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I n  a p r e p a r a t i v e  e x p e r i m e n t  [ m g  scale] r eac t ions  were  
ca r r ied  o u t  in t he  fol lowing m a n n e r .  T he  f i rs t  a m i n o  acid 
was  d issolved in 0.01 N hyd r och l o r i c  acid,  a n d  t h e  so lu t ion  
was a d d e d  to  t h e  a c t i v a t e d  ion e x c h a n g e  resin.  T he  m i x t u r e  
was  h e a t e d  for 10 rain.  T he  excess a m i n o  acid was  r e m o v e d  
b y  f i l t r a t i o n  a f t e r  cool ing t h e  m i x t u r e  a n d  t h e  res in  was  
w a s h e d  w i t h  cold  w a t e r  un t i l  n i n h y d r i n  pos i t ive  m a t e r i a l  
was  r emoved .  T h e  res in  was  t h e n  p u t  in to  a Meyer  f lask  or  
p a c k e d  in a glass c o l u m n  w i t h  a h e a t i n g  j acke t .  T he  second 
a m i n o  acid was  d i s so lved  in s l igh t ly  ac id ic  ( h y d r o g e n  
chlor ide)  e t h a n o l  or  m e t h a n o l ,  a n d  mixed  w i t h  t h e  res in  
in  t h e  Meyer  f lask or passed  t h r o u g h  t h e  h e a t e d  c o l u m n  
slowly. T h e  t e m p e r a t u r e  of r eac t ion ,  b o t h  b y  t h e  c o l u m n  
a n d  t h e  b a t c h  m e t h o d ,  w as  a b o u t  60 ° (~= 5°). H e a t i n g  in 
t h e  f lask was m a d e  for  a b o u t  15 h. Yie lds  of t h e  p r o d u c t  
were  b e t t e r  in  t h e  c o l u m n  m e t h o d  t h a n  in t h e  b a t c h  
m e t h o d .  

Zusammen]assung. E i n e  neue  M e t h o d e  de r  P e p t i d s y n -  
these ,  z.B. y o n  Carnosin ,  GlySer ,  GlyGly,  L e u T y r  u n d  
G I y P h e  m i t  I o n e n a u s t a u s c h h a r z e n  als K a t a l y s a t o r e n  wi rd  
beschr i eben .  
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Table II. Comparison of Rf values and colour spots (by ninhydrin) of 
the reactants and the products on paper chromatograms and yield 
of the products determined spectrophotometrically 

Reactant and RI ~ Colour of Yield 
product spot b of the 

product 

~-Alanine 0.05 Indigo 
Histidine HC1 0.10 Violet 
Histidine Me ester 0.18 Violet 
Carnosine Et ester 0.23 Sky blue ¢ 
Carnosine 0.35 Sky blue 
Carnosine Me ester 0.37 Sky blue c 
Glycine 0.17 Violet 
Serine 0.21 Violet 
Leucine 0.60 Violet 
Tyrosine 0.44 Violet 
Phenylatanine 0.55 Violet 
Glycylglyeine 0.23 Violet 70 % a 
Glycylserine 0.20 Violet 25 % 
Leucyltyrosine 0.29 Violet 30 % 
Glycylphenylalanine 0.54 Violet 50 % 

AcOH : n Bu0H: H~O ~ 1 : 4: 5, upper layer, b By ninhydrin. " Yield 
was obtained spectrophotometrically at 467 m# and listed in Table I. 
a Yield was obtained spectrophometrically at 570 m[* in the column 
method. 

A Simple Method for Estimating Melanophore Responses to D r u g s  i n  Fishes 

I n  a s t u d y  of t h e  r eac t i ons  of f ish m e l a n o p h o r e s  to  
a u t o n o m i c  drugs,  t h e  need  arose  for a speedy ,  s imple  
m e t h o d  for e s t i m a t i n g  t h e  m e l a n o p h o r e  responses  w i t h o u t  
h a n d l i n g  or  d i s t u r b i n g  t h e  f ish unnecessa r i ly .  I n  t h e  
m a j o r i t y  of t e l eos t  f ish s t u d i e d  to  da te ,  t h e  m o v e m e n t s  of 
p i g m e n t  w i t h i n  t h e  sk in  m e l a n o p h o r e s  a re  c o o r d i n a t e d  b y  
t he  s y m p a t h e t i c  n e r v o u s  sys tem.  I n  a d d i t i o n  b l ood - bo rne  
p i t u i t a r y  h o r m o n e s  a f fec t  t h e  s t a t e  of m e l a n o p h o r e  pig-  
m e n t  in  s imilar ,  b u t  s lower  fashion .  These  c h a n g e s  a re  
c o n v e n t i o n a l l y  re fe r red  to  as  ' phys io log ica l '  changes ,  to  
d i s t i ngu i sh  t h e m  f rom t h e  m u c h  s lower  'morpho log ica l '  
c h a n g e s  in  n u m b e r s  of m e l a n o p h o r e s  in  t h e  sk in  w h i c h  
fol low p ro longed  exposu re  to  one  s h a d e  of b a c k g r o u n d  L~. 

