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F u n c t i o n a l  A n a t o m y  of  F r o g ' s  T a s t e  O r g a n s .  

W h i l e  frogs a re  ex t ens ive ly  used in  e lec t rophys io log ica l  
i nves t i ga t i ons  o n  t a s t e  (RnPuzzI  a n d  CASELLA x, SATO 2, 
NOMIIRA a n d  SAKADA 3) precise  knowledge  of t h e  a n a t o m y  
of t h e i r  t a s t e  o r g a n  is s t i l l  unsa t i s f ac to ry .  C o m p a r i s o n  
of t h e  f rog ' s  t a s t e  o rgans  w i t h  t hose  of m a m m a l s  are  
v i r t u a l l y  a b s e n t  a n d  t h e  a v a i l a b l e  o b s e r v a t i o n s  o n  frogs 
(UGA 4, UGA a n d  HAMA 5) p r o v i d e  a r a t h e r  v a g u e  p i c t u r e  
of t h e  r e l a t i o n s h i p s  b e t w e e n  n e r v e  f ibres  a n d  t a s t e  cells 
and  b e t w e e n  t a s t e  cells t hemse lves .  

T h i s  r e p o r t  desc r ibes  in  p r e l i m i n a r y  fo rm t h e  d a t a  
o b t a i n e d  w i t h  l i g h t  mic roscope  (LM), t r a n s m i s s i o n  elec- 
t r o n  mic roscope  (TEM) a n d  s c a n n i n g  e l ec t ron  micro-  
scope (SEM) w i t h  t h e  i n t e n t  to  e luc ida te  t h e  f ine mor -  
pho logy  of t h e  t a s t e  organ ,  t h e  spa t i a l  a r r a n g e m e n t  
b e t w e e n  ce l lu lar  a n d  n e r v o u s  c o m p o n e n t s  a n d  t h e i r  
h i s t o c h e m i c a l  cha rac te r i s t i c s .  D a t a  o n  t h e  t u r n o v e r  r a t e  
of t h e  cells c o m p o s i n g  t h e  t a s t e  o rgan  a re  also inc luded.  
A de t a i l ed  s t u d y  on  t h e  s u b j e c t  wil l  be  r e p o r t e d  in a 
s epa ra t e  commun ica t i o l , .  

Materials and methoas. Tissues  f r o m  t h e  tongue of 
a d u l t  frogs (Rana pipiens) were  p r e p a r e d  for  LM b y  
f ix ing en t i r e  t o n g u e s  in Bouin ,  e m b e d d i n g  in  p a r a f f i n  
and,  a f t e r  sec t ioning ,  s t a i n i n g  w i t h  i ron  h e m a t o x y l i n  or  
Mallory.  I m p r e g n a t i o n  of t he  t i s sue  w i t h  B o d i a n  m e t h o d  
was also p e r f o r m e d  for  t h e  s t u d y  of t h e  nerves .  S ingle  
fung i fo rm pap i l l ae  f rom tongues  of t he  s a m e  a n i m a l s  were 
isola ted a n d  f ixed  for b o t h  LM a n d  T E M  in  a m i x t u r e  
of 4 ~  p a r a f o r m a l d e h y d e  in  p h o s p h a t e  bu f f e r  (pH7.2)  
fol lowed b y  p o s t f i x a t i o n  in  1 To OsO4 in  t h e  s a m e  buffer .  
Pap i l l ae  were  t h e n  d e h y d r a t e d  in a lcohols  a n d  e m b e d d e d  
in Ara ld i t e ,  o r i en t ed  as  desi red,  t h e n  sec t ioned  to  1 g m  
t h i c k  sec t ions  a n d  s t a i ned  w i t h  t o lu id ine  b lue  for  LM. 
F o r  T E M ,  sec t ions  600 A t o  800 A t h i c k  were  c u t  f rom 
s imi la r  ma te r i a l .  One  p a p i l l a  was  l o n g i t u d i n a l l y  sec t ioned  
in to  u l t r a t h i n  sec t ions  w i t h  a comple t e  a n d  u n i n t e r r u p t e d  
series to  a l low a c o m p l e t e  t h r e e  d i m e n s i o n a l  r econs t ruc -  
t ion  of t h e  t a s t e  o r g a n  a t  a n  u l t r a s t r u c t u r a l  level.  Sec t ions  
were p i cked  u p  o n  f o r m v a r - c o a t e d ,  c a rbon - s t ab i l i z ed  75 
mesh  grids.  T h e  sec t ions  were s u b s e q u e n t l y  s t a i ned  w i t h  
u ran i l  a c e t a t e  a n d  lead  c i t ra te .  A n  e lec t ron  microscope,  
Ph i l ips  E M  200, was  used  a t  6 0 k V  w i t h  m a g n i f i c a t i o n s  
on  t h e  n e g a t i v e  r a n g i n g  f r o m  × 1000 t o  × 50,000. E v e r y  
sec t ion  of t h e  series  was  p h o t o g r a p h e d  a n d  a t h r e e  

