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ABSTRACT 

The purposes of this study we re to describe the 

neuropathology of ovine ceroi d - l i pofuscinosi s ,  to c ompare 

findings with those of the related entit ies in humans and other 

domest i c  animals , and t o  pr ovi d e  morphological informat i on that 

might h e l p  eluci date the pathogenesis of these diseases . An 

establ ished flock of South Hampshire sheep carrying the ceroid­

l i pofuscinosis gene have made it possible to perform a 

l ongitudinal study on the central ne rvous system of affected 

sheep of vari ous ages including foetuses . 

The most striking gross pat hological change of affected 

sheep was brain atropy . At terminal disease, the brain we ights of 

affected sheep were 55% of those of normal sheep . Atrophy 

affected mainly the ce rebrum . 

Sudan black and luxol fast blue posi tive autofluorescent 

neuronal pigment granules were detected by l ightmic roscopy as 

early as the mid stage of foetal development , the ear l i est stage 

examined . Postnatal l y  there we re t opographi cal differences in the 

quantity of accumulated l i popigments in neurones of var i ous 

areas . Simi lar l y , there we re age re lated topograph i cal 

d ifferences in secondary d egene rative changes . Neuronal loss was 

most seve re in the par i e tal lobe cortex showing an ini t ial 

l aminar distribut i on .  Th is pat t e rn was we l l  demonstrated by a 

concomi tant astrocytosis . 

In add i t i on to the compl e x  e l ect ron dense cytosomes simi lar 

t o  those reported in the h uman syndromes , there were less compl e x  

cytosomes o f  sma l l e r  s i z e  in affe cted foetal brains . T h e  latter 

we r e  c l early bounded by a t r i l aminar membrane and contained 

who rls o r  l oose stacks of t r i l aminar membranes resembl ing those 

of the l imit ing membranes . In some e l e ctronmi crographs there was 

a suggestion of continuity between the surrounding membrane and 
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the internal membrane s ,  but th i s  wa s not definitely demonstrated . 

Th i s  i s  prov i s i ona l ly interpreted a s  being due to an 

interna l i zat ion of surrounding l imi t ing membrane rather than a 

re cycl ing of membrane . S ome of the s e  sma l l  cyt o s omes a l s o  showe d 

complex multi lame l lar pro f i l e s  s imi l ar to those of large compl e x  

cytosome s .  The s e  l atter a ppeared to be formed b y  coa l e s cence of 

sma l ler complex one s . There thus appeared to be a sequence o f  

change s in t h e  d evel opment of storage cytosome s .  

Thi s  s tudy revealed that the ovine disease has not only many 

neuropa thologi c a l  findings in common with ana logous human 

d i s e a s e s , but a l s o  s ome pa thologica l fea ture s wh ich have not been 

reported i n  affected humans or anima l s . Ovine ceroid­

l i pofuscino s i s  is thus a useful an imal model for the s tudy of the 

human ceroid- l i pofus cinos e s . 
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Pigment cytosomes up t o  0 . 8  pm in diameter 
within a cerebra l c ortica l neurone f rom a 
f u l l  t e rm ovine f oetus with ce roid­
lipofus cinosis , showing a dis c rete 
s u rrounding membrane . Note a granu l a r  
matrix and mul ti l ame l l a r  c omponents within 
these cytosome s . 

Part of a neurite in t h e  cerebral cortex o f  
a f u l l  t e rm ovine foetus with ceroid­
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the l ame l l a r  cytosome with whorls in Fig. 
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Part of a cerebral c o r tica l  neurone f rom a 
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inc lu sion bodie s .  Mu l t i-l ayered and five ­
l ayered l amel l a e  a re s een in the cytosome s .  
The long a r row indica t e s  the site at which 
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Part o f  a cerebr a l  cortica l neurone f rom a 
f u l l  t e rm ovine f oetus with ceroid­
lipo f u s cinosis , showing a cytosome on the 
l owe r right , in which lame l lar a r rays 
a ppear t o  change t o  a fine granu l a r  
profile . Note multive sic u l a r  body , swo l len 
r ough endopla smic reticul um and part of a 
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months o l d  a f f e cted l amb , containing 
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those in neurone s , amorphous electron dense 
materia l ,  membranous bodie s and degene rated 
mye lin in the cytopl a sm .  
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Ast rocyte in the ce rebral cortex f rom a 2 2  
months o l d  a f f e c te d  sheep , showing nu c l e u s  
o f  bi za rre s h a p e  a n d  a hype rtrophic proce s s  
with increased number o f  f i br i l s  and 
storage cyto s ome s .  Note dense network o f  
a strocytic f i brous proce s s e s  in the 
a djacent neuropile. 

