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Die K o n t r a k t i o n ,  die sich du rch  Zugabe  von  Adrena l in  
oder  Noradrena l in  ins Organbad  aust6sen 1/~sst, wird in 
gleicher Weise  wie die zweite Phase  der ne rva len  K o n t r a k -  
t ion durch  e-Blocker  aufgehoben  (am isol ier ten Muskel 
gepriift) .  Es  dar f  also geschlossen werden,  dass  die Feder -  
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Fig. 1. Kontraktion des Federmuskels bei Nervenreizung, am iso- 
lierten innervierten Hautlappen vom Taubenflfigel gemessen. Oben 
Reizmarkierung, unten Muskelkraft in Pond. Ein elektriseher Reiz- 
impuls bestand aus einer vollen Sinuswelle von 10 msec Dauer. 
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Fig. 2. Kontraktion des Federmuskels bei Nervenreizung mit 
10 Imp]see. (a) Biphasisehe Kontraktion unter Normalbedingungen, 
am isolierten Hautlappen in Krebs-L6sung. (b) Blockade der zweiten 
Kontraktionsphase 23 rain naeh Zugabe des e-Rezeptoren-Blockers 
Phentolamin (H andelsname: Regitin). Alle Ausse.hnitte vom gleiehen 
Versueh. Musketkraft in Pond geeieht. 

muske ln  von ad rene rgen  bzw. no rad rene rgen  N e rv en  in- 
ne rv ie r t  werden ,  die die zweite  Phase  der  nerva len  Kon-  
t r a k t i o n  ve rmi t t e ln .  

Die In i t i a lphase  der  ne rva len  K o n t r a k t i o n  l~sst sich 
weder  du rch  Curare noch  d u r c h  At rop in  un te rdr f icken .  
Der  f l -Rezeptoren-Blocker  Propranolo l  h a t  in dem spezi-  
fisch wi rksamen  K o n zen t r a t i o n s b e re i ch  (bis 10 -5 g/ml) 
gleichfalls ke inen  Effek t .  E r s t  h6here  K o n z e n t r a t i o n e n  
un te rdr f icken  tiber eine lokalanAsthet ische "Wirkung auf  
die N e rv en  den  E f f ek t  der  Nervenre izung .  Auch  der  Sero- 
t o n i n - A n t a g o n i s t  Methyserg id  (1-Methyl-D-LysergsAure- 
bu tano lamid)  h a t  in einer  K o n z e n t r a t i o n  yon  10 -5, bei der  
die durch  Zugabe von  Sero ton in  aus l6sbare  K o n t r a k t i o n  
v611ig un te rd r i i ck t  wird,  keinen e r k e n n b a r e n  Ef fek t  auf 
die In i t i a lphase  der  ne rva len  Kon t r ak t i on .  

Der  Fede rmuske l  der  Taube  geh6r t  zu den (,elastisch- 
muskul6sen  Systemen~> 1, d.h.  zu den  g l a t t en  Muskeln,  die 
in ein Sy s t em elas t i scher  Fase rn  e ingeordne t  sind,  wie z.B. 
auch  in den  grossen,  e l a s t i schen  Blutgef~ssen.  Der  inn%r- 
v ier te  Fede rmuske l  der  Taube  ist  o f fenbar  ein PrAparat ,  
dos sich gu t  zur U n t e r s u c h u n g  dieses wich t igen  Typs  
g la t t e r  Musku la tu r  eignet,  sowohl  fiir eine e lek t rophys io-  
logische Analyse  des Muskels 3 als auch  zum S t u d i u m  der  
neuromuskuli~ren Er regungs i ibe r t r agung  4. 