d i m e n s i o n a l  r e c o n s t r u c t i o n  of t h e  pap i l l a  pe r fo rmed .  
T o n g u e s  t o  be  used  for  S E M  s tud ie s  were  t h o r o u g h l y  
w a s h e d  in f rog ' s  R i n g e r  to  r e m o v e  t h e  m u c u s  a n d  t h e n  
f ixed in 3 %  g l u t e r a l d e h y d e  in  p h o s p h a t e  buffer .  De- 
h y d r a t i o n  was  ca r r ied  o u t  in  a s c e n d i n g  a lcohols  a f t e r  
w h i c h  t h e  pieces  were  c o a t e d  in  a n  e v a p o r a t o r  w i t h  a n  
e s t i m a t e d  200 A t h i c k  l aye r  of gold  or  p a l l a d i u m .  Ob-  
s e r v a t i o n s  were p e r f o r m e d  on a C a m b r i d g e  SE M a t  
m a g n i f i c a t i o n s  r a n g i n g  f rom × 16 to  × 20,000. F o r  t h e  
h i s t o c h e m i c a l  s t u d y  of ad rene rg ic  e l e m e n t s  t h e  m e t h o d  
of FALK a n d  HILLARP* for  t h e  d e m o n s t r a t i o n  of ca te -  
c h o l a m i n e s  b y  f luorescence  mic roscopy  a t  LM level  was  
used. A t  T E M  level  c a t e c h o l a m i n e  c o n t a i n i n g  vesicles  
were dep l e t ed  b y  re se rp ine  a n d  t h e n  r ep l e t ed  b y  u p t a k e  
of e x o g e n e o u s l y - i n t r o d u c e d  c a t e c h o l a m i n e s  (AxELROD ?, 
HOKFELTS), Chol inerg ic  n e r v e s  were  d e m o n s t r a t e d  us ing  
t h e  K a r n o w s k i ' s  m o d i f i c a t i o n  of KOELLE a n d  FRIEDEN- 
WALD m e t h o d  (KoELLE a n d  FRIEDENWALD 9, EL BADAWI 
e t  al.  I°, KARNOWSKI II) for  t h e  d e m o n s t r a t i o n  of ace ty l -  
cho l ines t e ra se  a c t i v i t y  a t  L M  a n d  T E M  levels.  T r i t i a t e d  
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Fig. 1. a) Schematic outline of a fungiform papilla as observed in 
rat. Similar scheme holds for other mammals as well. The taste 
bud (tb) has a pear-like outline. One or more of these taste buds 
can be observed in these papillae, b) Schematic outline of frog's 
fungiform papilla. The bud-like structure of Figure a) is substituted 
by a disc-like (sd) structure which covers the entire dorsal surface 
of the papilla. While more than one taste bud can be observed in 
each mammalian papilla, only one sensory disc is found in each 
frog papilla. 

