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In expe r imen t s  on d e c e r e b r a t e  k i t tens  f r o m  a few hours  to 3 months  of age the e l e c t r o m y o g r a m  of the 
oblique and r ec tu s  abdominis  m u s c l e s  was  r eco rded  during quiet and labored r e sp i r a t ion .  During quiet 
brea th ing  the abdominal  m u s c l e s  as  a ru le  were  inact ive.  Under conditions of asphyxia  or  hypercapnia ,  
exp i r a to ry  cont rac t ions  of the abdominal  m u s c l e s  appeared .  During s t re tching of the abdominal  musc le s ,  
a s t re tch  re f lex  developed.  P rop r i oeep t i ve  r e f l exe s  f r o m  these  m u s c l e s  pa r t i c ipa te  in the fo rmat ion  of the 
r e s p i r a t o r y  act ivi ty  of the abdominal  m u s c l e s .  

The r e s u l t s  of r ecen t  inves t iga t ions  have demons t ra t ed  the par t i c ipa t ion  of the abdominal  musc l e s  in 
r e s p i r a t o r y  act ivi ty [3, 6-9] .  P rop r iocep t ive  impu l ses  were  found to be of s ignif icance in the regulat ion of 
r e s p i r a t o r y  cont rac t ions  of the abdominal  wall  m u s c l e s  [4, 5]. 

The p rob l e m  of par t i c ipa t ion  of the m u s c l e s  of ex terna l  r e s p i r a t i o n  in the maintenance of pu lmonary  
vent i la t ion in the ea r ly  s tages  of ontogenesis  of an imals  has  been  examined in ve ry  few p a p e r s  [2, 10]. No 
informat ion  on the r e s p i r a t o r y  act ivi ty of the abdominal m u s c l e s  i s  avai lable .  

The object  of the p r e s e n t  invest igat ion was  to study the r e s p i r a t o r y  act ivi ty of the m u s c l e s  of the 
abdominal  p r e s s  and to examine m us c l e  p rop r iocep t ive  inf luences on the r e s p i r a t o r y  act ivi ty of these  
m u s c l e s  in young an ima l s .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  we re  c a r r i e d  out on k i t tens  of ages  vary ing  f r o m  a few hours  to 3 months:  under  24 h 
(4 kit tens),  1 day (2), 2 days  (3), 3 days  (2), 4-7 days  (5), 9-24 days  (4), and 1-3 months  (6 ki t tens) .  

All expe r imen t s  we re  c a r r i e d  out under  d e c e r e b r a t e  condit ions.  Needle e l ec t rodes  were  sutured to 
the obliquus abdominis  m u s c l e s  ( segments  IX and X, below the costa l  arch) and to the r ec tus  abdominis  
musc l e  in i t s  upper  pa r t .  E l ec t rodes  were  a lso  sutured in the in te rchondra l  p a r t  of the in ternal  in te rcos ta l  
m u s c l e s  (in the 1st or  2nd in te rcos ta l  spaces) .  

The e l e c t r o m y o g r a m  (EMG) of the oblique and r e c t u s  m u s c l e s  of the abdomen and the in te rcos ta l  
m u s c l e s  was  r e c o r d e d  on a d u a l - b e a m  CRO. Activi ty was  r e c o r d e d  during quiet breathing and during ven t i -  
lat ion of the lungs with a gas  m i x t u r e  containing 10% CO2 (plus 02) and during brea th ing  f r o m  a closed 
v e s s e l  with a capaci ty  of 20 em ~ ( re s i s t ance  to r e s p i r a t i o n + a s p h y x i a ) .  

