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(final concen t ra t ion  10 -~ M), and the  react ion mix tu re  
was  incuba ted  for 10 min  at  25~ After  s topp ing  the  
reac t ion  b y  chilling, the  slices were collected, washed  and  
p repared  for scint i l la t ion count ing;  100 ~zl a l iquots  of the  
up take  medium,  and of the  release med ium af ter  the  
release incubat ion  were also counted.  F r o m  these  data ,  
t he  t i s sue /med ium rat ios  af ter  up take  and  the  pe rcen tage  
of label released in 10 min in to  the  m e d i u m  were calculated.  
Results and discussion. As the  t i s sue /med ium rat ios  
(table 1) show, there  is a small  b u t  s ignif icant  inhibi t ion 
of the  up take  of b o t h  5HT and NA into ra t  cor tex  slices 
b y  M B P  at  concen t ra t ions  above 10 .5 M. This inhibi t ion 
is abou t  twice as s t rong for NA as for 5HT. At  lower 
M B P  concent ra t ions ,  no s ignif icant  effect  on the  up take  
of e i ther  n e u r o t r a n s m i t t e r  was observed.  The a p p a r e n t l y  
s ignif icant  value of 11.5% inhibi t ion of 5HT up take  by  
10 -~ M B P  is p robab ly  an a r t e fac t  due to the  small  numb e r  
of exper iments .  W h e n  the  subcellular  d i s t r ibu t ions  of 
5HT and NA af ter  up take  in the  presence of M B P  are 
compared  (table 2) 2 di f ferent  pa t t e rn s  of inhib i t ion  are 
found.  For  5HT, 10 .4 M and 5 X 10 .5 M M B P  inhibi t  
t r a n s m i t t e r  up take  into the  synap tosomes  and  induce a 
cor responding  increase in the  supe rna tan t ,  which  con- 
ta ins  the  glial as well as the  neurona l  cy toplasmic  ma-  
terial.  In  the  to ta l  tissue, the  decrease in up take  is ve ry  
small.  Thus,  M B P  produces  a shif t  in the  up take  of 5HT 
f rom the  synap tosomes  to the  cy top lasmic  mater ia l .  This 
is par t i cu la r ly  ev iden t  when  the  c p m  are ca lcula ted  as 
percen tage  of the  to ta l  cpm recovered f rom the  gradient .  
W i t h  10 4 M B P  the  reduct ion  f rom 51.5% (controls) to 
38.3% in the  synap tosomes  can be compared  wi th  an 
increase f rom 37.7% (controls) to  50.6~ in the  super-  
na t an t .  
The p a t t e r n  for NA is clearly different .  5 • 10 -5 M and  
1 •  .5 M M B P  b o t h  induce a larger and  s ignif icant  
decrease in cpm per  mg in the  whole tissue. This  loss of 