Fig. 2. Scanning electron micrograph of the 
frog's tongue. The surface is covered with a 
large number of filiform papillae (p). Many 
fungi form papillae (sp) are interspersed 
among them. The mark is 100[zm. The 
insert represents an enlarged portion of a 
fungiform papilla to demonstrate the sensory 
area (sa) and the crown of cilia (c) surround- 
ing it. A carpet of microvilli covers the sensory 
area. The mark is 10 pLm. 
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Fig. 3. Histological section 10~m thick of 
the top of a fungiform papilla demonstrating 
the sensory disc (between the 2 large arrows) 
and the ciliated cells (ci) limiting its edges. 
The nerve bundle (N) reaches the sensory 
disc from underneath. Associate cells (ac) 
occupy most of the sensory surface while the 
dendrites of the sensory cells wedged in 
between the latter come in touch with the 
environment only through their tips (small 
arrows). Nuclei of sensory cells (scn) occupy 
the 2 inferior thirds of the disc. 

t h y m i d i n e  was  used to  s t u d y  t h e  t u r n o v e r  r a t e  of t h e  
t a s t e  o rgan  cells and  the  labeled  c o m p o n e n t s  were  inves-  
t i ga t ed  b y  a u t o r a d i o g r a p h y  (BEIDLgR e t  a1.1'). 

Results. C on t r a ry  to  m o s t  o t h e r  ve r t eb ra t e s ,  f rog 's  
t a s t e  organs  are  r ep resen ted  by  an  epi thel ia l  disc r a t h e r  
t h a n  a ' b u d '  (Figures l a and  l b). The  disc occupies 
a lmos t  t he  en t i re  dorsal  surface of t he  fung i fo rm papil la ,  
measures  100 ~m in d i a m e t e r  and  is covered  by  a layer  
of microvil l i .  Sensory  papi l lae  are i l lus t ra ted  in F igure  2 
w i t h  t he  SEM, which  shows in deta i l  t he  disc su r rounded  

Fig. 4. Three-dimensional representation of the relationship between 
a sensory cell (s) and an associate one (as) with their nerve attach- 
ments. Dendrite-like processes (d) of the sensory cell partially engulf 
the associate cell body and join dendrites of neighboring sensory 
cells at tight junctional contacts (J) (arrows). Nerve fibers (n) 
contact the sensory cell by mean of synapses (sy) (arrows). 

b y  a c rown of cilia. In  order  t o  inves t iga te  t he  in te rna l  
s t ruc tu re  of t h e  organ,  LM a n d  T E M  techn iques  h a v e  
been  used. F igure  3 r ep resen t s  a LM sect ion  long i tud ina l  
a long the  axis  of t he  papil la .  I t  shows the  sensory  disc 
area  which  measures  100 tzm wide and  40 ~m thick.  The 
disc is c lear ly d e m a r k a t e d  f rom the  c i l ia ted epi thel ia l  
ce l l s  (ci) which  su r round  it. The  sensory  disc is m a d e  
up  of 2 t y p e s  of cells whose  nuclei  s ta in  d i f fe ren t ly  w i t h  
t he  Mal lory technique .  The f i rs t  cell t y p e  occupies t he  
uppe r  t h i r d  p o r t i o n  of t he  disc and  i t  will  be  re fe r red  to  
t h r o u g h o u t  t h e  t e x t  as t h e  ' associa te  cell ' .  The  second 
cell t y p e  re fe r red  to  as ' s ensory  cell ' ,  whi le  e x t e n d i n g  
f rom t h e  free surface  to  t he  basa l  l ami n a  of  t h e  disc 
w i t h  i ts  processes,  has  t h e  cell  b o d y  (or nuc lea ted  par t )  
loca ted  in t he  2 infer ior  t h i rd s  of  t h e  ep i the l ium.  

