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S k e l e t o m o t o r  and F u s i m o t o r  Contro l  of  G a s t r o c -  
n e m i u s  M u s c l e  f r o m  Dei ters '  N u c l e u s  1 

A fast pathway extends from Deiters' nucleus to ex- 
tensor muscle spindles 2, and a monosynaptic connection 
exists between Deiters' neurones and e-extensor moto- 
neurones 3. The presence of this projection in the cat 
might lead one to expect that  the direct control of 
Deiters' nucleus on x-motoneurones prevails over the 
indirect control through the y-loop. Experiments were 
therefore performed to discover the extent of the vestibu- 
lospinal influences from Deiters' nucleus on skeletomotor 
and Iusimotor neurones. 

Methods. Muscle tension and impulse frequency in 
single spindle afferents from the gastrocnemius muscle 
were recorded in 17 cats anaesthetized with pentobarbi- 
tone sodium (Nembutal) (35 mg/kg i.v.) or decerebrated 
at precollicular level, l)eiters'  nucleus was stimulated 
stereotaxically with rectangular pulses, 0.5 msec in dura- 
tion and at frequency above and below the threshold for 
the motor response. The voltage used (1 3 V) was just 
suprathreshold for producing the typical enhancement in 
the extensor tonus of the ipsilateral fore l imbt  Both limbs 
were completely denervated except the left gastrocnemius 
muscle. 

Results. 38 spindle receptors, whose afferent fibres con- 
ducted impulses at 22-101 m/see, were excited by repeti- 
t ive stimulation of Deiters' nucleus. Threshold activation 
was always obtained at a frequency of stimulation 
(80-100/sec) which caused no tension change in the muscle 
fixed in isometric condition. Extrafusal contraction oc- 
curred at higher frequency of stimulation (100-120/sec). 
However, both the extrafusal and intrafusal responses 
increased with rising frequency of stimulation from 100 
to 500/sec (I:igure 1). The relative changes of the spindle 
discharge produced by Deiters' stimulation with respect 
to the prestimulation values <lid not increase, however, 
but  actually decreased with increase in muscle extension 
from 0 to 10 mm. Section of the ipsilateral dorsal roots 
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Fig.  1. Effects  of r epe t i t ive  s t i m u l a t i o n  of the. l a t e r a l  ve s t i bu l a r  
(l)eiters ')  nucleus  on  a ga s t roenemius  inuscle sp indle  r ecep to r  (con- 
duc t i on  ve loc i ty  of a f fe ren t  f ibre:  101 m/see) a n d  on  c o n t r a c t i o n  of 
the  ga s t rocnemius  nmsc le  (initial  muscle  ex tens ion :  4 into). 1)eeere- 
b r a t e  ca t .  U p p e r  t races  - spindle  d ischarge .  E a c h  do t  r ep resen t s  an  
impulse .  The  va lue  of i ts  o r d i n a t e  giw~s the  i n s t a n t a n e o u s  f r e q u e n c y  
of this  ilntmlse. Lower  t races  - muscle  tension.  Dei ters '  nuc leus  was  
s t i m u l a t e d  wi th  0.5 msee r e c t a n g u l a r  pulses  of 2 V a t  the  f requencies  

i nd i ca t ed  a t  the b o t t o m  of each  record .  

L6-$2 reduced the slope of the tension curve, without 
greatly affecting the peak of the contraction,  thus indi- 
cating that  the extrafusal muscle contraction persisted 
even after interruption of the ?-loop. The spindle receptor 
discharge, on the contrary, was slightly enhanced. The 
responses of muscle spindle receptors to stimulation of 
Deiters' nucleus at different frequencies persisted also in 
slack muscle, in spite of any possible unloading effect 
that  might have been due to shortening of the extrafusal 
muscle fibres. 

Factors contributing to the activation of spindles on 
stimulating Deiters'  nucleus were investigated in 8 cats. 
Activation ot spindles persisted after extrafusal muscle 
paralysis induced by intravenous injection of 0.7-1.2 
mg/kg of gallamine triethiodide (Flaxedil, May & Baker 
Ltd.). Paralysis of ?-fibres with 0.25-0.50% solution of 
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Fig. 2. Pe.rsistelme of spindle  r ecep to r  d i scha rge  f ronl  the  gas t roe-  
nemius  to repe t i t ive  s t imu la t ion  of l )ei ters '  nucleus ,  fol lowing pro-  
eainc b loek  of ) , -efferents  a n d  ex t r a fusa l  musc le  pa ra lys i s  wi th  
Flaxedil .  I )eeerebra te  ca t .  U p p e r  t r ae ( s :  spindle  d i scha rge  (conduc-  
t ion ve loc i ty  of a f fe ren t  f ibre :  72 ni/see), l .ower  t raees  muscle  

tens ion  (initial  muscle  l eng th  , : 4 ram).  

