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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  
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Table I. Mean melanophore responses of Ictalurus melas during transition from white to black background adaptation 

Time Mean d MI of 15 intact fishes Mean d MI of 15 hypophysectomized fishes 
interval Epidermal Upper dermal Lower dermal Epidermal Upper dermal Lower dermal 

Onfin 1.10 (4-0.14) 1.26 (4-0.29) 1.50 (4-0.28) 1.00 (4-0.00) 1.25 (4.0.31) 1.74 (4-0.30) 
15 rain 2.74 (4-0.50) 2.81 (+0,39) 3.15 (4-0.29) 
30rain 3.31 (4-0.43) 3.40 (-t-0.42) 3.61 (4-0.31) 1.90 (4-0.50) 2.38 (4.0.51) 3.24 (4-0.47) 

l h  3.70 (~20.40) 3.83 (4-0.38) 4.10 (4-0.26) 2.05 (4-0.56) 2.57 (4-0.46) 3.40 (4-0.44) 
lt/2h 4.00 (• 4.16 (4-0.38) 4.28 (4-0.29) 2.15 (4-0.57) 2.65 (4-0.12) 3.52 (• 
2h 4.20 (4-0.28) 4.30 (4-0.36) 4.40 (4-0.29) 2.28 (4.0.64) 2.80 (4-0.44) 3.55 (4-0.38) 
35 4.40 (4-0.39) 4.50 (-4-0.33) 4.60 (4-0.29) 2.31 (4-0.61) 2.87 (4-0.45) 3.58 (4-0.36) 
4 h 4.54 (•  0.32) 4.62 (4- 0.29) 4.74 (4- 0.29) 2.40 (4- 0.56) 2.90 (4- 0.20) 3.63 (4- 0.33) 
6h 4.77 (• 4.88 (4-0.13) 4.94 (4.0.13) 2.40 (4-0.52) 2.90 (4-0.26) 3.63 (4.0.31) 

24h 5.00 5.00 5.00 2.42 (• 2.90 (4-0.40) 3.63 (-t-0.40) 

Temperature 20 4- I'~ Overhead illumination 40 W, 75 cm. 

Table II. Mean melanophore responses during transition from black to white background adaptation 

Time Mean ~ MI of 15 intact fishes Mean d MI of 15 hypophysectomized fishes 
interval Epidermal Upper dermal Lower dermal Epidermal Upper dermal Lower dermal 

15rain 3.14 (4-0.45) 3.50 (4-0.30) 3.70 (4-0.27) 
30rain 2.82 (:LO.40) 3.10 (~0.40) 3.20 (• 1.32 (4-0,27) 2.15 (• 2.62 (• 

l h 2.36 (4-0.43) 2.33 (4-0.34) 2.62 (4-0.33) 1.25 (4-0.24) 1.95 (i0.49) 2.48 (4-0.42) 
ll/2h 1.96 (4-0.35) 2.14 (4-0.40) 2.40 (4-0.40) 1.15 (4-0.25) 1.73 (4-0.29) 2.31 (4-0.38) 
2h 1.60 (• 1.80 (4-0.35) 2.12 (• 1.10 (4-0.25) 1.65 (i0.40) 2.20 (4-0.36) 
3h 1.30 (4-0.27) 1.57 (4-0.30) 1.83 (4-0.30) 1.00 (4-0.20) 1.56 (4-0.37) 2.10 (4-0.34) 
4h 1.24 (4-0.30) 1.46 (4-0.29) 1.70 (4-0.21) 1.00 (4-0.20) 1.50 (4-0.35) 2.02 (4-0.37) 
6h 1.10 (4-0.10) 1.32 (4-0.20) 1.57 (4-0.21) 1.00 (4-0.20) 1.47 (4-0.40) 1.95 (4-0.26) 

24h 1.10 (4-0.19) 1.20 (4-0.22) 1.40 (4-0.28) 1.00 1.40 (4-0.31) 1.84 (4-0.35) 

and in darkness.  3. H y p o p h y s e c t o m i z e d  specimens t rans-  
ferred to  the  same condi t ions  as the  unope ra t ed  animals  
in (1). 4. In jec t ion  of p i tu i t a ry  ext rac ts .  

Results. 1. Responses o[ normal intact fish. Black and  
whi te  a d a p t a t i o n  and background  reversal :  In  a black- 
adap t ed  fish the  melanophores  are in a fully dispersed 
condi t ion.  The epidermal  melanophores  show a marked  
difference in the i r  p a t t e r n  of dispers ion f rom the  rest  of 
t he  melanophores  in t h a t  t hey  send out  t h in  and s lender  
b ranches  in all 3 dimensions,  the  b ranches  of t he  neigh- 
bouring melanophores  over lapping  to give the  appearance  
of a cont inuous  lace-work. The upper  and  the  lower 
dermal  melanophores ,  on the  o ther  hand,  give out  qui te  
th ick  branches  a t  one level only. Complete  adap t a t i on  
in b o t h  direct ions to b lack /whi te  i l luminated  backgrounds  
(melanophore  index  (MI)1 5.00 and 1.00) in all tayers is 
accompl ished in 6-8 h. The p igmen t  m o v e m e n t s  are ve ry  
rapid  for abou t  the  first  30 min.  Thereaf te r  t hey  become 
much  slower. Moreover,  the  melanophores  of d i f ferent  
layers reac t  d i f ferent ia l ly  to  background  changes,  t he  
ra te  of p igm en t  dispersion being slower and the  ra te  of 
aggregat ion fas ter  in the  ep idermal  melanophores  t h a n  
those  of the  dermis.  