Reco rd ings  of t he  a m o u n t  of m e l a n o p h o r e  response  h a v e  
b e e n  m a d e  in t h e  p a s t  b y  o b s e r v i n g  t h e  m e l a n o p h o r e s  
microscopica l ly  3, or  b y  o b s e r v i n g  t h e  overa l l  s h a d e  of t h e  
f ish 4. Howeve r ,  in  t h e  f ish u n d e r  s tudy ,  Phoxinus phoxinus 
(L), h a n d l i n g  t h e  f ish for  microscopica l  e x a m i n a t i o n  b r ings  
a b o u t  f l u c t u a t i o n s  of m e l a n o p h o r e  s t a t e  5. T h e  p h a r m a c o -  
logical  s t u d y  was  ca r r i ed  o u t  us ing  t h e  D e r i v e d  O s t w a l d  
I n d e x  (DOI) of HEALEY e to  d i scover  w h e t h e r  s t a n d a r d  
grey  p a p e r s  could  be  used to  e s t i m a t e  m e l a n o p h o r e  re- 
sponses  accura te ly .  I t  was, however ,  necessa ry  to  d i scover  
t he  effects  of morpho log i ca l  c h a n g e s  a n d  of t e m p e r a t u r e  
on  t h e  o b s e r v e d  s h a d e  of t h e  fish. 

Minnows  were col lected f rom H e r t f o r d s h i r e  a n d  k e p t  in  
w h i t e  or b l ack  s tock  t a n k s  in t h e  l a b o r a t o r y  as desc r ibed  
b y  HEALEY a n d  R o s s  ~. F i sh  f rom a s tock  t a n k  were p l aced  
in b e a k e r s  of t a p  w a t e r  on  t r a y s  p a i n t e d  t h e  s a m e  s h a d e  as 
t h e  s tock  t a n k  a n d  i l l u m i n a t e d  f rom above .  T h e  shades  of 
t h e  f ish were  e s t i m a t e d  us ing  t h e  s h a d e  s t a n d a r d s ,  a n d  t h e  
b e a k e r s  t r a n s f e r r e d  to  t h e  oppos i t e  (b lack  or  whi te )  back -  

g round .  E s t i m a t e s  of t he  s h a d e  of t h e  f ish were t h e n  m a d e  
a t  i n t e r v a l s  d u r i n g  w h i c h  t i m e  t h e  t a p  w a t e r  was  s lowly 
c h a n g e d  to p r e v e n t  foul ing.  F igures  1 -4  r e p r e s e n t  t h e  
s h a d e  changes  of t h e  f ish sub j ec t ed  to  b a c k g r o u n d  reversa l  
a t  d i f f e ren t  t e m p e r a t u r e s  a n d  a f t e r  d i f f e ren t  h i s tor ies  on  a 
p a r t i c u l a r  b a c k g r o u n d .  I nc r ea se  in  D O t  v a l u e  i n d i c a t e s  
da rken ing ,  a n d  vice versa ,  fo l lowing t h e  n u m e r i c a l  c o n v e n -  
t i on  a d o p t e d  b y  HOGBEN s for his  Me lanopho re  I n d e x  (MI) 
b a s e d  o n  microscopica l  o b s e r v a t i o n  of m e l a n o p h o r e s .  I t  is  
n o t a b l e  t h a t  p ro longed  exposu re  to  I b a c k g r o u n d  or  lower-  
ing t he  t e m p e r a t u r e  slows b a c k g r o u n d  a d a p t a t i o n .  T h e  
f o r m e r  effect  is p r o b a b l y  due  to  changes  in overa l l  p igmen-  
t a t i o n  of t h e  m i n n o w  w h i c h  m a s k s  t h e  phys io log ica l  
changes  whi l s t  changes  in  e n v i r o n m e n t a l  t e m p e r a t u r e  of 
po ik i l o the rmic  a n i m a l s  are l ikely to  a f fec t  m e t a b o l i s m  in  
t h e  ef fec tor  cells ~. Too  br ief  a n  exposu re  to  1 b a c k g r o u n d  
(Figures  2 a n d  4), wh i l s t  a l lowing  n e r v o u s l y  c o o r d i n a t e d  
responses  to  occur,  fail t o  al low t h e  c i r cu la t ing  p i t u i t a r y  
h o r m o n e  t i t r e s  to  a d a p t  to  t he  new e n v i r o n m e n t  5. Accord-  
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4 A. V. HILL, J. L. PARKINSON and D. Y. SOLANDT, J. exp. Biol. 

12, 397 (1935). 
E. G. HEALEY, J. exp. Biol. 28, 297 (1951). 

