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Single s t imuli  applied to a f fe ren t  f ibers  of ce rv ica l  ne rves  in spinal cats  evoke single act ive poten-  
t ials  of the d iaphragm with a latent  per iod of 9.9"1.9 msec .  Stable r e sponses  of the d iaphragm do not de -  
velop to repet i t ive  s t imulat ion.  Reflex r e sponses  of the d iaphragm are  potentiated by s t rychnine.  In de-  
c e r e b r a t e  cats  changes in the posit ion of the head do not give r i s e  to r egu la r  changes in excitat ion of the 
d iaphragm.  

According to Ca lma  [7], motoneurons  of the d iaphragm respond very  weakly to vol leys in af ferent  
f ibers  of I imb ne rve s .  Severa l  w o r k e r s  have found that the d iaphragm does not par t ic ipa te  in pos tura l  tonic 
re f lexes  or  in d e c e r e b r a t e  r igidity [2, 8, 9]. On the other  hand, changes in the tone of the d iaphragm have 
been repor ted  during s t imulat ion of ves t ibu la r  and ce rv ica l  r e c e p t o r s  [4, 5]. The d iaphragm con t rac t s  dur -  
ing expulsive ac t s :  during vomit ing [3, 6] and coughing [10]. 

The object  of this invest igat ion was to de te rmine  the p resence  or  absence  of re f lex  r e sponses  of 
the d iaphragm to s t imul i  not d i rec t ly  concerned with the regulat ion of r e sp i r a t i on  and effeeted through sp i -  
nal cen t e r s  under the mos t  favorable  conditions for  thei r  development .  

Fig. 1. Ref lex r e s p o n s e s  of biceps  brachi i  musc le  (A) and 
d iaphragm (B, C) to s t imulat ion of cent ra l  ends of divided 
branches  of b rachia l  plexus,  a) Single s t imuli  (time m a r k e r  
1 msec) ;  b) 40 s t imul i / see ;  c) 100 s t imul i / sec .  B) Before,  
C) a f t e r  injection of s t rychnine.  Numbers  on A denote s t rength  
of s t imulat ion in TEMF. Cal ibra t ion 1 inV. 
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E X P E R I M E N T A L  M E T H O D  

Experiments were  ca r r i ed  out on cats  weighing 2.1-3 kg after t racheotomy and division of the c o m -  
mon carotid a r t e r i e s .  In ser ies  I (9 cats) the conditions were close to those of Ca lma ' s  experiments  [7], 
but central  ends of the divided thick anter ior  rami  of the 5th or  6th cervical  nerve were stimulated instead 
of the limb nerves (square pulses, 0.15 msec in duration). Under these c i rcumstances ,  synchronous pulses 
ar r ived in the segments of the spinal cord containing diaphragmatic motoneurons along many afferent fi-  
bers .  To exclude effects via the bulbar r e sp i ra to ry  center  and to increase  the likelihood of development 
of spinal reflexes,  the spinal cord  was divided at the level of C 1. It was decided to study whether not only 
short, but also par t icular ly  stable reflex responses  could be evoked. For  this reason, besides single 
stimulation of the afferent fibers, repeti t ive stimulation was used. Before division of the cervical  nerves  
the threshold of excitation of the motor  fibers (TEMF) was determined.  Action potentials of muscles  of 
the corresponding dome of the diaphragm were recorded on a CRO, together with potentials from the bi-  
ceps brachii  and external intercostal  muscles  for comparison.  Stimulation of the trunks of the phrenic 
nerve at the point where it leaves the 5th and 6th cervica l  nerves  enabled the conduction t ime f rom the 
neck to the diaphragm to be determined.  After the experiments  the length of the nerves  f rom the s t imu-  
lating electrodes to the spinal cord was measured.  In 4 experiments strychnine (0.1% solution, 0.2-0.6 ml) 
was injected intravenously. 

The experiments  of ser ies  II were  ca r r i ed  out on 7 cats  after intercol l icular  decerebrat ion.  The 
EMG of the diaphragm, external intercostal  muscles,  oblique abdominal muscles,  and t r iceps  brachi i  mus -  
cle was recorded.  Postural  tonic ref lexes were evoked by simultaneous rotation and inclination of the 
head. The cats were placed in the supine position. 

