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Microspectrography of formaldehyde and fluorescamine-induced fluorescence in rabbit pulmonary 
neuroepithelial bodies: Demonstration of  a n e w ,  probably polypeptide intracytoplasmic substance 1 
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Summary. The  mic ro s pec t r og r aph i c  ana lys i s  of the  f luorescence e m i t t e d  b y  N E B ' s  in gaseous  fo rma ldehyde - f ixed  lung  
�9 t issue,  p o s t t r e a t e d  w i t h  f luorescamine,  revea led  t he  presence  of  n u m e r o u s  p r i m a r y  amino  groups  wh ich  are c lear ly  
d i f fe ren t  f rom the  se ro ton in  iden t i f i ed  in our  ear l ier  s tud ies  and  co r respond  to  a new, p r o b a b l y  a po lypep t ide  i n t r a -  
cy top l a smic  subs tance .  

I n  ear l ier  s tud ies  2-~ we were able  to  d e m o n s t r a t e  t i le 
p resence  of s e ro ton in  ( 5 - h y d r o x y t r y p t a m i n ;  5-HT) in t he  
i n t r a c y t o p l a s m i c  type-1  dense  cored  vesicles of the  g ranu-  
l a t ed  ep i the l ia l  cells of neu roep i the l i a l  bod ies  (NEB's )  of 
n e o n a t a l  r a b b i t  lungs  (by t h e  use of c o m b i n e d  f luores-  
cence, m ic rospec t rog raph i ca l  a n d  u l t r a s t r u c t u r a l  cy to-  
chemica l  t echn iques ) .  A t  theft t ime  we real ized t h a t  t he  
g r a n u l a t e d  cells p r o b a b l y  c o n t a i n e d  and  p roduced  sub-  
s t ances  o the r  t h a n  se ro ton in ,  whose  m e t a b o l i s m  m a y  
indeed  be c o m b i n e d  w i t h  a v a r i e t y  of cel lular  ac t iv i t i e s  in 
t h e  a m i n e  a n d  pep t ide  s p e c t r u m  and  sugges ted  t h a t  the  
N E B ' s  could poss ib ly  c o n t a i n  one  (or more)  p o l y p e p t i d e  
subs tance(s ) .  I n  t h e  p r e s en t  s t u d y  t he  possible  occurrence  
of such  a po lypep t i de  s u b s t a n c e  in the  corpuscu la r  cells 
of t i le N E B ' s  was  inves t iga t ed ,  us ing  f luorescamine  
( F l u r a m  *). This  r e c e n t l y  i n t r o d u c e d  r e a g e n t  is cons idered  
an  i n t e r e s t i ng  label  for t he  h i s t ochemica l  d e m o n s t r a t i o n  
of cells c o n t a i n i n g  a n d  secre t ing  po lypep t idesT-L A wide 
series of cells, such  as p i t u i t a r y  g r o w t h  h o r m o n e - p r o d u c -  
ing cells, ga s t r i n  cells, p a n c r e a t i c  insu l in  cells and  t h y r o i d  
C cells, wh ich  are all  k n o w n  to c o n t a i n  po l ypep t i de  
ho rmones ,  d i sp lay  a se lec t ive  f luo rescamine - induced  fluo- 