Summary. The  tens ion  d e v e l o p m e n t  of the  s m o o t h  
fea the r  muscles  of the  pigeon was  measu red  (a) on the  
wing in s i tu (b) on an  isolated i n n e r v a t e d  skin p r e p a r a t i o n  
and  (c) on an  isolated muscle  p repara t ion .  The con t r ac t ion  
p roduced  by  nerve  s t imula t ion  is biphasic .  The second 
phase  can be b locked by  a - recep tor  b locking agents .  The  
m e c h a n i s m  of the  first  phase  is unknown .  The p r e p a r a t i o n  
seems very  sui table  for the  inves t iga t ion  of neu romuscu la r  
t ransmiss ion  in s m o o t h  muscle.  
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A M e c h a n i c a l  S t u d y  o f  t h e  C a t  R e t r a c t o r  B u l b i  M u s c l e  

In  t he  cat ,  t he  r e t r ac to r  bulbi  muscle  spl i ts  in to  4 slips 
a few mi l l imete rs  af ter  i ts  origin. These  4 sl ips and  t h e  
la teral  rec tus  are i n n e r v a t e d  by  the  VI nerve  1. 

The ca t  r e t r ac to r  bulbi  has  been shown to  differ phys io-  
logically 3, pharmacolog ica l ly  3, and  his tological ly 4 f rom 
the  o the r  6 ex t raocu la r  muscles.  These  s tudies  suggest  t h a t  
the  r e t r ac to r  bulbi  lacks t he  slow tonic  f ibers found  in t he  
rec tus  and  obl ique muscles,  and  t h a t  t he  fibers of t he  
r e t r ac to r  bulbi ,  in keeping  wi th  a role in ref lex r e t r ac t i on  
of t he  eyebal l  and  resul t ing  n i c t i t a t i ng  m e m b r a n e  excur-  
sion, resemble  the  fas t  muscle  f ibers of t he  o the r  6 ex t ra -  
ocular  muscles.  In  the  p re sen t  s tudy ,  an  a t t e m p t  has been 
made  to  assess the  mechanica l  p roper t i e s  of the  r e t r ac to r  

bu lb i  in compar i son  wi th  t h e  fas t  a n d  slow f ibers  of t he  
inferior  obl ique  muscle .  

Methods. Ten ca ts  anes the t i zed  wi th  sod ium pen to -  
ba rb i t a l  were included in th is  s tudy .  The orbi ta l  muscles  
were  exposed  by  par t ia l  r emova l  of t he  t empora l i s  muscle.  

1 G. S. HOPKINS, Anat. Ree. I/, 199 (1916). 
2 p .  BACH-Y-RITA and F. ITO, Invest. Ophthal. 4, 338 (1965). 
3 p. BACH-Y-RITA, J. LEVY and A. STEINACK£R, J. Pharm. Pharmac. 

19, 180 (1967). 
4 j .  A L V A R A D O ,  A .  S T E I N A C K E R  and P. B A C H * Y - R I T A ,  Invest. 

Ophthal. 6, 548 (1967). 
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zygomat i c  a rch  and  t empora l  bone  to  allow super ior  and  
la tera l  access to  t he  en t i re  orbi ta l  cav i ty .  The  r ight  
super ior  or infer ior  slip of t h e  r e t r ac to r  bulbi  wi th  t he  
scleral a t t a c h m e n t  was  r emoved  f rom the  eyeball .  The  
globe was  ev iscera ted  and  t ied  unde r  t ens ion  to  t he  head  
ho lder  to  p r e v e n t  mechanica l  drag  f rom con t r ac t ion  of t h e  
o t h e r  3 r e t r ac to r  bulbi  slips. The  VI ne rve  supply  to  t he  
la tera l  rec tus  was  cut  to  p r e v e n t  i ts  co-con t rac t ion  wi th  
VI  nerve  s t imula t ion .  The  r e t r ac to r  bulbi  slip was a t t a c h e d  
to  a RCA 5734 s t ra in  gauge for t ens ion  recording.  Muscle 
con t r ac t i on  was  p r o d uced  in sepa ra te  e x p e r i m e n t s  e i ther  
by  s t imula t ion  of the  VI nerve  a t  its emergence  f rom the  
pons  wi th  a pai r  of p l a t i num wire hook electrodes,  by  
s t imula t ion  of the  VI  nerve  nucleus  t h rough  a concent r ic  
b ipolar  e lect rode placed s te reo tax ica l ly  in to  the  VI nerve  
nucleus,  or by  d i rec t  muscle  s t imula t ion .  The e lect rode for 
the  l a t t e r  was a t r i angu la r  wick of pape r  tissue, one side 
of which  was placed over  t he  l eng th  of t he  muscle,  The 
wick was k e p t  mois t  w i th  a saline dr ip  t h r o u g h  a No. 20 
needle  su r rounded  by  a hea t ing  coiD. T e m p e r a t u r e  was 
mon i to r ed  by  a t h e r m i s t o r  in the  saline drip.  A c o n s t a n t  
t e m p e r a t u r e  isotonic  saline dr ip  of 37 :k 1.0°C was used 
in all expe r imen t s .  A Grass s t imu la to r  was used to del iver  
s t imul i  of s u p r a m a x i m a l  vol tage,  0.1 msec pulse dura t ion .  
For  d i rec t  muscle  s t imula t ion  the  ca t  was given a para-  
lyzing dose of D- tubocurare  to  p r e v e n t  s t imula t ion  of 
neuromuscu la r  endings.  An average  tens ion  of approx i -  
m a t e l y  1.0 g was appl ied to  t he  muscle.  