E X P E R I M E N T S  R E S U L T S  

In response to single stimulation of the central  ends of the divided branches of the brachial  plexus 
in its cervical  division, a synchronous action potential of low amplitude was recorded  in the muscle of the 
ipsilateral  dome of the diaphragm (Fig. 1B). The threshold strength of stimulation required to evoke the 
reflex usually exceeded the TEMF by 1.5-1.7 t imes.  In individual cases ,  however, responses  were ob- 
tained to stimuli with a strength of 0.8-0.9 TEMF. This means that a reflex response of the diaphragm 
could be evoked by a volley in group I afferent fibers,  With an increase  in the strength of stimulation to 
2-3 TEMF, somet imes  a small increase  in the amplitude of the spike was observed.  No decrease  in am-  
plitude of the responses  took place with an increase  in the strength of stimulation up to 8-10 TEMF. No 
evidence of posttetanic potentiation was found. 

The latent period of the response (M• was 9.9• msec (from 8 to 10 msec,  r a re ly  up to 14 
msec).  Considering that the conduction t ime from the trunks of the phrenic nerve in the neck to the mus -  
cle was 2.0-2.1 msec,  these values are  close to those obtained by Calma [8], namely, 6.5-7.3 msec.  How- 
ever, in the present  experiments responses  were observed in most  preparat ions  (in 8 of 9), although not 
to every stimulus. The reason was probably spatial summation because of stimulation of a large number 
of afferent fibers.  

The central  time of the responses  (latent period minus conduction t ime to and f rom the brain) was 
4.8-6.3 msec, evidence of polysynaptic t ransmiss ion  of excitation. 

During repetit ive stimulation (10-100/sec) of the central  ends of the divided brachial  plexus, the di-  
aphragm usually responded only to the f i rs t  stimulus of a ser ies  (Figs. 1B, b, c and 2B, a). Sometimes 
spikes of lower amplitude accompanied some of the subsequent stimuli, for example, the 3rd, 7th, and so 
on. Regular stable rhythmic responses  never appeared. 

Reflex responses  to stimulation were observed in the same preparat ions  in the cervica l  division of 
nerves to the biceps brachi i  muscle.  Action potentials evoked by single stimuli were 2-3 t imes grea ter  in 
amplitude and duration than in the diaphragm (Fig. 1A). The latent period was shor ter  than in the diaphragm 
(6.2• msec,  P < 0.001). The central  time also was shor ter  (2.3-4.8 msec).  Responses  to repetit ive 
stimulation were stable, and the intervals between spikes following single stimuli were occupied by asyn-  
chronous action potentials (Figs. 1A and 2B). 

The reflex responses  of ipsi lateral  external intercostal  muscles  in the 5th-Sth intercostal  spaces 
evoked by repeti t ive stimulation of central  segments of the brachial plexus were  observed in all exper i -  
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Fig. 2. Reflex responses of intercostal muscles to stimulation 
of central ends of divided branches of brachial plexus. Top 
curves (except B, b) recorded from diaphragm; B, b) EMG of 
biceps muscle. Bottom curves show EMG of external intercostal 
muscles in ipsilateral 5th intercostal space. Artefacts of stimuli 
(40/sec) serve as marker of stimulation. Strength of stimulation 
200 rnV; A, b) 600 inV. Calibration 300 pV. 

Fig. 3. Effect of inclination and rotation of the head on EMG of va- 
rious muscles. Top curves: inA and B, EMG of diaphragm; in C, 
EMG of external intercostal muscles of 3rd intercostal space. Bottom 
curves : in A, EMG of triceps brachii muscle; in B, EMG of oblique 
abdominal muscles; in C, EMG of intercostal muscles of 5th space. 
i) Head turned toward side of recording, c) toward opposite side.Cali- 
bration 300 #V. 

ments. Either inhibition of the initial tonic activity (Fig. 2A, a) or stable excitation (Figs. 2A, b and B) 
took place. Sometimes inhibitory responses took place to weak stimuli and excitation to stronger stimuli 
(Fig. 2A). In response to strong stimulation of the central end of the divided sciatic nerve inhibition of ac- 
tivity of the external intercostal muscles was observed. Excitation of the diaphragm was absent. 