accumula ted  labelled NA is found no t  only  in t he  synap-  
tosomes,  as for 5HT, b u t  also in the  supe rna tan t .  Since 
th is  r educ t ion  in up take  is larger in the  synap tosomes  
t h a n  in t he  supe rna tan t ,  the re  is an (apparent)  smal l  
increase in t he  percen tage  of labell ing in the  s u p e r n a t a n t  
Bu t  as w i th  5HT, M B P  concen t ra t ions  below 10 -5 M 
have  no effect  on NA uptake .  
Rais ing the  K+-concen t ra t ion  to  56 mM in the  presence  
of 2.7 mM Ca ++ induces  a rapid  and in tens ive  release of all 
3 n e u r o t r a n s m i t t e r s  t e s t ed  f rom ra t  co r t ex  slices (table 
3). Addi t ion  of 10 -5 M M B P  to the  release med i u m had  no 
effect  on the  release of any  of the  3 subs tances .  These 
results  lead to  the  conclusion t h a t  the  site of ac t ion 
corre la ted  wi th  the  bioelectr ic blocking ac t iv i ty  of 
M B P  4 is no t  p resynapt ic ,  i.e. t h a t  the re  is no in ter ference  
wi th  up take  or release of these  n e u r o t r a n s m i t t e r s  a t  
synapt ic  t e rmina ls  b y  the  e lect rophysiological ly  act ive  
concen t ra t ions  of MBP.  This  is ev iden t  f rom the  f inding 
t h a t  a concen t ra t ion  of 5 • 10 -6 M MBP,  which  to ta l ly  
abolished the  spon taneous  fir ing ra te  of mouse Purk in je  
cells in cul ture  5, was ineffect ive in our  exper iments ,  
where  in ter ference  wi th  p re - synap t i c  b iochemical  me-  
chanisms  was tes ted.  Only  h igh  M B P  concen t ra t ions  
showed s l ight  ac t iv i ty .  Other  mechan i sms  of ac t ion of 
M B P  m u s t  be considered.  For  instance,  it  is possible t h a t  
M B P  acts  on b iochemical  processes in the  mi tochondr ia ,  
or by  blocking the  N a / K  p u m p  5, ~1. Since the  expe r imen t s  
w i th  var ious  selective an tagonis t s  of NA, DA and  Gaba  
have  led to  the  conclusion t h a t  the  pos t synap t i c  recep tors  
for these  n e u r o t r a n s m i t t e r s  are no t  involved ill M B P  
act ion 5, and  if we exclude p re synap t i c  action, t h e n  the  
suggest ion of Carnegie a,4 t h a t  M B P  in terac ts  w i th  5HT 
at  its pos t synap t i c  r ecep to r  site is still a possible ex-  
p lanat ion .  
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Summary. Melanin p igmen t  in liver and  hea r t  t issue, ob ta ined  a t  au t o p s y  f rom pat ien ts ,  was isolated and quant i f ied .  
The  q u a n t i t y  of melanin  ex t r ac t ed  was  d i rec t ly  p ropor t iona l  to l ipofuscin granule counts .  In f ra red  and electron spin 
resonance  spec t rographs  of the  isolated p igmen t s  f rom liver and  h e a r t  showed absorp t ion  character is t ics  ident ical  to 
those  of known  melanins.  The p igmen t  was absen t  in fetal  and neona ta l  life, increased in b rown  a t r o p h y  of t he  h e a r t  
and  liver, and  d iminished  in livers w i th  f a t t y  metamorphos i s .  

Previous  spectroscopic  analyses  have  d e m o n s t r a t e d  a 
melan in  c o m p o n e n t  in cardiac l ipofuscin granules  in ad- 
d i t ion  to its larger lipid f rac t ion a-% In  th is  repor t ,  we 
describe the  isolation, ident i f ica t ion  and  quan t i f i ca t ion  
of melanin  in hea r t  and  liver t issues ob ta ined  a t  pos t  
m o r t e m  f rom pa t i en t s  of d i f ferent  ages, dy ing  of var ious  
causes. The a m o u n t  of p igmen t  ob ta ined  using th is  m e t h -  
od was compared  wi th  the  n u m b e r  of l ipofuscin granules 
de t e rmined  by  microscopic examina t ion .  
Materials and methods. H e a r t  and  l iver t issues were ob- 
t a ined  a t  au topsy  f rom pa t i en t s  ranging  in age f rom 
5 m o n t h s  (fetus) to  90 years.  5 g (wet weight)  of 
t issue was  cu t  in to  small  pieces;  30 ml  of concen t r a t ed  
hydrochlor ic  acid was added  and  lef t  a t  room t emp e ra -  
ture.  Af ter  1 week, the  mix tu re  was cent r i fuged a t  
1000 • g in an In t e rna t i ona l  centr i fuge for 6 h. The super-  

