inhibition of polysynapt ic  re f lexes  on the side of injury was c l ea r ly  
marked .  Immed ia t e ly  a f te r  t ransec t ion  of the spinal  cord the sp ino-bu lbo-sp ina l  r e f l exes  d isappeared ,  
segmenta l  polysynapt ic  r e s p o n s e s  were  sharp ly  inc reased  on both s ides ,  but on the side of injury this in- 
c r e a s e ,  compared  with the ampl i tude of the r e s p o n s e s  immedia t e ly  before  t ransec t ion ,  was much g r e a t e r  
(Fig. 2) than on the con t r a l a t e r a l  side (on the ave r age  by 125%, P < 0.01). I t  follows f rom these r e su l t s  that, 
bes ides  segmenta l  m e c h a n i s m s  of inhibition, suprasp ina l  inhibi tory mechan i sms  also par t ic ipa te  in the o rgan i -  
zation of the pro tec t ive  r e s p i r a t o r y  ref lex.  

The d i f ference  between the degree  of i nc rea se  in polysynaptic  r e f l exes  on the two s ides  was reduced 
20-30 min a f te r  t ransec t ion  of  the spinal  cord,  and s t imula t ion  of the cen t ra l  ends of the divided in te rcos ta l  
nerves  produced inhibition of in t e rcos ta l  polysynapt ic  r e s p o n s e s  both on the side of the lesion and on the un- 
affected side.  This is a v e r y  in te res t ing  fact ,  because  it  shows that the weakening of r e s p i r a t o r y  movements  
of  the ches t  is confined to the side of lesion because  of descending influences of the cen t ra l  nervous sys t em.  
Because  of the physiological  f ea tu res  dist inguishing the thorac ic  divis ion of the spinal  cord,  it could eas i ly  
sp read  also to the healthy side.  
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