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Perfusion fluid No. of 
experiments 

Net glucose 
transport 
(~moles g-I h li 

co of thiourea 
(mmoles g-1 h-I Arm-l) 
in the absence 
of drag flow 

o of thiourea 
(mmoles g-1 h-1 Atm-1) 
in the presence 
of a maximal theoretical 
drag flow 

Krebs and Henseleit added 9 
with glucose 13.9 mM and thiourea 10 or 20 mM 

Same fluid NaC1 substituted with Tris-HC1 6 

Same fluid NaC1 substituted with Choline-HC1 8 

276.9 n~ 37.4 

164.8 4- 45,1 

149.2 4- 34.6 

0.56 4- 0.03 

0.42 q- 0.05 

0.42 4- 0.02 

0.61 ~ 0.04 

0.43 zt_ 0.05 

0.44 -t_ 0.02 

Thiourea, tool. wt. 76.12; senfistarved rats, average percent weight decrease 24.2-/-2.0%. 

na t ion  is t h a t  sodium choline and  tr is  affect,  d i rec t ly  
unspecif ical ly and in a d i f ferent  way  the  phys ico-chemi-  
cal p roper t ies  of the  cell membrane .  Ano the r  possible 
exp lana t ion  of our d a t a  is t h a t  of an indi rec t  effect  of the  
decreased Na + concen t ra t ion  on the  m e m b r a n e  permeabi -  
l i ty.  We  have  previous ly  d e m o n s t r a t e d  t h a t  glucose t rans -  
por t  depends  on the  int racel lular  concen t ra t ion  of glucose, 
i.e. the  h igher  the  in t racel lu lar  concen t ra t ion  of glucose, 
w i th  a consequen t  swelling of the  cell, the  more  the  glucose 
t r a n s p o r t  15. In  the  absence  of sod ium chloride, t he  in t ra-  
cellular accumula t ion  of glucose is lower as well as the  
swelling of t he  ce l l  Now the  hypo thes i s  m a y  be p u t  for- 
ward t h a t  the  degree of swelling is paral lel  w i th  the  per-  
meab i l i t y  of the  cellular membrane .  

Zusammen/assung .  Der Einf luss  des Na t r i ums  auf die 
pass ive  Pe rmeab i l i t g t  der  J e j u n u m ' S e h l e i m h a u t  der  La- 

b o ra t o r i u ms ra t t e  gegeniiber  wasserl6slichen, n i ch tme ta -  
bol is ierbaren und e lek t roneut ra len  Subs tanzen  (Thio- 
harns toff ,  Azetamid)  wurde  un te rsuch t .  Wird  das Na- 
t r ium des NaC1 in der  Perfusionsfl i issigkeit  durch  Tris- 
oder  Chol in -Ka t ionen  ersetzt ,  so n eh men  sowohl der  
t ransepi the l ia le  Glukose t ranspor t  wie auch die Mobil i tgt  
der  gepri i f ten Subs t anzen  ab. 

G. EsPoSlTO, A. FAELLI and  V. CAPRARO 

Is l i tuto di Fisiologia Generate dell' Universi t& 
Mi lano  (Italy), 17 J a n u a r y  1969. 

15 A. FAELLI, G. t~SPOSITO and V. CAPRARO, Archo Sci. biol. Bologna 
50, 234 (1966). 

Muscle  Spindle  Innervat ion in the Inter transverse  Caudal  Muscles  of the Rat 

The in t e r t r ansve r se  caudal  muscles  in r a t  are in te res t ing  
physiological ly  because  fi-axon exc i ta t ion  of the  muscle  
spindles  t h e y  con ta in  resul ts  in an unusual ly  in tense  and  
prolonged response  f rom p r i m a r y  endings  1. fl-axons are 
mo to r  to  b o t h  in t ra-  and ext ra- fusa l  muscle  fibres, and  
the i r  conduc t ion  velocit ies are in t e rmed ia te  to  a-(purely 
skele tomotor) ,  and ?-(purely  fus imotor)axons .  

These muscles  are also useful expe r imen ta l ly  since the i r  
con fo rma t ion  pe rmi t s  in t r amuscu la r  s t ruc tures  to be 
s tudied  wi th  re la t ive  ease 2,s. The histological  work 
descr ibed here  was done wi th  the  a im of expla ining 
previous f indings  and  of ex t end ing  the  usefulness of t he  
p repara t ion .  