6 E. G. HEALEY and D. M. Ross, Comp. Biochem. Physiol. I9, 545 
(1966). 
U. WYKES, J. exp. Biol. 15, 363 (1938). 
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i n g l y ,  t r a n s f e r s  f r o m  b l a c k  t o  w h i t e  a f t e r  a b r i e f  s t a y  on  
b l a c k  m a y  b e  a c c e l e r a t e d  b y  t h e  c o n t i n u e d  p r e s e n c e  of  
p i t u i t a r y  p a l i n g  h o r m o n e  in  t h e  b l o o d .  I n  F i g u r e  5, t h e  
r e l a t i o n  b e t w e e n  M I  o f  t h e  m i n n o w ,  t a k e n  f r o m  HEALEY ~, 
a n d  DOI, t a k e n  f r o m  c o m p a r a b l e  f i s h  in  t h e  p r e s e n t  s t u d y ,  
is  p l o t t e d ,  a n d  c o n s i d e r a b l e  v a r i a t i o n  is  f o u n d .  T h i s  is  
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Fig. t .  Minnows darkening on a black background after a prolonged 
s tay  on a white background, o, After 2-3 years on white (n = 11; 
20-22°C), ~ ,  Mter 3 months  on white (n = 9; 20-22°C), A, after 
3 months  on white (n = 25; 15-16°C), t ,  after 3 months  on white 
(n = 5; 10°C). Vertical bars  indicate the  magni tude of the s tandard 
error at tha t  point. 

Fig. 2. Minnows darkening on a black background after a brief s tay  
on a white background, o, After  1 h on white (n = 10; 20-22°C), 
~l~, after 1/~ h on white (n = 12; 20-22°C), &, after 75 min on white 
(n = 7; 15-16°C), e ,  after x[2 h on white (n = 4; 10 °C). 
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Fig. 3. Minnows paling on a white background after a prolonged s tay 
on a black background, o, After 1 year on black (n = 12; 20-22 °C), 
,ak, after 3 months  on black (n = 10; 20-22°C), A, after 3 months  on 
black (n ~ 10; 15-16~C), g ,  after 3 months  on black (n = 5; 10°C}. 

Fig. 4. Minnows paling on a white background after a brief s tay  on 
black, o, After  1 h on black (n = 10; 20-22°C), .~., after 1]~ h on 
black (n ~ 1i ;  20-22~C), A, after 1]~ h on black (n = 18; 15-16°C), 
e ,  after t], h on black (n = 5; 10 °C). 

p a r t l y  b e c a u s e  d i f f e r e n t  g r o u p s  o f  m e l a n o p h o r e s  i n  t h e  
m i n n o w  s k i n  r e a c t  d i f f e r e n t i a l l y  t o  e n d o g e n o u s  p a l i n g  
s t i m u l i  6,s, H o w e v e r ,  t h e  v a r i a t i o n  o b s e r v e d  in  g r o u p s  o f  
f i sh  c h a n g i n g  s h a d e  u n d e r  t h e  s a m e  c o n d i t i o n s  r e p r e s e n t e d  
in  F i g u r e s  1 - 4  is  s m a l l .  T h e  s i m p l e  r e c o r d i n g  t e c h n i q u e  c a n  
be  a d o p t e d  fo r  c o m p a r i s o n  o f  m e l a n o p h o r e  r e s p o n s e s  
p r o v i d e d  t h e  t e m p e r a t u r e  is  k n o w n  a n d  is  a b o v e  10 °C, a n d  
p r o v i d e d  t h e  p r e v i o u s  c h r o m a t i c  h i s t o r y  o f  t h e  f i s h  a r e  
k n o w n .  F i g u r e  6 s h o w s  d o s e  r e s p o n s e  c u r v e s  o f  b l a c k -  
a d a p t e d  m i n n o w s  i n j e c t e d  w i t h  t h e  c a t e c h o l a m i n e s  
a d r e n a l i n e  o r  n o r a d r e n a l i n e  w h i c h  b r i n g  a b o u t  p a l i n g  o f  
t h e  s k i n .  T h e  d r u g s  a r e  a l m o s t  e q u i p o t e n t ,  w h e n  d o s e s  a r e  
e x p r e s s e d  in  t e r m s  of  m o l e s .  R e p o r t s  o n  f u r t h e r  p h a r m a c o -  
log ica l  s t u d i e s  on  m i n n o w  m e l a n o p h o r e s ,  u s i n g  t h e  D O I  
s t a n d a r d ,  a r e  i n  p r e p a r a t i o n .  
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Fig, 5. Relationship between overall shade of minnows (taken from 
data  in Figures 1 and 3) and the Melanophore Index of similar fish 
(taken from HEALEY5), 
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Fig. 6, Dose response curves obtained from adrenaline (o) and 
noradrenaline (o) injections in black adapted minnows, based on 
measurements  obtained using the Derived Ostwald Scale. 

Rdsumd. O n  dCcr i t  u n e  t e c h n i q u e  s i m p l e  p o u r  m e s u r e r  
les  r C a c t i o n s  m C t a n o p h o r i q u e s  d a n s  l a  p e a u  d e s  p o i s s o n s .  
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