The associa te  ce]ls a re  a r ranged  in a single row a n d  
m a k e  up  m o s t  of t he  free surface of t he  sensory  area  
which  is covered  w i t h  microvi l l i  (Figures 3 and  4). Thei r  
c y t o p l a s m  is f i l led w i t h  secre tory  granules.  The  nuclei  
of these  cells form a single, o rder ly  row t h a t  never  
e x t e n d s  below the  uppe r  t h i r d  por t ion  of t he  sensory  
disc. Cytop lasmic  processes  of t he  associa te  cells, how-  
ever,  e x t e n d  d o w n w a r d s  to  t h e  level  of  t h e  basa l  l a m i n a  
of  t h e  sensory  ep i the l ium.  These  processes  in t e rming le  
a m o n g  t h e  sensory  cells and  ne rve  fibers,  w i t h  f r e q u e n t  
co n t ac t s  w i t h  b o t h ;  such  co n t ac t s  h o w ev e r  do  n o t  seem 
to be func t iona l ly  special ized.  
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The  sensory  cells s t r ong ly  i n d i c a t e  t h e i r  p a r t i c i p a t i o n  
in t h e  sensory  process  b y  t h e i r  morpho log ica l  cha rac -  
ter is t ics  a n d  specia l ized  c o n t a c t s  w i th  t h e  s enso ry  nerves .  
These  ceils  e x t e n d  f r o m  t h e  surface  of t he  disc, t h a t  t h e y  
reach  w i t h  b r a n c h i n g  dend r i t e - l i ke  processes,  to  t he  basa l  
l a m i n a  of t h e  disc  t h a t  t h e y  n e v e r  surpass .  A t  some  
d i s t ance  a b o v e  t h e  nucleus ,  t h e  c y t o p l a s m  of  t h e  s enso ry  
cells b r a n c h e s  t o  t h r e e  or  more  processes  t h a t  engul f  t h e  
uppe r  p a r t  or  n u c l e a t e d  p o r t i o n  of t h e  assoc ia te  cells  
a n d  r e a c h  t h e  free surface,  however ,  l e av ing  t h e  micro-  
v i l la r  sur face  free. Th i s  r e l a t i o n  of t h e  assoc ia te  ceil  w i t h  
the  s enso ry  one  is d i a g r a m a t i c a l l y  r ep r e sen t ed  in F igu re  4 
wh ich  also shows t h e  c o m p l e x i t y  of t he se  s y n a p t i c  
con t ac t s  of t h e  s enso ry  cell  c y t o p l a s m i c  processes  to  t h e  
ne rve  fibers.  F i g u r e  5 shows a b lock  of t h e  s enso ry  disc 
c o n t a i n i n g  5 s enso ry  cells  a n d  7 assoc ia te  cells to  d e m o n -  
s t r a t e  t h e  i n t e r r e l a t i o n  b e t w e e n  t h e  2 cell  t y p e s  as  wel l  
as t h e  m o d e  of  c o n t a c t  a n d  t h e  c o m m u n i c a t i o n  b e t w e e n  
sensory  cells t hemse lves .  T h i s  c o m m u n i c a t i o n  is e v i d e n t  
b y  t h e  p re sence  of t i g h t  j u n c t i o n a l  c o m p l e x e s  of t h e  
gap  t y p e  b e t w e e n  t h e  t i p s  of d e n d r i t i c  processes.  Such  
j u n c t i o n s  a re  u sua l ly  a c c e p t e d  as ev idence  of e lec t r ica l  
coup l ing  (BENNETT e t  al.X3). A t  t h e  p r o x i m a l  po le  of t h e  
sensory  cells t h e  c y t o p l a s m  b r a n c h e s  aga in  in i r regular ,  
s t u m p y  processes  (F igure  4) w h i c h  e s t a b l i s h  s y n a p t i c  
c o n t a c t s  w i t h  t h e  i n c o m i n g  sensory  f ibres.  I n  these  
b r a n c h e s  t he  u l t r a s t r u c t u r a l  de ta i l s  of t h e  c y t o p l a s m  are  
u n i q u e l y  r e p r e s e n t e d  b y  m i t o c h o n d r i a  a n d  d a r k - c o r e d  
vesicles some  800 /~  to  I000  A in  d i a m e t e r .  Th i s  h i g h l y  
specific o rgane l l es  c o n t e n t  is in  c o n t r a s t  w i t h  t h e  p a t t e r n  