A 1 , s p o n t a n e o u s  d i scharge ;  A 2 single shock  s t i m u l a t i o n  of the  
gas t rocne ln ius  nerves  a t  1.56 t imes ~ - th resho ld  {0.05 msee tnflse 
du ra t ion ) .  Aa, A 4 ~-~ same  as A2, b u t  a t  h igher  swcep speeds,  to show 
the  d i rec t  spike a n d  the  ea r ly  d ischarge .  B ~ effects of r e p : t i t i v e  
s t i m u l a t i o n  of the  gas t roenen i ius  ne rve  a t  300/sce, 0.05 msee,  8.3 
t imes  a - th re sho ld .  C -- effeets of repe t i t ive  s t i n m l a t i o n  of 1)citers '  
nucleus  a t  500/see, 0.5 reset ,  2.2 V. B D C 1 eont ro ls  showing  the  
spindle  acee lera t ion  fol lowing s t imu la t ion  of ~-e f fe ren ts  (B1) a n d  
the  spindle  af ferent  r e c e p t o r  d i scha rge  to Dei ters '  s t i m u l a t i o n  (C1). 
Ba, C, 2 -, a f t e r  local  p roca ine  b loek  of the ~/-efferents d i s t a l ly  to the  
s t iml l l a t ing  electrode,  no te  selective abol i t ion  of the  y - r e s p o n s e  to 
pe r iphe ra l  ne rve  s t i n m l a t i o n  in the  absence  of a n y  depress ion  of the  
tens ion  eurve  (B,~). B o t h  the  ske le tonio tor  a n d  the  fu s imn to r  re-  
sponses  to Dei ters '  s t i n m l a t i o n  are  depressed b u t  no t  abol i shed  (Ce). 
Ba, C a a n d  B~, C 4 . .  r ecords  t a k e n  froln a series of eonsecut ive  re- 
sponses  fol lowing i.v. in jec t ion  of Flaxedi l .  The  fus imoto r  response  
to 1)citers '  s t i m u l a t i o n  persis ts  in spi te  of the  ex t r a fu sa l  pa ra lys i s .  
No te  the h igh  sens i t i v i ty  of the  m y o g r a p h  in C2, Ca, C 4. Ca l ib ra t ion  

of 1 see appl ies  to all records  excep t  A3, A 4. 

i This  inves t iga t ion  was  s u p p o r t e d  b y  P I t S  researc.h g r a n t  No. NB-  
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proca ine  hydroch lo r ide  ~ wh ich  p r e v e n t e d  t he  sp indle  ac- 
ce le ra t ion  to  r e p e t i t i v e  s t h n u l a t i o n  of t h e  gas t rocnemius  
ne rves  (at  200-300/sec, 0.05 msec, 6-10 t imes  e- threshold) ,  
abol i shed  in m o s t  un i t s  t he  a f fe ren t  d ischarge  to s t imu-  
l a t ion  of De i te r s '  nucleus.  T he  spindles  tes ted ,  therefore ,  
were a c t i v a t e d  t h r o u g h  y-f ibres.  I n  some receptors ,  how- 
ever,  exc i t a t ion  f rom De i t e r s '  nucleus  pers i s ted  in spi te  
of p roca ine  b lockage  a n d  ga l l amine  a d m i n i s t e r e d  a t  t he  
h e i g h t  of y -pa ra lys i s  (Figure  2). T h e  pers i s tence  of sp indle  
a c t i v a t i o n  in t he  presence  of y - ne r ve  b lockage  and  ex t r a -  
Iusa l  muscle  pa ra lys i s  shows t h a t  in  some gas t rocnemius  
sp indles  t he  effect  f rom Dei t e r s '  nucleus  is also m e d i a t e d  
b y  fu s imo to r  f ibres  larger  t h a n  y-efferents .  

Riassunto. I ,a  s t imolaz ione  r i p e t i t i v a  del nuc leo  di 
Dei te rs  p roduce  la  con t r az ione  del  muscolo gas t rocnemio ,  

c h e s i  a c c o m p a g n a  ad  u n a  scar ica  a f fe ren te  fusale. La  
r i spos t a  dei  r eee t to r i  fusal i  d ipende  n o n  so l t an to  da l l ' a t t i -  
v i t h  delle f ibre  y, m a  anche  da  quel la  di f ibre fus imotor ie  
di pifi g r ande  d iamet ro ,  p r o b a b i l m e n t e  di n a t u r a  e. 

G. CARLI, K. DIETE-SPIFF, 
a n d  O. POMPEI&NO 

Istituto di Fisiologia dell' Universith di Pisa, Centro di 
Neurofisiologia e Gruppo d'Elettro[isiologia del C.N.R., 
Sezione di Pisa (ltaly), April 26, 7966. 

,5 p.B.C. MATTHI~;WS altd G. RUSHWOR'rII, J. Physiol. 135~ 263 (1957). 

