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( h u m a n  lu tea l  cells)7-1~. Pa r t i cu l a r l y  GREEN, GARCILAZO 
a n d  MAQuEo 1~ fu rn i shed  a de ta i led  descr ip t ion  of these  
spaces  in  h u m a n  corpora  lu tea  of t he  m e n s t r u a l  cycle and  
p regnancy .  

The  'canal icul i '  r e m a r k a b l y  s imi lar  to  bi le  canal icul i  
appea red  to t e r m i n a t e  in  t he  pe r ivascu l a r  connec t ive  
t issue of the  capi l lar ies  of t he  corpus  l u t e u m  a n d  were 
i n t e r p r e t e d  as a n  in te rce l lu la r  s y s t e m  of channe l s  for t h e  
t r a n s p o r t  of lu tea l  ceils secre t ion  f rom t he  cells to  the  
cap i l la ry  ~. 

Compar ing  t he  p r e sen t  resul t s  w i t h  t he  f ind ings  of t he  
above  papers ,  i t  seems reasonab le  to  sugges t  t h a t  s imi la r  
large per icap i l l a ry  and  ' l ike-canal icul i '  in te rce l lu la r  spaces  
m i g h t  also be  p r e sen t  in t he  Leydig  cells of t he  mouse  
test is .  A l t h o u g h  i t  shou ld  be added  t h a t  t h e y  n e v e r  r each  
t he  same c o m p l e x i t y  observed  in t h e  h u m a n  corpora  
l u t ea  where  t he  ceils are g rouped  in large a m o u n t s .  

Concluding,  W e propose  t h a t  t he  smal l  channe l s  ob- 
se rved  m i g h t  r a t h e r  be  i n t e r p r e t e d  as n a r r o w  and  deep 
infoldings  of t he  pe r ivascu la r  spaces  a m o n g  t he  Leydig  
ceils. Therefore  t h e y  m i g h t  p r o b a b l y  serve to  increase  the  
secre t ing surface of t he  ceils. 

Riassunto. Tra  le cellule in te r s t i z ia l i  del tes t icolo  del 
t opo  sono s t a t e  osse rva te  al  M / E  s t r e t t e  e p ro fonde  
invag inaz ion i  s imil i  a <~canalicoli intercel lulari~.  Le 
fessure in te rce l lu la r i  sono in continuit~t  con gli a m p i  spaz i  
per icapi l la r i  e p r o b a b i l m e n t e  servono ad  a u m e n t a r e  la 
superf icie  secernen te  delle cellule di Leydig.  
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Histochemical Differentiation of the Formaldehyde-Induced Fluorophores Derived 
from Dopamine and L-DOPA 

The  fa te  of a d m i n i s t e r e d  L-3, 4 - d i h y d r o x y p h e n y l a l a n i n e  
(L-DOPA) has  been  inves t i ga t ed  in an ima l s  b y  t he  
fo rmaldehyde- f luorescence  m e t h o d  1. One d i f f icu l ty  in  
th i s  t y p e  of s t u d y  is t h a t  h i s tochemica l  d i f f e ren t i a t ion  of 
L-DOPA f rom d o p a m i n e  (DA) has  been  imposs ib le  as 
t he i r  f luorophores  h a v e  s imi la r  p roper t i e s  3. I n  t h e  p re sen t  
s t u d y  a m e t h o d  of d i f f e r en t i a t i ng  t h e  f luorophores  der ived  
f rom L-DOPA a n d  D A  is repor ted ,  ba sed  on  t h e i r  r a t e s  of 
p h o t o d e c o m p o s i t i o n  du r ing  i r r ad i a t i on  w i t h  U V - b g h t .  

