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Spectrofluorometric and 
hepatica 

The  poss ib i l i ty  t h a t  5 -HT or  a s t r i c t ly  re la ted  c o m p o u n d  
m a y  be  i nvo lved  in t he  t r a n s m i s s i o n  of ne rve  impulses  in  
Fasciola hepatica was f i rs t  p roposed  b y  MANSOUR 1 and  
t h e n  conf i rmed  t h r o u g h  va r ious  inves t iga t ions  showing  
t h a t  t h e  m o t i l i t y  of these  worms  could be  af fec ted  b y  
d i f fe ren t  d rugs  such  as 5 -HT itself, a m p h e t a m i n e ,  LSD 
a n d  reserp ine  1-4. The  f ind ing  t h a t  t he  s t i m u l a n t  effects of 
a m p h e t a m i n e  a n d  5 -HT were iden t ica l ly  an t agon i zed  b y  
h igh ly  specific a n t i - 5 - H T  drugs  5 p rov ided  a d d i t i o n a l  evi- 
dence  for  t he  presence  in F. hepatica of a single t r y p t a m i n e  
recep to r  p r o b a b l y  i nvo lved  in t he  m e c h a n i s m s  of t r ans -  
miss ion  of t h e  m o t o r  impulses  in  these  p l a t y h e l m i n t h e s .  

Ace tone  l iver - f luke  e x t r a c t s  conf i rmed  t he  presence  of 
5 -HT or of a 5-HT-l ike  s u b s t a n c e  in a m o u n t s  of 60-  
70 ng /g  wet  we igh t  w h e n  assayed  on  t he  r a t  u t e rus  pre-  
p a r a t i o n s  in  t h e  p resence  of a t rop ine  1. However ,  s imi la r  
a n d  p r e l i m i n a r y  assays  b y  us (unpub l i shed  da ta )  showed 
t h a t  these  ace tone  e x t r a c t s  c o n t a i n e d  also subs t ances  
capab le  of mod i fy ing  t he  respons iveness  of t he  biological  
tes t ,  t h u s  m a k i n g  i t  u n s u i t a b l e  for accu ra t e  d e t e r m i n a -  
t ions .  These  o b s e r v a t i o n s  led us to  u n d e r t a k e  t h e  research  
descr ibed  in t h i s  paper ,  b y  emp loy ing  f luoromet r i c  and  
t h i n - l a y e r  c h r o m a t o g r a p h i c  m e t h o d s  in o rder  no t  on ly  to 
d e t e r m i n e  q u a n t i t a t i v e l y  t h e  a m o u n t  of t he  occur r ing  
indo lea lky lamine ,  b u t  also to  d i s c r imina t e  q u a l i t a t i v e l y  
w h e t h e r  th i s  s u b s t a n c e  was rea l ly  5-HT. 

Materials and methods. Liver  f lukes col lected f rom bile 
duc t s  of b o v i n e  l ivers  w i t h i n  1 h of t he  d e a t h  of t he  host ,  
were i m m e d i a t e l y  w a s h e d  in R inge r  so lu t ion  (37 ~ in 
order  to  r e m o v e  t he  coarse  d a u b i n g  m a t e r i a l  on  t h e i r  sur- 
faces. T h e n  t h e y  were e i t he r  s u b m i t t e d  to the  e x t r a c t i o n  
p rocedure  or i n c u b a t e d  in R i n g e r  so lu t ion  (37 ~ for a 
l l /g h per iod  a n d  t h e n  ex t r ac t ed .  Samples  of 0.5-1 g f resh 
t i ssue  were e x t r a c t e d  w i t h  10 ml  of a c i d - b u t a n o l  accord ing  
to  ANSELL e t  al. 6. 

The  e x t r a c t s  s u b m i t t e d  to t he  var ious  s teps  of t he  same  
m e t h o d  of ANSELL e t  al. s were t h e n  t e s t ed  for  t h e i r  
f luorescence on  a 3000 CGA s p e c t r o p h o t o f l u o r o m e t e r L  
]Both a c t i v a t i o n  a n d  f luorescence spec t ra  were t h e n  re- 
corded.  All w a v e l e n g t h s  were uncor rec ted .  