n a t a n t  was r emoved  and the  acid digest ion of t he  pel le t  
was repea ted .  25-30 ml boiling ch lo ro fo rmmethano l  
(v/v 1/2 ) mix tu re  was added  to the  pel le t  and incuba ted  
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in a wa t e r  b a t h  a t  70~ for 4 h. Th i s  s u s p e n s i o n  was  re- 
cen t r i fuged  for 2 h a t  1000 •  a n d  t he  s u p e r n a t a n t  dis- 
carded.  E x t r a c t i o n  of th i s  pel let  w i t h  ch lo roform-  
m e t h a n o l  was  r epea t ed  un t i l  t h e  s u p e r n a t a n t  ob t a ine d  
a f te r  c e n t r i f u g a t i o n  was  clear. The  b r o w n - b l a c k  p i g m e n t  
ob t a in ed  was  dr ied in a des icca tor  c o n t a i n i n g  p h o s p h o -  
rous  p e n t o x i d e  an d  t h e n  weighed.  In f ra red ,  u l t r av io l e t  
(UV) an d  e l e c t r o n p a r a m a g n e t i c  r e sonance  spec t ro sc opy  
were p e r fo rm ed  as p rev ious ly  descr ibed ~. B-16 m o u s e  
m e l a n o m a  a n d  s u b s t a n t i a  n ig ra  m e l a n i n  were used  as 
cont ro ls  and  su b j ec t ed  to  t he  iden t ica l  e x t r a c t i o n  pro- 
cedure.  
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Fig. 1. Correlation of the concentration of extracted melanin pigment 
from hearts with the granule counts from the same tissue. 
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Fig. 2. Correlation of the concentration of extracted melanin pigment 
from livers with the granule counts from the same tissue. 

L ipofusc in  g r a nu l e s  were c o u n t e d  in t e n  r a n d o m  areas  of 
microscopic  sec t ions  s t a i ne d  w i th  F o n t a n a - M a s s o n  si lver  
m e t h o d  L These  sec t ions  were c u t  5 n m  in t h i c k n e s s  f r om 
t i s sues  e m b e d d e d  in paraf f in .  These  g ranu le s  were c o u n t e d  
us ing  a N ikon  b inocu la r  microscope  w i th  15 • ocu la r  a n d  
40 • ob jec t ive  lens, w i th  a B a u s c h  a n d  L o m b  mic rome te r ,  
The  sur face  a rea  of t he  l iver lobule or m y o c a r d i u m  
c o u n t e d  was  1 .56•  ~m 2 (central  25 squares) .  The  
g ranu le  c o n c e n t r a t i o n  was  d e t e r m i n e d  on t he  bas is  of t he  
n u m b e r  of s ingle  g r a n u l e s  p r e se n t  a n d  t h e  n u m b e r  of 
g ranu les  c lus te red  t o g e t h e r  per  m m  2. E a c h  c lus te r  con-  
t a ined  a p p r o x i m a t e l y  2-6  granules .  I t  was  no t e d  t h a t  as  
t he  g ranu le  c o n c e n t r a t i o n  increased,  t he  n u m b e r  of g r an -  
ule c lus ters  also increased.  
Results.  The  b lack  p i g m e n t  ob t a ine d  b y  t he  p reced ing  
e x t r a c t i o n  p rocedure s  f r om b o t h  h e a r t  a nd  l ivers of nor-  
m a l  and  b row n  a t r o p h y  p a t i e n t s  was  ident i f ied  as m e l a n i n  
b y  its spec t ra l  cha rac te r i s t i c s ,  i.e. t h e y  h a d  m a j o r  abso rp -  
t ion  peaks  iden t ica l  to m e l a n o m a  a nd  s u b s t a n t i a  n ig ra  
m e l a n i n  by  in f ra red  (3400 c m  -1, 2900 c m  -1 a nd  1650 c m  -1) 
a nd  e lect ron p a r a m a g n e t i c  r e sonance  spec t ro scopy  ~, s, 9. 
T h e  a m o u n t  of e x t r a c t e d  m e l a n i n  cor re la ted  wi th  t he  
g r a nu l e  c o u n t  in t he  n o r m a l  t i s sues  (correla t ion coeffi- 
c ients ,  hea r t ,  r = 0.784; liver,  r = 0.866) (figures 1 a n d  2). 
F igures  3 a nd  4 show the  q u a n t i t y  of m e l a n i n  p i g m e n t  
e x t r a c t e d  f rom n o r m a l  h e a r t s  a nd  l ivers  as a f u n c t i o n  of 
age. No p i g m e n t  could be isola ted f rom n e o n a t a l  a n d  
fe ta l  t i ssues .  A l t h o u g h  t he r e  a ppe a re d  to be an  increase  
in m e l a n i n  p i g m e n t  in b o t h  h e a r t  a n d  l iver d u r i n g  t h e  
f i rs t  3 decades  of life, t he  cor re la t ion  coeff ic ients  (r = 
0.492 a nd  r --  0.400, respect ive ly)  were n o t  s igni f icant .  
W e  d e t e r m i n e d  t he  q u a n t i t y  of m e l a n i n  p i g m e n t  in one  
h e a r t  we igh ing  250 g a nd  one liver we igh ing  960 g w h i c h  
h a d  gross  a nd  h is to logica l  cha rac t e r i s t i c s  of b r o w n  
a t r o p h y .  The  c o n t e n t  of me l a n in  p i g m e n t  was  v e r y  h igh :  
90 mg/100  g we t  w e igh t  of h e a r t  t i s sue  a n d  210 mg/100  g 
w e t  we igh t  of l iver  t i ssue,  a nd  t h e  g ranu le  c o u n t s  were 
81 x 103/mnl 2 a n d  163 x 103/mm 2, respec t ive ly .  On t he  
o the r  ha nd ,  4 l ivers  wi th  f a t t y  m e t a m o r p h o s i s  (age r a nge  
32-64 years)  h a d  g r e a t l y  r educed  a m o u n t s  of m e l a n i n  
(4.5 + 2.2 mg /100  g, m e a n  + S.E.). 

