
396 Specialia EXPERIENTIA 23/5 

over  t h e  las t  3 days  (Table  I I ) .  An  ana lys i s  of v a r i a n c e  
us ing  squa re  r o o t  t r a n s f o r m a t i o n s  was  pe r fo rmed .  No 
s ign i f ican t  d i f ferences  were  found  b e t w e e n  sex or  d ie t  
g roups  a t  t h e  0.05 level .  T h e  d a t a  suggest ,  however ,  t h a t  
d i e t  m a y  h a v e  a d i f fe ren t ia l  effect  on  t h e  a c t i v i t y  level  of 
ma le  a n d  female  r a t s  (F = 2.14, d f =  ~/~o, P < 0.10). 
W h e n  m a l e  a n d  female  a c t i v i t y  scores  were  c o m b i n e d ,  
d i f ferences  b e t w e e n  d ie t  g roups  were  n o t  a p p a r e n t  s. 

Rdsumd. Nous  a v o n s  mesur~  l ' a c t i v i t 6  s p o n t a n ~ e  de 
r a t s  ma les  e t  femelles  r e c e v a n t  des r a t i ons  c o n t e n a n t  
10%,  25% e t  60}/0 de p ro t6 ine  et  29% de graisses  non-  
sa tu r6es  ou  31% de  graisses sa tur6es .  Les  r a t s  o n t  6t6 
m a i n t e n u s  isol6s d a n s  des  cages  k s t a b i l i m g t r e  6 jours  
de sui te .  On  a c o m p a r 6  les donn6es  o b t e n u e s  p e n d a n t  les 
3 de rn ie r s  jours .  On  n ' a  pa s  t r o u v 6  de di f f6rences  signif i-  
ca t ives  darts  l ' e f fe t  des d i f f t r e n t s  r6gimes,  n i  p o u r  les 
m~les  n i  p o u r  les femelles.  

Table II. Mean activity scores over the Iast 3 days for rats on varied 
diets 

A. M. S~IF~RT a n d  J.  MAvE~ 

Diet 

Protein Fat Purina 

10% 25% 60% 29% 31% 
I lnsa tu-  s a t u -  
r a t e d  rated 

Male 411 604 497 600 329 579 
Female 535 635 728 435 770 . 501 
Total 946 1239 1325 1035 1099 1080 

Department o[ Nutrition, Harvard School el Public Health, 
Boston (Massachusetts, USA),  5th December 7966. 

s This work was supported in part by a grant from the National 
Institute of Neurological Diseases and Blindness, No. NB 01941, 
of the National Institutes of Health, U.S, Public Health Service, 
Bethesda, Maryland, and the Fund for Research and Teaching of 
the Department of Nutrition, Harvard School of Public Health, 
Boston, Massachusetts. 

Responses of Primary Muscle Spindle Endings at 
Constant or Changing Muscle 

Length to Variations in Fusimotor Activation 

A s y s t e m a t i c  ana lys i s  ha s  been  u n d e r t a k e n  of t h e  
responses  of muscle  sp ind le  end ings  to  de f ined  c h a n g e s  in 
f u s i m o t o r  ac t iva t ion .  Th i s  s t u d y  was p r o m p t e d  b y  t he  
fac t  t h a t  t he  fu s imo to r  a n d  t he  s k e l e t o m o t o r  s y s t em s  are 
o f ten  found  to be  a c t i v a t e d  in paral le l ,  as is t he  case in 
var ious  ref lex  con t rac t ions~-3  (for f u r t h e r  references  see 
e.g. MATTHEWS 4) a n d  in  t h e  phys io log ica l ly - induced  
m o v e m e n t s  in  respirat ionS-S.  R e c e n t  work  suggests  t h a t  
c o a c t i v a t i o n  of f u s i m o t o n e u r o n e s  m a y  also occur  in  
v o l u n t a r y  c o n t r a c t i o n s  in  m a n  9. I n  t he  case of s t rong  
f u s i m o t o r  a c t i v a t i o n  in  para l le l  w i t h  t he  c o n t r a c t i o n  of 
the  m a i n  muscle,  t he  d i scharge  r a t e  of b o t h  p r i m a r y  and  
s econda ry  end ings  m a y  increase  d u r i n g  t h e  phase  of 
s h o r t e n i n g  in  c o n t r a c t i o n  ~,8 

T h e  responses  were  s tud ied  of p r i m a r y  a n d  s e c o n d a r y  
sp ind le  end ings  to  s y s t e m a t i c  v a r i a t i o n s  of s t a t i c  a n d  
d y n a m i c  f u s i m o t o r  a c t i va t i on ,  b o t h  w i t h  c o n s t a n t  
musc le  l e n g t h  a n d  d u r i n g  l e n g t h  c h a n g e  in  pace  w i t h  t h e  
v a r i a t i o n s  in  I u s i m o t o r  s t i m u l a t i on .  Th i s  p r e l i m i n a r y  n o t e  
conce rns  r e su l t s  o b t a i n e d  w i t h  p r i m a r y  endings .  A full  
r e p o r t  will be  p u b l i s h e d  elsewhere .  