This p a p e r  has  a p receden t  in the  s tudy  of r a t  lumbrical  
muscles  recen t ly  publ i shed  in th is  journal  by  PORAYKO 
and SMITH 4, who jus t i f iab ly  s ta te  t h a t  there  has been  
re la t ive ly  l i t t le  work  on ra t  muscle  spindles as compared  
wi th  those  of cat.  This  is par t icu lar ly  t r u e  of r a t  fus imotor  
innerva t ion .  

Method, The i n t e r t r a n s v e r s e  muscles  of adu l t  a lbino 
ra ts  were s ta ined  wi th  me thy l ene  blue (BOYD 5), and gold 

chloride (BoYD6), b u t  mos t  of the  work  was done on 
p repara t ions  s ta ined  wi th  silver (Ip and BARKER7). Some 
muscles  were s ta ined  for an t ichol ines terase  act ivi ty,  
using acetyl  th iochol ine  and  b u t y r y l  th iochol ine  as sub- 
s t ra tes  s, and were subsequen t ly  s ta ined wi th  silver (IPg). 
Nerve  branches  to  t he  muscle were s ta ined  wi th  buffered 
osmium te t roxide ,  sect ioned and  the  c o m p o n e n t  axon 

1 G. L. KIDD, in Control and Inncrvation o] Skeletal Musclr (Thomson 
and Co. Ltd., Dundee 1966), p. 83. 

z I. GURUMURTHV and G. L. KIDD, Lab. Practice 16, 34 (1967). 
a M. H. GLAUDEN and G. L. KIDD, J. appl. Physiol., in press (1969). 
40. PORAYKO and R. S. SMITH, Experientia 2d, 588 (1968). 
5 I. A. BO'ZD, J. Physiol. 744, IOP (1958), 

I. A. Bo'zm, Stain Teehnol. 37, 225 (1962). 
7 D. BARKER and M. C. IP, J. Physiol. 169, 73P (1963). 
s R. E. COUPLAND and R. L. HOLMES, Q. J1 microsc. Sci. 98, 327 

(1957). 
9 M. C. Ip, J. Physiol. 192, 801 (1967). 
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d i a m e t e r s  were  m e a s u r e d .  Th i s  w a s  done  in n o r m a l  a n d  
de -e f f e ren ted  p r e p a r a t i o n s .  All d e n e r v a t i o n s  were  ca r r ied  
o u t  a t  l eas t  35 d a y s  be fore  r e m o v a l  of  t he  musc le .  

T h e  m u s c l e  cons i s t s  of  m a n y  f u s i f o r m  s l ips  1.0-1.5 c m  
in l e n g t h  a r r a n g e d  in paral le l ,  w i t h  a f l e shy  or ig in  f r o m  
t h e  v e r t e b r a l  t r a n s v e r s e  p roces se s  a n d  in se r t ed  b y  long  

t e n d o n s  i n to  m o r e  d i s t a l  c a u d a l  t r a n s v e r s e  processes .  I t  
is i n n e r v a t e d  b y  b r a n c h e s  f r o m  t h e  l a t e ra l  c auda l  n e r v e  
w h i c h  r u n s  a long  t h e  s u p e r i o r  su r f ace  of  t h e  musc le .  

Results.  E a c h  n e r v e  b r a n c h  w a s  f o u n d  to  i n n e r v a t e  
0 -9  sp ind les  a n d  0-7  t e n d o n  organs ,  a n d  o f t en  supp l i ed  
seve ra l  a d j a c e n t  m u s c l e  sl ips.  T h e  m o s t  c a u d a l  b r a n c h e s  

Photomicrographs of intrafusal muscles in rat, stained with silver. Magnification is the same for a, b, c and d, while e is at a lower power 
(a) 2 examples of 1st form of fusimotor ending described ; (b) 2nd form of fusimotor ending; (c) skeletomotor ending for cmnparison ; (d} rd form 
of fusimotor ending with terminals indicated by arrows. 2 axons (x-x) run across this ending; they terminate in the first form of ending and 
the termination of one is shown (x'); (e) de-efferented spindle showing one primary sensory ending (y} and 2 secondaries (z and z'), one of 
which (z') occupies the same area as the primary. 
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are  t he  m o s t  useful  e x p e r i m e n t a l l y  (IKIDD a n d  KU~ERA 10) 
because  these  usua l ly  supp ly  on ly  1-3 spindles.  T a n d e m  
spindles  do occur  in  these  muscles .  PORAYKO and  SMITH 4 
found  no  t a n d e m  spindles  in  r a t  lumbr ica ls ,  A x o n  d iame-  
te r s  in  supp ly ing  b r a n c h e s  va r i ed  f rom 2-12 ~ in n o r m a l  
a n d  de-e f fe ren ted  p repa ra t ions .  

