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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.  

R.  DEHAN z6 a n d  P. P.  C. GRAZIADEI 

Department o/Biological Sciences, 
Florida State University, Tallahassee (Florida 32306, USA ), 
21 August 1970. 

15 Acknowledgment. The authors thank Mr. R. PARKER for technical 
help in the use of the SEM. Figure 1 was drawn by Mr. A. G. FA- 
BRONI, Figures 4 and 5 by Dr. R. PIRRANTONL This research was 
supported in part by Florida State University and the following 
grants: USPHS No. NB-08943-01A1 and USPHS No. NB-7468; 
USPHS No. MH-11218 and NSF No. GU-2612. 

le This work represents a portion of a thesis submitted by R. DEHAN 
in partial fulfillment for the degree of doctor of philosophy. 

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. 

t This work was performed under the auspices of the U.S. Atomic 
Energy Commission and supported in part by a grant-in-aid to 
D. J. MCWmNNIE from the Fund of the Brown-Hazen Research 
Corporation, Minneapolis, Minnesota. 

2 D. J. McWHINNIE and J. R. CORTELYOU, Am. Zool. 7, 857 (1967). 
3 H.G. SCHLUMBERGER and D. H. ]3URK, Arch. Path. 56, 103 (1958). 
* J. T. IRVinG and C. M. SOLMS, S. Mr. J. reed. Sci. 20, 32 (1955). 
5 L. F. BI~LANGER and P. DROUIN, Can. J. Physiol. Pharmac. 44, 

919 (1966). 
6 K. YOSmDA and R. V. TALMAGE, Gen. comp. Endocrin. 2, 551 

(1962). 



15. 7. 1971 Specialia 827 

Fig. 2. Photomicrograph of the epiphysis of the metatarsal from 
a normal untreated newt. PAS and Alcian blue. x 111. 

weights  less t h a n  3.0 g received 10 U. W i t h i n  2 rain af ter  
inject ion,  je rk ing  m o v e m e n t s  were observed  in l imbs,  
tail ,  and  jaws. These  uncoord ina t ed  responses,  which  
subs ided  wi th in  2 h, m a y  be re la ted  to  a t r ans i en t  hypo-  
ca lcemia  owing to  t he  in jec ted  p ro te in  load r a t h e r  t h a n  
r ep resen t ing  a physiological  response  to  vo lume  pressure ;  
con t ro l  newts  in jec ted  wi th  an  equa l  vo lume  of a m p h i b i a n  
R inge r ' s  so lu t ion  fai led to  show such m o v e m e n t s .  Groups  
of 2-6 n e w t s  f rom b o t h  the  cont ro l  and  P T E - t r e a t e d  
series were  sacr i f iced at  1, 2, 4, 8, 14 and  21 days  by  
e the r  anaes thes ia .  Cumula t ive  doses of P T E  admin i s t e red  
to  each  newt ,  then ,  r anged  f rom 10-20 to  105-140 U. 
At  au topsy ,  t he  h i n d l i m b s  were  r emo v ed  and  f ixed in 
10% neu t ra l  formal in .  The t issues were  decalcif ied in 
10% e t h y l e n e d i a m i n e t e t r a a c e t i c  acid (EDTA,  p H  7.4), 
e m b e d d e d  in pa ra f f in  and  sec t ioned a t  5 ~tm along the  
long axis  of t he  me ta t a r s a l s  and  phalanges .  Some sect ions  
were s ta ined  wi th  h e m a t o x y l i n  and  eosin and  P A S  4- 
Alcian blue. 

Results.  Control newts. The no rma l  appea rance  of t he  
car t i lag inous  ep iphysea l  caps  in t he  foot  bones  f rom 
cont ro l  newts  is shown in Figure  2. The cells are r o u n d ed  
and  d ispersed  in 2 ma jo r  zones of the  ma t r i x  which  are 
d i s t ingu i shed  on the  basis  of the i r  s ta in ing  character is t ics .  
The more  basophi l ic  region ad j acen t  to  t he  d iaphys i s  
houses  t he  more  m a t u r e  h y p e r t r o p h i c  chondrocy t e s  and  
is p r e s u m a b l y  t h a t  region which  is calcified. The  dia- 
physea l  surfaces  of t he  car t i lage  are  general ly  smooth ,  
save for a few con t iguous  t r abecu lae  fo rmed  by  endo-  
chondra l  ossif icat ion,  and  in some ins tances  the i r  dia- 
physea l  surfaces were over la in  by  a t h in  veneer  of lamel lar  
bone.  Few cells l ined the  endos tea l  surfaces  of the  shaf t ,  

Fig. 3. Photomicrograph of the distal end of a tibiobibula from a 
newt sacrificed 14 days after PTE treatment (7 injections at 24 h 
intervals) showing large numbers of resorptive mnltinucleated 
chondroclasts (arrows) resorbing the cartilage. PAS and Alcian 
blue. x i i1.  