Material and methods. A range  of concen t r a t i ons  of 
L-DOPA a n d  d o p a m i n e  hyd roch lo r ide  (Koch-Light )  were 
p r e p a r e d  b y  d isso lv ing  these  subs t ances  in  0.04 N HC1. 
E a c h  so lu t ion  was t h e n  added  to an  equa l  vo lume  of 2% 
aqueous  bov ine  se rum a lbumin .  (Merck). The  f ina l  solu- 
t ions  c o n t a i n e d  a r ange  of 6 c o n c e n t r a t i o n s  of L-DOPA 
f rom 0.062 to 3 mg/ml ,  a n d  a r ange  of 9 c o n c e n t r a t i o n s  of 
D A  f rom 0.062 to 12 mg/ml .  1 txl d rople t s  f rom each  of 
these  f ina l  so lu t ions  were air  dr ied pr io r  to  exposure  to  
gaseous fo rmaldehyde ,  gene ra t ed  f rom p a r a f o r m a l d e h y d e  

s t o r e d  a t  a re la t ive  h u m i d i t y  of 58%, for I h a t  80~ The  
r eac t ion  vessel  c o n t a i n e d  5 g pa ra formaldehyde /1 .  The  
drople t s  were t h e n  m o u n t e d  in E n t e l l a n  (Merck) a n d  
e x a m i n e d  w i t h  a Zeiss large  f luorescence microscope  
inco rpo ra t ing  t he  E M I  6256B pho tomul t ip l i e r .  The  l igh t  
source was a s tab i l i zed  H B O  100 O s r a m  m e r c u r y  l a m p  
a n d  a c o m b i n a t i o n  of t h e  exc i te r  f i l ters  UG5 a n d  B G  38/ 
2.5 m m  (Schot t )  was  selected t o g e t h e r  w i t h  t he  b a r r i e r  
f i l ter  47 (Zeiss). The  drop le t s  were e x a m i n e d  b y  ver t i ca l  
i l l u m i n a t i o n  us ing  a X 40 oil immers ion  ob jec t ive  w i t h  a 
numer i ca l  ape r tu r e  of 1.0. T he  i n t e n s i t y  of t he  exc i t ing  
l i gh t  was m u c h  reduced  b y  an  iris d i a p h r a g m  d u r i n g  t he  
select ion of t he  areas  for f luor imet ry ,  and  t he  f luorescence 
i n t e n s i t y  d u r i n g  p h o t o d e c o m p o s i t i o n  was m e a s u r e d  for 
2 m in  f rom ci rcular  areas  each  w i t h  a d i a m e t e r  of 10 t~m. 
One a rea  was chosen  f rom t h e  m o s t  i n t ense  region of 
f luorescence of each d rop le t  to  be  examined .  

Results. The  dr ied drople t s  h a d  a p p r o x i m a t e l y  c i rcular  
ou t l ines  w i t h  d i ame te r s  r a n g i n g  f rom 3-4  ram.  The re  was 
no  cons i s t en t  v a r i a t i o n  in d rop le t  d i a m e t e r  in  r e l a t i on  to  
D A  or L-DOPA c o n c e n t r a t i o n  in t he  d r o p l e t  solut ion.  
The  d ry ing  p roce s s  led to t he  f luorophore  b e i n g  concen-  

t r a t e d  in a r ing  s u r r o u n d i n g  a cen t r a l  a rea  wh ich  showed 
m i n i m a l  f luorescence.  The  re su l t ing  f luorescent  r ings  
showed  differences  in  wid th ,  depend ing  on  t he  concen t ra -  
t i on  of D A  or L-DOPA in t he  d rop le t  solut ion.  (Figure 1). 

The  in i t ia l  m a x i m a l  i n t e n s i t y  of f luorescence a n d  t h e  
degree of fad ing  of t he  f luorophores  der ived  f rom the  
d i f fe ren t  c o n c e n t r a t i o n s  of D A  and  L-DOPA in  t h e  d rop le t  
so lut ions  are shown  in t he  TaMe. F u r t h e r  d rop le t s  were 
e x a m i n e d  a n d  t h e  resul t s  are shown  in F igu re  2. 

In  F igure  2, t he  2 sets  of f ina l  va lues  for t h e r  pe rcen t age  
of t h e  in i t ia l  i n t e n s i t y  were s ign i f ican t ly  d i f fe rent  a t  a 
level P =  0.008 ( M a n n - W h i t n e y  U- tes t ,  2-tailed).  The  m e a n  
va lues  for t he  in i t ia l  f luorescence in tens i ty ,  in  a r b i t r a r y  
uni ts ,  were 80 (DA) a n d  77 (L-DOPA). As t he  p repa ra -  
t ions  of D A  a n d  L-DOPA h a d  s imi la r  molecu la r  we igh ts  
t h e  d rop le t s  e x a m i n e d  for F igure  2 were der ived  f rom 2 
so lu t ions  of a p p r o x i m a t e l y  equ imo la r  concen t r a t i on .  
There  was no  obv ious  dif ference be tween  t h e  d r y i n g  
p a t t e r n s  of the  d rop le t s  de r ived  f rom the  2 solut ions .  