Part o f  a cerebr a l  cort i c a l  neurone f rom a 
norm a l  f u l l  t e rm ovine foetus , showing 
re sidual bodi e s  c omposed of a f ine granu l a r  
matrix and an e l e c t r on-l u cent vacuole. 
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1 

I NTRODUCTION 

The ce ro i d- l i pofus c inos e s , wh i c h  are a l s o  refe rred to a s  the 

neurona l ceroid- l i pofus cino s e s  { NCL ) , generali zed ceroid­

lipo f u s c inos e s  o r  Batten's disease a re heritable d i s e a s e s  both 

i n  h umans and i n  a numbe r of anima l specie s . Affected pa t i ent s 

show progre s s ive mental and motor deterioration ,  l o s s  of 

vi sion , s e i zures and premature death. Patho logi c a l ly , the 

c ommon denominator in these dis e a s e s  is the int race l l u l a r  

a c cumu l a t i on o f  autof l uore s cent l i popigments in neurone s and a 

wide variety of ext raneural t i s sues. Only in the nervous 

system , howeve r ,  i s  there secondary de gene rat ive d i sease 

lead ing to brain and ret ina l atrophy. De spite s a l i ent c l inica l 

and patholog i c a l  featur e s  of t h i s  di sease group being d e scribed 

in deta i l ,  the b i ochemi c a l  abnorma l i t i e s  a re sti l l  unknown . 

The main purpo s e s  of the study reported in this the s i s  were 

t o  d e s c ribe the neuropathol ogy of ovine ceroid- l i pofu s c i nos i s , 

to compa re f ind ings w i t h  those of the rel ated ent i t i e s  in 

h umans and other dome s t i c  anima l s , and to provide morphol ogica l 

informa t i on that might be u s efu l in e l ucidating the 

pathogene s i s  of the d i s e a s e . For these purpose s ,  chrono logic a l  

and topographic a l  stud i e s  w e r e  pe r formed o n  the central nervou s  

sys tem . 

• 



CHAPTER I 

REVIEW - THE NEURONAL CEROID-LIPOFUSCINOSES 

I .  H I S TORICAL A SPECTS 

2 

The f i rst cases of neuronal ceroid-li pofus cinosis { NCL ) were 

probably reported by S tengel { 1826 ) who de scribe d  four a f f e cted 

s i blings in a small mining c ommunity in Norway . They showed 

progre s s ive vi sual failu r e , epilept i c  sei z ure s , speech 

d i f f i culti es , senso ry-motor regre s s i on ,  and profound mental 

d ullne s s  by the age of 15 yea rs. Two patients d i ed at the ages 

o f  2 0  and 21 year s ,  the o ther two being alive and aged 8 and 16 

years a t  the t ime of report ing. Although no h i s tological 

s tudi e s  could then be pe r f ormed , the descripti on of clinical 

f i ndings wa s so succinct that a retro spective di agno s i s  of the 

juvenile form of ceroid-lipo f u s cinos i s  is probably ju s t i f i ed. 

In 1903, Batten reported two s i s te r s  whose initial 

presenting signs were f a i ling vi s ion a t  about the age of 6 

year s followed by dementia. He d e s c r i bed c e rebral degeneration 

with symmetri cal change s in the macula , slight pallor of the 

opt i c  d i s c s , and retinal p i gmentary changes wi th i rre gula r 

poorly def ined reddi sh-black spo t s  in the macula . In the next 

year Mayou { 1904 ) reported three s i blings with ce rebral 

d e gene ration and s imila r macula r change s. Spi elmeyer { 1905 ) , 

Vogt { 1905 ) , Jansky { 1908 ) and B i el s chowsky { 1913 ) d e s c ribe d  

s imilar di sorder s .  The s e  r e p o r t s  ind icate that the authors 

g rouped together what are now rega rded a s  d i f f e rent types of 

the s yndrome . Although a t  f i r st Batten considered that the 

pa thological f indings of h i s  and other cases we r e  di f f e rent 

f rom those of "amaurot i c  family i d i o cy" { Sa chs , 1896 ) whi ch wa s 

named a s  "Tay-Sachs d i s ea s e" by H i g i e r  ( 1901 ) ,  he la ter changed 



his opinion . He listed three types o f  amaurotic idiocy with 

dif f e rent ages of onset , inf antile ( Tay-Sachs disease ) ,  l ate 

infantile and juvenil e  amaurotic idiocy as a group of dis e a s e s 

characterized by maculocerebral degeneration ( Ba tten & Mayou , 

1915 ) . 

