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t ions .  I n  t he  n o r m a l  a n d  s h a m - s t i m u l a t e d  fish, the  peri-  
k a r y a  of t he  neu rons  are deeply  s t a ined  b y  A F  because  
of t he  a c c u m u l a t e d  neu rosec re to ry  m a t e r i a l  (Figure  1). 

S t i m u l a t i o n  of t he  o l fac to ry  t r a c t  for  30 sec has  caused 
incomple t e  d e g r a n u l a t i o n  in t he  p e r i k a r y a  of t he  neu rons  
of t he  nuc leus  preopt icus .  60 sec a f t e r  s t i m u l a t i o n  a large 
n u m b e r  of vacuoles  are fo rmed  in t he  p e r i k a r y a  due to  
acu te  deg ranu la t ion .  Some of t he  neu rosec re to ry  cells 
h a v e  become  comple te ly  d e g r a n u l a t e d  a n d  on ly  v e r y  
l i t t l e  a m o u n t  of neu rosec re to ry  m a t e r i a l  is p re sen t  a long  
t he  nuc lea r  m a r g i n  (Figure 2). Most  of t h e  n e u r o n a l  cell 
bodies  are e i the r  A F - n e g a t i v e  or weak ly - s t a ined  because  
of dep le t ion  of t h e  neu rosec re to ry  mate r ia l .  E lec t r i ca l  
s t i m u l a t i o n  appear s  to  h a v e  caused  a h igher  degree of 
dep le t ion  of t h e  n 'eurosecre tory  m a t e r i a l  f rom t he  n e u r o n a l  
cells of t he  pars  magnoce l lu la r i s  t h a n  f rom those  of t he  
pars  parvocel lu lar is .  T he  axons  in t h e  v i c in i ty  of t he  
nuc leus  p reop t icus  c o n t a i n  a large n u m b e r ' o f  neuroseere-  
t o r y  drople t s  t h a t  a p p e a r  to  h a v e  been  d i scharged  f rom 
the  n e u r o n a l  ceils (Figure 2). 

Af te r  s t i m u l a t i o n  for 2 rain,  a lmos t  t he  en t i re  neuro-  
secre tory  m a t e r i a l  seems to  h a v e  been  d i scha rged  f rom 
the  n e u r o n a l  ceils. Most  of t he  p e r i k a r y a  h a v e  a t t a i n e d  
A F - n e g a t i v e  n a t u r e  due  to wh ich  i t  becomes  di f f icul t  to  
locate  t h e  b o u n d a r y  of t he  neu rons  in s t a ined  sections.  
However ,  t r aces  of neurosec re to ry  m a t e r i a l  m a y  exis t  
a long t h e  nuc lea r  m a r g i n  of a few neurosec re to ry  cells 
(Figure 3). A 2-min  s t i m u l a t i o n  led to  dep le t ion  of t he  
neu rosec re to ry  m a t e r i a l  even  f rom m o s t  of t he  neu rons  
of t he  pars  parvocel lu lar is .  The  axons  also lose t h e i r  
iden t i ty ,  s ince t he  neurosec re to ry  m a t e r i a l  wh ich  was 
p re sen t  in  t h e m  a f t e r  60 sec s t i m u l a t i o n  appea r s  to  h a v e  
been  t r a n s p o r t e d  f u r t h e r  away  f rom t he  v i c in i ty  of t he  
nuc leus  p reop t i cus  (Figure 3). 

The  response  of t he  nuc leus  p reop t i cus  to  electr ical  
s t i m u l a t i o n  of o l fac to ry  t r a c t  in  H. ]ossilis has  resu l ted  
i n  dep le t ion  of t he  neu rosec re to ry  m a t e r i a l  as r epo r t ed  
for t he  goldfish b y  JASlNSKY et  al. ~~ 60 sec s t i m u l a t i o n  
evoked compIete  dep le t ion  in t he  goldfish ~~ while  in 
H. fossilis i t  r equ i red  a 2-rain t r e a t m e n t ,  a l t h o u g h  t he  
charac te r i s t i c s  of t he  s t imul i  are t he  same.  This  m a y  be  
because  of h igher  capac i t y  of to l e rance  of t he  ca t f i sh  to 
e lectr ical  s t imu la t i on .  The  difference in respons iveness  of 
t he  neu rons  of t he  pars  magnoce l lu la r i s  and  pars  pa rvo -  
cellularis  to  s t i m u l a t i o n  of t he  o l fac tory  t r a c t  is suggest ive  
of t he i r  f unc t iona l  di f ference 11 

