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or ig ina l  m e t h o d  of BARRNETT a n d  SELIGMAN 9,10. T h e  
p a r a t h y r o i d  g l ands  were  t a k e n  f rom n o r m a l  a n d  b i la te r -  
a l ly  n e p h r e c t o m i z e d  ra ts ,  a n d  also f rom t o a d s  c a p t u r e d  
seasona l ly  t h r o u g h o u t  t he  year .  T h e  g lands  were  f ixed 
o v e r n i g h t  in  t r i ch lo r  ace t ic  ac id  a lcohol  (1% t r i ch lo r  ace- 
t i c  acid in  80% e thano l ) ,  e m b e d d e d  in  paraf f in ,  sec t ioned  
a t  8 ~ a n d  s t a ined .  

I n  t h e  p a r a t h y r o i d  g lands  f rom b i l a t e r a l l y  n e p h r e c t o -  
mized  ra ts ,  a no t i ceab le  a b u n d a n c e  of i n t e n s e l y  D D D  
diazo  b lue  B r eac t ive  g ranu les  was o b s e r v e d  as c o m p a r e d  
w i t h  t hose  f rom n o r m a l  an imals .  These  g ranu le s  were  
m o s t  n u m e r o u s  in t h e  c y t o p l a s m  of t h e  p a r e n c h y m a l  cells 
a n d  p a r t i c u l a r l y  w i t h i n  i t s  p e r i p h e r a l  layer .  An  e x a m p l e  
of t h i s  a b u n d a n c e  is s h o w n  in  F igu re  2. 

Fig. 1. DDD diazo blue B reactive granules in parathyroid tissue of 
a normal rat. x 1500. 

Fig. 2. An abundance of intensely DDD diazo blue B reactive gran- 
ules in parathyroid tissue of a rat at 12 h after bilateral nephrectomy. 

x 1500. 
Fig. 3. An abundant amount of intensely DDD diazo blue B reactive 
granules in parathyroid tissue of a toad captured in July. x 1500. 
Fig. 4. A moderate amount of DDD diazo blue B reactive granules in 

parathyroid tissue of a toad captured in October. x 1500. 
Fig. 5. A minimal amount of faintly DDD diazo blue B reactive gran- 
ules in parathyroid tissue of a toad captured in February. × 1500. 

I n  t h e  p a r a t h y r o i d  g l ands  f rom toads  sacr i f iced in sum-  
mer ,  a n  a b u n d a n t  a m o u n t  of i n t e n s e l y  D D D  diazo  b lue  B 
reac t ive  g ranu les  were  seen in t h e  c y t o p l a s m  of t h e  pa ren ,  
c h y m a l  cells, on  t h e  o u t e r  surface  of t h e  p l a s m a  m e m -  
b r a n e  a n d  w i t h i n  t h e  c o n n e c t i v e  t i ssue  space  (Figure  3)- 
whi le  in  those  f rom a n i m a l s  ki l led in  sp r ing  a n d  a u t u m n  
t h e  a m o u n t  a n d  s t a i n a b i l i t y  of t h e  g ranu le s  were  found  to  
be  m o d e r a t e  (Figure 4). I n  t h e  p a r a t h y r o i d  g l ands  f rom 
toads  in d o r m a n t  s ta te ,  t h e  g ranu le s  were  m i n i m a l  in  
a m o u n t  a n d  s t a in ing  in tens i ty ,  in  f ac t  occas iona l ly  ab-  
s en t  (Figure  5). 

F r o m  t h e  physio logica l  po in t  of view, t h e  r e su l t  is 
possible  to  c o m p r e h e n d .  T h e  p r e s en t  ev idence  i n d i c a t e s  
c e r t a i n l y  t h a t  t h e  a m o u n t  a n d  s t a i n i n g  i n t e n s i t y  of 
D D D  diazo  blue  B r eac t ive  granules  are  a p p r o x i m a t e l y  
para l le l  to  t h e  e x t e n t  w i t h  which  the  p a r a t h y r o i d  g l a n d  
is phys io log ica l ly  f u n c t i o n i n g  in b o t h  a n i m a l  species  
s tud ied .  On  th i s  basis,  i t  m a y  be conc luded  t h a t  t h e  gra -  
nules  are  a re f lec t ion  of t h e  secre tory  a c t i v i t y  of t h e  
g l a n d u l a r  cells. I t  deserves ,  however ,  d iscuss ion w h e t h e r  
t h e  g ranu les  r e p r e s e n t  p a r a t h y r o i d  h o r m o n e  i tself  or  i t s  
s u p p o r t i n g  ma te r i a l .  Accord ing  to RASMUSSEN 11, p a r a -  
t h y r o i d  h o r m o n e  cons is t s  of a po lypep t ide  which  is f o u n d  
on  ana lys i s  to  c o n t a i n  on ly  a n  exceed ing ly  smal l  a m o u n t  
of cys t ine .  Therefore ,  a l t h o u g h  t h e  h o r m o n e  m a y  be  
respons ib le ,  to  a c e r t a i n  ex t en t ,  for t h e  s t a i n a b i l i t y  of 
t h e  D D D  diazo  blue  B r eac t i ve  granules ,  a car r ie r  p r o t e i n  
c o n t a i n i n g  s ign i f i can t  a m o u n t s  of s u l p h y d r y l  an d  di- 
su lph ide  g roups  a n d  ex i s t ing  in assoc ia t ion  w i t h  t h e  
ac t ive  pr inc ip le  a p p e a r s  to  c o n s t i t u t e  the  m a j o r  mo ie ty  of 
t h e  granules .  Th i s  n o t i o n  seems s ign i f i can t  in  view of a 
b iochemica l  ev idence  t h a t  t h e  biological  a c t i v i t y  of pa ra -  
t h y r o i d  h o r m o n e  is r e l e v a n t  to  i ts  o x i d a t i o n - r e d u c t i o n  
p rope r t i e s  11. 

