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Table II. Chromatographic characteristics of the spots 
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Substances UV-visualization NNCD �9 p-dimethylaminobenzaldehyde b Rf 
254 nm 366 nm 30 min after spray 24 h after spray 

Fasciola hepatica extract opaque imme- not fluorescent orange/yellow purple ~ blue-green 0.58 
diately and 
fluorescent 
24 h later 

5-HT a opaque not fluorescent peach-red bIue/violet blue-grey 0.70 
6-HT opaque fluorescent ruby-red blue blue-green 0.72 
5-HTP opaque not fluorescent flesh-eolour yellow yellow/grey 0.50 
4-HTP opaque not fluorescent red-brown grey/yellow grey 0.55 
5-MTP opaque not fluorescent gold/yellow grey grey-blue 0.58 
5-acO-N-acTP opaque not fluorescent yellow/orange purple rose 0.74 
5-meOT opaque not fluorescent gold/yellow violet blue-green 0.72 
T opaque not fluorescent yellow purple blue-green 0.82 

0.1 g of 2-ehloro-4-nitrobenzenediazonium naphthalene-2-sulphonate were dissolved in 1 ml of concentrated HC1 and the volume was 
brought to 100 ml with distilled H20. b 20 5511 of p-dimethylaminobenzaldehyde 5% ethanolie solution were added to 10 ml of concentrated 
HC1 and the volume was brought to 100 ml with absolute ethanol. ~ During the spray development the spot appears yellow and then becomes 
purple, a 5-hydroxytryptamine creatinine-sulphate. 
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Standard - 5-hydroxytryptamine creatinine-sulphafe. ( - - - - ) ,  
Fluorescence spectra of extracted standard; ( . . . . . .  ), F. hepatica 
tissue extract; ( . . . .  ), extracted standard added with F. hepatica 
extract; ( . . . . . . . . . .  ), unextracted standard. (a) Activation spectrum. 
(b) Fluorescence spectrum. 

f l u o r o m e t r i c  a n d  b io l og i ca l  t e s t s .  A c c o r d i n g  to  o u r  p r e s e n t  
r e s u l t s ,  o n  t h e  c o n t r a r y ,  t h e  q u a n t i t a t i v e  d a t a  o f  
MANSOUR 1 c a n n o t  be  c o n f i r m e d .  F r o m  o u r  e x p e r i m e n t s  i t  
c a n  m o r e o v e r  be  s e e n  t h a t  t h e  s a m p l e s  of  i n c u b a t e d  l i ve r  

f l u k e s  s h o w  a b o u t  4 8 %  r e d u c t i o n  ( P  < 0.001) in  t h e i r  
c o n t e n t  of  t h e  f l u o r e s c e n t  c o m p o u n d ,  w h e n  c o m p a r e d  w i t h  
t h e  s a m p l e s  of  f r e s h l y  co l l e c t ed  w o r m s .  I n  o u r  o p i n i o n  
t h i s  f a c t  is w o r t h  n o t i n g ,  a l t h o u g h ,  a t  p r e s e n t ,  we  c a n n o t  
e x p l a i n  t h i s  r a p i d l y  o c c u r r i n g  d e c a y .  

W h e t h e r  t h e  c o m p o u n d  d e s c r i b e d  in  t h i s  p a p e r  is i t se l f  
t h e  t r u e  n e u r o n m s c o l a r  t r a n s m i t t e r  in  F. hepatica or  a 
p r e c u r s o r  of  t h e  t r u e  t r a n s m i t t e r  we  c a n n o t  y e t  s ay .  
H o w e v e r ,  t h e  o c c u r r e n c e  in  F. hepatica t i s s u e  o f  a c o m -  
p o u n d  s t r i c t l y  r e l a t e d  to  t h e  g r o u p  of  t h e  i n d o l e  c o m -  
p o u n d s  p r o v i d e s  f u r t h e r  e v i d e n c e  t h a t  t h e s e  w o r m s  m i g h t  
a c c o u n t  for  i t  for  t h e i r  b i o l o g i c a l  n e e d s ,  a n d  o n c e  m o r e  
s u p p o r t s  t h e  s u g g e s t i o n s  of  p r e v i o u s  w o r k s  1-4 a b o u t  t h e  
p o s s i b l e  role  of  5 - H T  or  a r e l a t e d  s u b s t a n c e  for  t h e  t r a n s -  
m i s s i o n  of  n e r v e  i m p u l s e s  in  F. hepatica lo. 