Discussion. The  f luorophore  der ived  f rom D A  is a 
3 ,4 -d ihydro i soqu ino l ine  wh ich  is in  a p H - d e p e n d e n t  
equ i l ib r ium w i t h  the  co r re spond ing  t a u t o m e r i c  qu ino ida l  
form. The  l a t t e r  exh ib i t s  f luorescence w i t h  a n  emiss ion  
m a x i m u m  a t  480 nm,  whi le  t h e  fo rmer  has  an  emiss ion  
m a x i m u m  a t  510 n m  a. The  r eac t ion  cond i t ions  for f luoro- 
pho re  f o r m a t i o n  in a model  sys t em of a l b u m i n - c o n t a i n i n g  
drop le t s  m a y  differ  f rom those  associa ted w i t h  t i ssue  
sections,  where  t he  qu ino ida l  fo rm predomina tes3 .  

The  resu l t s  in  F igure  i a n d  in  t he  Tab le  suggest  t h a t  
c o n c e n t r a t i o n - d e p e n d e n t  q u e n c h i n g  4 of t h e  f iuorophores  
h a d  t a k e n  place, as t h e  c o n c e n t r a t i o n  of D A  or L-DOPA in 
t he  d rop le t  so lu t ions  was increased.  Differences  in  t he  
c o n c e n t r a t i o n  of f luo rophore  in t he  f luorescen t  r ings  of t he  
drople t s  der ived  f rom d i f fe ren t  c o n c e n t r a t i o n s  of D A  or 
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L - D O P A  w o u l d  h a v e  b e e n  p a r t l y  d u e  t o  t h e  c h a n g e s  in  
t h e  d r y i n g  p a t t e r n  of t h e  d r o p l e t s ,  a s  we l l  a s  to  t h e  con -  
c e n t r a t i o n s  of  D A  or  L - D O P A  in  t h e  d r o p l e t  s o l u t i o n s .  A t  
e q u i v a l e n t  c o n c e n t r a t i o n s  u p  t o  1.5 m g / m l  in  t h e  d r o p l e t  
s o l u t i o n s ,  b o t h  L - D O P A  a n d  D A  p r o d u c e d  a s i m i l a r  
d r y i n g  p a t t e r n  o f  t h e  d r o p l e t s  w i t h  r e s p e c t  to  t h e  w i d t h  
of t h e  f l u o r e s c e n t  r ing ,  b u t  t h e  w i d t h  of  t h e  r i n g  of  a 
t y p i c a l  d r o p l e t  d e r i v e d  f r o m  t h e  s o l u t i o n  o f  L - D O P A  
3 m g / m l  w a s  l e s s  t h a n  t h a t  of  a d r o p l e t  d e r i v e d  f r o m  
D A  3 m g / m l .  T h i s  m a y  e x p l a i n  t h e  a p p a r e n t  d i f f e r e n c e  in  
t h e  d e g r e e  of  q u e n c h i n g  of t h e  f l u o r e s c e n c e  b e t w e e n  t h e  
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Fig. 1. The distribution and intensity of formaldehyde-induced 
fluorescence in dried albumin-containing 1 F1 droplets, in relation to 
the concentratio~ of dopamine in the droplet solution. The fluorescence 
intensity was recorded graphically by a pen recorder from strips 
10 Ix m in width, which were scanned at a constant  speed across the 
diameters of 4 typical droplets. A 1 ~,1 droplet of a 1% albumin 
solution was also examined. The concentration of dopamine in each 
droplet solution is shown. 