More  de ta i l ed  s tud ies  on  t h e  morpho log ica l  fea tures  
of D D D  diazo  b lue  B r eac t ive  g ranu les  in  t h e  p a r a t h y r o i d  
t i ssues  will be  p u b l i s h e d  elsewhere .  

Zusammen[assung. G r a n u l a  in  P a r e n c h y m z e l l e n  y o n  
R a t t e n  u n d  K r 6 t e n - E p i t h e l k 6 r p e r c h e n  t r e t e n  du rch  2, 2 '-  
D i h y d r o x y - 6 , 6 ' - d i n a p h t h y l - d i s u l f i d  (DDD) Diazo-Blau-  
B-gef~irbt,  deu t l i ch  hervor .  I h r e  Menge,  F~irbbarkei t  u n d  
V e r t e i l u n g  u n t e r  v e r s c h i e d e n e n  B e d i n g u n g e n  sche inen  ftir 
die zellulAre Sekre t ions t~i t igkei t  c h a r a k t e r i s t i s c h  zu sein.  

K. YAMADA 

Department o/Anatomy, School o[ Medicine, University o[ 
Nagoya (Japan), April 13, 1963. 

a R. J. BARRNETT and A. M. SELIGMAN, Science 116, 3'23 (195'2). 
10 R. J. BARRNETT and A. M. SELmMAN, J. Nat. Cancer Inst. 14, 

769 (1954). 
11 H. RASMUSSEN, The Parathyroids (Charles C. Thomas Publisher, 

Springfield, Illinois 1961). 

P l a n t a r  R e f l e x e s  in  Cat 

SHERRINGTON 1 desc r ibed  that" b r o a d  i nnocuous  pres-  
sure  of t h e  p l a n t a r  cush ion  in t h e  sp ina l  dog  e v o k e d  a bi -  
l a t e r a l  br ie f  e x t e n s i o n  of t h e  whole  l i m b - - t h e  e x t e n s o r  
t h r u s t .  Ref lex  responses ,  in  m a n ,  to  pa in fu l  s t i m u l a t i o n  of 
d i f f e ren t  p a r t s  of t h e  foot  h a v e  b e e n  e luc ida ted* .  Th e  
p r e s e n t  i n v e s t i g a t i o n  on  acu t e  sp ina l  ca t s  deals  w i t h  some 
p l a n t a r  ref lex  ac t ions  to  musc les  p e r f o r m i n g  toe  a n d  ank le  

m o v e m e n t s .  Ref lex  ac t ions  f rom d i f f e ren t  sk in  a reas  to  
t h e  s h o r t  toe  muscles  f lexor d i g i t o r u m  b r e v i s  (FDB)  a n d  
e x t e n s o r  d i g i t o r u m  brevis  (EDB)  h a v e  b e e n  s t u d i ed  in a 
few cases 3 b u t  in  genera l  ref lex c o n n e c t i o n s  to  t h e  s h o r t  
musc les  of t h e  foot  are  u n k n o w n .  