7 L.G. Luna, in: Manual of Histological Staining. Method of the 
Armed Forces. Institute of Pathology. 3rd ed., p. 104. McGraw 
Hill, New York 1968. 

8 T. Maeda and P,. Wegmann, Brain Res. 14, 673 (1969). 
9 T. Mikulski, Acta physiol, poL 21, 175 (1970). 
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Fig. 3. Effect of age on the concentration of melanin pigment in the Fig. 4. Effect of age on the concentration of melanin pigment in the 
heart, liver. 
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Discussion. W h e n  t h e  l ipid a n d  p r o t e i n  c o m p o n e n t s  of 
l ipofuscin  granules  are r emoved ,  a b l ack  insoluble  res idue 
r ema ins  wh ich  ha s  t he  same  chemica l  and  spec t ra l  cha-  
rac te r i s t i cs  of k n o w n  m e l a n i n  isola ted f rom o t h e r  sources ~. 
The  q u a n t i t y  Of m e l a n i n  i so la ted  f rom n o r m a l  h e a r t s  a n d  
l ivers  a n d  those  w i t h  b r o w n  a t r o p h y  cor re la t ed  well  w i t h  
t he  microscopic  c o u n t s  of l ipofuscin  g ranu les  in  these  
t issues.  Th i s  suggests  t h a t  l ipofuscin  p i g m e n t  con t a in s  a 
m e l a n i n  c o m p o n e n t .  
S t reh le r  e t  al. i0 obse rved  b y  h i s tochemica l  s tudies ,  t h a t  
t he  n u m b e r  of l ipofnsc in  g ranu les  in  t he  h e a r t  increased  
w i t h  age. In  our  s tudy ,  a l t h o u g h  t he  m e l a n i n  p i g m e n t  in  
con t ro l  h e a r t s  a n d  l ivers  a p p e a r e d  to  increase  du r ing  t he  
f i rs t  3 decades  of life, t h e  overa l l  co r re la t ion  of m e l a n i n  
p i g m e n t  w i t h  age was  no t  s ign i f ican t  in  e i t he r  the  h e a r t  
or t he  liver.  Melan in  is a b s e n t  in  fe ta l  l iver  a n d  hea r t ,  
decreased  in f a t t y  m e t a m o r p h o s i s  of t he  l iver  a n d  in- 
creased in b r o w n  a t r o p h y  of t h e  h e a r t  a n d  liver.  The  
absence  oJ[ l ipofuscin  in f e t a l  o rgans  has  been  p rev ious ly  
r epo r t ed  n a n d  suggests  t h a t  a n  a d e q u a t e  per iod  of t i m e  
is necessa ry  for t h e  syn thes i s  of th i s  p igmen t .  I n  f a t t y  
m e t a m o r p h o s i s  t he re  is l iver  cell d e s t r u c t i o n  and  in- 
c reased cel lular  t u r n o v e r ,  T he  newly  fo rmed  cells m a y  
also n o t  h a v e  h a d  suff ic ient  t i m e  to  syn thes ize  l ipofuscin 