s h o w n  b y  t h e i r  pe r ika r ion ,  whe re  no  vesicles are  obse rved  
a n d  t h e  c o m m o n  c y t o p l a s m a t i c  organel les  such  as E R ,  
Golgi, free r ibosomes ,  m i t o c h o n d r i a  a n d  a dense  m a t r i x  
are  u sua l ly  observed .  Along  t h e  processes  of t h e  sensory  
cells  t h e r e  a re  zones  of specif ic  c o n t a c t  w i t h  t h e  s enso ry  
n e r v e  f ibres  t h a t  show t h e  morpho log i ca l  ch a r ac t e r i s t i c s  
of  s y n a p s e s  (F igure  6). T h e  senso ry  cell  processes  w i t h  
t h e i r  ves icu la r  c o n t e n t  a c t  as  p r e s y n a p t i c  profiles,  whi le  
t h e  s enso ry  f ib res  are  t h e  p o s t - s y n a p t i c  e l e m e n t  of  t h e  
un i t .  T h e  da rk -co re  vesic les  o b s e r v e d  in t h e  s enso ry  
cells h a v e  b e e n  p r o v e d  to  c o n t a i n  n o r e p i n e p h r i n e  b y  
m e a n s  of LM f luorescence  t e c h n i q u e s  a n d  b y  m e a n s  of 
T E M  o b s e r v a t i o n s  of m a t e r i a l  where  dep le t ion  of t h e  
g r a n u l a r  c o n t e n t  was  o b t a i n e d  w i t h  reserpine .  R e p l e t i o n  
of t h e  s a m e  vesicles  was  s u b s e q u e n t l y  o b t a i n e d  b y  m e a n s  
of u p t a k e  of ex o g en eo u s l y - i n t ro d u ced  n o rep i n ep h r i n e .  
T h e  senso ry  n e r v e  f ibres  f o rmi n g  t h e  p o s t - s y n a p t i c  s ide 
of  t h e  c o n t a c t  were  o b s e r v e d  to  c o n t a i n  c l ea r  vesicles 
400 A to  600 & in d i ame te r .  W h i l e  t r u e  s y n a p t i c  c o n t a c t s  
f r o m  t h e  n e r v e  f ib re  t o  t h e  s enso ry  cel l  were  n o t  so f a r  
obse rved ,  w i t h  t y p i c a l  a c c u m u l a t i o n  of c lear  vesic les  
a g a i n s t  a n e r v e  m e m b r a n e  th i cken ing ,  c l u m p s  of c lear  
vesic les  were i n d e e d  o b s e r v e d  in t h e  n e r v e  l u m e n  a n d  
f u r t h e r  i n v e s t i g a t i o n  is in  progress  to  c la r i fy  t h e i r  
f u n c t i o n a l  s ignif icance.  T h e  n e r v e  profi les  were p r o v e n  
to  be  cho l inerg ic  b o t h  a t  LM a n d  T E M  levels  b y  m e a n s  
of t h e  m e t h o d  of KOELLE a n d  FRIEDENWALD 9. 

Conce rn ing  t h e  ex i s t ence  of a t u r n o v e r  m e c h a n i s m  in 
t h e  t a s t e  cells  of  frog, t h e r e  a re  d a t a  a v a i l a b l e  in t h e  
l i t e r a t u r e  (RoBBINS X4) s h o w i n g  t h a t  t h e  cells of t h e  t a s t e  

Fig. 6. TEM picture of the basal region of the sensory disc showing 
the basal lamina (bl) and profiles of sensory cells (sc) full of dark- 
cored vesicles and nerve fibres (n) with agranular (clear) vesicles. 
Arrows indicate synaptic contacts with clumping of vesicles between 
sensory cell profiles and a nerve fibre profile. The profile of an 
associate cell (ac) is also indicated. 

Fig. 5. A schematic three dimensional drawing which represents a 
block of the sensory disc made up of 7 associate ceils (as) and 5 
sensory ones (s), to illustrate the relationship between the 2 types 
of cells. Microvilli at the free surface of the associate cell are not 
drawn, so also the nerve. The tight junctional contacts (J) between 
the sensory cell dendrites are greatly emphasized (arrows). 

13 N. BENNETT, Y. NAKAJ1MO and G. PAVVAS, J. NeurophysioL 30, 
305 (1967). 

14 N. ROBBINS, Expl Neurol. t7, 364 (1967). 
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o r g a n  do indeed  t u r n o v e r .  I n  ou r  e x p e r i m e n t s  so fa r  we 
h a v e  o b s e r v e d  t h a t  n o t  o n l y  t h e  cells of t h e  t a s t e  o rgan  
t u r n o v e r  b u t  t h a t  a ssoc ia te  a n d  senso ry  cells t u r n o v e r  a t  
a d i f f e ren t  ra te .  T h e  e x a c t  t i m i n g  of t h e  p h e n o m e n o n  
for  t h e  2 cells p o p u l a t i o n  wi l l  be  f u r t h e r l y  e l a b o r a t e d  in  
a s u b s e q u e n t  r epo r t .  