Riassunto.  Gli  A A .  d e s c r i v o n o  le c a r a t t e r i s t i c h e  f luor i -  
m e t r i c h e  e c r o m a t o g r a f i c h e  di  u n  e s t r a t t o  b u t a n o l i c o  d a l  
t e s s u t o  di  F. hepatica c o n c l u d e n d o  c h e l a  s o s t a n z a  e s t r a i -  
b i le  p r e s e n t a  c a r a t t e r i s t i c h e  i n d o l i c h e  m a  n o n  a p p a r e  
i d e n t i f i c a b i l e  n6 con  la 5 - H T  n6  con  a l c u n i  a l t r i  i nd o l i  
s a g g i a t i .  

G. C. ANDREINI, C. BERETTA, 
l~. FAUSTINI a n d  G. GALLINA 

Is t i tuto di Farmacologia e Tossicologia Veterinaria 
dell 'UniversitY,  V ia  Celoria 10, 
Mi lano  (Italy), 9 J u l y  1969. 

v.  ERSPA~ER, in Handbook o/Experimental Pharmacology (Ed. V. 
ERSPAMER; Springer-Verlag, Berlin-Heidelberg New York 1966), 
p. 127. 

10 Ricerehe svolte con il contributo del C.N.R. 

I n t e r m e d i n  ( M S H ) - L i k e  Effect  of a T h e r m a l  P o l y m e r  on  V e r t e b r a t e  G h r o m a t o p h o r e s  

T h e  a b i l i t y  of  s m a l l  i n t e r m e d i n  ( M S H )  p e p t i d e s  t o  
s t i m u l a t e  d i s p e r s i o n  of  p i g m e n t  g r a n u l e s  w i t h i n  f rog  
m e l a n o p h o r e s  h a s  b e e n  r e p o r t e d l ,  2. I r i d o p h o r e  c o n t r a c -  
t i o n  ( r e f l ec t i ng  p l a t e l e t  a g g r e g a t i o n )  is a lso  i n d u c e d  b y  
t h e s e  p e p t i d e s  a n d  t h i s  i m p l i e s  t h a t  t h e i r  a c t i o n  is e s s e n -  
t i a l l y  l ike  t h a t  of  t h e  p a r e n t  h o r m o n e  a n d  s u g g e s t s  t h a t  

m e c h a n i s m s  of  b o t h  m e l a n o p h o r e  a n d  i r i d o p h o r e  s t i m u l a -  
t i o n  h a v e  c o m m o n  f e a t u r e s  a. R e c e n t l y ,  F o x  a n d  WANG 4 
r e p o r t e d  t h a t  t h e r m a l  p o l y m e r s  of  a r g i n i n e ,  g l u t a m i c  
ac id ,  g lyc ine ,  h i s t i d i n e ,  p h e n y l a l a n i n e ,  a n d  t r y p t o p h a n  
h a v e  m e l a n o p h o r e - s t i m u l a t i n g  a c t i v i t y .  T h e  p r e s e n t  
s t u d y  w a s  u n d e r t a k e n  to  d e t e r m i n e  w h e t h e r  s u c h  t h e r m a l  
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Fig. 1. Photomicrograph (by reflected light) of iridophores of Rana 
pipiens skin maintained in Ringer solution. Reflecting platelets are 
dispersed intraeellularly resulting in a flat and extensive reflecting 
surface. Punctate melanophores beneath the iridophores are barely 
visible. • 360. 

