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disc and  the i r  processes  ex t end  f rom there  t oward  the  
centre .  As a whole, the i r  a r r a n g e m e n t  in the  frog 's  gus ta-  
t o r y  disc shows a charac te r i s t ic  p a t t e r n  resembl ing  the  
spokes of a wheel.  
Discussion. The p re sen t  s t u d y  has revealed a charac te r -  
istic cy toa rch i t ec tu re  of MC cells in the  frog's  gus t a to ry  
ep i the l ium unde r  the  condi t ion  t h a t  the  cells are p rob ab l y  
filled wi th  the  f luorophore  der ived  f rom 5 ,6-DHT.  Re-  
cent ly,  the  u l t r a s t ruc tu ra l  s t u d y  suggested the  presence  
of Merkel cells in the  frog 's  t a s t e  organ~. MC cells do no t  
have  apical  processes ex t end ing  toward  the  free surface. 
Serotonin-l ike monoamine -con ta in ing  cells had  been also 
observed  in t he  t a s t e  organ of o the r  species of ver tebra tes .  
In  the  r abb i t ' s  t a s t e  bud,  t he  MC ce lP  was conf i rmed to  
be ident ical  w i th  t he  t y p e  I I I  cell 8 which  had  been 
regarded  as a gus t a to ry  recep tor  s. I t  ex tends  f rom the  

basal  l amina  to  the  free surface and makes  a f fe ren t  
synap t ic  con tac t s  w i th  i n t r a g e m m a l  nerves.  In  the  t a s t e  
bud  of the  sheat - f i sh  (Amiurus  nebulosus),  the  basal  cell 
conta ins  an aminergic  t r ansmi t t e r ,  serotonin  10. R e u t t e r  10 
sugges ted  t h a t  the  basa l  cell modif ies  t he  impulse  which  
is t r a n s m i t t e d  f rom sensory  cells to a f fe ren t  nerves.  
F u r t h e r  s t u d y  is needed  to clarify the  role of MC cells in 
the  frog's  t a s t e  organ. 

6 M.v. Diiring and K. H. Andres, Cell Tiss. Res. 165, 185 (1976). 
7 O. Nada and K. Hirata, Histochemistry 43, 237 (1975). 
8 O. Nada and K. Hirata, in preparation. 
9 R.G. Murray, A. Murray and S. Fujimoto, J. Ultrastruct. Res. 

27, 444 (1969). 
10 K. Reutter, Z. Zellforseh. 120, 280 (1971). 

The c a l c i u m - m a g n e s i u m - d e f i c i e n t  rat: A s tudy  on the d is tr ibut ion of ca lc ium in the spinal  cord 
us ing  the e lectron probe  microana lyser  1 

S. Nakagawa,  S. Yoshida ,  C. Suematsu ,  E. Shimizu, T. Hi roha ta ,  T. K u m a m o t o ,  Y. Yase, K. Kawai  ~ and  S. I w a t a  ~ 

Department o/ A natomy and Division o/Neurological Diseases, Wakayama Medical College, Wakayama City (Japan 640), 
and Research Reactor Institute, Kyoto University, Kumatori Cho, Sennan Gun, Osaka (Japan 590-04), 
15 July 1976 

Summary. Using the  scanning  e lec t ron probe X - r a y  microanalys is  technique ,  calc ium d is t r ibu t ion  in the  spinal  cord 
of the  ca lc ium-magnes ium-def ic ien t  r a t  was s tudied.  Calcium accumula t ions  were  observed  wi th in  and  a round  t h e  
per ikaryon  of cer ta in  unspecif ied  motoneurons  in the  spinal  cord. 

In  expe r imen ta l  ra t s  fed a ca lc ium-magnes ium (Ca-Mg)- 
def ic ient  d ie t  for a per iod of several  weeks, the  concen t ra -  
t ion  of spinal  cord ca lc ium showed an occasional  rise 
despi te  a reduced  blood calc ium and  magnes ium level a. 
Fu r the rmore ,  h i s tochemica l  s tudies  on the  neurona l  peri-  
ka ryon  of t he  spinal  m o t o n e u r o n  showed a decrease in 
succinate  dehydrogenase  (SDH) ac t iv i ty  wi th  the  peri-  
ka ryon  appea r ing  swollen, and an a t r o p h y  and  decrease 
in SDH t y p e  2 muscle  f iber  was no ted  in gas t rocnemius  
muscle  t issue spec imens  in these  Ca-Mg-deficient  ani- 
mals  a, 4. 
I t  became of in te res t  to  know the  locat ion of the  calc ium 
depos i t  w i th in  the  spinal  cord. The purpose  of th is  s t u d y  
is to r epor t  the  d i s t r ibu t ion  of calc ium in the  spinal  cord 
of t he  Ca-Mg-defic ient  r a t  by  use of the  e lec t ron p robe  
microanalyzer ,  and  to  discuss a possible re la t ionship  be- 
tween  the  calc ium accumula t ions  in the  spinal  cord and  
the  appearance  of a neuromuscu la r  d isorder  in t he  experi-  
men t a l  animals .  
A Ca-Mg-defici t  was induced  in juveni le  male albino ra ts  
by  a syn the t i c  d ie t  con ta in ing  0.01% Ca and 0.003% Mg. 
The contro l  ra t s  were  fed a no rma l  d ie t  con ta in ing  2.0% 
Ca and  0.34% Mg. B o t h  groups  were  sacrificed af ter  
6 weeks of th is  d ie t  schedule,  and  the  spinal  cords were 
ob ta ined  for the  expe r imen ta l  mater ia l .  Atomic  absorp-  
t ion s p e c t r o p h o t o m e t r y  was used to de te rmine  the  con- 

