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ABSTRACT 

Yel low-brown g ranules o f  l ipofusc in ( age pigment ) a c cumulate in the 

cytoplasm of long-l ived cel ls of many eucaryotes , inc luding man . The 

granules a re derived f rom lys os omes , and are defined by 

character i s t i c  mo rphology, colou r ,  f luo rescence, and histochemistry .  

They i n c rea s e  i n  number w i t h  a ge i n  p o s t -mi t o t i c  cel l s ,  a nd a re 

rega rded a s  ma r kers o f  t he a g i n g  p r o c es s . Lipo f u s c in i s  widely 

a s s umed to c on s i st of produ c t s  of peroxi di sed f a t ty a c ids c ros s 

l i n k e d  w i t h  a m i n o  g r o u p s  o f  p r o t e i n s , n u c l e i c  a c i d s , a n d  

phospholipids , but this theory has not been proven . 

The occur rence, histology, st ruct ure, and c omposit ion o f  l ipofuscin 

in t hyro cytes f rom h o r ses o f  a w i de range of a ges were st udied . 

Granules were a bsent at birth but were widespread by the age of 5 

yea rs . In  young hor ses , granu les were la rges t in f o l l i c les which 

c ontained abnorma l colloid . After 5 years the amount of  l ipofus c in 

in thyrocytes was not age- related . Lipofu s c in was f luorescent , and 

s t a ined w i t h  PAS , S chmo rl ' s , and Ma s s on ' s Fontana stains , a lthough 

t he st aining intensity va ried between horses . Lec t in histochemis t ry 

demo n s t r a t ed t he p re s e n c e  o f  ma n n o s e  a n d / o r  g l u c o s e . Sma l l  

s ubpopulations o f  granules in s ome sect ions contained i ron and some 

g ranules contained DNA . 

Lipo fusc in granules were ir regu l a r  in s i ze and shape, and cons isted 

o f  a n  e l e c t r o n - den s e  ma t r i x  a n d  r e l a t i v e l y  e l e c t r o n - l u c en t  

' vacuoles ' ,  which did not conta i n  l ipid . They appeared t o  fuse with 

c o l lo i d  droplet s ,  and sma l l  granu les were observed w i t h i n  c o l l o i d  

droplet s . 

T h y r o i d  l i p o f u s c i n g r a n u l e s  i s o l a t ed b y  o s mo t i c  s h o c k  a n d  

d i f ferent i a l  cent r i fugat ion s h o wed the s ame u l t ra s t ructure a s  in 

s itu . The protein content ranged f rom 15% to 77% w / w  (mean = 3 6 % ) . 

In cont ras t ,  the amino acid compo s i t ion wa s const ant and s imi l a r  to  

that o f  t hyroglobu l i n . The mo st distinctive feature o f  l ipofuscin 

protein wa s t he presence of four proteins of 1 4 - 1 8  kDa . The halide 



concentration o f  l ipofuscin wa s approximately t wice that o f  thyroid 

t i s s ue .  L i p o f u s c i n c o n t a ined no t r i g l y c e r i des , and o n l y  sma l l  

quant i t ies o f  pho sphol ipids (mean = 1 . 2 5 % w / w )  I n  cont r a s t , the 

c o n cent r a t i o n s  o f  c h o les t e r o l  a n d  do l i ch o l ,  up t o  1 9 %  a n d  1 5 %  

respect ivel y ,  were high a lthough very va riable . Sma l l  amounts of  

nuc lea r DNA were detected . The emp i r i c a l  f o rmul a  o f  t he rest of  

l ipofuscin indicated that it  was  principa l ly carbohydrate, which was 

cons istent with t he PAS and lect in histochemistry .  

Most o f  the l ip o f uscin mas s  was analysed and there wa s n o  evi dence 

t ha t  it a r o s e f rom l ipid per o x i da t i o n . The p r o t e i n  o f  

thyroid l ipo fuscin probably cons i s t s  o f  proteolytic intermediates o f  

t h y r o g l o bu l i n . Comp onen t s  f r om ot h e r  s ou rces , and t u r n o ver o f  

granule content s ,  cont ribute to  the chemical heterogeneity . 

T h e  c ompo s i t i o n  o f  l i p o f u s c i n  p r ob a b l y  v a r ies bet ween t i s s ues . 

However a l l  l ipofuscins a re likely t o  share lysosoma l funct ions such 

as st orage of p roteo lyt i c  intermediates , met als  a nd do l i c ho l . As 

w i t h  thy r o i d  l ipofuscin,  they may be more soluble and more readily 

ana lysed t han is genera lly assumed in the l iterature . They may also 

be act ive o rgane l les of  met abo l i c  s ignificance, rather than inert 

indicators of  the aging proces s . On the bas is of  this  s t udy, they 

should be re-eva luated . 
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