Sensory innervation. The  c e n t r a l  p lac ing  a n d  fo rm of 
t h e  p r i m a r y  r ecep to r  end ing  do n o t  differ  f rom those  in 
cat .  Seconda ry  r e c e p t o r  end ings  are  found  in a zone 100 tx 
long  on  e i the r  side of t he  p r i m a r y .  As in ca t  those  secon- 
dar ies  n e x t  to  t he  p r i m a r y  m a y  t a k e  t he  fo rm of r ings  
a n d  spirals ,  b u t  m o s t  s imp ly  b r a n c h  to  end  in fine fila- 
men t s .  B r a n c h e s  f rom some seconda ry  end ings  a p p e a r  to  
end  in t h e  region occupied b y  t h e  p r imary .  Only  10% of 
spindles  h a v e  a single p r i m a r y ,  while  10% h a v e  one 
secondary ,  60% two secondar ies  a n d  20% th ree  secon-  
daries.  

Motor innervation. Three  fo rms  of f u s imo to r  end ing  are 
p r e sen t  in  th i s  muscle.  

(1) A p la t e  end ing  conf ined  to  the  po la r  regions is 
s t r u c t u r a l l y  s imi la r  to  ex t ra fusa l  m o t o r  end  plates ,  t h o u g h  
less t h a n  ha l f  t he i r  size. The re  is a nuc l ea t ed  sole p l a t e  
a n d  a d iscre te  s u b n e u r a l  a p p a r a t u s  is r evea led  b y  chol in-  
es terase  s ta in ing .  T he  axons  supp ly ing  these  p la tes  h a v e  
a d i a m e t e r  less t h a n  ha l f  t h a t  of axons  supp ly ing  ex t ra -  
fusal  muscles ,  b u t  occas ional ly  axons  of s imi la r  d i a m e t e r  
m a y  supp ly  ex t r a fusa l  end  pla tes .  A x o n  d i a m e t e r  a t  t he  
level  of t he  sp indle  m a y  b e a r  no re l a t ion  to  t h a t  in  t h e  
n e r v e  t r u n k .  

(2) A n o t h e r  fo rm of p l a t e  e n d i n g  occurs  in  the  j u x t a -  
e q u a t o r i a l  region, a n d  is twice  t he  size of t h e  po la r  p la tes ,  
has  no  nuc lea t ed  sole p l a t e  a n d  is suppl ied  b y  an  a x o n  
twice  t h e  d i a m e t e r  of axons  supp ly ing  po la r  plates .  The  
e n d i n g  t akes  the  fo rm of severa l  sho r t  t a p e r i n g  b r a n c h e s  
a n d  knobs .  

(3) Typ ica l ly  th i s  is a m u l t i t e r m i n a l  ending,  occurr ing  in 
t he  j u x t a e q u a t o r i a l  region.  However ,  t he  end ing  is pleo- 
m o r p h i c  a n d  m a y  range  f rom a single f i l a m e n t  to  m a n y  
r a m i f y i n g  b r a n c h e s  of d i f fe ren t  d iamete r .  The  whole  
j u x t a e q u a t o r i a l  region s ta ins  diffusely for  chol ines te rase  
ac t iv i ty ,  l ike those  f i rs t  f ound  b y  C6ERS n, 12 in r a t  r ec tus  
a b d o m i n i s  spindles.  Some more  i n t e n s e l y  s t a ined  areas  

are  associa ted  w i t h  the  t e r m i n a l s  of t he  2nd and  3rd 
end ings  descr ibed  above .  

Discussion. These  m o t o r  end ings  p r e s u m a b l y  cor respond  
to t he  Pl, P~ a n d  t r a i l  end ings  descr ibed  in ca t  b y  BAR- 
KER la. The  c o n f o r m a t i o n  of end ings  in r a t  spindles  is 
howeve r  less e l abo ra t e  t h a n  those  in cat.  PORAYKO a n d  
SMITH 4 found  on ly  2 fo rms  of f u s imo to r  end ings  in r a t  
lumbr ica ls .  STEG 14 work ing  on  o the r  cauda l  muscles  more  
d i s ta l  t h a n  t he  i n t e r t r a n s v e r s e  found  sp indles  i n n e r v a t e d  
b y  single 7-efferents .  