Conclusions. 1. Two  m o r p h o l o g i c a l l y - d i s t i n c t  t y p e s  of 
cells  ex i s t  in  f rog ' s  t a s t e  organs ,  o n l y  one  of  w h i c h  h a s  
d i r ec t  f u n c t i o n a l  i n v o l v e m e n t  w i t h  t h e  a f f e r e n t  n e r v e  
fibre.  

2. T h e  desc r ibed  s enso ry  cells w i t h  t h e i r  dend r i t e - l i ke  
processes  a re  t y p i c a l  of t h e  f rog a n d  h a v e  n o t  y e t  b e e n  
desc r ibed  in  a n y  o t h e r  an ima l .  T h e  a u t h o r s  be l i eve  t h a t  
t h e s e  processes  are  t h e  r ecep t ive  p a r t  of t h e  s enso ry  cel l  
a n d  t h a t  t he  t i g h t  j u n c t i o n a l  complexes  o b s e r v e d  b e t w e e n  
t h e  d i s t a l  p a r t s  of t h e s e  d e n d r i t e s  shou ld  be  f u r t h e r l y  
i n v e s t i g a t e d  in  r e g a r d  to  t h e  poss ib i l i t y  t h a t  i t  m a y  
subse rve  some fo rm of i n t e r r e c e p t o r  i n t e r ac t i on ,  

3. The  presence  of t y p i c a l  s y n a p t i c  c o n t a c t s  b e t w e e n  
n e r v e  f ibres  a n d  sensory  cells s h o w n  b y  a c c u m u l a t i o n  of 
d a r k  core  vesicles  a n d  m i t o c h o n d r i a  on  t h e  p r e s y n a p t i c  
m e m b r a n e  as  wel l  as m e m b r a n e  t h i c k e n i n g s  is t a k e n  as  
ev idence  for  t h e  ex i s t ence  of chemica l  t r a n s m i s s i o n  
b e t w e e n  t h e  s enso ry  cells a n d  t h e  sensory  fibres.  The  

d a t a  o b t a i n e d  t h r o u g h  t h e  ou t l i ned  h i s t o c h e m i c a l  pro-  
cedures ,  p o i n t s  to  n o r e p i n e p h r i n e  as t h e  n e u r o t r a n s m i t t e r  
i n v o l v e d  in  t h e  s enso ry  process  of f rog ' s  t a s t e  o r g a n  z~. 

Rdsumd. D a n s  les b o u r g e o n s  gus t a t i f s  de  Rana 
pipiens d e u x  g roupes  de  cel lules o n t  6t6 d6couver t s .  Le  
p r e m i e r  e s t  d i r e c t e m e n t  en  r e l a t i o n  avec  la  r6cep t ion  de  
s t imul i ,  t a n d i s  q u e  le second  n e  c o m p r e n d  q u e  des  cel- 
lules  d ' a s soc ia t ion .  Les  cel lules  sensor ie l les  o f f r en t  des  
c o n t a c t s  s y n a p t i q u e s  a v e c  les f ibres  sensoriel les.  
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Patterning of Resorption in the Cartilages from the Long Bones  of Newts  Treated with Parathyroid 
Extract  z 