3 

In 1931 , the Swedish psychiatrist and geneticist , Torben 

Sjogren , pre sented 115 c a s e s  that had been subjected to an 

extensive clinic a l  and g enetic inve s tiga tion . He concluded that 

the disea se , which he ca l led the S pie lmeyer-Sjogren type or 

"juvenil e  amaurotic idiocy" , wa s genetica l ly dif fe rent f rom 

Tay-Sachs disease ( infantile amaurotic idiocy ) .  Today this 

latter dis ease is identified biochemica l l y as the infantile 

form of G
M2

-gangliosidosis . K u f s  ( 19 25 )  a l s o  d e s cribed an adu l t  

form of ama urotic idiocy . The se we l l-documented reports had 

litt l e  impa ct upon views o f  neurol ogis t s , geneticists and 

neuropathologists , and the c ommon c oncept during the 1950's and 

1960's wa s s ti l l  that the various type s of amaurotic idiocie s ,  

of which Tay -Sachs dis e a se wa s the prototype , we re a ge­

dependent va riant s  of one and the s ame ba sic pathol ogica l 

proce s s . 

Z eman & A l pe r t  ( 1963 ) made a resolute e f fort to des cribe t h e  

pigmenta ry nature o f  the neurona l deposits in various type s o f  

familia l  amaurotic idio cy . Te rry & Korey ( 1960 ) ,  and Te r ry & 

Weis s ( 1963 ) specified u l t r a s tructural and biochemica l  f indings 

for Tay - Sachs disea se , and these r e s u l t s  contributed to the 

sepa ration of the dis e a s e  f rom the other amaurotic idiocie s by 

• Zeman & Donahue ( 1963 ) . At that time it wa s sugge sted that the 

so-c a l l e d  late infanti l e  amaurotic idiocy of Jansky­

Bie l s chowsky , the juvenile amaurotic idiocy of Spielmeye r -Vogt , 

and the adult f o rm o f  amaurotic idiocy of Kuf s , we re distinct 

from Tay-Sachs dis e a s e  and other f o rms of sphingolipidosis 

( Donahue e t  a l . ,  1967 ) . Subs equently Santavuori e t  a l . ,  ( 1973 ) 



4 

and Ha l t i a  e t  a l . ,  ( 19 73a , 1973b ) showed that an infanti l e  form 

of neurona l ceroid- l i pofu s c i nosi s a l s o  exi sted , wh i ch had an 

onset of c l inica l s i gn s  d u r i ng the f i r s t  or second year of l ife 

with e a r l y  d eve l opment of b l indne s s  and a rapid course . 

Infanti le ( Ha l t i a - S antavuori ) ,  l a te infantile ( B i e l s chowsky­

Jansky ) ,  juveni l e  ( Ba t ten-Mayou , Spie lmeye r -Vogt , Spie lmeye r ­

S jogren ) and adult ( Kufs ) f o rm a r e  now gene ra l ly c l a s sified 

under the genera l head ing of "neurona l ceroid- l i pofus cino si s " ,  

a term f i r s t  used by Z eman & Dyken in 1969 . Eponymic name s a re 

s t i l l  frequently u s ed and Ba t ten's d i s ease i s  some times used 

l oosely for the wh o l e  group . The term "neuronal ceroid­

l i pofu s c i n o s i s" is mai nly u s ed in Ame ri can l i terature but is 

not comp letely sati sfa ctory as p i gment i s  found a l so in other 

t i s s ues in the body . The a l t e rnate name "gene r a l i zed ce roid­

l i pofus c i n o s i s" has been suggested by Joosten et a l .  ( 1973) . 

S ubgroups cal led "ea r l y  juven i l e "  ( Lake & Cavan agh , 1978 ; 

L i bert et a l . ,  1982) and "protracted juven i l e  form " ( Goebel et 

a l . ,  197 6 ; L i bert e t  a l . ,  1982) were l ater reported . There a re 

a l so other a typ i c a l  ca ses ( G reenwood & Nel son , 1978 ; Jervis & 

P u l l a rka t , 1978 ; Goldman et a l . ,  1979 ; Proops et a l . ,  1981 ; 

Santavuori et a l . ,  1982 ; Ikeda et a l . ,  1984 ; Goebe l , 1985 ) .  The 

main type s are s umma r i zed in Tab l e  l . I .  

I t  must be emph a s i zed that a rationa l nomenc l a ture doe s not 

be come pos sible unt i l  the specifi c gene t i c a l ly determined 

b i ochemi c a l  defects a r e  unde r stood . 