Rise t ime  was measured  f rom the  beg inn ing  to the  peak  
of tens ion  and  ha l f -decay  t ime  was measured  f rom the  t ime  
of peak  tens ion  to ha l f -decay  f rom peak  tension.  Fusion 
f r equency  was  d e t e r m i n e d  as the  lowest  f requency  of 
s t imula t ion  which p roduced  a fused cont rac t ion .  

Results. Responses  of the  r e t r ac to r  bulbi  muscle  were 
el ici ted by  s t imula t ion  of VI nerve,  VI  nerve  nucleus  and  
by  d i rec t  muscle  s t imula t ion .  I n a s m u c h  as all si tes of 

Summarized results of present experiments with comparison to 
results of inferior oblique fast and slow fibers front BACH-Y-RITA 
a n d  ITO s 

Single twitch Inferior Retractor Inferior 
response of muscle oblique bulbi oblique 
to 0.1 msec pulse fast fibers slow fibers 

Rise time, msee 5.7-6.9 9.0-18.0 20.0--27.0 
Half decay, msee 7.0-8.0 10.0-16.0 38.0-44.0 
Contraction duration, msec 100.0 ~ 45.0-84.0 200.0 
Maximum tension, g 0.9-1.2 b 0.4- 1.3 0.3- 0.7 

Tetanic response of Inferior oblique Retractor 
muscle at fusion fast and stow bulbi 
frequency fibers ~ 

Rise time, msec 125.0-150.0 120.0-180.0 
Halfdecay, msec 13.0- 20.0 18.0- 35.0 
Fusion frequency, pulse/see 400.0 + 120.0-220.0 
Maximum tension, g 17.0- 40.0 7.3- 18.6 

s t imula t ion  revealed comparab l e  responses ,  resul ts  ob-  
t a ined  wi th  all m e t h o d s  of s t imula t ion  are combined .  

For  t he  r e t r ac to r  bulbi  muscle  t he  following mechanica l  
p roper t i e s  were de te rmined .  Ranges  have  been  n o t e d  in 
paren theses .  

Twi tch  response  to  single pulse s t i m u l a t i o n : T h e  m e a n  
rise t ime  was 12.7 msec (9-18 msec) wi th  a mean  ha l f -decay  
t ime  of 12.9 msec (10-16). The m e a n  con t r ac t ion  dura t ion  
was 60.1 msec (45-84 msec) wi th  a mean  m a x i m u m  tens ion  
of 0.66 g (0.4-1.3 g). 

Te tan ic  response  to  s t imula t ion  a t  fusion f r equency :  
The rise t i m e  was 151.6 msec (120-180 msec) wi th  a mean  
ha l f -decay  t ime  of 23.8 msec (18-35 reset) .  Fusion fre- 
quency  var ied  f rom 120-220/sec wi th  a mean  of 176/see. 
Mean m a x i m u m  tens ion  was  10.5 g (7.3-18.6 g). 

Discussion. For  c o m p a r a t i v e  purposes ,  d a t a  on the  re- 
t r ac to r  bulbi  f rom the  p resen t  s t u d y  are summar i zed  in 
t he  Table  t o g e t h e r  wi th  the  mechanica l  p roper t ies  of the  
inferior obl ique fas t  and  slow twi t ch  fiber t ypes  ob ta ined  
f rom the  s t u d y  of BACH-Y-RITA and  ITO s. 