1 C. S. SHERRINGTON, Proe. Roy. Soe. 76, 161,269 (1905). 
E. KUGELBERG, K. EKLUND, and L. GRIMBY, Brain 83,394 (1960). 

s K.-E. HAGBARTH, Aeta physiol, seand. 26, Suppl. 94 (195'2). 
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P l a n t a r  f lexion of ,toes can  be  evoked  on  gent le  p ressure  
of t he  c e n t r a l  pad .  There  are  in  p a r t i c u l a r  s t rong  exc i ta -  
t o r y  connec t i ons  to  F D B  a n d  a n  e l e c t r o m y o g r a p h i c  dis- 
c h a r g e  in  th i s  muscle  is o b s e r v e d  w h e n  gen t l e  p ressure  is 
app l i ed  to  t he  central p a d  of t h e  h i n d - f o o t  (F igure  I). 
Some  of t h e  deepe r  musc les  in  t h e  foot  t a k e  p a r t  in  t h i s  
ref lex f rom t h e  pad ,  b u t  these  effects  h a v e  n o t  y e t  been  
i nves t i ga t ed  in deta i l .  M o n o s y n a p t i c  t e s t i n g  ha s  r evea led  
e x c i t a t o r y  ac t ions  b y  t he  s ame  s t i m u l u s  also to  f lexor  
d i g i t o r u m  longus  (FDL)  a n d  to  p l an ta r i s ,  t h e  t e n d o n  of 
which  is c o n n e c t e d  in series w i t h  F D B  in t h e  cat .  All  these  
ref lex ac t ions  are e l ic i ted b y  gen t le  pressure ,  b u t  increase  
w i t h  s t r o n g e r  squeez ing  of t h e  p a d  a n d  will also a p p e a r  on  
p i n c h i n g  of t he  p l a n t a r  sk in  (Figure  2). No f ac i l i t a t i on  to  
t he  m o t o r  nucle i  of knee  ex tensors  a n d  of t h e  ank le  ex- 
t e n s o r  gas t rocnemius - so leus  was seen f rom t he  p a d  or  t he  

PBd presseO 20 msec 
Fig. 1. Electromyography from FDB showing excitatory effects 
from the central pad of the hind-foot. Several superimposed records 
with monosynaptic test reflexes (evoked by stimulation of the intact 
tibial nerve) are taken before, during and after the application of a 
continuous, very light pressure on the pad. The interval between 
each set of records is about 5 sec. (A reflex discharge is evoked from 

the pad besides the facilitation of the test.) 
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Fig. ~. Facilitation of monosynaptic reflexes to FDB, FDL and P1 
obtained by electrical stimulation of the central pad with single 
shocks (eondensor discharges of 1~2 V, half decay time ~25 [~sec) 100% 
on the ordinate represents the height of the unconditioned test re- 
flexes. The time is measured between the conditioning and testing 
stimuli. The drawing indicates the areas that give excitatory actions 
to the same muscles on adequate stimulation. At the central pad only 

gentle pressure is required; in the dotted area, stronger pinching. 

p l a n t a  b u t  w i t h  s h a r p e r  m e c h a n i c a l  s t i m u l a t i o n  t h e r e  was  
t h e  expec t ed  i n h i b i t o r y  ac t ion  of t h e  f lexor  reflex.  T h e  
t i m e  course  of t h e  e x c i t a t o r y  ac t ion  to  t h e  m o t o r  nucle i  
of t h e  toe  ex t enso r s  ( =  p l a n t a r  f lexors) h a s  been  s tud ied  
b y  c o n d i t i o n i n g  t h e  m o n o s y n a p t i c  ref lexes  w i t h  w e a k  
single shocks  app l i ed  t h r o u g h  smal l  needles  i n se r t ed  2 m m  
in to  t h e  p a d  (Figure  2). 

Based  on  t h e i r  p a r t i c i p a t i o n  in t h e  genera l  f lexor  ref lex  
a n d  in s t epp ing ,  h i n d l i m b  musc les  h a v e  b e e n  classif ied as 
ex tenso r s  or  f lexors,  t h u s  p l a n t a r i s  (P1) a n d  F D L  are  ex- 
t e n s o r  muscles ,  i n h i b i t e d  in t h e  f lexor  ref lex  4. A s t r o n g  
p i n c h i n g  of t he  toes  i n h i b i t s  t h e  P1 a n d  F D L  m o t o r  
nucle i  b u t  fac i l i t a tes  in  m o s t  cases t h e  m o n o s y n a p t i c  re- 
flex to  F D B ,  or  even  causes  a w e a k  d i scharge  in  t h i s  
muscle.  The re  is some f u r t h e r  ev idence  of e x c i t a t o r y  ac- 
t ions  f rom f lexor  ref lex a f f e ren t s  to  F D B ,  e.g. f rom sk in  
a f fe ren t s  in  t h e  long b r a n c h  of t h e  sura l  nerve ,  a n d  f r o m  
h i g h  t h r e s h o l d  knee  j o i n t  a f ferents ,  b u t  o t h e r  sk in  n e r v e s  
h a v e  gene ra l ly  g i v e n  inh ib i t i on .  T h e  a c t i v a t i o n  of F D B  in  
t h e  e x t e n s i o n  p h a s e  of t h e  s t ep  is s imi la r  t o  t h e  a c t i v i t y  
in  hip,  knee  a n d  ank le  ex t enso r s  in  walk ing .  

