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of f ibre  in  t he  pe r ivascu l a r  f luorescen t  f ibre  bundles ,  one 
be ing  i n t ense ly  f luorescen t  w ind ing  f ibres  w i t h  p r o t r u d i n g  
var icos i t ies ,  and  t he  o the r  t h i n n e r  f ibres  w i t h  e longa ted  
var icos i t ies ,  t h e  so-called var icose  t e rmina l s .  T he  in te r -  
var icose  s egmen t s  were more  c lear ly  seen in t h e  s t r e t c h  
p r e p a r a t i o n  t r e a t e d  w i t h  glyoxyl ic  acid as c o m p a r e d  w i t h  
t h a t  t r e a t e d  w i t h  f o r m a l d e h y d e  vapor .  2 fine var icose  
f ibres  were vis ible  a long  t he  sma l l  b r a n c h e s  of t h e  a r t e -  
rioles. Occasional ly ,  on ly  one single var icose  f ibre could  
be  t r a c e d  to  t he  side b r a n c h e s  of a r te r io les  h a v i n g  d iam-  
e ters  of 8 ~m. The  adrenerg ic  n e r v e  supp ly  was less in  
t h e  ve in  t h a n  in t he  a r t e ry .  
I n  t h e  t u n i c a  f ibrosa,  a s y s t e m  of b r a n c h i n g  t e r m i n a l s  
a r i s ing  f rom one p r e t e r m i n a l  axon  was vis ible  (figure 2). 
The  p r e t e r m i n a l  axon  was s m o o t h  a n d  weak ly  f luorescen t  
as c o m p a r e d  w i t h  t h e  b r a n c h i n g  t e r m i n a l s  w i t h  a b u n d a n t  
i n t e n s e l y  f luorescen t  var icosi t ies .  T he  b r a n c h i n g  sys t ems  
o r ig ina t ed  f rom the  pe r i va s cu l a r  p lexus  a n d  e x t e n d e d  in to  
t u n i c a  f ibrosa .  These  b r a n c h e s  a p p e a r e d  to  i n n e r v a t e  t he  
s m o o t h  musc le  cells w h i c h  i n t e r m i n g l e d  wi th  connec t ive  
t i s sues  a n d  elast ic  fibres.  O t h e r  adrenerg ic  t e r m i n a l s  
unas soc i a t ed  w i t h  t he  b lood  vessels  were found  a r o u n d  
t h e  f a t  cells in  t he  t u n i c a  adiposa .  Yel low f luorescen t  
m a s t  cells w i t h  non-f l f iorescent  nucle i  were e v i d e n t  
a r o u n d  t he  b lood vessels a n d  t he  f a t  cells. D i s t r i b u t i o n  of 
t h e  ad rene rg ic  i n n e r v a t i o n  a n d  m a s t  cells was r ich  in t h e  
m e d i a l  ha l f  of t h e  r ena l  capsule,  p a r t i c u l a r l y  a r o u n d  t he  
h i lus  renal is .  

To our  knowledge  th i s  is t he  f i rs t  d e m o n s t r a t i o n  of t h e  
d i s t r i b u t i o n  of adrenerg ic  f ibres  a n d  s e r o t o n i n - c o n t a i n i n g  
m a s t  cells in  t he  r ena l  capsule  of ra ts .  These  f ind ings  
sugges t  t h a t  in  t he  r ena l  capsule,  as well  as m a n y  o t h e r  
pe r iphe ra l  t issues,  these  adrenerg ic  f ibres  ass is t  in  regu-  
l a t ing  b lood  flow a n d  fa t  me tabo l i sm.  H e r b e r t  e t  al. 1~ 
proposed  t h a t  t h e  r ena l  capsule  p rov ides  t h e  m a j o r  force 
oppos ing  expans ion  of t h e  o u t e r  co r t ex  w h e n  i n t r a r e n a l  
p ressure  was increased.  Our  f ind ings  of a d i r ec t  adrenerg ic  
i n n e r v a t i o n  in t he  t u n i c a  f ibrosa  m a y  p rov ide  a m o r p h o -  
logical  bas is  for adrenerg ic  r egu la t ion  of t he  e las t i c i ty  of 
the  r ena l  capsule.  
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Summary. W i t h  t he  a v a i l a b i l i t y  of 5 , 6 - d i h y d r o x y t r y p t a m i n e ,  t he  overa l l  m o r p h o l o g y  and  t he  cha rac t e r i s t i c  d is t r i -  
b u t i o n  of m o n o a m i n e - c o n t a i n i n g  cells in t he  f rog 's  g u s t a t o r y  ep i the l i um came to  be  c lear ly  e luc ida ted  b y  f luorescence 
h i s t o c h e m i s t r y .  