rescence if t h e  t i s sue  in w h i c h  t h e y  occur  has  been  
p re f ixed  in f o r m a l d e h y d e  gas. 
I n  t h e  s tud ies  here  r epor t ed ,  a mic rospec t rog raph ica l  
ana lys i s  of t h e  f luorescence e m i t t e d  b y  t he  N E B ' s  in 
gaseous  fo rma ldehyde - f i xed  lung  t i ssue  p o s t t r e a t e d  w i t h  
f luorescamine ,  revea led  t he  p resence  of n u m e r o u s  p r i m a r y  
a m i n o  groups  wh ich  are c lear ly  d i f fe ren t  f rom t he  p r i m a r y  
NH2- t e rmina l s  of 5-HT. T h e y  do indeed  n o t  r eac t  u p o n  
t r e a t m e n t  w i t h  f o r m a l d e h y d e  gas (whereas  the  p r i m a r y  
a m i n e  se ro ton in  does r e a c t  w i t h  f o r m a l d e h y d e  gas) whi le  
b e c o m i n g  condensed  w i t h  f luorescamine .  These  newly  iden-  
t i f fed p r i m a r y  amino  groups  should  ind ica t e  the  presence  
of a p o l y p e p t i d e  s u b s t a n c e  in t he  g r a n u l a t e d  ep i the l i a l  
cells of t he  N E B ' s .  F u r t h e r  s tudies  are u n d e r t a k e n  to  
e s t ab l i sh  t he  precise  n a t u r e  of th i s  newly  iden t i f i ed  sub-  
s tance .  
10 n e o n a t a l  r a b b i t s  f rom d i f fe ren t  l i t t e rs  were a n a e s t h e -  
t ized  w i t h  p e n t o b a r b i t a l  (Nembuta l |  a f t e r  w h i c h  t he  
h e a r t - l u n g  p r e p a r a t i o n s  were r emoved .  T he  lung  t i ssues  
were cu t  in to  smal l  pieces w h i c h  were q u e n c h e d  in l iqu id  
n i t rogen .  L y o p h i l i z a t i o n  was pe r fo rmed  for 4 days  a t  
t e m p e r a t u r e s  inc reas ing  f rom - - 8 0 ~  to + 30~ Nex t ,  
m o s t  of t he  smal l  t i s sue  b locks  were condensed  for 1 h 
w i t h  f o r m a l d e h y d e  gas  w i t h  a r e l a t ive  h u m i d i t y  of 47% 
a t  80~ Severa l  t i ssue  b locks  (used as controls)  were 
s i m p l y  p u t  a t  80 ~ for 1 h r e m a i n i n g  unf ixed .  All biopsies  
were e m b e d d e d  in p a r a f f i n  a n d  cu t  a t  6 7m. The  sec t ions  
were depara f f in ized  in to luo l  a n d  p laced  in a 0.2 M 
p h o s p h a t e - b u f f e r e d  sal ine (PBS)  buffer ,  p H  8, for 5 min.  
E a c h  sec t ion  was  d r a i ned  a n d  covered  w i t h  a d rop  of t he  
f luorescamine  so lu t ion  (2 m g  f l u o r e s c a m i n e - F l u r a m  | - 
d i sso lved  in 10 ml  acetone)  d u r i n g  20 sec. Then ,  t he  
sec t ions  were r insed  in t he  P B S  buf fe r  to  be  m o u n t e d  in 
E n t e l l a n  (s l ight ly  d i lu ted  w i t h  toluol) .  T he  spec t ra l  ana l -  