g ranu les  wh ich  could  a c c o u n t  for our  o b s e r v a t i o n  of de-  
c reased  m e l a n i n  in l ivers  w i t h  f a t t y  me tamorphos i s .  On 
t he  o t h e r  h a n d ,  in  b r o w n  a t r o p h y ,  t he re  is a m a r k e d  
increase  in t h e  l ipofuscin  g ranu le  c o u n t  as well  as me l a n in  
concen t r a t i on .  La rge  q u a n t i t i e s  of m e l a n i n  p i g m e n t  also 
h a v e  been  found  in  t h e  b lack  l ivers  o b t a i n e d  f rom m u t a n t  
Corr iedale  sheep  1~-14, Howle r  monkeys15,  le a n d  p a t i e n t s  
w i t h  D u b i n - J o h n s o n  s y n d r o m e  12,14. F u r t h e r  s tudies  are 
needed  to d e t e r m i n e  t he  pa thogenes i s  a n d  func t ion  of 
th i s  v iscera l  p i g m e n t a t i o n .  
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Geront. 14, 430 (1959). 

11 E. Weinbren, in: Structural Aspects of Aging, p. 217. Ed. G. H. 
Bourne. Pittman Medical Publishing Co., London 1961. 

12 I.M. Arias, L. Bernstein, R. Toffler and J. Ben-Ezzer, Gastro- 
enterology 48, 495 (1965). 

i3 I. Arias, L. Bernstein, R. Toffler, C. Cornelius, A. B. Novikoff 
and E. Essner, J. Clin. Invest. 43, 1249 (1964). 

14 C. Cornelius, I. M. Arias and B. Osburn, J. Am. Vet. Med. Ass. 
746, 709 (1965). 

15 S. Katz, A. Gilardoni, A. Genovese, R. W. Wilkiniski, C. E. 
Cornelius and M. R. Malinow, Lab. Anim. Care 18, 626 (1968). 

16 L.A. Maruffo, M. R. Malinow, J, R. Depoli and S. Katz, Am. J. 
Path. 49, 455 (1966). 

The effects of acetylation on the binding region of cartilage proteoglycans to hyaluronic acid x 

G. Quintare i l i ,  A. Voca tu ro ,  R. Zito a n d  L. Rod6n  

The Regina Elena Institute /or Cancer Research, viale Regina Elena 297, 1-00168 Roma (Italy), and Department o/ 
Pathology, University o/Alabama in Birmingham, Alabama; Inst i tute/or Dental Research, School o/Dentistry and De- 
partments o/Medicine and Biochemistry, University o / A  labama in Birmingham (USA), 8 November 7976 

Summary. Pro t eog lycans  in car t i l age  are found  as aggrega tes  a n d  as monomers .  Ev idence  ha s  been  o b t a i n e d  ind ica t ing  
t h a t  h y a l u r o n i c  acid,  n o r m a l l y  p r e s en t  in  t h i s  t issue, b inds  t o g e t h e r  m o n o m e r s  in to  large molecu la r  we igh t  aggregates.  
I n  th i s  inves t iga t ion ,  t he  i n t e r ac t i ng  region of t he  p r o t e i n  b a c k b o n e  ha s  been s tudied.  T h e  resu l t s  unequ ivoca l l y  de-  
m o n s t r a t e d  t h a t  $he epsi lon a m i n o  groups  of lysine are  invo lved  in hya lu ron ic  acid b i n d i n g  to  p ro teog lycans  a n d  
t h a t  t h e i r  b lock ing  b y  a c e t y l a t i o n  e i the r  p r e v e n t s  r eaggrega t ion  or  d i saggrega tes  t he  h i g h  mol .w aggregates .  