Gross  morpho log i ca l  s tud ie s  of ske le t a l  e l e m e n t s  in  
Rana pipiens a n d  Triturus viridescens t r e a t e d  w i t h  
p a r a t h y r o i d  e x t r a c t  h a v e  s h o w n  t h a t  t h e r e  is a n  inc rease  
in  t h e  a m o u n t  of  m a t r i x  in  t h e  long  bones  w h i c h  c a n  b e  
s t a i n e d  w i t h  m e t h y l e n e  b lue  3. W i d e n e d  a n d  more  dense ly  
s t a i n i n g  m a t r i x  was  obse rved  a t  t h e  ends  of t h e  t ib io-  
f ibula ,  a n d  t h e  p h a l a n g e s  e x h i b i t e d  d o u b l e  b a n d s  of  
m a t r i x  b e t w e e n  t h e  a r t i c u l a r  c a r t i l a g i n o u s  cap  a n d  t h e  
ossif ied d i a p h y s e a l  bone  in  t h e  m a j o r i t y  of a n i m a l s  a f t e r  
h o r m o n e  t r e a t m e n t  (Figure  1). W h e n  new  b a n d s  of 
m a t r i x  a p p e a r e d  b e n e a t h  t h e  e p i p h y s e a l  cap,  t h e y  l ay  
in  a reg ion  t o p o g r a p h i c a l l y  c o m p a r a b l e  to  t h e  zone of 
p rov i s i ona l  ca lc i f ica t ion  in  m a m m a l i a n  long  bone  ( =  me-  
t aphys i s ) .  T h e  t y p e s  of cells w h i c h  m a y  be  r e spons ib le  
for  t he se  changes  in t h e  b o n e  m a t r i x  of h o r m o n e - t r e a t e d  
a m p h i b i a n s  are  u n d e t e r m i n e d .  A l t h o u g h  SCHLUMBERGER 
a n d  BERK s were  u n a b l e  to  e l ic i t  a h o r m o n e - m e d i a t e d  
increase  of os teoc las t s  in  b o n e  of R. pipiens, o t h e r  
labora tor ies* ,  5 h a v e  desc r ibed  e l eva t ed  os teoc las t  n u m b e r s  
i n  severa l  a m p h i b i a n  species  as  a d i r ec t  or i n d i r e c t  
(calc ium-free  lavage)  e consequence  of p a r a t h o r m o n e  
ac t ion .  T h e  e x a c t  n a t u r e  of  t h e  ' m e t a p h y s e a l '  b a n d  of  
s t a i n a b l e  m a t r i x  f o r m e d  a f t e r  h o r m o n e  t r e a t m e n t  is, 
however ,  u n k n o w n .  T h e  p r e s e n t  s t u d y  was,  the re fore ,  
u n d e r t a k e n  to  i n v e s t i g a t e  t h e  or ig in  of t h i s  t i s sue  in  t h e  
newt ,  T. viridescens, e m p l o y i n g  h i s t o c h e m i c a l  t e chn iques .  

Materials and methods. T h e  m a j o r i t y  of a n i m a l s  u sed  
in  t he se  s tud ies  were  T. viridescens viridescens, b u t  in  a 
few cases,  t h e  closely r e l a t ed  T. viridescens dorsalis were  
employed .  All  e x p e r i m e n t s  were  done  w i t h  s u m m e r  ani -  
ma l s  w h i c h  were  w a r m - a c c l i m a t e d  in t h e  l a b o r a t o r y  a t  
18-22°C for  1 week  before  use, in  o rder  to  e l i m i n a t e  
seasona l  a n d  t e m p e r a t u r e  mod i f i ca t ions  of t h e  response  
to  p a r a t h o r m o n e .  N e w t s  were m a i n t a i n e d  in i n d i v i d u a l  
c o n t a i n e r s  a n d  e n v i r o n m e n t a l  w a t e r  was  c h a n g e d  da i ly ;  
calf  l ive r  was  force fed once  weekly.  To avo id  u n f a v o r a b l e  
changes  due  to  cond i t i ons  of cap t iv i t y ,  no  a n i m a l s  were  
used  b e y o n d  1 m o n t h  a f t e r  a r r i v a l  in  t h e  l a b o r a t o r y .  

T h e  104 T. viridescens v. used in  t h i s  s t u d y  we ighed  
1.0-4.5 g, a n d  t h e y  were  r a n d o m l y  p l aced  i n t o  c o n t r o l  
a n d  p a r a t h y r o i d  e x t r a c t - t r e a t e d  groups .  

T h e  e x p e r i m e n t a l  a n i m a l s  were  i n j ec t ed  i.p. w i t h  
p a r a t h y r o i d  e x t r a c t  (PTE)  once  da i ly  for  7 days .  N e w t s  
we igh ing  o v e r  3 . 0 g  rece ived  1 5 U ;  those  w i t h  b o d y  

Fig. 1. Micrographs of appendages from control (la) and PTE- 
treated newts (lb). Note the increased staining density and doubling 
of the carpal cartilages (c) in the PTE-treated animal. 
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