Rdsumd. Chez le Heteropneustes [ossilis n o r m a l  le p@ri- 
k a r y o n  des neu rons  du  n o y a u  p r6op t ique  m o n t r e n t  une  
g rande  a c c u m u l a t i o n  de s u b s t a n c e  neuros6cr@taire AF-  
posi t ive.  S t i m u l a t i o n  @lectrique du  neff  o l fac teur  pen-  
d a n t  une  m i n u t e  m e n a i t  ~ une  d 6 g r a n u l a t i o n  incomple te ,  
t a n d i s  q u ' u n  t r a i t e m e n t  de dux  m i n u t e s  p r o d n i s a i t  u n  
@puisement p resque  comple t  de la s u b s t a n c e  neuros@cr6- 
toire.  Les neu rons  de la po r t i on  magnoce l lu la i re  du  
n o y a u  p r6op t ique  p a r a i s s e n t  r6pondre  plus  r a p i d e m e n t  
que  ceux  de la po r t i on  parvocel lu la i re .  
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Calcitonin Stimulation of Pyrophosphatase  Activity in Rat Bone 

Calc i tonin  exer ts  i ts  hypoca l cem i c  effect  t h r o u g h  an  
ac t ion  on  b o n e 1  However ,  t he  exac t  m e c h a n i s m  of such  
ali ac t ion  is no t  ful ly unde r s tood .  

In  v iew of t h e  fac t  t h a t  inorganic  p y r o p h o s p h a t e  p l a y s  
a key  role in  t he  r egu la t ion  of bone  f o r m a t i o n  and  resorp-  
t ion,  as has  been  proposed  b y  FLEISC~ et  al. 2, ~, one pos- 
s ib i l i ty  is t h a t  ca lc i ton in  exer ts  i ts  effect  t h r o u g h  t h e  
a l t e r a t i on  of inorganic  p y r o p h o s p h a t a s e ,  an  e n z y m e  wh ich  
degrades  p y r o p h o s p h a t e .  

TENENHOUSt~ and  ~ASMUSSI~N 4 h a v e  r ecen t ly  shown  
t h a t  ca lc i ton in  s t imu la t e s  inorganic  p y r o p h o s p h a t a s e  
ac t i v i t y  of t he  E h r l i c h  asci tes  t u m o r  cells i n c u b a t e d  in 
vi t ro .  

W e  h a v e  the re fore  d e t e r m i n e d  the  inorganic  pyrophos -  
p h a t a s e  a c t i v i t y  of t he  r a t  bone  a f te r  t he  a d m i n i s t r a t i o n  
of porc ine  calci tonin.  Fema le  W i s t a r  r a t s  of 50 g b o d y  wt.  
fas ted  o v e r n i g h t  were g iven  s.c. i n j ec t ion  of 200 m U  of 
porc ine  ca lc i ton in  (Armour  pha rmaceu t i ca l .  Co. 8MRC 
m U / m g )  dissolved in 16~ gelat in.  Lef t  t i b i ae  were 
dissected out,  f reed f rom adhe r r i ng  soft  t issues,  a n d  
b lood samples  were o b t a i n e d  f rom t he  cervical  ve in  
before,  15, 30 and  60 m i n  a f te r  in ject ion.  I n  a n o t h e r  
e x p e r i m e n t  in wh ich  graded  doses of porc ine  ca lc i ton in  
was g iven  s.c. to  t h y r o p a r a t h y r o i d e c t o m i z e d  rats ,  t i b i ae  
and  blood samples  were o b t a i n e d  3 h a f te r  t he  in ject ion.  
T h y r o p a r a t h y r o i d e c t o m y  was pe r fo rmed  1 day  before  t he  
expe r imen t .  Se rum calcium_ was d e t e r m i n e d  by  the  colori- 
me t r i c  a u t o a n a l y z e r  m e t h o d  of GITELMAN 5, a n d  inorganic  
p y r o p h o s p h a t a s e  ac t i v i t y  of t he  t i b i a  was  e s t i m a t e d  b y  
a h igh ly  sens i t ive  assay  m e t h o d  us ing  ~2P-labeled thor-  