T h e  a n t a g o n i s t  musc le  E D B  does n o t  seem to  be  reci-  
p roca l ly  i n h i b i t e d  b y  t h e  m o d e r a t e  s t imu l i  to  t h e  p a d - - i t  
is, however ,  f ac i l i t a t ed  b y  s t r o n g e r  p ressu re  or  p i n c h i n g  
or  b y  s o m e w h a t  s t r o n g e r  e lec t r ica l  s t i m u l a t i o n  of e i t h e r  
t h e  cen t r a l  or t h e  p e r i p h e r a l  toe  p a d s  (to a b o u t  t h e  same  
degree as o t h e r  f lexors  of t h e  leg). T h e  o t h e r  a n t a g o n i s t  
in  ques t ion ,  e x t e n s o r  d i g i t o r u m  longus  (EDL) ,  h a s  a 
s o m e w h a t  v a r y i n g  p a t t e r n  w i t h  e x c i t a t o r y  or  i n h i b i t o r y  
ac t ions  d o m i n a t i n g  f rom d i f fe ren t  a reas  of t h e  foot.  I t  
o f t en  receives  b o t h  e x c i t a t o r y  a n d  i n h i b i t o r y  ac t ions  f rom 
the  c e n t r a l  p a d  on  s t r o n g e r  s t i m u l a t i o n .  B o t h  E D B  a n d  
E D L  m o t o r  nucle i  receive  f ac i l i t a t i on  f r o m  t h e  f lexor  re-  
flex a f f e ren t s  b u t  t h e  effects  t o  E D L  were  o f t en  m i x e d  
e x c i t a t o r y  a n d  i nh ib i t o ry .  

I t  is sugges ted  t h a t  t h e  desc r ibed  ref lex  f rom t h e  pad ,  
b e i n g  el ic i ted b y  s t imu l i  t h a t  m u s t  be  cons ide red  fa r  
f rom noxious ,  is n o t  a f u n c t i o n a l  v a r i e t y  of a p r o t e c t i v e  
f lexor  ref lex in  t h e  ca t ,  b u t  t h a t  i t  is p a r t  of a ref lex  sys-  
t e m  ass is t ing  in  l ocomot ion  or  r e l a t ed  m o t o r  p e r f o r m a n c e s  
of t he  foot.  

Zusammen[assung. Spina le  Ref lexe  a n  Zehens t r ecke r -  
u n d  Z e h e n b e u g e r m u s k e l n  de r  K a t z e  w u r d e n  e lek t ro-  
phys io log isch  u n t e r s u c h t ,  wobe i  e ine e f fek t ive  R e f l e x b a h n  
zu den  Z e h e n p l a n t a r b e u g e r n ,  de ren  Ref lex  d u r c h  l e i ch t en  
D r u c k  auf  den  Soh l enba l l en  de r  H i n t e r p f o t e  ausge l6s t  
wird,  g e f u n d e n  wurde .  

I. ENGBERG 

Department o/Physiology, University o[ GOteborg (Sweden), 
24. April 1963 

4 C. 8. SHERRINGTON, J. Physiol. 40, 28 (1910). 

Cu(CHaCN)  + , e in Mit te l  z u m  S t u d i u m  h o m o g e n e r  
R e a k t i o n e n  des  e i n w e r t i g e n  Kupfers  in  w~issr iger  

L 6 s u n g  

I m  R a h m e n  unse re r  S t u d i e n  zu r  K o o r d i n a t i o n s c h e m i e  
de r  F l a v o e o e n z y m e  1-3 s u c h t e n  w i t  n a c h  e ine r  e i n f a c h e n  
M6gl ichke i t  z u m  q u a n t i t a t i v e n  S t u d i u m  v o n  K o m p l e x -  
b i l d u n g s r e a k t i o n e n  des e inwer t igen  K u p f e r s  in  h o m o -  

gener ,  w~issriger L6sung.  W i r  fanden ,  dass  de r  e r s t m a l s  
v o n  MEERWEIN e t  al. 4 atis Cu20, CHsCN u n d  B F s - / ~ t h e r a t  
e r h a l t e n e  K o m p l e x  Cu(CHsCN)4BF 4, we lcher  aus  CHsCN 
in  schSnen  fa rb losen ,  k a u m  l u f t e m p f i n d l i c h e n  N a d e l n  
kr i s ta l l i s ie r t ,  a u c h  gegen l-Iydrolyse f i be r r a schend  be-  
s t i indig  is t  in  G e g e n w a r t  y o n  i iberschi i ss igem CH,CN,  
sofern  e in  k r i t i sches  p H  = f( ECHsCN ]) n i c h t  i i b e r s c h r i t t e n  
wird.  Die p o l a r o g r a p h i s c h e  U n t e r s u c h u n g  zeigt,  dass  in 