Fig. 2. Photomicrograph (by reflected light) showing response of 
iridophores of Rana pipiens skin to a thermal polymer of amino acids 
possessing intermedin-like activity. An intracellular aggregation of 
reflecting platelets within iridophores results in a rounded appearance 
with reduced reflecting surface. Dendritic melanophore processes can 
be seen overlapping iridophores. • 360. 

p o l y m e r s  m i g h t  s i m i l a r l y  s t i m u l a t e  i r i d o p h o r e s  a n d  
w h e t h e r  o r  n o t  s u c h  e f f e c t s  a r e  n o r m a l  r a t h e r  t h a n  
p a t h o l o g i c a l  a n d  a r e  t r u l y  i n t e r m e d i n - l i k e .  

Methods and materials. L e g  a n d  t h i g h  s k i n s  we re  re-  
m o v e d  f r o m  t h e  f rog,  R a n a  pipiens,  a n d  b a c k  s k i n s  of  t h e  
l i za rd ,  Anol i s  carolinensis, a n d  we re  t e s t e d  for  t h e i r  in  
v i t r o  r e s p o n s e  to  a t h e r m a l  p o l y m e r  of :  a r g i n i n e ,  g l u t a -  
m i c  ac id ,  g lyc ine ,  h i s t i d i n e ,  p h e n y l a l a n i n e ,  t r y p t o p h a n .  
T h e  c h a n g e  in  co lo r  o f  t h e s e  s k i n s  in  r e s p o n s e  t o  t h e  
a g e n t s  u s e d  in  t h i s  s t u d y  w a s  d e t e c t e d  b y  a p h o t o m e t r i c  
r e f l e c t a n c e  m e t h o d  as  o r i g i n a l l y  d e s c r i b e d  for  t h e  in  v i t r o  
b i o a s s a y  o f  M S H  b-7. T h e  i n i t i a l  a v e r a g e  r e f l e c t a n c e  v a l u e  
for  e a c h  g r o u p  of  s k i n s  w a s  g i v e n  a v a l u e  o f  100yo a n d  al l  
s u c c e e d i n g  a v e r a g e  v a l u e s  for  e a c h  g r o u p  of  s k i n s  we re  
r e c o r d e d  as  p e r c e n t a g e  c h a n g e s  a b o v e  o r  b e l o w  t h i s  i n i t i a l  
b a s e  r e a d i n g  9. 3 s e p a r a t e  e x p e r i m e n t s  we re  p e r f o r m e d  a n d  
e a c h  e x p e r i m e n t a l  g r o u p  w i t h i n  a n y  e x p e r i m e n t  c o n -  
s i s t e d  o f  a t  l e a s t  6 s k i n s  f r o m  a s  m a n y  i n d i v i d u a l  f r ogs  o r  
l i za rds .  S k i n s  w e r e  p r e p a r e d  as  w h o l e  m o u n t s  for  m i c r o -  
s c o p i c a l  o b s e r v a t i o n  a s  p r e v i o u s l y  d e s c r i b e d  6. 

Results.  C o n c e n t r a t i o n s  of  10 -5 a n d  10 -6 g / m l  of  t h e  
t h e r m a l  p o l y m e r  f a i l ed  t o  i n d u c e  i r i d o p h o r e  c o n t r a c t i o n  
in  f r og  s k i n s ;  h o w e v e r ,  c o n c e n t r a t i o n s  of  10 4 a n d  
5 • 10 -4 g / m l  d id  h a v e  s u c h  a n  ef fec t .  T h e  p h o t o r e f l e c -  
t a n c e  d a t a  s h o w n  in  F i g u r e s  1 a n d  2 r e v e a l e d  a s l ow  b u t  de -  
f i n i t e  d a r k e n i n g  r e s p o n s e  (dec r ea se  in  r e f l e c t a n c e ) .  W h i l e  
t h e  r e s p o n s e  of  R a n a  p ip iens  t o  t h e  p e p t i d e ,  a s  d e m o n -  
s t r a t e d  b y  t h e  r e f l e c t a n c e  t e c h n i q u e ,  is a d m i t t e d l y  w e a k ,  
i t  is a t  l e a s t  a s  g o o d  as  t h a t  r e p o r t e d  for  o t h e r  c h r o m a t o -  
p h o r e - s t i m u l a t i n g  s u b s t a n c e s  s u c h  as  cyc l ic  A M P  9, x0 a n d  
m e t h y l x a n t h i n e s %  I n  c o n t r a s t ,  Anol i s  s k i n s  r e s p o n d e d  
m a x i m a l l y  ( F i g u r e  4) to  a c o n c e n t r a t i o n  of  5 • 10 -4 g / m l  
o f  t h e  t h e r m a l  p o l y m e r .  T h i s  r e s p o n s e  w a s  m a x i m a l  a n d  
e q u i v a l e n t  t o  t h a t  o b t a i n e d  w i t h  p o r c i n e  B - M S H  n ,  a n d  
l ike  M S H  7, c o u l d  be  r e v e r s e d  b y  n o r e p i n e p h r i n e .  