I I .  C L I NICAL FEATURES 

The common cl ini c a l  features of the neuronal c e roid­

l i pofus c inoses are v i s ua l  l o s s ,  progres s ive menta l  and motor 

deterioration , s e i z u r e s  and premature death ( Z eman & S iakoto s , 



1 973: Z eman , 1976 ) .  Lymphocytic vacuolation and hyper­

granulation o f  neutrophi l s  may be found with a high d e gree o f  

f re quency in s ome f o rm s  ( Z eman , 1976 ) .  The presenting signs 

dif f e r  f rom one type t o  the other ( Table l. I ) . However ,  the 

v a lidity of s epa rating the s e  syndrome s clinic a l l y  must be 

s ub s tantiated by f urther pathol ogica l and biochemica l  

characterization o f  t h e  va rious f o rms of this disease. 

Inf antile form of the di sease 

5 

The patient s d eve loped norma l ly f o r  up to 8-16 month s ,  

r e a ching their mil e stone s a t  the expe cted times , and then 

pre sented with r a pidly progres sive ps ychomotor retarda tion. 

This was accompanied by hypotonia and ataxia. Myocl onic je rking 

and visual l o s s  f o l lowed but fits we re not a prominent f e a ture. 

A l l  patients showed microencepha l ly and reached a "burnt out " 

s tate by 3 yea r s  of age . The elec tro-enceph a l ogram ( EEG) became 

isoelectric by this time. There wa s no lymphocytic vacuolation 

but azurophilic hype rgranu l a tion of neutrophils wa s 

o c ca siona lly found. Death occurred at between 3 and 10 years . 

( Santavuori et a l . , 1973 ; Haltia et a l . , 1973a , 1973b ) 

Late i n f antile form of the disease 

This wa s a r apid ly progres sive dis orde r with early ons e t  

between 18 months and 4 yea rs . There wa s insidious impairment 

of vision , spas tic tetrap l e gia and bu l bar paralysis l eading to 

d e a th at 4-10 ye a r s  of age. There were ma s sive convu l s ions 

which resulted in death a f ter a r e lative l y  short duration of 

the i l lne s s , in s ome ins tance s as lit t l e  a s  9 months. 

A z urophilic hypergranu l ation of neutrophi l s  wa s f requent l y  

ob s e rved. ( Z eman & Siakot o s , 1973: Z eman , 1976 ) .  

Juvenile form of the disease 

This form of ceroid-l i po f u s cinosis u s ua l l y  began with visua l 

disturbance s  between the ages of 4 and 9 yea r s  which were 

a s sociated with a pigmentary retinopa thy. Minor psychol ogica l 



TABLE l.I 

CLINICAL CLAS S I F ICATION OF THE NEURONAL CERO I D - L I POFUSCINOSES 

Type 

( Eponym) 

Infantile 

( Ha lt i a­
Santavuori) 

Late infant ile 
( Bielschowsky­

Jansky) 

Juvenile 

( Battern-Mayou 
Spi elmeyer-

Age of onset Symptoms 

8-16 month Myoclonu s ,  v i s ual 
fa ilure , Psychomotor 
retarda t i on , ataxia 

18 month-
4 year 

4-9 year 

Regre s s i on of skills , 
speech d i f f iculty , 
convulsions , myoclonu s ,  
vi sual f a i lure , ataxia 

Blindn e s s , convuls ions , 

d ementia , behavioural 

changes 
Vogt; 

Spielmeyer-Sjogren) 

Adult 
( Ku f s) 

15 yea r  Dement i a , behavi oural 

change s ,  convulsions 

Outcome 

Rapi dly 

fatal 

Wh i t e  blood cell Key refe rence 

Normal Santavuori et 
al . , ( l973) ; 
Halt i a  et al . ,  
( l973a , l973b) 

Rela tively Hype rgranula t i on Z eman & 
S i akotos , ( l973) , 
Zeman , ( l976) 

short in neut rophils 
survi val 

Va r i able; Lymphocyt i c  

f atal within hypergranulat i on 
months or in neutroph i ls 
s everal yea r s  

Boehme e t  al . , 

( 19 71 ) ; z eman & 
S i akotos , ( l973) 
Zeman , ( l976); 
Lak e , ( 1977) 

