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were measured .  All  ope ra t ions  were car r ied  o u t  in  a d a r k  
room u n d e r  a d im  red  l ight ,  a t  t h e  t e m p e r a t u r e  22 :t: 1 ~ 

P a r t i a l  b leaching .  P a r t i a l  b l each ing  of t h e  e x t r a c t  was  
car r ied  o u t  b y  expos ing  t he  m i c r o c u v e t t e  w i t h  t he  e x t r a c t  
to  a source of wh i t e  l igh t  aga i n s t  a co rn ing  in te r fe rence  
f i l ter  of long w a v e l e n g t h  (630 nm) for  15, 30 a n d  60 sec to  
ensure  slow a n d  progress ive  b leach ing  of t he  v i sua l  
p igmen t .  

Difference Spec t rum.  The  difference s p e c t r u m  was 
o b t a i n e d  a f t e r  t o t a l  b l each ing  of t h e  e x t r a c t  to  a wh i t e  
l igh t  of 100 w a t t  source for 10 min.  

Results. Figure  1 shows t he  op t ica l  dens i t y  measure -  
m e n t s  of a n  e x t r a c t  pooled f rom 24 re t inae  s h o w n  aga ins t  
a w a v e l e n g t h  r ange  of 500-600 nm.  T he  a b s o r p t i o n  
s p e c t r u m  of t he  u n b l e a c h e d  e x t r a c t  showed  a A ~ x  a t  
550 nm.  However ,  a smal l  h u m p  a r o u n d  530 n m  could 
also be  seen. The  op t ica l  dens i t y  of t he  ex t rac t s ,  p a r t i a l l y  
b leached,  a t  a long w a v e l e n g t h  (630 nm),  ove r  increas ing  
per iods  of 15, 30 a n d  60 sec showed  a g r adua l  d e c r e m e n t  in 
op t ica l  dens i ty .  Whi l e  t he  shape  of t he  cu rve  for t h e  
e x t r a c t  b l eached  only  for 15 sec more  or less confo rms  
to  t h a t  of t he  u n b l e a c h e d  ex t rac t ,  t h e  same,  w h e n  
b leached  for  1 min,  does no t  show a n y  peak.  T he  m o s t  
n o t e w o r t h y  fea tu re  of t he  resul t s  of pa r t i a l  b l each ing  is 
t h a t  t he  a b s o r p t i o n  s p e c t r u m  of the  ex t rac t ,  b l eached  for 
30 sec, ind ica tes  a p r e d o m i n a n t  h u m p  a t  530 nm,  in 
c o n t r a s t  to  t h a t  of t h e  u n b l e a c h e d  ex t rac t .  
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Fig. 2. Optical density of the pooled ret inal extract  (same as in 
Figure 1) at the wavelength range of 300-400 nm in unbleached ((l) 
and totally bleached (0) conditions. 

The  dif ference spec t rum,  o b t a i n e d  be tween  t he  un-  
b l eached  a n d  t o t a l l y  b l eached  ex t rac t s ,  shows a p e a k  
a r o u n d  550 n m  a n d  a smal l  h u m p  a r o u n d  530 nm,  
i nd i ca t i ng  ti le m a x i m u m  dens i t y  loss on  b leaching,  a t  t h e  
~ma~ of t he  u n b l e a c h e d  re t ina l  ex t rac t .  

F igure  2 ind ica tes  t he  op t ica l  dens i ty  m e a s u r e m e n t s  
of t h e  u n b l e a c h e d  a n d  t o t a l l y  b l eached  e x t r a c t s  s h o w n  
over  a w a v e l e n g t h  r ange  of 300-400 nm.  The  b l eached  
r e t i na l  e x t r a c t  showed  a p e a k  a r o u n d  349 nm,  i n d i c a t i n g  
t he  a b s o r p t i o n  s p e c t r u m  of t h e  pho top roduc t s .  

