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Summa~'y. Fluorescamine induces strong fluorescence in the cells of human thyroid 
medullary carcinoma and of canine C cell adenoma (formaldehyde-fixed specimens). ~-on- 
neoplastic human C cells do not exhibit fluorescamine-induced fluorescence whereas canine C 
cells do. The difference between neoplastic and non-neoplastic C cells in man may be helpful 
in the early histopathological diagnosis of thyroid medullary carcinoma. 

Introduction 

Fluorescamine  is a h igh ly  sensi t ive  r eagen t  for  the  f luorometr ic  de t e rmina t i on  
of p r i m a r y  amino  groups in amines,  amino acids, pep t ides  and pro te ins  (Uden- 
friend, Stein,  BShlen, DMrman,  Le imgrube r  and Weigele,  1972; B6hlen,  Stein,  
D a i r m a n  and  Udenfr iend,  1973). Recen t ly ,  f luorescamine was in t roduced  as a 
r eagen t  for  the  fluorescence h is tochemical  demons t r a t i on  of amino  groups (Hs 
son, Larsson  and  Sundler ,  1974). I t  was observed,  t h a t  f ixa t ion  wi th  gaseous 
fo rmaldehyde ,  known to  block amino groups,  d id  no t  p r e ve n t  f luorescamine f rom 
inducing  in tense  f luorescence in cer ta in  cell sys tems,  m a n y  of which had  an  
es tab l i shed  or an t i c ipa t ed  endocr ine  funct ion.  Such cell sys tems  inc luded  adeno-  
hypophyseM cells, t hy ro id  C cells of cer ta in  species, a popu la t ion  of pancrea t i c  is let  
cells and  endocrine- l ike  cells of the  gas t ro in tes t ina l  mucosa.  A possible explana-  
t ion for th is  phenomenon  is t h a t  cer ta in  amino groups  in these  cells are " h i d d e n "  
in the  sense t h a t  t h e y  are p r o t e c t e d  from reac t ing  wi th  formMdehyde,  thus  leaving  
t h e m  accessible for condensa t ion  wi th  f luorescamine ( I t~kanson  et al., 1974). 
The  p resen t  r epo r t  descr ibes  f luoreseamine- induced  fluorescence in  cells of h u m a n  
t h y r o i d  m e d u l l a r y  ca rc inoma and  canine C celt adenoma.  

Material and Methods 
Tissues. Specimens from three cases of medullary carcinoma and from three cases of toxic 

goiter were obtained at surgery. The tissue material also included one C cell adenoma, found 
in a dog thyroid, as well as specimens from thyroids of three normM dogs. 

Histochemical Procedures. Small tissue blocks were frozen to the temperature of liquid 
nitrogen in a mixture of propane and propylene, freeze-dried, and exposed to gaseous 
/ormaldehyde for 1 hr at 80~ according to Falek and I-Iitlarp (for details, see BjSrklund, 
Falck and Owman, t972). The specimens were then embedded in paraffin in vacuo and 
sectioned at 6 ~. The sections were deparaffinized and mounted in xylene and examined in a 
fluorescence microscope for formaldehyde-induced fluorescence. After removal of the cover-slip, 
the dried sections were briefly immersed in 0.2 M sodium phosphate buffer, pH 8.5, drained 
and covered with a few drops of/luorescamine solution (2 mg Fluram | in 10 ml of acetone) 
for 30 scc. The sections were blotted with a filter paper, mounted in the buffer and examined 

1 Generous gift from Hoffman-La Roche, Basel, Switzerland. 
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Fig. 1. a) Fluorescamine-induced fluorescence in tumour cells of medullary carcinoma, b) The 
fluorescent tumour cells are argyrophil. • 150 

in the fluorescence microscope. Filter settings. Schott BG 12 was used as lamp filter and 
Schott OG4 as barrier filter. Light microscopy. Sections were stained with silver according to 
Grimelius (1968) (argyrophil staining). With this procedure thyroid C ceils are stained while 
the follicle cells are not (Pearse, 1968). 