I t  has  r ecen t l y  been  r epo r t ed  t t l a t  a se ro ton in- l ike  mono-  
a m i n e  is p r e s e n t  in  a c e r t a i n  cell t y p e  of t he  f rog 's  
g u s t a t o r y  ep i the l iumK However ,  t he  overa l l  m o r p h o l o g y  
of t he  m o n o a m i n e - c o n t a i n i n g  cells (MC cells) has  no t  been  
e luc ida ted  as yet .  An  ana logue  of se ro ton in ,  t h a t  is 5,6- 
d i h y d r o x y t r y p t a m i n e  (5 ,6-DHT),  is se lec t ively  t a k e n  up  
in t h e  MC cells a n d  enhances  t e m p o r a l l y  t he i r  f luorescence 
i n t e n s i t y  d u r i n g  t he  f i rs t  few h fol lowing the  d rug  injec-  
t i on  4. B y  m a k i n g  use of th i s  drug,  t he  MC cells of t he  
f rog 's  g u s t a t o r y  e p i t h e l i u m  were obse rved  b y  f luorescence 
h i s t o c h e m i s t r y  u n d e r  the  cond i t ion  of tile comple te  ac- 
c u m u l a t i o n  of t he  d rug  in t he  cells. 
Materials and methods. These  are descr ibed  in de ta i l  else- 
where  4. Frogs  ( R a n a  ca tesb iana )  weigh ing  150-200 g 
were used t h r o u g h o u t  t he  p r e s en t  work.  A t  va r ious  in te r -  
va l s  a f t e r  i n t r a p e r i t o n e a l  in j ec t ion  of 5, 6 - D H T  (20 mg/kg) ,  
t ongues  were excised a n d  cu t  in to  smal l  blocks.  Af te r  
be ing  dr ied in a f reeze-dry ing  un i t ,  t h e y  were processed 
acco rd ing  to  t h e  Fa l ck -Hi l l a rp  t e c h n i q u e  5 for t he  localiza-  
t i o n  of m o n o a m i n e .  T he  sec t ions  of 8 [~m th i cknes s  were 
m o u n t e d  w i t h  l iquid  pa ra f f in  a n d  p h o t o g r a p h e d  b y  fluo- 
rescence  microscopy.  Then ,  t he  cover-s l ips  were carefu l ly  
d e t a c h e d  b y  d ipp ing  in xylene,  a n d  t he  m o u n t i n g  m e d i u m  
was r e m o v e d  b y  f u r t h e r  soak ing  in f resh  xylene.  T he  sec- 
t i ons  were t r a n s f e r r e d  in to  a descend ing  series of a lcohol  
a n d  f ina l ly  in to  wate r .  T h e y  were m o u n t e d  on a lbu-  