I t  will be n o t e d  t h a t  tw i t ch  responses  of the  r e t r ac to r  
bulbi  reveal  a rise t ime  and  a ha l f -decay  t ime  i n t e r m e d i a t e  
be tween  those  of t he  fast  and  the  slow t w i t c h  fibers of the  
inferior oblique.  The con t r ac t ion  d u r a t i o n  is shor t e r  t h a n  
t h a t  of t he  slow inferior  obl ique fibers, and  p r e s u m a b l y  
longer t h a n  t h a t  of the  fast  inferior  obl ique fibers. Te tan ic  
responses  indica te  an over lap  be tween  the  r e t r ac to r  bulbi  
and  the  inferior obl ique in t e r m s  of rise t ime  and  half  
decay.  However ,  the  slow fibers in t he  infer ior  obl ique 
m a y  be responsible  for the  s o m e w h a t  longer rise and  half- 
decay  t imes  t h a n  would be expec ted  f rom the  fast  f ibers 
alone. The fusion f requency  of t he  r e t r ac to r  bulbi  is lower 
t h a n  t h a t  of the  inferior  oblique.  

The r e t r ac to r  bulbi  also differs f rom the  o the r  ex t ra -  
ocular  muscles  in its i nne rva t ion  ratio.  The lateral  rectus ,  
which  is comparab l e  in s t ruc tu re  to  the  inferior  ob l ique  ~ 
has  a ra t io  of nerve  fiber to muscle  fiber of 1:6 v, while  t he  
r e t r ac to r  bulbi  has  been found to  have  an  inne rva t ion  ra t io  
of a p p r o x i m a t e l y  1:50 (STEINACKER and  BACH-Y-I{ITA, 
in p repara t ion) .  

The  lack of slow fibers in the  r e t r ac to r  bulbi ,  t o g e t h e r  
wi th  t he  va r i a t ion  in mechan ica l  p rope r t i e s  and  large 
inne rva t ion  ra t io  c o m p a r e d  wi th  the  o the r  ex t r aocu la r  
muscles,  m a y  ref lect  t he  absence  of tonic  p roper t i e s  and  
of h ighly  control led ,  f inely graded  m o v e m e n t s  in th is  
muscle,  whose  p r i m a r y  purpose  is reflex r e t r ac t ion  of t he  
globe and  resul t ing  n i c t i t a t i ng  m e m b r a n e  p ro t rus ion  s. 

Zusammen/assung. Die mechan i schen  E igenscha f t en  des 
M. r e t r a c t o r  bulbi  in der  K a t z e  (Anstiegs- und  Abfal lze i ten  
der  E inze lzuckung  und  der  t e t an i s chen  K o n t r a k t i o n  und  
Fus ions l requenz)  t iegen zwischen den E igenscha f t en  der  
schnel len  und  l angsamen  Zuckungsfase rn  des M. ob l iquus  
inferior.  

A. STEINACKER and  P. BACH-v-RITA 

Smith-Kettlewell Institute o/ Visual Sciences, Paci/ic 
Medical Center, San Francisco ( Cali[ornia 9d115, USA),  
25 June 1968. 

It was not possible to eliminate completely the slow fiber contribu- 
tion to the twitch. The long total duration, which is evident only at 
high magnification, reflects the contribution of the few slow fibers 
activated, b The single twitch tension of the inferior oblique fast 
fibers is not maximum since it is at threshold voltage, ~ It was not 
possible under these experimental conditions to separate the fast 
from the slow fibers in the tetanie response. These figures are given 
to illustrate the maximum total muscle response to tetanic stimula- 
tion. 

a p. BACH-Y-RITA and F. ITO, J. gem Physiol. J9, 1177 (1966). 
A. HI~ss and G. PILAR, J .  Physiol. 169, 780 (1963). 
S. DUKE-ELOER, in Systems o] Ophthalmology (C. V. Mosby, 
St. l,ouis 1961), vol. 2, p. 435. 
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