Discussion. The  resu l t s  seem to  ind ica te  t h a t  E. sura- 
tensis, o b t a i n e d  f rom fresh w a t e r  possesses 2 v i sua l  
p igmen t s ,  one m a x i m a l l y  sens i t ive  a t  550 n m  a n d  t h e  
o t h e r  a t  530 nm,  t h e  fo rmer  be ing  p r e d o m i n a n t  over  t h e  
la t te r .  T h e  pa r t i a l  and  d i f fe ren t ia l  b leach ing  w i t h  a long 
w a v e l e n g t h  t o w a r d s  t he  red  a n d  wh i t e  l igh t  ha s  se rved  
as a re l iable  m e t h o d  for t e s t i ng  t he  presence  of more  t h a n  
one v i sua l  p igmentS,  8,13. I t  is c l e a r  f rom the  p r e s e n t  
pa r t i a l  b l each ing  e x p e r i m e n t s  t h a t  the  b r e a k  down  of t h e  
v isua l  p i g m e n t  m a x i m a l l y  sens i t ive  to  a longer  wave-  
l e n g t h  is more  comple te  w h e n  exposed  to a source  of 
630 n m  for 30 sec. However ,  t he  a p p r o x i m a t e  s imi la r i ty  
of t he  shape  in t h e  curves  of t he  a b s o r p t i o n  s p e c t r u m  
b e t w e e n  t he  u n b l e a c h e d  e x t r a c t  a n d  t he  same exposed  to  a 
source of 630 n m  for 15 sec seems to ind ica te  t he  incom-  
p le te  a n d  i n a d e q u a t e  b leach ing  of b o t h  t h e  p igmen t s .  

The  p e a k  o b t a i n e d  a r o u n d  340 n m  in t he  a b s o r p t i o n  
s p e c t r u m  of t he  b l eached  e x t r a c t  conf i rms  t h e  p h o t o -  
sens i t ive  p igment ,  ex t r ac t ed ,  as i t  r ep resen t s  t h e  n a t u r e  
of t h e  p h o t o p r o d u c t s  as a resu l t  of b leaching.  

The  v i sua l  p i g m e n t s  e x t r a c t e d  in E. suratensis are 
c o m p a r a b l e  to  those  o b t a i n e d  f rom t h e  o the r  f ishes l ike 
b l e a k  (533, 550 nm)  a n d  carp,  (523, 550 rim) 13,14. I t  is 
of i n t e r e s t  to  no te  t h a t  a closely r e l a t ed  species, E. macu- 
latus a p p a r e n t l y  ha s  a m i x t u r e  of 2 p i g m e n t s  i.e., por-  
p h y r o p s i n  a n d  r h o d o p s i n  6, a l t h o u g h  t h e i r  ~max a r e  far  
to  t he  lef t  (515 a n d  495 nm,  respect ively)  of t he  same  
for t he  p i g m e n t s  o b t a i n e d  in E. suratensis. I t  shou ld  be  
po in t ed  out ,  however ,  t h a t  m a n y  of the  f resh w a t e r  f ishes 
possess v i sua l  p igment s ,  whose  p e a k  sens i t i v i ty  r anges  
f rom 520-550 n m  1~. 
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H i s t o c h e m i c a l  d e m o n s t r a t i o n  of a d r e n e r g i c  nerve  f ibres  and s e r o t o n i n - c o n t a i n i n g  m a s t  ce l l s  of  the  
knee  jo int  s y n o v i a l  m e m b r a n e  in rats  
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Summary. D i s t r i b u t i o n  of no rad rene rg ic  ne rves  a n d  s e r o t o n i n - c o n t a i n i n g  m a s t  cells in  t h e  synov ia l  m e m b r a n e  of r a t  
knee  jo in t s  was  d e m o n s t r a t e d  us ing  t he  h i s tochemica l  f luorescence t e c h n i q u e  of Fa lck-Hi l l a rp .  

Us ing  c o n v e n t i o n a l  h i s tochemica l  t echn iques ,  m a n y  
inves t iga to r s  h a v e  d e m o n s t r a t e d  t h a t  the  j o i n t  capsule  is 
suppl ied  w i t h  b o t h  m y e l i n a t e d  a n d  u n m y e l i n a t e d  nerves ,  
wh ich  are  a f fe ren t  a n d  au tonomic ,  assoc ia ted  w i t h  b lood  
vessels 3, a n d  t h a t  m a s t  cells lie a r o u n d  t h e  b lood  vessels 
a n d  in t he  loose connec t ive  t i ssue  3, 4. Cellular  loca l iza t ion  
of m o n o a m i n e s  in va r ious  o rgans  a n d  t issues  ha s  been  

d e m o n s t r a t e d  us ing  t he  h i s tof luorescence  t e c h n i q u e  of 
FALCK-HILLARP 5, b u t  d e m o n s t r a t i o n  in t he  j o i n t  capsule  
has  n o t  been  repor ted .  

W e  inves t i ga t ed  t he  d i s t r i b u t i o n  of no rad rene rg i c  
ne rves  a n d  s e r o t o n i n - c o n t a i n i n g  m a s t  cells in  t h e  ra t ,  
us ing  t he  Fa l ck -Hi l l a rp  m e t h o d  appl ied  in such  a way  
t h a t  t h e  j o in t  capsu la r  t i ssue  could be  visual ized.  
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The exper imen t s  were carr ied out  using male  Sprague-  
Dawley  ra ts  weighing 200-250 g. E a c h  animal  was de- 
cap i t a t ed  under  l ight anaes thes ia  and  the  knee jo in t  
capsule was immedia~zely r emoved  for rout ine  histological  
and  fluorescence h is tochemica l  analyses.  