ganic  p y r o p h o s p h a t e  6. Af te r  r e m o v i n g  the  bone  marrow,  
1% h o m o g e n a t e  of t h e  t i b i a  was p r e p a r e d  b y  homo-  
genizing frozen t i b i a  in  ice-cold 0.25 M sucrose w i t h  bone  
c rusher  and  W a r i n g  b lender .  The  h o m o g e n a t e  was t h e n  
mixed  w i t h  0.1% T r i t o n  X-100, cen t r i fuged  a t  3000g 
3 ra in  and  t he  s u p e r n a t a n t  was  used for t he  assay  of pyro-  
p h o s p h a t a s e  a c t i v i t y  and  for the  d e t e r m i n a t i o n  of p ro te in  
c o n t e n t  b y  LowRY's  methodT.  

P y r o p h o s p h a t a s e  a c t i v i t y  was e s t i m a t e d  f rom 82Pi 
re leased f rom ~ P P i  in 0 .033M p H  7.5 ve rona l  buf fe r  or 
0 . 0 5 M  p H  2.5 glycine HC1 buffer  w i t h  10-52VI Na,P207 
and  1 0 - 5 M  MgC12 du r ing  30 m i n  i n c u b a t i o n  per iod  a t  
37 ~ R e a c t i o n  was s topped  b y  t he  add i t i on  of 10% tr i-  
ch loroace t ic  acid and  t he  a l iquo t  was  t a k e n  and  mixed  
w i t h  1 M  ace t a t e  buf fe r  (pH 5.0) and  O,1M PPi .  0 . 1 M  
MnC12 was t h e n  added,  s h a k e n  and  cent r i fuged,  t hus  
p rec ip i t a t i ng  t he  r e m a i n i n g  32PPi, Af ter  t h e  cent r i fuga-  
t ion,  t he  re leased ~2Pi was  coun t ed  b y  the  l iquid scint i l la-  
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Fig. 1. pH profile. The reaction mixtures containing 48 ~xg protein 
of bone bomogenate in buffer solutions of various pH were incubated 
at 37~ for 30 min. The enzyme activity is expressed as Cpm of 
released a2Pi. 
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Fig. 2. A significant rapid increase in alkaline pyrophosphatase acti- 
vity of rat bone after 200 mU of calcitonin. Note that change in 
pyrophosphatase activity occurs prior to the change in serum cal- 
cium. Each point represents the mean of 5 samples. 
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Fig. 3. Dose related increase ill alkaline pyrophosphatase activity of 
the bone of thyroparathyroideetomized rat after ealcitonin. 

t i on  coun t e r  and  inorgan ic  p y r o p h o s p h a t a s e  a c t i v i t y  was 
expressed  as r a d i o a c t i v i t y  of 8"2Pi pe r  ~zg of bone  pro te in .  

As shown  in F igure  1, r a t  t i b i a  con ta ins  two inorganic  
py rophospha t a se s ,  n a m e l y  acid a n d  alkal ine,  wh ich  pos- 
sess t he  o p t i m u m  p H  a t  2.5 a n d  7.5 respect ively .  

Fol lowing t h e  a d m i n i s t r a t i o n  of porc ine  calci tonin,  a 
s ign i f ican t  and  rap id  increase  in t he  a lka l ine  py rophos -  
p h a t a s e  a c t i v i t y  of t he  t i b i a  was n o t e d  (Figure 2), Since 
th i s  increase  in t he  e n z y m e  a c t i v i t y  is ev iden t  15 ra in  
a f te r  ca lc i ton in  in ject ion,  p reced ing  t he  d e v e l o p m e n t  of 
s ignif ical i t  hypoca lcemia ,  i t  m a y  be  t h a t  th i s  a l t e r a t i o n  
of a lka l ine  p y r o p h o s p h a t a s e  a c t i v i t y  is d i rec t ly  i nvo lved  
in t he  m e c h a n i s m  of ac t ion  of calc i tonin .  Calc i tonin  also 
s t i m u l a t e d  a lka l ine  p y r o p h o s p h a t a s e  a c t i v i t y  of t he  t i b i a  
in  t h y r o p a r a t h y r o i d e c t o m i z e d  rats ,  as shown  in F igure  3. 
The  a lka l ine  p y r o p h o s p h a t a s e  a c t i v i t y  in  t he  t i b i a  of 
t h y r o p a f a t h y r o i d e c t o m i z e d  r a t  was  s ign i f i can t ly  lower 
t h a n  t h a t  of the  i n t a c t  ra t .  Acid p y r o p h o s p h a t a s e  ac t iv i ty ,  
however ,  was no t  s ign i f i can t ly  changed  a f te r  ca lc i ton in  
b o t h  in i n t a c t  and  t h y r o p a r a t h y r o i d e c t o m i z e d  rat .  