Anol i s  s k i n s  w e r e  r e s p o n s i v e  to  e v e n  l ower  c o n c e n t r a -  
t i o n s  (10 -4, 5 • 10 -~ g / m l )  of  t h e  t h e r m a l  p o l y m e r ,  w h i c h  
c a u s e d  a r a p i d  n e a r - m a x i m a l  d a r k e n i n g  of  s k i n s  ( F i g u r e  
5). N o r e p i n e p h r i n e  a d d e d  t o  t h e s e  s k i n s  r e s u l t e d  in  a n e a r  
1 0 0 %  r e v e r s a l  of  t h e  p o l y m e r - i n d u c e d  d a r k e n i n g ,  a n d  t h e  
s u b s e q u e n t  a d d i t i o n  of  d i c h l o r o i s o p r o t e r e n o l  r e s u l t e d  in  a 
f u r t h e r  i n c r e a s e d  l i g h t e n i n g  of  t h e  sk i n s .  M e l a n i n  g r a n u l e  

a g g r e g a t i o n  in  r e s p o n s e  to  c a t e c h o l a m i n e  s t i m u l a t i o n  is 
m e d i a t e d  t h r o u g h  ~ a d r e n e r g i c  r e c e p t o r s  of  t h e  m e l a n o -  
p h o r e s  b u t  is  p a r t i a l l y  a n t a g o n i z e d  b y  a c o n c o m i t a n t  
s t i m u l a t i o n  of/5 a d r e n e r g i c  r e c e p t o r s  a l so  c o n t a i n e d  b y  t h e  
m e l a n o p h o r e s  7. D i c h l o r i s o p r o t e r e n o l ,  a/5 a d r e n e r g i c  b loc k -  
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Fig. 3. 111 vitro response of Rana pipiens skins to a thernlal polymer 
of amino acids possessing interlnedin-like activity. 3 groups of skins 
were incubated in a Ringer solution of the polymer at a concentration 
of either 10 -6 (�9 10 -6 (O), or 10 -a (111) g/mL At 60 min (arrow), a 
5 x 10 -4 g/ml solution of the polymer was substituted for the 10 6 g[ 
ml (D) solution. One group (�9 of the skins was maintained as a 
Ringer control. Results are means of the reflectance measurements 
from 8 skins per point on the graph. 

1 R. SCHWYZER and C. H. LI, Nature 182, 1669 (1958). 
2 K. HOFMANN, H. YAJIMA and E. T. SCHWARTZ, Fedn. Proc. 78, 

247 (1959). 
3 d. T. BAGNARA, Gen. eomp. Endocrin. 4, 290 (1964). 

S. W. Fox and C. T. WANG, Science 760, 547 (1968). 
5 K. SHIZUME, A. ]3. LERNER and T. B. FITZPATRICK, Endocr inology 

5d, 533 (1954). 
6 M. E. HADLEY" and J. T. BAGNARA, Endocrinology 8'J, 69 (1969). 