Fig. 1. Synovium of the rat knee joint. Note the network of adrener- 
gic terminals with intensely fluorescent varicosities close to the ar- 
teriole (A). Serotonin containing mast cells (arrows) are also evident 
around the arteriole, • 30. 

T r e a t m e n t  wi th  fo rma ldehyde  gas induced  a s t rong  
green f luorescence in the  nerve  and a yellow one in m a s t  
cells in the  synov ium and  f ibrous capsule. Specif ic i ty  of 
such f luorescence was ident i f ied following the  his to-  
chemical  crilzeria descr ibed by  CORROm and  JONSSON 6. 
The resul ts  indica ted  t h a t  the  green and  yellow fluores- 
cence was due to  noradrena l ine  and serotonin,  respect ively .  

Adrenergic  fibres are usual ly associated wi th  ar t icular  
blood vessels. The ar ter ies  in the  knee jo in t  capsule were 
su r rounded  wi th  dense adrenergic  ground plexus  f rom 
the  outs ide  of the  s mo o t h  muscle layer  and  veins w i th  a 
loose ne twork  of th in  varicose fibres. The arterioles 
(10-50 ~zm in diameter)  were usually r ichly inne rva t ed  
{Figure 1), while innerva t ion  by  adrenergic  f ibres was 
no t  ev iden t  in the  venules,  small  veins (15-200 g.m), the  
capillaries and  l y m p h  vessels (Figure 2). Adrenergic  
fibres were d e m o n s t r a t e d  main ly  in the  connect ive  t issue 
of the  deep subsynovia l  layer  along the  f ibrous capsule,  
a few were observed in the  middle  subsynovia l  layer  and  
re t inaculum,  bu t  no t  in t he  lining layer. In the  r a t  t r e a t ed  
wi th  6 -h y d ro x y d o p ami n e  (200 mg/kg i.p.) 7 days  before 
sacrifice, d i sappearance  of noradrenal ine  f luorescence 
f rom nerves  associated wi th  the  ar t icular  vessels and 
vasodi la t ion was no ted  in the  synovium.  

The s t rong yellow fluorescence of serotonin  was ob- 
served in mas t  cell granules which somet imes  dispersed 
into the  sur rounding  area. A great  n u m b e r  of m a s t  cells 
were visible a round the  ar t icular  vessels, pa r t i cu la r ly  
the  arterioles and some were ad jacen t  to capillaries and  
fat  cells, and  jus t  b en ea t h  the  lining cells. Abou t  70% of 
the serotonin  f luorescent  granules s tained m e t a c h r o m a t -  
ically wi th  toluidine blue bu t  some were s ta ined  or tho-  
chromat ica l ly .  Cells wi th  o r thochromat i c  granules  were 
found mainly  a round  blood vessels, while those  wi th  
m e t a c h r o m a t i c  granules were seen p r e d o m i n a n t l y  a round  
capillaries and in the  loose connect ive  tissue. 

Thus the  p a t t e r n  of adrenergic  inncrva t ion  of ar t icular  
vessels is basically similar to t h a t  of blood vessels located 
elsewhere T, a. 6 -hyd roxydopamine  causes a marked  de- 
plet ion of t issue noradrena l ine"  and des t roys  select ively 
adrenergic  t e rmina ls  ~~ In  the  p resen t  s tudy,  6 -hydroxy-  
dopamine- induced  vasodi la t ion suggests  a vasocons t ic to r  
role of the  adrenergic  nerves  in ar t icular  vessels. 

Dis t r ibu t ion  of the  mas t  cells is also closely associated 
wi th  the  ar t icular  vessels. The precise topograph ic  rela- 
t ionship  of adrenergic  fibres, m a s t  cells ~md ar t icular  ves- 
sels suggests  the  funct ional  par t i c ipa t ion  of noradrena l ine  
and sero tonin  in the  blood flow in ra t  synovium.  F u r t h e r  
expe r imen t s  concerning the  role of these amines  wi th  
regard  to  synovia l  func t ion  in physiological  and pa tho -  
logical s ta tes  are underway.  

Fig. 2. SynoviuIn of the rat knee joint. Serotonin containing mast 
cells are visible just beneath the lining cells (arrow) and in the sub- 
synovial and periarticular connective tissues. The arterioles (A) re- 
ceive adrenergic fibres while small veins (V} are not innervated. 
x 30. 
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