E x t r a c t e d  a n d  u n e x t r a c t e d  s t a n d a r d s  of 5-HT, as well  
as e x t r a c t e d  samples  of 6 - h y d r o x y t r y p t a m i n e  (6-HT), 
5 - h y d r o x y t r y p t o p h a n e  (5-HTP),  4 - h y d r o x y t r y p t o p h a n e  
(4-HTP),  5 - m e t h y l t r y p t o p h a n e  (5-MTP), 5-ace toxy-N-  
a c e t y l t r y p t o p h a n e  (5-acO-N-acTP) ,  5 - m e t o x y t r y p t a m i n e  
(5-meOT), t r y p t a m i n e  (T), F. hepatica t i ssue a n d  5 -HT 
a d d e d  to F. hepatica t i s sue  were s imi la r ly  p r e p a r e d  and  
t e s t ed  for  t h e i r  f luo romet r i c  spect ra .  T he  same e x t r a c t e d  
samples  were t e s t ed  on  t h i n - l a y e r  c h r o m a t o g r a p h y  
(bu tOH,  4; acet ic  acid,  1; H20,  1) a n d  c o m p a r e d  for t h e i r  
cha rac te r i s t i c s  a t  UV- l igh t  (254 a n d  366 nm) a n d  for t he i r  
colour  reac t ions  a f t e r  d e v e l o p m e n t  of t he  c h r o m a t o -  
g raph ic  p la tes  w i t h  N N C D  a n d  p - d i m e t h y l a m i n o b e n z -  
a ldehyde  reagents .  Moreover ,  t he  coloured spots  of F.  
hepatica t i ssue  f rom var ious  c h r o m a t o g r a p h i c  p la tes  were 
e lu ted  w i t h  b u t a n o l  a n d  col lected in order  to  o b t a i n  suffi- 
c ien t  m a t e r i a l  to  be  t e s t ed  biological ly  on  r a t  u t e rus  
p r epa ra t i ons .  

Results. Q u a l i t a t i v e  analyses .  T he  a c t i v a t i o n  and  
f luorescence spec t r a  of e x t r a c t e d  and  u n e x t r a c t e d  5-HT, 
of e x t r a c t e d  F. hepatica t i ssue  a n d  t issue added  w i t h  5-HT 
s u b m i t t e d  to  t h e  e x t r a c t i o n  p rocedure  are  g r a p h e d  in 
F igure  1. Moreover ,  t he  f luoromet r i c  d a t a  a b o u t  t he  o the r  
indoles  t e s t ed  in our  e x p e r i m e n t s  are l i s ted  in T a b l e  I. 
The  c h r o m a t o g r a p h i c  cha rac te r i s t i c s  of t he  s ame  sub-  
s tances  are r epo r t ed  in Tab le  I I .  T he  resul t s  of c h r o m a t o -  
g raph ic  e x p e r i m e n t s  w i t h  t i ssue  e x t r a c t  a d d e d  w i t h  
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k n o w n  a m o u n t s  of 5-HT, revea led  t h a t  t he  spot  of the  
t i ssue  can  a lways  be  c lear ly  s epa ra t ed  f rom t h a t  of 5 -HT 
b o t h  for t h e i r  d i f fe ren t  R f  va lues  a n d  for colour charac-  
ter is t ics .  I t  mus t ,  however ,  be  po in t ed  ou t  t h a t  t he  migra -  
t ion  of 5 -HT a lone  is s l igh t ly  fas te r  t h a n  w h e n  i t  is added  
to  t i ssue  ex t rac t .  