P a r t i c u l a r l y  in t e re s t ing  is t he  r ecen t  sugges t ion  b y  
FLEISCH et  a l ) ,  ~ t h a t  inorganic  p y r o p h o s p h a t e  is a phys -  
iological i n h i b i t o r  of ca lc i f ica t ion a n d  a physio logica l  
r egu la to r  of ca lc ium homeos ta s i s  t h r o u g h  i ts  effect  on 
bone  f o r m a t i o n  and  resorpt ion .  

If  inorgan ic  p y r o p h o s p h a t e  is i nvo lved  in such  a sys tem,  
i ts r e m o v a l  b y  p y r o p h o s p h a t a s e  would  fac i l i t a te  bone  
minera l i za t ion .  A t  least,  p a r t  of t h i s  r e m o v a l  m a y  be 
b r o u g h t  a b o u t  b y  the  a lka l ine  p h o s p h a t a s e  of the  bone,  
since a lka l ine  p h o s p h a t a s e  of bone  is r epo r t ed  to possess 
p y r o p h o s p h a t a s e  a c t i v i t y  s, 9. 

A l t h o u g h  i t  has  been  es t ab l i shed  t h a t  ca lc i ton in  inh ib i t s  
bone  resorpt ion ,  t he re  is sti l l  some ev idence  which  sug- 
gests  t h a t  ca lc i ton in  also s t imu la t e s  bone  format ion1~ 1~. 
Since ca lc i ton in  s t imu la t e s  a lka l ine  p y r o p h o s p h a t a s e  
a c t i v i t y  of t he  bone,  i t  is possible  t h a t  ca lc i ton in  s t imu la t e s  
bone  i o r m a t i o n  t h r o u g h  t he  r e m o v a l  of inorganic  pyro-  
phospha t e .  

Zusammen/assung. Calc i ton in  als neues  ka lz ium-  u n d  
p h o s p h o r - s e n k e n d e s  H o r m o n  wurde  auI  seine Wir -  
kung  auf  die inorgan i sche  P y r o p h o s p h a t a s e a k t i v i t ~ t t  yon  
K n o c h e n  un t e r such t .  E ine  S te ige rnng  der  a lka l i nen  Pyro-  
p h o s p h a t a s e a k t i v i t g t  wurde  vo r  der  s t a rken  S e n k u n g  des 
Serum-IZalz iums  beobach t e t .  
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T h e  R e a c t i o n s  of I n t e g u m e n t a r y  M e l a n o p h o r e s  to  B a c k g r o u n d  C h a n g e s  in I n t a c t  and  H y p o p h y s e c -  
t o m i z e d  Ictalurus melas  ( R a f i n e s q u e )  

I n  t he  f r e sh -wa te r  ca t f i sh  Ictalurus melas, t h e  c h r o m a t o -  
phores  are all melanophores ,  even ly  d i s t r i bu t ed  in t h e  
i n t e g u m e n t  a n d  no t  f o r m i ng  a n y  p a t t e r n .  T h e y  occur  in 
3 layers,  name ly ,  in t he  ep idermis  a n d  in t he  uppe r  and  
lower regions of t h e  dermis.  T he  ep ide rma l  m e l a n o p h o r e s  
are the  smal les t  a n d  t he  lower d e r m a l  ones  are  t he  largest .  

Material and method. Spec imens  of I. melas were sub-  
j ec ted  to  t he  fol lowing e x p e r i m e n t a l  cond i t ions :  1. On 
i l l umina t ed  b l ack  and  wh i t e  b a c k g r o u n d s  un t i l  full  a d a p t a -  
t ion  was r eached  followed b y  b l ack /wh i t e  b a c k g r o u n d  
reversa l ;  on i l l u m i n a t e d  grey b a c k g r o u n d s  of k n o w n  
ref lec t ions ;  in  darkness .  2. B l inded  spec imens  i l l umina t ed  