A d a p t a t i o n  to  greys : The different ia l  responses  are also 
observed on equi l ibra t ion to  d i f fe rent  shades  of grey 
(derived Ostwald  I n d e x  ~ 2, 4 and  6 hav ing  per  cent  
ref lect ion 28, 11 and 4.5 respectively) ,  t he  ep idermal  
melanophores  hav ing  the  mos t  aggregated  p igmen t  and  
the  lower dermal  ones the  least  aggregated.  

Chromat ic  behav iour  in darkness :  The lower dermal  
melanophores  of normal  fish in darkness  equi l ibrate  a t  
MI 3.10-3.20 af ter  6-8 h. The react ions  of these  melano-  

phores  in darkness  were found to  be more  uni form t h a n  
those  of t he  epidermis.  Moreover  i t  was more  conven ien t  
to  read the  MI of th is  layer.  

2. Blinded animals. All the  melanophores  of eyeless 
animals  have  fully dispersed p igmen t  when  tile animal  
is i l luminated.  In  darkness  the  lower dermal  me!anophores  
equi l ibra te  as t h e y  do in the  in tac t  fish, a t  MI 3.10-3.20. 

3. Responses o/ hypophysectomized animals. Black and 
whi te  background  adap ta t io  n and  reversal :  H y p o p h y -  
sec tomy considerably  l imits  b lack background  adap ta t ion  
whereas  a d a p t a t i o n  to a whi te  background  does no t  appear  
to be affected 8 (Table I). The ex t en t  and the  ra te  of 
dispers ion of the  lower dermal  melanophores  of white-  
ad ap t ed  h y p o p h y s ec t o mi zed  catf ish  on t rans fe r  to a black 
background  af ter  30 min  differs only s l ight ly f rom the  
values observed in in tac t  fish and  controls  (Table I). 
However ,  in h y p o p h y s ec t o mi zed  animals  these  melano-  
phores  do not  a t t a in  dispers ion beyond  a m e a n  MI 3.65 
on a black background.  Ano the r  in teres t ing  resul t  of the  
removal  of the  p i tu i t a ry  is the  increased different ia l  
responses  of the  d i f ferent  layers of melanophores .  The 
responses  to  background  changes  are on the  whole accom- 
pl ished in 4-6 h b u t  a sl ight fu r ther  aggregat ion  of dermal  
melanophores  on a whi te  background  cont inues  for over 
48 h af ter  t ransfer  f rom a b lack background.  The aggrega- 
t ion  of the  p i g men t  dur ing f irs t  1-11/2 h af ter  a change 
f rom black to whi te  background  adap t a t i on  appears  to 

1 L. HOGBEN and D. SLOME, Proc. R. Soc. B 708, 10 (1931). 
E. G. HEALEY, Proc. R. Soe. B 768, 57 (1967). 

8 C. M. OSBORtr J. exp. Zool. 79, 309 (1938). 
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be accelerated in hypophysec tomized  animals  in compari-  
son to in tac t  ones (Table II) .  Controls in which the  hypo-  
tha lamic  region of the  brain is exposed wi th  the  p i tu i t a ry  
remaining in tac t  respond like unopera ted  animals  to 
background changes. 

Darkness:  In  darkness the lower dermal  melanophores  
of white-  and b lack-adapted  hypophysec tomized  catfish 
equi l ibra te  at  a mean  MI 2.76 in about  6 h, suggesting 
t h a t  the  cont r ibut ion  of the  p i tu i t a ry  to equi l ibr ium in 
darkness is not  appreciable.  

4. Injection o/ pituitary extract. In t raper i tonea l  inject ion 
of 0.3 ml  of crude p i tu i t a ry  ex t rac t  (2 glands f rom long 
whi te -adapted  fish in 4 mt Ringer) into whi te -adapted  
hypophysec tomized  fish of the  same size induces dispersion 
to MI 4.00 (mean of 3 animals) in 2 h whereas the  same 
inject ion causes only slight dispersion (MI 2.20) in un- 
opera ted  whi te -adap ted  controls. 

Discussion. Comparison of the  t ime  relations of the  
chromat ic  changes of o ther  teleosts shows t h a t  I.  melas 
fills the  gap be tween  the  species in which these changes 
are ent i re ly  or p r imar i ly  neural ly  coordinated (e.g. Macro- 
podus ~, Fundulus  ~, Gasterosteus s, Lebistes ~, and Phoxi- 
nus s) and those in which thei r  control  is main ly  hormonal  
(e.g. dnguillag). 