Methods. I n  12 ca ts ,  s t i m u l a t i o n s  were  pe r fo rmed ,  i n  
v e n t r a l  r oo t  f i l aments ,  of s ingle  f u s i m o t o r  f ibres  to  
muscle  sp ind les  in  t he  soleus a n d  l a t e ra l  g a s t r o c n e m i u s  
muscles ,  t he  d i scharge  of s ingle muscle  sp ind le  end ings  
be ing  recorded  in dorsa l  roo t  f i l aments .  I m p u l s e  f r e q u e n c y  
was m e a s u r e d  b y  a n  ' i n s t a n t a n e o u s  f r e q u e n c y  m e t e r  '~°. 
Per iodic  changes  of muscle  l e n g t h  w i t h  t r i a n g u l a r  wave-  
fo rm (see t r ace  c in F igures  1 and  2) were g e n e r a t e d  a n d  
m o n i t o r e d  as p rev ious ly  desc r ibed  11. T he  de s i gna t i on  of 
a f u s i m o t o r  f ibre as ' d y n a m i c '  or ' s t a t i c '  fol lowed t h e  
s ame  c r i t e r i a  as in  a p rev ious  p a p e r  ~°. I n  o rde r  to  be  
ab le  to  sub j ec t  single fu s imo to r  f ibres  to  inc reas ing  a n d  

dec reas ing  s t imu lus  f requencies ,  t h e  s t i m u l a t o r  was  
t r igge red  f rom a v o l t a g e - t o - f r e q u e n c y  c o n v e r t e r  w i t h  a 
l inear  i n p u t - o u t p u t  re la t ion .  Th i s  device,  in  t u r n ,  was  fed 
b y  a l ow- f r equency  g e n e r a t o r  (Hewl i t t  P a c k a r d  Mode l  
202 A) de l ive r ing  t r i a n g u l a r  (see t r ace  d in  F igures  1 a n d  
2) or  s inuso ida l  vo l t age  waves .  T h e  r a n g e  of s t imu lus  
f requencies  of t he  f u s i m o t o r  f ibres  was  chosen  to  lie 
e i t h e r  be tween  20-400 shocks /see  or  b e t w e e n  60-180  
shocks/see.  

Results. Primary endings at constant muscle length. 
W i t h i n  t he  r ange  of 60-180  shocks/see,  t h e r e  was a r a t h e r  
l inear  r e l a t i o n  b e t w e e n  t he  f r e q u e n c y  of s t i m u l a t i o n  of 
s t a t i c  a n d  d y n a m i c  f u s i m o t o r  f ibres  a n d  t he  d i scharge  
r a t e  of t h e  p r i m a r y  endings ,  S t i m u l u s  f requencies  be low 
30-40 shocks /see  d id  n o t  p roduce  a n y  s ign i f i can t  increase  
in  d i scharge  ra te .  W h e n  t he  r a t e s  of s t i m u l a t i o n  exceeded 
180 shocks/see,  t he  co r r e spond ing  i n c r e m e n t s  in  a f f e r en t  
d i scharge  r a t e  b e c a m e  success ive ly  smal le r  a n d  ap -  
p r o a c h e d  i ts  m a x i m a l  level .  B o t h  s t a t i c  a n d  d y n a m i c  
f ibres  y ie lded  t h e i r  m a x i m a t  responses  a t  s t imu lus  fre- 
quenc ies  of 250-300 shocks/see.  However ,  c o n s i d e r a b l y  
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Fig. 1. Static fusimotor effects on a primary ending. Trace (a) is the impulse frequency record, (b) the zero line for the impulse frequency 
registration, (c) the muscle length registration with length increasing upward, and (d) the registration of stimulus frequency. The velocity 
of length change is 4 ram/see and the stimulation frequency range 60-180 shocks/see. The calibrations are the same in (A), (B), (C) and (D). 
(A) shows the response of the ending to muscle length changes alone, (B) varied fusimotor stimtflation alone, (C) muscle length increment 