Fig. 4. Photomicrograph of the proximal cartilage in the metatarsal 
of a newt sacrificed 14 days after PTE treatment (7 injections at 
24 h intervals). Note the presence of a resorptive cavity within the 
cartilage showing a large multinucleated chondroclast (arrow). PAS 
and Alcian blue. x 111. 
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a n d  the se  could  n o t  be  iden t i f i ed  as  h i s t o t y p i c a l  osteo-  
b l a s t s  or  os teoclas ts .  Th i s  p a t t e r n  was  t y p i c a l  of femoral ,  
t ib io f ibu la r ,  m e t a t a r s a l ,  a n d  p h a l a n g e a l  car t i lages .  

PTE-treated newts. Af te r  l Y r E - t r e a t m e n t ,  t h e r e  was  a 
m a r k e d  increase  in  t h e  n u m b e r s  of os teoc las t s  t h r o u g h o u t  
t h e  ske le tons  of t h e  newts .  Y e t  t h e  p a t t e r n  a n d  t i m i n g  
of r e s o r p t i o n  in  t h e  d i f f e ren t  bone  was  v a r i a b l e  a n d  
r e s t r i c t ed  a l m o s t  e n t i r e l y  to  t h e  c a r t i l a g i n o u s  ends.  The  
ear l ies t  changes  were  obse rved  in  t he  carpa ls .  Ser ia l  
sec t ions  r evea l ed  n u m e r o u s  foci of r e s o r p t i o n  a f t e r  24 to  
48 h, b u t  h i s t o t y p i c a l  m u l t i n u c l e a t e d  os teoc las t s  were  
n o t  i n v a r i a b l y  p r e s e n t  w i t h i n  t h e  spaces.  Changes  in t h e  
long  b o n e s  of t h e  foot  were  f i r s t  e v i d e n t  a t  14 days .  
R e s o r p t i v e  cells e roded  t h e  ca r t i l ages  cen t r i fuga l ly ,  
l e av ing  a n a r r o w  zone of t i s sue  a d h e r i n g  to  t h e  e n d o s t e u m  
as t h e  bones  grew in  l e n g t h  (F igure  3). I n  t h e  m e t a t a r s a l s  
a n d  pha langes ,  however ,  c h o n d r o c l a s t s  f r e q u e n t l y  dis- 
sec ted  a w a y  a p a r t  of t h e  calci f ied zone of car t i lage ,  a n d  
t h e  spaces  were  f i l led w i t h  loose c o n n e c t i v e  t i ssue  
(Figure  4). I n  t h e  bones  m o s t  seve re ly  affected,  t h e  
ep iphys i s  was  e f fec t ive ly  a m p u t a t e d .  F i b r o t i c  changes  
in  t h e  m a r r o w  were  n e v e r  o b s e r v e d  d u r i n g  P T E  t r e a t -  
m e n t ,  a n d  t h e y  were  r a r e  e v e n  a f t e r  14--21 days .  A t  no  
t i m e  d id  P T E  induce  cor t ica l  b o n e  remodel l ing .  

Discussion. T h e  resu l t s  of t h i s  s t u d y  a p p e a r  to  exp la in  
t h e  cur ious  s t a i n i n g  p rope r t i e s  w i t h  m e t h y l e n e  b lue  
o b s e r v e d  in  c leared  whole  m o u n t s  of b o n e  f r o m  P T E -  
t r e a t e d  a n u r a n s  a n d  urode les  desc r ibed  b y  one  of us  2. 
T h e y  are  al l  consequences  of h o r m o n e - i n d u c e d  r e s o r p t i v e  
ac t i v i t y .  W h i l e  t h i s  process  in  t h e  t i b i o f i bu l a  p r i m a r i l y  
t h i n s  t h e  car t i lages ,  i t  leaves  a shel l  of m a t r i x  l a t e r a l l y  
a t  t h e  e p i p h y s e a l - d i a p h y s e a l  j unc t i on ,  a n d  u n d e r  con-  
d i t i ons  of o p t i m u m  ca r t i l age  g rowth ,  gross spec imens  
s t a i ned  for  ca r t i l age  would  a p p e a r  to  h a v e  t h i c k e r  
ep iphyses  t h a n  no rma l .  T h e  pecu l i a r  m o d e  of i n t r a -  
c a r t i l ag inous  m a t r i x  r e s o r p t i o n  m e d i a t e d  b y  chondro -  
c las t s  a n d  s u b s e q u e n t  c o n n e c t i v e  t i s sue  f o r m a t i o n  in  t h e  
ep iphyses  of t h e  m e t a t a r s a l s  a n d  p h a l a n g e s  could  p r oduce  

doub le  b a n d s  of s t a i n a b l e  ma t r i x .  All  of t he se  f i nd ings  
a re  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  of inc reased  n u m b e r s  
of r e so rp t ive  cells in  a m p h i b i a n  b o n e  fo l lowing t h e  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 t4 ,  5. A l t h o u g h  r e s o r p t i v e  
os teoc las t s  were  a p p a r e n t  w i t h i n  48 h a f t e r  i n i t i a t i n g  
lYrE  t h e r a p y ,  t h e i r  or ig in  is in  ques t ion .  I n  pa ra l l e l  
s tud ies  w i t h  a pulse  l abe l  of SHTdr  ( u n p u b l i s h e d  obse rva -  
t ions) ,  l abe l ing  of m a r r o w  e l e m e n t s  d id  n o t  occur  u n t i l  
t h e  3rd d a y  a f t e r  in jec t ion ,  a n d  os teoc las t s  were  n o t  
l abe led  u n t i l  t h e  7 th  d a y  7. 