The p i tu i t a ry  appears  to be essential  for full dispersion 
of melanophores  in black background adap ta t ion  ~~ Of 
all  the  layers the  epidermal  melanophores  appear  to be 
most  influenced by  p i tu i t a ry  hormones.  Fur thermore ,  
adap ta t ion  of hypophysec tomized  fish to a whi te  back- 

ground shows no s ta t is t ical ly  signif icant  difference from 
tha t  of the normal  fish, and therefore indicates  t ha t  no 
p igment  aggregat ing hormone  is p laying a pa r t  in the  
normal  colour changes of I. melas. 

Zusammen/assung.  Beim Zwergwels Ictalurus melas lie- 
gen die Melanophoren 'ira E k t o d e r m  sowie im oberen und 
t ieferen E n t o d e r m  und zeigen ein schichtty.pisches Ver- 
halten.  Nach  Hypophysek tomie  bleibt  das unterschied- 
liche Verhal ten  bestehen: Pos topera t iv  wird der Fisch 
auf  schwarzem Un te rg rund  weniger  dunkel  als das nor- 
male Tier, w~hrend die Anpassung auf weissem Unter -  
grund unver~Lndert bleibt.  
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An Unusual Trabecular Thyroid Cancer Producing Calcitonin 

We have  established tha t  thyro id  medul la ry  carc inoma 
wi th  amylo id  s t roma 1, 2 is a d i f ferent ia ted  t u m o u r  secret ing 
calci tonin (CT) S,~, the  hypocalcemic  hypophospha temic  
hormone  5. In  the  course of a sys temat ic  s tudy  of the  
h i s tochemis t ry  and b iochemis t ry  of thyro id  carcinomas, 
we had the  oppor tun i ty  to observe a case of t rabecular  
thyro id  cancer  lacking amyloid  s t roma and producing 
large amount s  of C T  

The pa t i en t  was a 60-year-old  female. The left  lobe 
of the  t hy ro id  increased in size wi th in  9 months,  was 
hard  to pa lpa t ion  and the  scan demons t ra ted  a lack in 
131I uptake.  The pa t i en t  had no signs of diarrhoea,  flush 
or cutaneous neurof ibromatosis .  Serum calcium levels 
f luc tua ted  be tween  9.5 and 7.0 mg/100 m l ;  serum phos- 
pha te  levels were 4.0 rag/100 ml. To ta l  abla t ion of the  
thyro id  was per formed (April 1970): the  left  lobe (35 g) 
was the  seat  of a hard,  whi te  mass wi th  a hemorrhagic  
center.  Lymphnodes  had a normal  appearance  and were 
left  in situ. Different  samples of the  t u m o u r  were e i ther  
ex t rac ted  for CT or fixed for microscopic examinat ion .  

Methods. CT-bioassay:  Turnout  f ragments  were de- 
fa t ted  wi th  e ther  and ex t rac ted  wi th  butanol -ace t ic  acid 
waterS;  the  hormone  conten t  of the  ext rac ts  and of 
fresh serum were assayed for hypocalcemic  and hypo-  
phospha temie  3 ac t i v i t y  using a 4 poin t  bioassay in the  
ra t  wi th  a M.R.C. reference as a s tandard  ~s. The results 
are expressed in m U / m g  of t issue d ry  weight .  

His tochemica l  stains:  Periodic  acid-Schiff  (PAS), 
a l c i a n  blue, th iof lav in  T, Congo red, crystal  violet ,  

toluidine blue, lead hema toxy l ine  before and after  acid 
hydrolysis  ~, s, and D a v e n t p o r t ' s  si lver impregnat ion.  

Results. 1. CT: The hypocalcemic  ac t iv i ty  of the  
t u m o u r  is 137.2 m U / m g  (85-214, P < 0.05), the  hypo-  

phospha temic  ac t iv i ty  is 126 m U / m g  (94-158, P < 0.05). 
Hypoea lcemic  ac t iv i ty  of the  serum: 0.2 mU/ml .  

2. Pa tho logy :  The  t u m o u r  crosses the  capsule of the  
thyroid,  invades blood vessels and in par t icular  a thy-  
roidal  vein, forms a para i s thmic  metas ta t ic  nodule 3 m m  
in diameter .  The r ight  lobe of the  thyro id  is un involved  
and shows evidence of thyroidi t is .  The  t u m o u r  is com- 
posed of closely packed neoplast ic  lobules, separated by 
th in  zones of regressive parenchyma.  The lobules are 
formed of t rabecul i  conta in ing 5-50 cells, which are 
surrounded by  a th in  fibrous sheet  and separated by  
voluminous  capillaries. Microscopic appearance:  the  cells 
are often large, polyhedric  or fusiform, the  cy top lasm is 
clear and dis t inct ly  eosinophilic. Numerous  a typica l  
forms exist.  The nuclei  are polymorphie .  Some int ra-  
cellular eosinophilie deposi ts  are found. All s ta ining 
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