in phase with increasing fusimotor stimulation and (D) muscle length decrement in phase with increasing fusimotor stimulation. 
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Fig. 2. Dynanfic fusimotor effects on a primary ending. For explanation of traces a, b, c and d see Figure 1. The impulse frequency 
calibration in (C) is different from that in (A), (B) and (D). Other calibrations are the same in (A), (B), (C) and (D). The velocity of 
length change is 8 mm]see and the range of fusimotor stimulation frequency is 60-180 shocks/see. (A) shows the response of the 
primary ending to muscle length changes alone, (B) to varied fusimotor stimulation alone, (C) length increment in phase with in- 

creasing stimulation frequency and {D) length decrement in phase with increasing stimulation frequency. 

h igher  discharge rates  were reached in response to s ta t ic  
fus imotor  s t imula t ion  of bo th  types  described 0 t h a n  was 
ob ta ined  in response to  dynamic  fus imotor  s t imula t ion  
a t  t he  same s t imulus  f requency  {Figure I B to be com- 
pared wi th  F igure  2 B). 

I n  order  to  de te rmine  phase shifts in the  s t imulus-  
response relat ions the  endings were sub jec ted  to sinusoid- 
a l ly -modula ted  fus imotor  s t imula t ion .  A t  sinus frequencies  
above  0.5 c/see the  response of the end ing  lagged behind 
the  fus imotor  s t imula t ion .  The  phase lag increased wi th  
increasing f requency  of sine wave  s t imula t ion .  P r i m a r y  
endings showed roughly  the  same phase- lag i r respect ive  
of whe the r  a ' d y n a m i c '  or  ' s ta t ic '  f ibre was s t imula ted .  

W h e n  s ta t i c  fus imotor  s t imula t ion  was modu la t ed  
s inusoidal ly a t  increasing sinus frequencies,  the  corre- 
sponding var ia t ions  in discharge ra te  of the  p r ima ry  end- 
ing could be recognized even a t  16 c/sec, the  h ighes t  
modu la t ion  f requency  applied.  W i t h  dynamic  fus imotor  

s t imulat ion,  on the  o the r  hand,  the  ending could seldom 
follow modu la t i on  frequencies  above  4 c/sec. 

P r i m a r y  e n d i n g s  d u r i n g  c h a n g e s  o f  m u s c l e  l e n g t h .  In  
v iew of the  above  results,  i t  was of in te res t  to f ind ou t  
whe the r  the  2 fus imotor  sys tems differed in the i r  ab i l i ty  
to  produce  an increase in the  discharge ra te  of t he  
p r i m a r y  ending dur ing muscle shortening,  of the  kind 
seen in resp i ra tory  movemen t s ,  for  example .  E x p e r i m e n t s  
were therefore  per formed in which were combined  muscle 
l eng th  changes  and va ry ing  fus imotor  s t imula t ion  of t he  
p r i m a r y  endings.  The  muscle l eng th  changes  imposed on 
the  spindles were periodic  and of t r i angu la r  waveform.  
The  changes of s t imulus  f r equency  (between 60 and 180 
shocks/see) followed sui t  e i ther  in phase  (Figures  1 C and  
2 C) or  ou t  of phase {Figures 1 D and 2 D). 

Typica l  resul ts  are g iven  in Figures  1 and 2. P rov ided  
single fus imotor  fibres were used, an  increase in spindle  
discharge f requency  dur ing  muscle shor tening could only  
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be obtained if the fibre stimulated belonged to the static 
type (Figure 1 D). Simultaneous activation of 2 static 
fusimotor fibres or of 1 dynamic and 1 static fibre con- 
verging onto the same spindle ending, gave similar results. 
On the other hand, at the rates of change of muscle length 
and fusimotor stimulation frequency used, stimulation of 
a single dynamic fusimotor fibre, or of 2 converging fibres 
for that  matter,  could never increase or even maintain 
the impulse frequency during muscle shortening (Figure 
2 D). 