T w o  F o r m s  of the Effect of ~ ,= ' -D ipyr idy l  and 
l , lO-Phenanthro l ine  on Synthes ized  H y d r o x y -  

prol ine-Def ic ient  Col lagen 

W e  h a v e  s h o w n  in  our  p rev ious  work  ~,~ t h a t  some 
che la t ing  agen ts  i nh i b i t  t he  h y d r o x y l a t i o n  of prol ine-C ~4 
a n d  t h u s  modi fy  t he  b io syn thes i s  of col lagenous  p ro t e ins  
in sk in  slices of ch ick  embryos .  B y  app l i ca t ion  of ~, a ' -  
d ipy r idy l  (1 m M )  col lagen was fo rmed  which  d id  no t  
con ta in  hyd roxypro l ine ,  b u t  i ts  prol ine-C ~4 a c t i v i t y  was 
doub led  w h e n  c o m p a r e d  w i t h  n o r m a l  col lagen of con t ro l  
samples .  B y  t he  effect  of 1, 1 0 - p h e n a n t h r o l i n e  of t he  same  
concen t r a t i on ,  however ,  a comple te  i nh ib i t i on  of pro l ine  
hydroxyla*Aon as  we!l as a p a r t i a l  decrease  of prol ine-C 1~ 
i nco rpo ra t i on  in to  col lagen occurred.  Due  to a ce r t a in  
s t r u c t u r a l  s imi la r i ty  of b o t h  che la t ing  agents ,  th i s  con t r a -  
d i c to ry  effect  was su rpr i s ing  because  i t  po i n t ed  to a dif- 
f e ren t  m e c h a n i s m  of in t e r fe rence  in to  t h e  sequence  of 
processes i nvo lved  in t he  syn thes i s  of t he  col lagen mole-  
cule. Therefore,  we were i n t e r e s t e d  to  f ind  ou t  h o w  the  
a b o v e - m e n t i o n e d  d i f fe ren t  effect  on  t h e  h y d r o x y l a t i o n  
of pro l ine  and  on  its i nco rpo ra t i on  in to  col lagen depends  
on  t h e  c o n c e n t r a t i o n  of t h e  che la t ing  a g e n t  used. 

Chick e m b r y o  skin  slices were i n c u b a t e d  for 2 h a t  
37~ in a K r e b s - R i n g e r  b i c a r b o n a t e  buf fe r  w i t h  5 pC 
prol ine-C t4 a n d  w i th  a p p r o p r i a t e  c o n c e n t r a t i o n  of che la t -  
ing agents .  Af te r  isolat ion,  pu r i f i ca t ion  and  acid hydro lys i s  
of collagen a n d  non-co l lagenous  p ro t e ins  (pur i ty  checked  
b y  p r o l i n e / h y d r o x y p r o l i n e  ra t io  -- see Table) ,  t he  specific 
a c t i v i t y  of prol ine-C t4 and  hyd roxyp ro l i ne -C  t4 was de te r -  
m ined  accord ing  to  I)ETERKOFSKY and  PROCKOP 3. As non -  
col lagenous p ro t e ins  are cons idered  all p ro te ins  wh ich  
p rec ip i t a t e  in  h o t  TCA. The  col lagenous p ro te ins  r e m a i n  
in the  s u p e r n a t a n t .  Fo r  f u r t h e r  m e t h o d i c a l  deta i ls  See 1 
The  resul t s  (Table) p r o v e d  unequ ivoca l l y  t h a t  e , e ' - d i -  
py r idy l  w i t h i n  t he  c o n c e n t r a t i o n  range  of 0.1-1 m M  in- 
h i b i t s  c o m p l e t e l y  t h e  h y d r o x y l a t i o n  ol prol ine,  whose  
a c t i v i t y  in t h e  col lagen molecule  was, however ,  t he  double  
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Paper presented at the InternationM Symposium on the 13io- 
chemistry and Physiology of Connective Tissue, Lyon 1965. 

3 B. I~I~:TERKOFSKY and D. J. PROCKOP, Anal. Bioehem. 4, 400 (1962). 

Effect of different concentrations of ~,0r and 1,10-phenanthroline on hydroxylation and incorporation of proline-C 14 into collagenous 
and non-collagenous proteins 

Substance Collagenous proteins 

Hydroxyproline-C I4 Proline-C t~ 

epin//~M Residual cpm/~M 
activity 

Non-collagenous proteins Proline/hydroxy- 
proline 

Prolinc'Ct~ (amount) 

Residual cpm/>M Residual 
activity activity 

Control 

~,0r 
l m M  
0.5 mM 
0.1 mM 

1,10- Phenanthroline 
i mM 
0.5 mM 
0.1 mM 
0.05 mM 

14,000 :100% 36,400 

143 1 31,800 
630 4.5 27,900 

1,980 ] 4 29,500 

35 0.25 5,900 
360 3 11,000 
734 5 15,000 
494 4 ] 9,400 

100% 60,000 100% 1.18 

194 61,800 101 1.17 
170 69,800 117 1.15 
180 71,100 1 ] 8 1.] 5 

37 15,900 26 1.28 
70 35,700 59 1.]0 
94 60,300 100 1.08 

118 45,500 76 1.20 