ysis of t he  f luorescence (bo th  t he  fo rma ldehyde -  and  t he  
f luo rescamine - induced  f luorescence) e m i t t e d  b y  t he  
N E B ' s ,  was pe r fo rmed  w i t h  t he  a id  of a Lei tz  micro-  
spec t rograph ,  equ ipped  w i t h  an  ep i - f luorescent  sys tem.  
Fo r  t he  f o r m a l d e h y d e - i n d u c e d  f luorescence,  we used a n  
H B O  100 W Hg- l amp ,  e x c i t a t i o n  f i l ters  2 m m  K G  1, 
4 m m  B G  38, 3 m m  B G  3, S 405 (Typ AL), a d i ch romic  
mi r ro r  w i t h  a cut -off  of 455 n m  and  a ba r r i e r  f i l ter  K 510. 
The  f luo re scamine - induced  f luorescence was e x a m i n e d  
w i t h  t he  same e x c i t a t i o n  lamp,  e x c i t a t i o n  fi l ters 2 m m  
K G  1, 4 m m  B G  38, 3 m m  U G  1, a d ich romic  mi r ror  w i t h  
a cu t -of f  of 400 n m  and  a ba r r i e r  f i l ter  K 460. The  emis-  
sion spec t ra  reg i s te red  on  a H e w l e t t - P a c k a r d  7004 B - X Y  
recorder  were cor rec ted  b y  c o m p a r i s o n  w i t h  the  spec t ra l  
cu rves  of a T u n g s t e n  l a m p  of k n o w n  color t e m p e r a t u r e  
(2850~ a t  5 A a n d  6 V). On t he  whole,  t he  f luorescence 
f rom 20 N E B ' s  r a n d o m l y  chosen  ou t  of severa l  sect ions,  
was m e a s u r e d  a n d  ana lyzed  mic rospec t rograph ica l ly .  
Results. U n f i x e d  (not  condensed  w i t h  f o r m a l d e h y d e  gas) 
lung  t issue t r e a t e d  w i th  f luorescamine ,  yields an  in t ense  
a n d  widesp read  f luo rescamine - induced  f luorescence.  The  
fad ing  of t h i s  f luorescence  occurs  v e r y  rapidly ,  s ince i t  
h a s  d i s appea red  comple t e ly  in  t he  selected microscopica l  
field a l r e ady  a f t e r  1 min.  I n  gaseous fo rma ldehyde - f ixed  
lung  t issue,  p r e p a r e d  accord ing  to  Fa l ck ' s  h i s tochemica l  
f luorescen t  a m i n e  t e c h n i q u e  1~ and  p o s t t r e a t e d  w i t h  
f luorescamine,  a n  in tense  a n d  se lec t ively  f luorescamine-  
induced  f luorescence  is microscopica l ly  observed  in cell 
g roups  w h i c h  m a y  be  iden t i f i ed  w i t h o u t  d o u b t  as N E B ' s ,  
whi le  t he  r e m a i n i n g  lung  t i ssue  revea ls  on ly  a m a r k e d l y  
r educed  f luorescence.  I n  o rder  to  de t ec t  w h e t h e r  t he  
f luorescence obse rved  in  t he  N E B ' s  w i t h  t he  f i l ter  com- 
b i n a t i o n  su i t ab l e  for f luorescamine  is n o t  mere ly  due  to  
an  i m p o r t a n t  a m o u n t  of se ro ton in ,  a mic rospec t rog raph i -  
cal ana lys i s  was  p e r f o r m e d  of t he  f o r m a l d e h y d e - i n d u c e d  
f luorescence on  t h e  one h a n d ,  and  t he  f luorescamine-  
i nduced  f luorescence  on  t h e  o t h e r  h a n d .  
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This  analys is  of t he  f luorescence emi t t ed  by  all the  
N E B ' s  inves t iga ted  which  were t r ea t ed  wi th  gaseous 
f o r m a l d e h y d e  and p o s t t r e a t e d  wi th  f luorescamine,  re- 
vealed before correc t ion  an average m a x i m u m  of 550-560 
n m  for the  fo rma ldehyde - induced  f luorescence and an 
average  m a x i m u m  of 510-520 n m  for the  f luorescamine-  
induced  f luorescence (figure 1). Af te r  correct ion of the  
emiss ion curves,  2 clearly sepa ra ted  curves are again 
ob ta ined ,  reveal ing  an emission m a x i m u m  of 510-520 n m  
for the  fo rma ldehyde - induced  f luorescence and  of 
470-480 n m  for t he  f luorescamine- induced  f luorescence 
(figure 2). These da t a  indica te  unequ ivoca l ly  t he  occur- 
rence wi th in  t he  corpuscular  cells of the  N E B ' s  as well of 
sero tonin  (with its emission m a x i m u m  of 510-520 nm) as 
of ano the r  subs tance  which  has  reac ted  wi th  Iluoresca- 
mine  (with an emission m a x i m u m  of 470-480 nm).  
Discussion.  A series of ceils which  all charac ter i s t ica l ly  
con ta in  po lypep t ide  hormones ,  exh ib i t  a s t rong  and  
select ive f luorescamine- induced  f luorescence t h o u g h  these  
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Fig. 1. Microspectrographical analysis of the uncorrected emission 
curves (nm) of the fluorescamine-induced fluorescence (1) and the 
formaldehyde-induced fluorescence (2) of NEB's in neonatal rabbit 
lungs. Matching tungsten curves for the correction of the fluoresca- 
mine-induced fluorescence (3) and the correction of the formaldehyde- 
induced fluorescence (4). I, emission intensity. 