The findings thus suggest that  the increase in impulse 
frequency of the primary ending seen during contraction 
in natural  movements  requires static fusimotor activa- 
tion 1 z 

ZusammenJassung. Statische oder dynamische ~,-Fasern 
prim~rer Muskelspindelendigungen in den Fussextensoren 
der Katze wurden mit  sieh i~ndernden Frequenzen 

gereizt: Nur Stimulation statischer ~,-Fasern mit stei- 
gender Frequenz bei gleichzeitiger MuskelverkiJrzung 
erhSht die Entladungsgeschwindigkeit prim~irer Endi- 
gungen, wie sic in physiologisch induzierten Bewegungen 
gesehen wird. 
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Primary Afferent Depolarization of Trigeminal  
Fibres Induced by St imulat ion of Brain Stem 

and Peripheral Nerves 

]t  has recently been shown tha t  in chronic cats the 
excitability of trigeminal afferent fibres increases syn- 
chronously with the rapid eye movements (REM) of de- 
synchronized sleep and at the moment of arousal 1. Since 
synchronous potentials have been recorded during REM 
from brain stem regions ~, the hypothesis might  be ad- 
vanced tha t  the latter structures are act ively responsible 
for other phenomena temporally related to REM, as, for 
example, for primary afferent depolarization (PAD) of 
trigeminal afferents. Evidence for PAD of trigeminM 
fibres have already been reported in acute experiments 
following stimulation of other trigeminal afferents a and 
cortical areas 4. 

The aim of this investigation has been to test the ex- 
citability of trigeminal afferents when conditioned by 
electrical stimulation of brain stem structures at  bulbar, 
pontine and mesencephalic levels. In addition the condi- 
tioning effect of peripheral nerve stimulation was tested. 

Method. The experiments were carried out in curarized 
acute cats under nembutal  anaesthesia (25-30 mg/kg). 
The excitability of central terminals of trigeminM fibres 
was tested using the WALL technique 5 with the aid of a 
stainless steel microelectrode (about 100,000 D) stereo- 
taxically introduced into the nucleus trigemini sensibilis 
principalis (NV snpr)6 at 6-8 mm rostrally to the obex. 
The antidromic test  response evoked by monopolar 
microelectrode stimulation was monophasically recorded 
from the killed end of the ipsilateral supraorbital nerve 
after the eye was enucleated (Figure A). Mineral oil was 
used to cover the nerve into the orbital cavity.  Condi- 
tioning stimuli were applied, through stainless steel 
microelectrodes (about 100,000 O) stereotaxicalty intro- 
duced into the brain stem at various planes (from A6 to 
P11 and from midline to lateral 6, contralaterally to the 
trigeminal electrode) after the tentorium was removed. 
Bipolar silver electrodes were used for peripheral nerve - 
infraorbital (IO), superficial radial (SR), dorsal interos- 
seous (DI), superficial peroneal (SP), deep peroneal (DP) - 
stimulation. The position of both test and conditioning 

microelectrodes in the brain stem was carefully con- 
trolled at  the end of each experiment with Nissl stain 
technique and the map constructed on this histological 
evidence. 

Results. (A) Single shock stimulation (i/sec, 0.01-0.5 
msec, 30-40 V) of the main sensory trigeminal nucleus 
evoked in the ipsilateral supraorbital nerve an antidromic 
response with 0.6-0.8 msec latency (Figure A test), Condi- 
tioning electrical stimuli (4 impulses at 300/see, 50-100 
/,see, 3-12 V) applied to the controlateral half of the 
brain stem (medulla, Irons and mesencephalon) increased 
the ampli tude of the antidromic test  response recorded 
from the supraorbital nerve (Figure A conditioning). Fig- 
ure B shows the time course of the curve obtained by con- 
ditioning stimulation of pontine reticular formation (n. 
reticularis pontis caudalis) as compared with st imulation 
of the infraorbital nerve. I t  can be seen tha t  PAD evoked 
by pontine stimulation starts with a longer latency and 
reaches a maximum (at 50 msec interval) later than tha t  
induced by ipsilateral infraorbital nerve stimulation. 
Figure C shows the conditioning effect induced by stimu- 
lation at 3 intensities (12, 6 and 3 V) of a pontine region 
(P4) at  various depths and at  different medio-laterM 
levels. I t  can be seen tha t  a PAD was present when both 
medial and lateral regions were stimulated. However, a 
higher effect was obtained by stimulation of the contra- 
lateral trigeminal t ract  (as shown in c, c l ,  d, dl)  as com- 
pared with stimulation of more medially situated regions. 
Usually 1-2 impulses were enough to give maximal PAD 
from the trigeminal tract,  while at least 4 impulses were 
required to induce maximal  reticular conditioning. A 
PAD was always present when the central core of the 
brain stem reticular system was stimulated, a maximal  
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