BARKER 13'1~ s t a t e s  t h a t  Pl  p la tes  are suppl ied  b y  
mixed  (fi) axons.  Mixed  i n n e r v a t i o n  of t he  f i rs t  p l a t e  
end ings  descr ibed  above  ha s  no t  ye t  conv inc ing ly  been  
d e m o n s t r a t e d  in t h i s  muscle.  Th i s  does n o t  p rec lude  t he  
poss ib i l i ty  as t h e  t e c h n i q u e s  used will  no t  d e m o n s t r a t e  
a x o n  b r a n c h i n g  in  t he  ne rve  t runk .  These  p l a t e  end ings  
are howeve r  o f ten  suppl ied  sepa ra t e ly  f rom the  res t  of 
t he  sp indle  b y  n e r v e  b r a n c h e s  wh ich  o therwise  supp ly  
solely s k e l e t o m o t o r  end  pla tes .  

Zusammen/assung. In  den  Muske l sp inde ln  der  Quer-  
m u s k u l a t u r  im R a t t e n s c h w a n z  k a m  eine einzige pr im/ i re  
sensorische E n d u n g  in 10% der  Sp inde ln  vor,  die i ibri-  
gen h a t t e n  1-3 sekundi i re  E n d u n g e n ,  2 p l a t t e  E n d u n g e n  
u n d  1 E n d u n g  u n b e s t i m m t e r e r  Art .  

MARGARET H. GLADDEN 16 
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On the Poss ible  Existence of Muscarinic  Chol inoreceptors  on the Postsynapt ic  Membrane  of the 
Frog Muscle  

I t  is k n o w n  t h a t  cho l inorecep tors  of t he  p o s t s y n a p t i c  
m e m b r a n e  of ske le ta l  musc le  of v e r t e b r a t e s  h a v e  all  t h e  
pha rmaco log i ca l  cha rac te r i s t i c s  of n ico t in ic  receptors .  
However ,  these  muscles  are  m a r k e d l y  a f fec ted  b y  some 
musca r inomime t i c s ,  and  t h e  effect  of ACh m a y  be  
b locked  b y  muscar ino ly t ics ,  for  exam p l e  b y  a t rop ine  
(AS) 1. T h e  ques t ion  arises w h e t h e r  t he re  are differences  
in  t he  spec i f i ty  of cho l inorecep tors  of t h e  ske le ta l  muscle  
or w h e t h e r  all chol inergic  subs t ances  ac t  on  iden t ica l  
cho l inorecep tors  of t he  p o s t s y n a p t i c  m e m b r a n e .  

The  ab i l i t y  of A S  to sh i f t  t h e  p o i n t  of reversa l  (Er) 
of t he  endp la t e  p o t e n t i a l  t o w a r d s  t h e  N a  equ i l ib r ium 
p o t e n t i a l  2, 3 and  to  change  i ts  shape  1 could be  exp la ined  
if i t  were  possible  to  e s t ab l i sh  t h a t  r ecep tors  w i t h  musca-  
r in ic  p roper t i e s  were p re sen t  a m o n g  t he  recep tors  of t h e  
p o s t s y n a p t i c  m e m b r a n e .  I t  could be  supposed  t h a t  one 

t y p e  of r ecep to r  is connec ted  w i t h  Na  and  t h e  o the r  w i t h  
t he  K p e r m e a b i l i t y  of t he  p o s t s y n a p t i c  m e m b r a n e .  AS  
b lockage  of t he  ' K  chol inorecep tors '  would  t h e n  change  
t he  r e l a t ionsh ip  AgNa/~lgK a n d  cause a sh i f t  in  E r. I t  
could be  a s sumed  t h a t  the  shape  of t h e  n o r m a l  endp la t e  
p o t e n t i a l  resul t s  f rom the  effect  of ACh on b o t h  types  
of receptor .  I n  t h e  presence  of AS, on ly  t he  effect  on t he  
n ico t in ic  r ecep to r s  would r e m a i n  and  t he  shape  of t h e  
endp la t e  p o t e n t i a l  would be  a l tered.  

I n  order  to  con f i rm  th i s  a s sumpt ion ,  the  dose-response 
curves  for  b u t y r y l c h o l i n e  (BCh), a n i co t i nomime t i c  drug,  

1 R. BERs and F. VYSKOCIL, J, Physiol. 195, 493 (1968). 
2 T. V. POTAPOVA, Biofizika (Russ.), in press (1968). 
8 L. G. MAOAZAmK, F. VYSKO~IL, Experientia, in press. 