min ized  glass slides a n d  s t a ined  w i t h  0 .1% to lu id ine  b lue  
so lu t ion  on  a h o t - p l a t e  (70~ for 2 min.  Af ter  be ing  
washed  brief ly,  t h e y  were d e h y d r a t e d  in alcohol  a n d  
m o u n t e d  in ba l sam.  The  papi l lae  t h a t  h a d  b e e n  e x a m i n e d  
b y  f luorescence mic roscopy  were also p h o t o g r a p h e d  b y  
l igh t  microscopy.  
Results. A specific yel low f luorescence of n o r m a l  fungi-  
fo rm papi l lae  a lways  appea r s  a t  t he  basa l  region of t h e  
g u s t a t o r y  ep i the l ium.  I n  t he  t r a n s v e r s e  sect ion,  t he  do t -  
like f luorescen t  s t r u c t u r e s  s t a n d  in a l ine a long  t he  basa l  
l a m i n a  (figure 1). I n  h o r i z o n t a l  sect ions  m a d e  j u s t  a b o v e  
the  basa l  l amina ,  r o u n d  or ova l  f luorescen t  r ings  are ob-  
served  a t  t he  p e r i p h e r y  of g u s t a t o r y  disc (figure 2, ar -  
rows). F r o m  the re  t h e  f luorescen t  s t r u c t u r e s  s t r e t c h  
t o w a r d  t he  cen t re  a n d  the i r  i nne r  ends  are cons ide rab ly  
d i la ted  (figure 2). 
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As repor ted  previously,  a single in jec t ion  of 5 ,6 -DHT 
cou ld  enhance  the  f luorescence in t ens i ty  of MC cells for 
t he  f i rs t  few h (figures 3 and  4). In  hor izonta l  section,  the  
overal l  profiles of the  cells were easily de tec ted  (figure 3). 
Their  e x p a n d e d  inner  ends  were i r regular ly contoured  and  
showed evidence  of ramif icat ion.  They  progress ive ly  
t ape r ed  down along the i r  l eng th  t oward  the  pe r iphe ry  
where  t h e y  were connec ted  wi th  round  or oval  f luorescent  
s t ruc tu res  (figure 3). These s t ruc tures  were a lways ob-  
served a t  t h e  pe r iphe ry  and  were fair ly un i form in size. 
I t  can be assumed t h a t  these  por t ions  indicate  t he  sites of 
MC cell nuclei.  Figures  4 and  5 show the  f luorescence and  
l ight  micrographs ,  respect ively ,  of the  same papilla.  The 

oval  f luorescent  s t ruc tu res  are found a t  t he  left  and  r igh t  
marg ins  of the  base of the  gus t a to ry  ep i the l ium in 
figure 4. W h e n  figure 4 was super imposed  on figure 5, 
these  f luorescent  s t ruc tu res  in the  former  coincided wi th  
the  nuclei ind ica ted  by  arrowg in the  la t ter .  Thus,  i t  could 
be clearly d e m o n s t r a t e d  t h a t  the  round  or oval f luorescent  
s t ruc tu res  cor respond to the  sites of nuclei.  I t  is l ikely t h a t  
t h e y  were p roduced  by  a grea t  accumula t ion  of f luoro- 
phore  in the  per inuclear  regions, while  the  r ingform 
f luorescent  s t ruc tures  observed  in the  normal  papi l la  can 
be a t t r i bu t ab l e  to the  low accumula t ion  of endogenous  
monoamine  in the  per inuclear  cy top lasm.  The pe r ika rya  
of MC cells are a lways localized a t  the  pe r iphe ry  of the  

f"igs. 1 4. Fluorescence micrographs of the frog's fungiform papilla. 
Fig. 1. Transverse section of a normal papilla. The specific mono- 
amine fluorescence is localized along the base of the gustatory epi- 
thelium. • 300. 

Fig. 2. Horizontal section through the base of the gustatory epi- 
theliuln fronl a normal animal. Notice the fhloreseent rings (arrows) 
at the periphery of the gustatory disc. • 300. 

Fig. 3. Horizontal sectkm through the base of the gustatory epi- 
thelium from 5,6-DHT-treated aniinaI. The overall profiles of several 
MC cells are revealed by the drug treatment. • 300. 

Fig. 4. Transverse sectio~ of the papilla from 5,6-DHT-treated 
animal. Notice the oval fluorescent structures at the left and right 
margins of the gustatory epithelium. • 300. 

Fig. 5. Light micrograph of the same papilla as in figure 4 after tolu- 
idine bhle staining. Notice that the oval fluorescent structures of 
figure 4 are observed on the sites of nuclei (arrows). • 300. 
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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. 
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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 
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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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