Results and Comments 

P a r t s  of the  h u m a n  t h y r o i d  m e d u l l a r y  carcinomas,  pa r t i cu l a r ly  a t  the  peri- 
p h e r y  of the  tumours ,  conta ined  sca t t e red  cells emi t t ing  mode ra t e  to  in tense  
yellow, fo rmMdehyde- induced  fluorescence charac ter i s t ic  of 5 - h y d r o x y t r y p t a m i n e .  
The bulk  of t u m o u r  cells were non-f luorescent .  No cells in non- tumourous  h u m a n  
or canine t hy ro ids  or in the  canine C cell adenoma  emi t t ed  fo rma ldehyde- induced  
fluorescence.  Af te r  exposure  to  f luorescamine,  an  in tense  yel low-green fluorescence 
deve loped  in the  cy top la sm of all t u m o u r  cells in the  h u m a n  m e d u l l a r y  carc inomas 
(Fig. 1 a) as well as in the  canine adenoma  (Fig. 2). All  f luorescent  cells were 
a rgyroph i l  (Fig. i b). I n  the  non-aff l ic ted  pa r t s  of the  dog t hy ro id  and  in the  
t h y r o i d  of normal  dogs, sca t t e red  clusters of a rgyroph i l  cells wi th  a parafo l l icu lar  
local izat ion e m i t t e d  s t rong f luorescence (Fig. 3). The t hy ro id  follicle cells and  the  
follicle conten t  gave no or v e r y  weak fluorescence.  I n  the  non- tumourous  h u m a n  
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Fig. 2. Canine C ceil adenoma. Large nodules of cells showing fluorescamine-indueed 
fluorescence. • 170 

Fig. 3a  and b. Dog thyroid.  Section from area adjacent  to C cell adenoma, a) Clusters of 
parafollieular cells with fluoreseamine-indueed fluorescence, b) The cells are identified as C cells 
by  their  argyrophilia. The C cell clusters are enlarged compared to those seen in the 

thyroids of the normal dogs. • 160 
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t hy ro ids  there  were no cells exh ib i t ing  f luorescamine- indueed  fluorescence,  
whereas  a rgyroph i l  cells were present .  

A charac te r i s t ic  f ea tu re  of the  f luorescamine- induced  fluorescence was i ts  r ap id  
fading upon  exposure  to  UV light.  Af te r  6 to  8 hrs in the  dark,  however,  fluores- 
cence was restored.  This is in agreement  wi th  ear l ier  observa t ions  (Hs  
et al., 1974). 

Discussion 

I n  solution,  f luorescamine reac ts  r ead i ly  wi th  p r i m a r y  amino groups to y ie ld  
in tense ly  f luorescent  p roduc ts  (Udenfr iend et al., 1972). I t  is p robab le  t h a t  the  
same reac t ion  t akes  place in t issue sections. I n  unf ixed  t issues,  f luorescamine 
t r e a t m e n t  induces  an intense,  uni form fluorescence p r e s u m a b l y  due to  the  abund-  
ancy  of free amino groups.  I n  theory ,  amino groups in t issues f ixed  with  formal-  
dehyde  should be blocked and  thus  inaccessible for reac t ion  wi th  f luoreseamine.  
I n  pract ice ,  f luorescamine was found to be useful for demons t r a t ing  cer ta in  endo- 
crine-l ike cell t y p e s  in fo rmaldehyde- f ixed  specimens;  as an exp lana t ion  i t  was 
p roposed  t ha t  cer ta in  amino groups in these  cells are  " p r o t e c t e d "  from condensa-  
t ion  wi th  fo rma ldehyde  (el. H&kanson et a l ,  1974). I t  is p robab le  t ha t  the  amino  
groups d e m o n s t r a t e d  wi th  f]uorescamine der ive  from pep t ides  or pro te ins  or gluco- 
seaminoglycans ,  since i t  is to be expec ted  t h a t  amines  and  amino  acids should  
be ex t r ac t ed  dur ing  the  processing of the  t issue sections,  which involves  the  use 
of aqueous  media .  The f luoreseamine react ion,  appl ied  to sect ions from freeze-dried,  
fo rma ldehyde- f ixed  specimens,  seems to be a s imple and  convenien t  w a y  of 
demons t r a t i ng  neoplas t ic  C cells in the  f luorescence microscope.  I t  should be no ted  
t h a t  the  non-neoplas t ic  h u m a n  C cell (as opposed  to the  canine C cell) d id  no t  
exhib i t  f luorescamine- indueed  fluorescence.  This difference m a y  be helpful  in the  
ea r ly  diagnosis  of t hy ro id  m e d u l l a r y  carcinoma.  

This study was supported by RiksfSreningen mot Cancer (660-K73-O1X). 
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