cen t ra t ion  of calcium in ent i re  spinal  cords wi th  t he  
following readings  a : 

~g/g we t  weigh t  
Ca-Mg-deficient  286.6 ~ 90.2 
Controls  91.0 ~ 10.7 
E a c h  value is the  mean  3= SE of the  mean  of 14. 
The specimens  were immersed  in 4% fo rma ldehyde  con- 
ta in ing  1% sodium oxalate ,  d e h y d r a t e d  gradua l ly  w i t h  
alcohol, t h e n  cleared in xylene  and  e m b e d d e d  in pa rap la s t  
using the  m e t h o d  of I w a t a  e t  al. 5. 10 micron  sect ions  were 
picked up f rom the  solut ion onto  a qua r t z  disc and  dr ied 
a t  45~ The pa rap la s t  was r emoved  and  sect ions  were 
coa ted  wi th  a th in  layer  of v a c u u m - e v a p o r a t e d  carbon.  
The scanning  e lec t ron p robe  microanalyzer  (JXA-500A) 
was opera ted  a t  25 K V  accelerat ing vol tage  and  a t  abou t  
1-10 • 10 -11 A absorbed  current .  The calc ium L a X - r a y  
in tegra t ion  t ime  was 250 sec. Secondary  e lec t ron images  
were recorded  before recording the  X - r a y  images.  
Polaroid p h o t o g r a p h s  were t h e n  made  of the  d isp lay  on 
the  ca thode  r ay  tube.  
The charac ter i s t ic  calc ium L a X - r a y  images of the  spinal  
cord spec imens  of t he  Ca-Mg-deficient  and  contro l  ani-  
mals  and  the  secondary  e lec t ron images appear  in t he  
figure. The image genera ted  b y  the  L a X - r a y  of calc ium 
in the  Ca-Mg-deficient  an imal  is seen in figure B. Observa-  
t ion of the  secondary  e lec t ron image in f igure D showed 

Ratios of calcium-accumulated motoneurons in the anterior horn of 
the sPinal cord of rats fed Ca-Mg-deficient or control diets 

Tota l  Ca-accumulated Ca-accumulated 
motoneurons motoneurons motoneurons/total 

motoneurons 

Control 6 52 3 5.8 % 
Ca-Mg-deficient 8 53 19 35.8%* 

Values in parenthesis refer to number of animals studied significant 
level; *p < 0.001. 
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t he  loca l iza t ion  of ca lc ium in t he  an t e r io r  g ray  co lumn.  
Occas ional ly  t i le a c c u m u l a t i o n  of ca lc ium occur red  a t  t h e  
region of t he  sp ina l  mo toneu rons .  The  pos te r io r  an d  
la te ra l  g r ay  c o l u m n  a n d  t he  wh i t e  m a t t e r  of t he  sp ina l  
cord a p p e a r e d  unaf fec ted .  I n  t he  con t ro l  an imal ,  t h e  
ca lc ium Lc~X-ray a n d  e lec t ron  images  on ly  showed  a dif-  
fuse d i s t r i b u t i o n  of t he  e lement .  I n  the  sp ina l  mo to -  
neurons ,  t he  i n t e n s i t y  of ca lc ium did  n o t  exceed t h e  back -  
g round  (figures A, C). R a t i o s  of c a l c i u m - a c c u m u l a t e d  
m o t o n e u r o n s  in t he  an t e r i o r  h o r n  of t he  sp ina l  cord of 
r a t s  fed Ca-Mg-def ic ient  or con t ro l  d ie ts  are s u m m a r i z e d  
in t he  tab le .  
Thus ,  w h e n  t he  ca lc ium L e X - r a y  are c o m p a r e d  w i t h  the  
s e c o n d a r y  e lec t ron  images ,  i t  is seen t h a t  the  accumula -  
t ion  of ca lc ium occurs  a t  t he  an t e r i o r  g r ay  c o l u m n  in t h e  
sp ina l  cord of t he  Ca-Mg-def ic ient  r a t s  a n d  t ends  to 
located  in a n d  a r o u n d  t he  region of t he  p e r i k a r y o n  of the  
sp ina l  moton 'euron .  This  f ind ing  is in a g r e e m e n t  w i t h  t h e  
desc r ip t ion  of ca lc ium a c c u m u l a t i o n  r epo r t ed  in t he  pre-  
v ious  s t u d y  us ing  t h e  a t o m i c  a b s o r p t i o n  spec t ropho to -  
me t ry .  
The  reason  for t he  ca lc ium a c c u m u l a t i o n  a t  t he  si te  of t h e  
an t e r i o r  g r ay  c o l u m n  is n o t  p r e s e n t l y  known,  b u t  suggests  
a r e l a t ionsh ip  to a ca lc ium d y s m e t a b o l i s m  a n d / o r  o the r  
me tabo l i c  consequence ,  such  as a s econda ry  h y p e r p a r a -  
t hy ro id i sm.  The  s econda ry  h y p e r p a r a t h y r o i d i s m  is k n o w n  
to occur  a f t e r  h y p o c a l c e m i a  e or h y p o m a g n e s e m i a  v, a n d  is 
of i n t e r e s t  because  of t he  f ind ings  of Arieff  and  Massry8 