J. M. GOLDMAN and M. E. HADLEY, J. Pharmac. exp. Therap. 766, 
i (19691. 

8 S. B. HOROWITZ, J.  cell. coInp. Physiol. 51, 341 (1958). 
9 R. R. NOVALES and W. J. DAVIS, Endocrinology 81, 283 (1967). 

10 j .  T. BAGNARA and M. E. HADLEY, Am. Zool. 9, 465 (1969). 
lZ M. E. HADLEY and J. M. GOLDMAN, Am. Zool. 9, 489 (1969). 



15.2. 1970 Specialia 169 

ing agent ,  b locks  the  agonis t ic  effect  of n o r e p i n e p h r i n e  
on t h e  fl receptor  t h u s  a l lowing a m a x i m a l  m e l a n i n  
g ranu le  ag g reg a t i ng  response  resu l t ing  f rom an  un in -  
h ib i t ed  ~ adrenerg ic  receptor  s t imu la t i on .  

Discussion and conclusions. The  obse rva t i ons  m a d e  in 
th i s  s t u d y  ind ica te  t h a t  the  t h e r m a l  p o l y m e r :  arginyl ,  
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Fig. 4. Comparative in vitro response of Rang pipiens skins and 
Anolis carolinensis skins to a thermal polymer. One group of Rana 
(~) and one group of Anolis (Q) skins were incubated in a 5 x 10 -4 g/ 
ml concentration of the peptide. One group of Rana (m) and one 
group of Anolis {O) skins were maintained as Ringer controls. At 
20 nlin (arrow), norepinephrine (10 ~3I) was added to both groups of 
Anolis skins. Results are means of the reflectance nleasurements 
from 8 skins per point on the graph. 
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Fig. 5. Three groups of Anolis skins were darkened by a thermal 
polymer at one of the following concentrations: 10-5 (D), 5 ", 10 -'5 
(O), or 10 -4 (m) g/ml. One group (~) of skins was maintained as a 
Ringer control. At 25 rain (arrow), norepinephrine (10 53I) was 
added to the 3 groups of darkened skins and this was followed at 
40 rain (arrow) by the addition of dichloroisoproterenol (10 ~M) to 
these same skirls. Results are means of the reflectance measurell:lents 
from 8 skins per point on the graph. 

g l u t a m y l ,  glycyl ,  h is t idyl ,  p h e n y l a l a n y l t r y p t o p h a n  no t  
on ly  s t i m u l a t e s  m e l a n i n  g ranu le  d i spe rs ion  w i t h i n  
m e l a n o p h o r e s  b u t  s t i m u l a t e s  i r idophore  c o n t r a c t i o n  as 
well. The  c o m b i n e d  effect  of t h i s  ma t e r i a l  on b o t h  t he  
i r idophores  a nd  m e l a n o p h o r e s  of Rana pipiens is r e spon-  
sible for t he  re f lec tance  c h a n g e s  observed .  Whi l e  t he  de- 
crease in re f lec tance  of frog sk ins  was  a d m i t t e d l y  w e ak  it  
was  def in i te  a n d  c ons i s t e n t  a nd  a p p a r e n t l y  of a s l igh t ly  
g rea te r  m a g n i t u d e  t h a n  t h a t  obse rved  b y  F o x  and  
WANG 4 in an  in v ivo  m e t h o d  us ing  the  h y p o p h y s e c t o m i z e d  
frog 12. 

The  e x p e r i m e n t s  in wh ich  Anolis sk ins  were used  are 
of pa r t i cu la r  i m p o r t a n c e  because  the  response  of r ep t i l i an  
m e l a n o p h o r e s  to  the  p o l y m e r  is s imi la r  to the i r  n o r m a l  
response  to MSH.  Th i s  r e sponse  can  be r eve r sed  b y  a 
n o r m a l  m e c h a n i s m  of c a t e c h o l a m i n e  s t i m u l a t i o n  involv-  
ing e adrenerg ic  recep tor  s t imu la t i on .  This  is t h e  f i rs t  
d e m o n s t r a t i o n  t h a t  m e l a n i n  g ranu le  d ispers ion  in r e sponse  
to a n  MSH- l ike  pep t ide  can  be reversed  b y  a n o t h e r  hor-  
mone .  A p p a r e n t l y  t he  m e c h a n i s m  of c a t e c h o l a m i n e  
a n t a g o n i s m  of M S H  w h i c h  resu l t s  in m e l a n i n  g ranu le  
agg rega t ion  is ope ra t i ve  t h r o u g h  the  s a m e  sma l l  po r t i on  
of the  p a r e n t  M S H  molecule  as is responsib le  for c a u s i n g  
dispers ion.  