The s t re tch  re f lex  of the ex te rna l  oblique abdominal  m u s c l e s  was  studied. A s t r ip  of th is  musc le  
at tached to r ibs  9-11 was  isola ted.  A smal l  bath was fo rmed  f rom f laps  of skin and filled with mine ra l  oil. 
The musc le  was  s t re tched  by a weight.  The EMG of the s t re tched  s t r ip  was  r eco rded .  As well as s t r e t ch -  
ing the isola ted str ip,  the abdominal  m u s c l e s  were  s t re tched  by inject ion of a i r  into the abdominal cavity.  
Act ivi ty  of the r e c t u s  and oblique m u s c l e s  was  r eco rded  under  these  conditions.  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

During quiet breathing,  the in te rchondra l  p a r t  of the in terna l  in t e rcos ta l  musc le  of d e e e r e b r a t e  ki t tens  
showed in sp i r a to ry  act ivi ty .  The ex te rna l  oblique musc le  was  inact ive in 17 of the 26 expe r imen t s .  In 5 

Depa r tmen t  of Norma l  Physiology,  Ped ia t r i c  Medical Insti tute,  Leningrad (Presented  by Academic ian  
of the AMN SSSR Ao F.  Tur) .  T rans l a t ed  f r o m  Byulle ten '  ~kspe r imen ta1 'no i  Biologii i Meditsiny, Vol. 67, 
No. 4, pp. 7-10, Apri l ,  1969. Original  a r t i c le  submit ted F e b r u a r y  26, 1968. 

344 



Fig. 1. Activity of abdominal musc les  of young kit tens 
during quiet (1) and labored (2) breathing.  A) Kitten 
a few hours  old: top curve  shows EMG of external  
oblique abdominal muscle ,  bottom curve EMG of in te r -  
chondral  pa r t  of internal  in tercos ta l  musc le ;  B)ki t ten  
aged 1 day: top curve  shows EMG of rec tus  abdominis 
muscle ,  bottom curve  EMG of in terchondral  pa r t  of 
internal  in tercos ta l  musc le .  Calibrat ion 300 V, t ime 
m a r k e r  1 sec.  

Fig. 2. Stretch ref lex  of external  
oblique abdominal muscle  of a kitten 
aged afew hours(AT and 17 days (B). 
A: 17 Stretching of isolated str ip 
with a threshold load (5 gT, 27 with 
twice the threshold load, 37 5 t imes  
the threshold load; B: 17 s t re tching 
of isolated str ip by th resho ld  (2.5 g), 
27 by twice the threshold load, 3) 4 
t imes  the threshold,  3') continuation 
of 3. Top curve r e p r e s e n t s  EMG of 
isolated str ip of external  oblique ab- 
dominal muscle ,  bottom curve EMG 
of in terchondral  par t  of internal  in te r -  
costal  musc les .  Arrow indicates 
s t retching of musc le .  Calibrat ion 
300 V, t ime m a r k e r  I see.  

exper iments  exp i ra to ry  act ivi ty  of these  musc les  was detected.  In 4 exper iments  dece reb ra t e  r igidi ty was 
observed.  Activity of this  cha rac t e r  was found only in animals  older  than 11 days, and it  f requent ly  had 
r e s p i r a t o r y  modulations (an inc rease  in act ivi ty of the EMG in expiration).  In young kit tens during quiet 
breathing,  the act ivi ty of the oblique musc les  thus is  essent ia l ly  indistinguishable f rom thei r  activity in 
adult cats  [3]. Activity of the r ec tus  abdomtnis muscle  was observed only in ki t tens older  than 11 days, 
and it was constant and tonic in cha rac t e r .  

During an inc rease  in r e s p i r a t o r y  activity,  expi ra tory  contract ions  of the oblique and rec tus  abdo- 
minal musc les  appeared or s trengthened.  This  inc rease  in ex-piratory activity could be observed in kit tens 
f rom the moment  of b i r th .  Activity of the external  in tercos ta l  musc les  ( interchondral  part) was always 
antagonistic re la t ive  to activity of the abdominal musc les  (Fig. 17. 
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Fig. 3. Increase  in r e s p i r a t o r y  activity of oblique abdominal 
musc le  during s t re tching (kitten aged 9 days).  Bottom segment is  
continuation of top. Top curve shows EMG of isolated str ip of 
ex te rna l  oblique abdominal muscle ,  bot tom curve  EMG of in te r -  
ehondral  pa r t  of in ternal  in te rcos ta l  musc le .  Ar row denotes 
s t re tching of musc le .  Calibrat ion 300 tzV, t ime m a r k e r  1 SeCo 

Hence, the r ec ip roc i ty  which was previous ly  demonst ra ted  for adult animals  [3], was thus found in 
newborn animals  within a few hours  a f te r  b i r th .  This  finding d i sagrees  with published data [1] indicating 
that r ec ip roca l  inhibition does  not appear  until 10 days or more  af ter  b i r th .  