Injection of strychnine was continued until the onset of spasms of the skeletal muscles. However, ac- 
cording to the EMG findings, participation of the diaphragm in them was slight. Only after additional in- 
jection of strychnine were bursts of activity recorded from the diaphragm shortly before the development 
of the paralytic stage of poisoning, but they were never of long duration. Under the influence of strychnine 
the action potentials of the diaphragm in response to single stimuli applied to the cervical nerves were in- 
creased in amplitude and duration (Fig. IC). The latent period was slightly shortened (to 8.4~0.8 msec). 
The central time also was reduced (3.8-5.8 msec). Repetitive stimuli could evoke action potentials of the 
diaphragm to follow each stimulus or most of them (Fig. IC). No evidence of temporal summation of ex- 
citation was found but, on the contrary, there was a rapid decrease in amplitude of the spikes. No signifi- 
cant dispersion of the action potentials was observed. 

Stimulation o[ labyrinthine and cervical receptors in deeerebrate cats had no consistent effect on the 
electrical activity of the diaphragm. No changes were found in the amplitude and frequency of action po- 
tentials either during inspiration or during excitation subsiding in the course of expiration (FAg. 3A, B). At 
the end of expiration the EMG of the diaphragm was free from action potentials whatever the position of the 
head (absence of diaphragmatic tone). Only occasionally, when a change in the position of the head was ac- 
companied by a sharp increase in decerebrate rigidity, was respiration stimulated. Under these circum- 
stances, however, the EMG of the dome of the diaphragm changed independently of the direction of move- 
ment of the head. 
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Static re f lexes  of the l imb extensors  were  eas i ly  evoked in these p repa ra t ions .  Rigidity of the t r i -  
ceps  brachi i  musc le  was inc reased  by rotat ing the head toward the invest igated l imb (Fig. 3A). 

Changes in tonic excitat ion of the external  and internal  in tercos ta l  musc les  (Fig. 3C) and oblique ab -  
dominal musc les  (Fig. 3B) were  just  as c l ea r ly  expressed .  Rotation and inclination of the head were  a c -  
companied by an inc rease  in or  the appearance  of tone of the ips i la te ra l  musc les  and by inhibition of tone 
of the con t ra la te ra l  musc les .  If the head was kept  turned, the tone on the side of rotat ion gradual ly weak-  
ened in the cour se  of tens of seconds and minutes.  Judging f rom individual record ings ,  in tercos ta l  musc les  
located in the car t i laginous  pa r t  responded in the opposite way to musc les  in the in te rosseous  pa r t s .  

Hence, phrenic motoneurons  can be excited by af ferent  impulses  via in terneurons .  However,  this r e -  
qui res  an unusually s t rong and synchronous af ferent  volley.  Under natural  conditions such r e sponses  a r e  
hardly possible ,  Weak, single r e sponses  to powerful af ferent  volleys must  be r ega rded  as  the r e su l t  of the 
"breakdown" of r e s i s t a n c e s  r e s t r i c t ing  the entry of a f fe ren t  impulses  into the d iaphragmat ic  cen te r s .  
Stable re f lex  r e sponses  of the d iaphragm are  absent,  Functional isolation of the d iaphragmat ic  cen te r s  is 
probably due to the smal l  nmnber  of synaptic connections and to ce r t a in  sources  of postsynaptic  inhibition. 
Evidence of this is given by potentiation of the r e sponses  by s t rychnine.  

Data indicating that the d iaphragm does not par t ic ipa te  in ce rv ica l  and labyrinthine tonic re f lexes  
were  conf i rmed.  At the same  t ime,  the tone of the abdominal and in te rcos ta l  musc les  c l ea r ly  changed. This 
may be the reason  for  changes in the posit ion of the domes of the d iaphragm prev ious ly  desc r ibed  [5] dur -  
ing static re f lexes .  

Besides  r e s p i r a t o r y  movements ,  the d iaphragm also cont rac ts  during expulsive effor ts .  During 
vomiting movements ,  s imul taneously  with the d iaphragm and musc les  of the abdominal  wall, the insp i ra to ry  
in tercos ta l  musc les  a r e  excited and the expi ra tory  in te rcos ta l  musc les  inhibited [1]. The coordinat ion b e -  
tween d iaphragm and in tercos ta l  musc les ,  usually found during resp i ra t ion ,  is thus p r e s e r v e d  during vom-  
iting. This suggests  that cont rac t ions  of the d iaphragm during vomiting a r e  mediated through the bulbar  
r e s p i r a t o r y  cen te r .  
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