The  c h o n d r o i t i n s u l f a t e  p ro t eog lycans  are cha rac t e r i s t i c  
c o m p o n e n t s  wh ich  occur  in car t i l age  as aggrega tes  of a 
m o l . w t  r a n g i n g  f r o m  30 • 10 s to  100 • l 0  s da l ton .  These  
aggrega tes  are  m a d e  u p  b y  p r o t eog l ycan  monomers  of an  
ave rage  mol .w t  of 2 to  2.5 • l0  s da l ton ,  b y  2 l ink  pro-  
t e ins  * a n d  b y  hya lu ron ic  acid 3. Recen t ly ,  ev idence  has  
been  o b t a i n e d  d e m o n s t r a t i n g  t h a t  t he  m a i n  func t i on  of 
h y a l u r o n i c  acid consis ts  of b i n d i n g  t o g e t h e r  p ro t eog lycan  
m o n o m e r s  in to  aggrega tes  of large molecu la r  size 8. Th i s  
i n t e r a c t i o n  appears ,  therefore ,  to  be  of f u n d a m e n t a l  im-  
p o r t a n c e  for aggrega t ion  a n d  t h u s  for t h e  o rgan iza t i on  of 
p ro t eog lycans  in car t i l age  ex t race l lu la r  ma t r ix .  Cer ta in  
f ea tu res  of th i s  p h e n o m e n o n  are now  k n o w n  in some 
detai l ,  e.g. t he  genera l  pos i t ion  of t h e  i n t e r a c t i n g  side(s) 
in  t he  po lysacchar ide- f ree  region of t he  core p r o t e i n  of t he  
monomer* ,  t he  m i n i m u m  size of a h y a l u r o n i c  acid seg- 
m e n t  capab le  of i n t e r a c t i n g  w i t h  t h e  core p r o t e i n  5, a n d  
t he  func t ion  of t h e  l ink  p ro t e ins  wh ich  do n o t  p r o m o t e  
aggrega te  f o r m a t i o n  pe r  se, b u t  t h e y  seem to  s tabi l ize  t he  
whole  molecu la r  sys tem,  p r e v e n t i n g  i ts  d i ssoc ia t ion  u n d e r  
t he  s t ress  of u l t r a c e n t r i f u g a l  forces 6. 
The  p r e s e n t  e x p e r i m e n t s  were devised  to  s t u d y  t h e  
chemica l  cha rac t e r i s t i c s  of t h e  h y a l u r o n i c  ac id-pro teo-  
g lycan  in t e r ac t i on ,  a n d  a t t e m p t s  are m a d e  to  i den t i fy  t h e  
si tes on  t h e  p ro t e in  b a c k b o n e  of t he  p r o t e o g l y c a n  invo lved  
in t he  l inkage  w i t h  h y a l u r o n i c  acid.  

Materials and methods. Viscos imetr ic  a n d  c h r o m a t o g r a p h i c  
ana lyses  of t h e  A 1 p r e p a r a t i o n s  d e m o n s t r a t e d  t h a t  t h e  
sample  were h i g h  molecu la r  we igh t  c o m p o u n d s  (fig. l a )  
a n d  t h a t  a b o u t  50% of t he  m a t e r i a l  was exc luded  f rom 
the  gel sugges t ing  t h a t  a large p r o p o r t i o n  was in a n  
aggrega ted  fo rm (fig. 2-1). On  ace ty la t ion ,  t he  d ras t i c  d rop  
in v i scos i ty  of these  samples ,  i nd ica t ing  a decrease  in h y -  
d r o d y n a m i c  size of t h e  p ro t eog lycans  and  the i r  c h r o m a t o -  
g raph ic  b e h a v i o u r  on  Sepharose  2 B, d e m o n s t r a t e s  t h a t  
t h e y  were all  e lu ted  in  the  inc luded  v o l u m e  a n d  prov ides  
ev idence  for t h e i r  d i saggrega t ion  (figs. l b  and  2-2. I n  th i s  
regard,  i t  is i n t e r e s t i ng  to no t e  t h a t  t he  size of t he  ace ty-  
la ted  samples  co r re sponded  to  t h a t  of t h e  AID 1 p r epa ra -  
t ions  (figs. l c  and  2-4) and  was also s imi lar  to  the  A 1 
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