During sre tching of the abdominal musc les  a s t re tch ref lex  appeared,  as has  been descr ibed  for adult 
animals  [4]. Stretching an isolated str ip was accompanied by an inc rease  in i ts  e lec t r ica l  activity.  In 
ki t tens a few hours  old a shor t  r e sponse  of low amplitude was r eco rded  (Fig. 2A). With loads of threshold 
values  (5-10 g), the durat ion of the re f lex  was 0.4-0.9 sec, and the amplitude of the EMG 50-300 ~tV. With 
an inc rease  in the load s t re tching the muscle ,  the durat ion and amplitude of the ref lex  were  increased .  In 
ki t tens aged f rom 1-7 days, the threshold  of the s t re tch re f lex  was 2.5-5 go With threshold s tretching of 
the muscle  the amplitude of the s t re tch  re f lex  reached  450 #V and i ts  durat ion 1.8 see.  

In older  kit tens,  aged f rom 9-24 days, a s t re tch ref lex  could be obtained by a s t retching weight of 
2-5 g (Fig. 2B). With threshold  loads the durat ion reached  1.5-5.6 see and the amplitude 550-800 ttV. 

In animals  o lder  than 1 month the threshold  values  for  the s t re tch  ref lex  were  5-10 g (mean 6 g). 
During s tretching of the musc le  by a load 5 t imes  g r ea t e r  than the threshold  values,  the durat ion of the 
s t re tch re f lex  was 3-10 rain, i .e . ,  c lose to values  observed in adult animals  [4]. No inhibition of the s t re tch 
re f lex  of the oblique musc le  could be obtained by increas ing  the force  of stretching,  just  as  in adult animals  
[4]. Stretching the muscle  by injecting a i r  into the abdominal cavity evoked a s t re tch ref lex  of the oblique 
and rec tus  abdominal musc les .  

An inc rease  in this activity could be obtained by s t re tching the muscle  against a background of existing 
exp i ra to ry  activity.  Increased  activity during st imulation of the muscle  p rop r ioeep to r s  developed par t i cu-  
l a r ly  c lea r ly  in ki t tens over  8 days old (Fig. 3). 

The r e su l t s  demons t ra te  that in ki t tens in the ea r l i e s t  s tages of postnatal  development a s t re tch ref lex  
of the abdominal musc les  is  p r e sen t .  Admittedly,  this  re f lex  is  of low amplitude, high threshold,  and low 
stabili ty.  In the course  of the f i r s t  month the amplitude of the ref lex  response  on the EMG inc reases ,  the 
threshold  is  lowered,  and the stabili ty becomes  m o r e  marked .  An impor tant  fac tor  in the mechanism of 
development  of a prolonged s t re tch  ref lex  is the inc rease  with age in the ability of the spindles to dis-  
charge repeatedly  in r e sponse  to stretching,  in conjunction with the development  of the T- innerva t ion  and 
of the cent ra l  mechan i sms  of this  re f l ex  [11]. 

The s t re tch  re f lex  thus obtained may par t ic ipa te  in regulat ion of the activity of the abdominal p r e s s  
musc le s .  Jus t  as in adult animals  [4], if  the abdominal musc les  are  s t re tched,  r e s p i r a t o r y  contract ions  of 
the abdominal p r e s s  musc l e s  are  s t ronger  than if  these musc les  are  re laxed.  

Hence, in khe ear ly  s tages  of ontogenesis  of the cat, p ropr iocept ive  r e f l exes  of the abdominal musc les  
par t ic ipa te  in the mechanism of expi ra tory  cont rac t ions  of the abdominal p r e s s  musc le s .  
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