Rdsumd. L ' e x t r a i t  p a r a t h y r o i d i e n  a a u g m e n t 6  le 
n o m b r e  des  os t6oclas tes  d a n s  t o u s l e s  os des  j a m b e s  des  
s a l a m a n d r e s  Triturus sp. C e p e n d a n t ,  d a n s  ces 616ments, 
les mod61es r6sorp t i f s  e t  le m o m e n t  de  leur  a p p a r i t i o n  
son t  va r iab les .  Ces mod61es de r6so rp t ion  e x p l i q u e n t  l eur  
a p p a r i t i o n  c h a r a c t 6 r i s t i q u e  d a n s  les p r 6 p a r a t i o n s  t e in t6es  
g r adue l l emen t ,  en  pa r t i cu l i e r  lors  du  r e d o u b l e m e n t  des  
ca r t i l ages  t e r m i n a u x  des pha langes .  
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Kynurenine Localization in the Egg of Drosophila melanogaster 
Stud ies  on  t h e  gene t ics  of eye  color  in  Drosophila h a v e  

d e m o n s t r a t e d  t h a t  t h e  p a t h w a y  of x a n t h o m m a t i n  
s y n t h e s i s  invo lves  t r y p t o p h a n ,  k y n u r e n i n e  a n d  h y d r o x y -  
k y n u r e n i n e  (see 1 for a review).  T h e  m u t a t i o n  v e r m i l i o n  
is k n o w n  to  b l o c k  t h e  f o r m a t i o n  of k y n u r e n i n e  f rom 
t r y p t o p h a n  v i a  f o r m y l k y n u r e n i n e  a n d  t h e  m u t a n t  c in-  
n a b a r  t h e  f o r m a t i o n  of h y d r o x y k y n u r e n i n e  f rom k y n u r e -  
n ine  1. These  two  m u t a n t s  t he re fo re  c an  p r o v i d e  conve -  
n i e n t  tools  for  t h e  s t u d y  of k y n u r e n i n e  m e t a b o l i s m  d u r i n g  
t h e  l ife cycle a n d  in d i f f e ren t  o rgans  of t h e  f ru i t  f ly.  
T h e  a c c u m u l a t i o n  of k y n u r e n i n e  in  t h e  l a r v a l  f a t  b o d y  
of Drosophila 2-5 a n d  i ts  p resence  in  t h e  M a l p i g h i a n  
t u b u l e s  h a s  b e e n  c lear ly  d o c u m e n t e d  e-L E a r l i e r  r epo r t s  
on  t h e  p resence  of k y n u r e n i n e  in  t h e  o v a r y  1° a n d  eggs 
of Drosophila n sugges ted  t h a t  a s t u d y  of t he  ovar ies  
c o m b i n i n g  c h r o m a t o g r a p h y  a n d  f luorescence  mic roscopy  
shou ld  r evea l  t h e  loca t ion  of k y n u r e n i n e  in  t h e  deve lop ing  
a n d  m a t u r e  egg. Th i s  s t u d y  p r o v i d e s  such  a d e m o n s -  
t r a t i o n .  

Materials and methods. D e s c e n d i n g  p a p e r  c h r o m a t o -  
g r a m s  of ovar ies  were  p r e p a r e d  b y  s q u a s h i n g  t h e  ovar ies  
f rom a 2-day-old  f ly  o n  W h a t m a n  No. 1 f i l te r  paper .  
S o l v e n t  sy s t ems  used  cons i s ted  of n - b u t a n o l : a c e t i c  ac id :  
w a t e r  (20: 3: 7) or  n - p r o p a n o l  : 1% a m m o n i a  (2 : 1). 

F o r  s tud ies  w i t h  t h e  f luorescence  mic roscope  ovar ies  
were  p r e p a r e d  in  one  of two  ways  : 1. T h e y  were d i ssec ted  
o u t  of 2-day-old  flies in  Drosophila R i n g e r ' s  so lu t ion  a n d  
s m e a r e d  on  a s l ide w i t h  a d rop  of f lu id  so t h a t  i n d i v i d u a l  
ovar io les  a n d  eggs could  be  v iewed.  P r e p a r a t i o n s  were  
t h e n  a i r  d r ied  a n d  v iewed  u n c o v e r e d  or  m o u n t e d  in Zeiss 
m o u n t i n g  m e d i u m  (L25 - n n  ~ 1.525) or  p a r a f f i n  oil. 
2. Some  ovar ies  were  d i ssec ted  o u t  a n d  t h e  egg c h a m b e r s  
s e p a r a t e d  in  p a r a f f i n  oil  on  a slide.  
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