Photodecomposition of formaldehyde-induced fluorophores derived 
from L-DOPA and DA in a model system of dried albumin-containing 
1 ~I droplets 

Concentration in Initial intensity Fluorescence intensity 
droplet solution of fluorescence after 2 rain of photo- 
(mg/ml) (arbitrary units) decomposition (% of 

initial intensity) 

DA 

L-DOPA 

12 53 79 
9 65 77 
6 74 78 
3 75 79 
1.5 67 78 
0.75 55 78 
0.375 43 81 
0.125 38 82 
0.062 34 82 
3 47 68 
1.5 79 65 
0.75 76 62 
0.375 52 63 
0.125 39 67 
0.062 34 71 

Nil 12 83 

Each value of fluorescence intensity represents the mean of 3 
readings, each from a separate droplet. The areas for fluorimetry were 
selected from the region of each droplet showing the most  intense 
fluorescence. Values for control droplets, prepared from 1% albumin 
in 0.02 N KCI are also shown. 
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Fig. 2. Rates of photodecomposition of formaldehyde-induced 
fluorophores derived from L-DOPA and DA in a moffel system of 
dried albumin-containing 1 ~zl droplets. A point represents the mean 
value of 5 readings, each from a different droplet, and the range of 
each mean value is given. The concentration of L-DOPA and DA in 
the droplet solutions is shown. The areas for fluorimetry were selected 
from the region of each droplet showing the most  intense fluorescence. 

f l u o r o p h o r e s  f r o m  D A  a n d  L - D O P A  a s s o c i a t e d  w i t h  a 
c o n c e n t r a t i o n  of  3 m g / m l  in  t h e  d r o p l e t  s o l u t i o n s .  D i f f e r -  
e n c e s  in  t h e  f a d i n g  r a t e s  of  t h e  f l u o r o p h o r e s  d e r i v e d  f r o m  
L - D O P A  a n d  D A  were  m a i n t a i n e d  d e s p i t e  t h e  d i f f e r e n t  
c o n c e n t r a t i o n s  of  D A  a n d  L - D O P A  in  t h e  d r o p l e t  s o l u t i o n s  
a n d  t h e  d i f f e r e n t  d e g r e e s  of  q u e n c h i n g  (Tab le ) .  

T h e  c o n t r a s t  w h i c h  w a s  f o u n d  in  t h e  m o d e l  s y s t e m  w a s  
s t u d i e d  in  t i s s u e  s e c t i o n s  o f  r a t  b r a i n ,  w h i c h  h a d  b e e n  
p r e p a r e d  for  f l u o r e s c e n c e  m i c r o s c o p y  1. A s u f f i c i e n t  i .p.  
dose  of  L - D O P A  r e s u l t e d  in  a d i f f u s e  f o r m a l d e h y d e -  
i n d u c e d  f l u o r e s c e n c e  in  t h e  n e u r o p i l  o f  t h e  c e r e b r a l  c o r t e x ,  
w h i c h  f a d e d  m o r e  r a p i d l y  t h a n  t h e  d i f f u s e  f o r m a l d e h y d e -  
i n d u c e d  f l u o r e s c e n c e  in  t h e  n e u r o p i l  of  t h e  c a u d a t e  
n u c l e u s  of  a r a t  w h i c h  h a d  n o t  r e c e i v e d  L - D O P A .  T h e  
f l u o r e s c e n c e  in  t h e  n e u r o p i l  of  t h e  c a u d a t e  n u c l e u s  is  
a l m o s t  e n t i r e l y  d u e  to  D A  ~ w h i l e  t h e  c o r t i c a l  f l u o r e s c e n c e  
f o l l o w i n g  a d o s e  o f  L - D O P A  w a s  p r e s u m a b l y  m a i n l y  
d e r i v e d  f r o m  L - D O P A  s-s .  

Rdsumd. O n  s i g n a l e  u n e  m 6 t h o d e  de  d i f f 6 r e n c i a t i o n  d e  
la  f l u o r e s c e n c e  p r o v e n a n t  d u  L - D O P A  e t  cel le  de  l a  
d o p a m i n e ,  b a s 6 e  s u r  l eu r  t a u x  de  d 6 c o l o r a t i o n  l o r s q u ' e l l e s  
s o n t  e x p o s 6 e s  & la  lumi&re  u l t r a - v i o l e t t e .  L ' i n t e n s i t 6  de  l a  
f l u o r e s c e n c e  p r o v e n a n t  d u  L D O P A  s ' e s t  av6 r6e  p l u s  
r a p i d e  & d i s p a r a i t r e  q u e  celle p r o v e n a n t  de  la  d o p a m i n e .  
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