Q u a n t i t a t i v e  d e t e r m i n a t i o n .  The  resu l t s  of t he  deter-  
m i n a t i o n s  on  14 samples  of f reshly  col lected worms  and  on 
a same  n u m b e r  of samples  of i n c u b a t e d  l iver  flukes, 
showed  t h a t  t h e  f luorescen t  c o m p o u n d  is p r e sen t  in 
a m o u n t s  of 1640 and  855 ng /g  of f resh  t issue respec t ive ly  
w h e n  dosed aga ins t  5 -HT base  emp loyed  as a s t a n d a r d  
f luorescent  compound .  On the  o t h e r  hand ,  t he  c h r o m a t o -  
g raph ic  spots  of F. hepatica t i s sue  e lu ted  and  t e s t ed  re- 
vea led  no  de tec t ab le  biological  ac t iv i ty ,  t he  a m o u n t  ex- 
t r a c t e d  f rom 2 g of f resh t i ssue  be ing  less ac t ive  t h a n  10 ng  
of 5 -HT on t he  r a t  u t e rus  p r epa ra t i on .  

Discussion. The  resu l t s  r epo r t ed  show t h a t  t he  e x t r a c t  
f rom F. hepatica t i ssue  con ta ins  a f luorescent  c o m p o u n d  
clear ly  d i s t ingu i shab le  f rom 5-HT a n d  o the r  indole  com- 
p o u n d s  e x a m i n e d  b o t h  for f luoromet r i c  and  c h r o m a t o -  
g raph ic  proper t ies .  T h e  closeness of t he  f luoromet r i c  
spec t ra  of th i s  u n k n o w n  s u b s t a n c e  to  those  of t h e  k n o w n  
c o m p o u n d s  t e s t ed  b y  us suggests  a s t r i c t  r e semblance  to 
c o m p o u n d s  w i t h  an  indole  s t ruc tu re .  The  resul ts  of t h in -  
l ayer  c h r o m a t o g r a p h y  conf i rm th i s  suggest ion.  I n  fact,  
accord ing  to HANSON 8, t he  pos i t ive  reac t ions  of the  
c h r o m a t o g r a p h i c  spo t  deve loped  b y  t he  NNCD a n d  p- 
d i m e t h y l a m i n o b e n z a l d e h y d e  reagents ,  s t rong ly  suppo r t  
t h a t  i t  is a n  indole  c o m p o u n d .  

Since t he re  is no  i ndo l ea lky l amine  wh ich  is as p o t e n t  as 
5 -HT in s t i m u l a t i n g  c o n t r a c t i o n s  of t he  r a t  u t e rus  pre- 
p a r a t i o n  9, we can  also exp la in  t h e  r e m a r k a b l e  difference 
be tween  our  q u a n t i t a t i v e  resul t s  o b t a i n e d  b y  m e a n s  of 

Table I. Fluorescence characteristics of the indoles tested 

Substances Activation Fluorescence 
maximum maximum 
(nm) (nm) 

Fasciola hepatica extract 392 487-492 
5-hydroxytryptamine �9 390 510-515 
6-hydroxytryptamine 399 513-518 
5 -hydroxytryptophane 394 454-458 
4-hydroxytryptophane 395 458-463 
5-methyltryptophane 401 494-498 
5-acetoxy-N-acetyltryptophane 389 457-462 
5-methoxytryptamine 385 462-466 
Tryptamine 396 457-463 

5-hydroxytryptamine creatinine-sulphate. 

1 T. E. ~VIANSOUR, Fedn. Proc. I6, 319 (1957). 
2 C. BERETTA, Fedn. Proc. 28, 793 (1969). 
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4 K. D. BEERNINK, S. D. N~LSON and T. E. MANSOU~, Int. J. 
Neuropharmac. 2, 105 (1963). 

5 C. BERETTA and A. LOCATELLI, J. Pharm. Pharmac. 20, 744 (1968). 
6 G. B. ANSELL and M. F. BEESON, Analyt. Biochem. 23, 196 (1968). 
7 CGA Dott. Ciampolini, Firenze (Italy). 
s A. HANSON, in Handbook o! Experimental Pharmacology (Ed. V. 

ERSPAMER; Springer-Verlag, Berlin-Heidelberg-New York 1966), 
vol. 19, p. 77. 
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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 .  
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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  