who  r epo r t ed  t h a t  an  i n c r e m e n t  of ca lc ium c o n t e n t  in the  
ce rebra l  g ray  m a t t e r  of dogs was found  a f t e r  the  admin i s -  
t r a t i o n  of p a r a t h y r o i d  ex t rac t ,  b u t  d id  n o t  occur  fol lowing 
a v i t a m i n  D- induced  hype rca l cemia .  
The  ca lc ium a c c u m u l a t i o n  m a y  be  a t t r i b u t e d  to a m e t a -  
bolic m a l f u n c t i o n  of t h e  sp ina l  m o t o n e u r o n .  A desc r ip t ion  
of r ena l  m i t o c h o n d r i a l  swell ing induced  b y  ca lc ium incre-  
m e n t  h a s  a l r eady  been  r epo r t ed  b y  Scarpel l i  9. J u d g i n g  
f rom t h e  changes  wh ich  occur  in ske le ta l  musc le  t i ssues  of 
d e n e r v a t e d  an i ma l s  ~0, i t  is conce ivab le  t h a t  the  a l t e r a t i o n  
of t h e  m e t a b o l i s m  of t h e  sp ina l  m o t o n e u r o n  m a y  p roduce  
muscle  degenera t ion ,  especial ly,  as was  seen in t h e  pre-  
v ious  s tud ies  a, 4, an  a t r o p h y  of t y p e  2 muscle  f ibres.  
This  s t u d y  suggests  t h a t  a n  increase  in  ca lc ium in the  
sp ina l  cord of t h e  Ca-Mg-def ic ient  an i ma l s  has  a special  
s ignif icance a n d  is r e l a t ed  to the  n e u r o m u s c u l a r  a b n o r -  
mal i ty ,  wh ich  m a y  inc lude  neurogen ic  m u s c u l a r  a t r o p h y ,  
such  as t h e  t y p e  2 muscle  f ibre a t r o p h y .  
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X - r a y  a n d  s e c o n d a r y  e lec t ron  images  of speemieus  of an t e r io r  bo rn  of cont ro l  a~.,d Ca-Mg-dcficic1~t r a t s  ( x 600). A is the  ca lc ium l~c~X-ray 
image  of con t ro l  sect ion.  The  slnall  i nd iv idua l  spots  d i s t r i b u t e d  t h r o u g h o u t  the  ent i re  X - r a y  image  are due  to b a c k g r o u n d .  C is the  s econda ry  
electron image  of the  same  sect ions.  2 spinal  m o t o r  neuron  (arrow) are observed.  ]>' is the ca lc ium I . ~ X - r a y  l inage f rom the  sp ina l  cord  prep-  
arati<n~ of a Ca-Mg-def ie ient  an imal .  Tl~e a rea  c o a t a i n i n g  excess c ;de ium is m a r k e d  by  aI~ arr~w.  The  loca t ion  of the  ca l c ium c a n  be d e t e r m i n e d  
b y  referri l tg to the  s e c o n d a r y  e lec t ron  l inage of the  salne sect ion.  D Ca is s i t u a t e d  in a n d  a r o u n d  tim region of p e r i k a r y o n  of sp ina l  inoto- 
n e u r o n  (single arrow).  In  the  o the r  neurons  (double arrows) ,  there  is no excess Ca. 