Of pa r t i c u l a r  s igni f icance  in these  e x p e r i m e n t s  is t he  
d e m o n s t r a t i o n  t h a t  the  c h r o m a t o p h o r e s  of Rana a n d  
Anolis r e spond  d i f fe ren t ia l ly  to the  he xa ton i c  po lymer .  
F o x  a nd  WANG ~ po in t  ou t  t h a t  it is no t  mere ly  t h e  pre-  
sence of a 6 - c o m p o n e n t  p o l y m e r  which  a c c o u n t s  for t he  
c h r o m a t o p h o r e  ac t iv i ty ,  b u t  ra ther ,  the re  is a biological  
specif ic i ty  a t t r i b u t a b l e  to  t h e  p o l y m e r  used.  I t  m a y  be 
t h a t  Anolis m e l a n o p h o r e s  r e spond  more  s t r ong ly  to t he  
p o l y m e r  t h a n  Rana because  t he  a m i n o  acid sequence  of 
t he  t h e r m a l  p o l y m e r  r e sembles  more  closely t h a t  of t he  
n a t u r a l l y  occur r ing  i n t e r m e d i n  of Anolis t h a n  Rana. This  
is no t  u n r e a s o n a b l e  in v iew of the  fact  t h a t  it h a s  been  
show n  t h a t  Anolis  has  an  i n t e r m e d i n  which  differs f rom 
t h a t  of m a m m a l s * ~  13 

Zusammenfassung.  Der  E in f lu s s  der H i t z e p o l y m e r i s a t e  
Arginin ,  Glu tamins t tu re ,  His t id in ,  P h e n v l a l a n i n  u n d  
T r y p t o p h a n  auf  die C h r o m a t o p h o r e n  wurde  gepri if t .  Die 
R e p t i l i e n h a u t  (Anolis carolinensis) zeigte auf  G r u n d  y o n  
p h o t o m e t r i s c h e n  R e f l e x i o n s m e s s u n g e n  eine st~trkere 
M S H - R e a k t i o n  gegeni iber  e inem s y n t h e t i s c h e n  k le inen  
Pe p t i d  als die A m p h i b i e n h a u t  (Rang pipiens). Die h a u t -  
v e r d u n k e l n d e  W i r k u n g  k a n n  du rc h  N ora d re na l i n  u n d  
e inen  Blocker  wieder  wieder  a u f g e h o b e n  werden.  
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R e v e r s i b l e  L e n t i c u l a r  O p a c i t i e s  I n d u c e d  in  R a t s  b y  E m o t i o n a l  S t r e s s  

Adrena l ine  1 or m o r p h i n e  t y p e  d rugs  2 wh ich  re lease  
ad rena l ine  f rom the  adrena l  medu l l a  a h a v e  been  found  to 
p roduce  acu te  revers ib le  c a t a r a c t s  in r o d e n t s  in conj unc-  
t ion  w i th  lack of lid reflex m o v e m e n t s  and  e x o p h t h a l m o s .  

These  lens  opaci t ies  can  be p r e v e n t e d  by  a n y  d r u g  w h i c h  
p r e v e n t s  t he  eyes  be ing  kep t  wide open  4 or by  t he  c losure  
of the  eye 5. Th i s  o b s e r v a t i o n  gave  s u p p o r t  to t he  idea  
t h a t  d e h y d r a t i o n  is the  m a j o r  s t i n m l u s  of th i s  t y p e  of 