10 

-~max 

05 

f~ !',, 
\~ '., 
\ 
\ : 

\ 
\ 
\ ' 

\ :. 
,.5-HT 

k ,. 
Fluorescamin~'" 

\ .  
\ .  

~ , .  

s6o 6oo 70Ohm 

Fig. 2. Corrected microspectrographieal analysis of the emission 
curves (nm) of figure 1 revealing the simultaneous occurrence of 
serotonin {5-HT) and of another substance reacting with Iluoresca- 
mine (Fluram| QA/Q~ max, relative fluorescence yield. 

cells were pref ixed in fo rma ldehyde  gas. I t  has  been  pro-  
posed t h a t  condensa t ion  wi th  gaseous fo rma ldehyde  is 
blocking only  a cer ta in  n u m b e r  of p r i m a r y  amino  groups 
in the  cell, t he  remain ing  NHa- te rmina l s  being able to  
reac t  wi th  f luorescamine 7-9. As we observed t h a t  N E B ' s  
following a f ixat ion wi th  gaseous fo rmaldehyde  react  in a 
very  posi t ive  way  to a f luorescamine t r e a t m e n t ,  one m a y  < 
logically conclude t h a t  the  N E B ' s  conta in  - besides sero=, 
ton in  - ano the r  subs tance  which  m u s t  be p rov ided  wi th  
a r a the r  large a m o u n t  of p r i m a r y  NHa- terminals .  This  
newly ident i f ied p r o d u c t  could poss ibly  r ep resen t  a poly-  
pep t ide  principle,  being s tored in the  secre tory  granules,  
which  could p ro t ec t  one or more  of its free amino  groups  
to react  wi th  fo rmaldehyde ,  while being accessible for 
f luorescamine 9. I t  m a y  be men t ioned  t h a t  it  has  also 
been suggested t h a t  the  f luorescamine- induced  fluores- 
cence could cor respond  di rec t ly  to fluorogenic componen t s  
occurr ing toge the r  w i th  the  p r e s u med  pep t ide  or poly- 
pep t ide  subs tance  wi th in  the  cy top lasmic  granules.  
F luorescamine  may  also react  w i th  amino-phosphol ip ids  
of l ipoprote ins  and  amino-sugars  of g lycoprote ins  11,12 
Our earlier observa t ions ,  however ,  never  revealed the  
presence  of e.g. i m p o r t a n t  fa t  accumula t ions  or large 
amo u n t s  of glycogen wi th in  the  granula ted  cells of the  
N E B ' s .  A con t r ibu t ion  of such subs tances  to the  fluores- 
camine- induced  f luorescence hence  appears  negligible. 
I t  t hus  appears  logical to  propose  t h a t  the  he reby  newly  
ident i f ied p r i m a r y  amino groups  form pa r t  of a (poly)- 
pep t ide  subs tance  which  occurs - besides sero tonin  - in 
the  cy top lasmic  granules  of the  epi thel ia l  cells of the  
N E B ' s .  I t  should,  moreover ,  be no ted  t h a t  t he  occurrence 
of more  t h a n  one subs tance  in a cell or in a group  of cells 
is no t  an except iona l  f inding.  Indeed ,  ca techolamines  as 
well as indolamines  were ident i f ied in the  ceils of the  
carot id  body  which  shares  m a n y  s t ruc tu ra l  character is t ics  
of the  N E B ' s  13-16. Our earlier s tudies  also revealed the  
occurrence of 2 t y p e s  of dense-cored vesicles (DCV's) in 
the  N E B ' s .  Whi le  t he  occurrence of se ro ton in  was 
d e m o n s t r a t e d  in the  DCV's  of t y p e  1, no p r i m a r y  amine  
could be ident i f ied in the  DCV's  of t y p e  2. Thus  we sug- 
gested a t  t h a t  t ime t h a t  the  DCV's  of t ype  2 could conta in  
ano the r  act ive  p ro d u c t  no t  ye t  demons t r ab l e  2-,. 
F ina l ly  one can n o t  exclude the  poss ibi l i ty  t h a t  the  role of 
the  sero tonin  p r e s en t  could consis t  in increasing the  
t r a n s u d a t i o n  capac i ty  of the  capil laries 17, thus  faci l i ta t ing 
the  up take  in the  p u l m o n a r y  vascular  bed of the  poly-  
pep t ide  subs tance  p re sen t  wi th in  the  g ranu la ted  cells of 
the  N E B ' s .  This po in t  of view could be compared  wi th  
observa t ions  concern ing  the  u l t imobranch ia l  b o d y  of the  
chicken,  where  d o p ami n e  is p re sumed  to  be required to  
p e rmi t  the  secre t ion of calci tonine in the  blood 18,19 

10 B. Falck and C. Owman, Acta Univ. Lund, sectio II, 7, 1 (1965). 
11 M. Naoi, Y. C. Lee and S. Roseman, Analyt. Biochem. 58, 571 

(1974). 
12 M. Naoi and Y. C. Lee, Analyt. Bioehem. 57, 640 (1974). 
13 G. Battaglia, Z. Zellforseh. 99, 529 (1969). 
14 S.R. Chiocchio, A. M. Biseardi and J. H. Tramezzani, Science 

758, 790 (1967). 
15 P.M. Grimley and G. G. Glenner, Circulation 37, 648 (1968). 
16 E. Morita, S. R. Chiocehio and J. H. Tramezzani, J. Ultrastruct. 

Res. 28. 399 (1969). 
17 V. Erspamer, Handb. exp. Pharmak. X I X ,  245 (1966). 
18 A. Melander, C. Owman and F. Sundler, Histochemie 25, 21 

(1971). 
19 A. Melander, C. Owman and F. Sundler, Histochemie 25, 32 

(1971). 