Slow 

progre s s i on 

Hypergranulation Boehme et al . ,  

in neutroph ils ( 1971); Z eman , 
( 1976) 
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deviations and a lterations i n  motor behavi o r  ac companied the 

ons e t  of these f ea tu re s . The re f o l l owed ga i t  dis turbance s ,  

s lu r red speech a nd anxiety . Fina l ly , the patients be came 

completely withdrawn and bedridden with contractu r e s  of the i r  

l imbs . S pa st i c  tetrapl egia l ed t o  death i n  the l a t e  teens or 

early twenties b ut older pa t ient s a r e  known ( Boehme e t  a l . ,  

197 1 ;  Z eman , 1 976 ) . Cytop l a smic vacuo l e s ( Ba gh & Hort l ing , 

1948 ) a s  we l l  a s  cytopl a sm i c  inc l u s i ons ( Nasu et a l . 1969 ) in 

pe r i phe ra l b l ood lymphocyt e s  have been regarded a s  morphologic 

marke r s  of the juveni le type of the neurona l ceroid­

l i po fuscino s i s ( Z eman & Dyken , 1969 ; K r i stensen & Low , 1 983 ) . 

There are d i f f e r ing opinions as to whe ther signi f i cant 

lymphocyt i c  va cuolation occurs in hete ro zygotes of t h i s  type o f  

t h e  d i s e a s e  ( Ra yne r & Book , 1958 ; Wi t z l eben , 197 2 ;  Bur r i g  e t  

a l . ,  1982 ) .  A z urophilic hypergranulation of neutroph i l s  has 

also been reported f requent ly in the juvenile form of the 

di sease ( Z eman & S trouth , 1 967 ; Z eman & S i akotos , 1973 ) . It wa s 

a l s o f o und to be a "re l i ab l e , conspi c u ous , and con s i s tent 

marker" for the defe ct ive g ene in hete rozygotes ( Z eman & 

St routh , 1 967 ) . 

Adult form of the di sease 

The adu l t  f o rm of neu ronal ceroid-l ipofu scinos i s  d i f f e r ed 

f rom the other f o rm s  in that visua l d i sturbances were r a re ( Dom 

et a l . ,  1 979 ) . Th i s  wa s a r e l ative l y  m i lder form o f  the di s e a s e  

wh i c h  u s ua l ly b e g a n  during adul thood . Howeve r ,  behavioural 

d i s turbances with progres s i ve dement i a , ataxia and grand mal � 

f i t s  might occur a t  any t i me f rom chi l dhood to adult l i f e . 

Extrapyramidal s i gns and cerebe l l a r  sym�toms f o l l owed . S lowne s s  

o f  speech lead ing t o  dysarthria wa s a feature . T h e  d i s order 

produced less severe menta l d i s tu rbance s than other type s of 

the d i sea s e . No lymph ocyt i c  vacuol a t i on h a s  been reported , but 

a z u rophi l i c  hypergranu l a t i on of neut roph i l s  wa s occa s i ona l ly 

f o und . ( Boehme et a l . ,  1971 ; Z eman , 1 976 ) . 
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The f o ur f orms of ceroid - lipo f u s cinosis desc ribed above , 

have been adopted a s  a gene ral c la s sification ( Z eman , 1976) . 

However there were other variant s which did not exac tly f it the 

previous four types. Th e s e included an e a rly-juvenile disease 

with the ea rly p r e s enta tion simila r t o  late -infantile f o rm of 

the dis ease but whose course and pa thological changes we re 

similar t o  those of the juvenile f o rm ( Lake & Cavanagh , 1978; 

Libe rt et al. , 1982). Similarly t h e r e  wa s a protracted juvenile 

form of the dis e a s e  in which clinical signs we re similar to 

those of the juvenile f o rm but occurred later and continued 

over a longer time ( Goebel et al. , 1976 ; Libert et al. , 1982). 

Occa sional atypical c a s e s  have been reported wh ose symptoms and 

clinical course va ried f rom the above ( G reenwood & Nelson , 

1978 ; Je rvis & Pullarka t ,  1978 ; Goldman et al. , 1979 ; Proops et 

al. , 1981 ; Santavuori et al. , 1982 ; Ikeda et al. , 1984 ; Goebel , 

1985) . 

When more than one pa tient wa s a f fected in a family they 

tended to exhibit onset of clinical signs at a similar age 

( homochronism) and the disease ran a simila r course 

( homotypism) ( Z eman , 1976) . This tends to confirm the fact that 

the synd rome s de s c ribed do r e f lect dif f e rent genetic f o rms o f  

t h e  disea se. 

I I I . I NHER I TANCE AND PREVALENCE 

The neu ronal c e roid - lipo f u s cino s e s  a r e  uncommon dis e a s e s  but 

they have been r e ported in most c ommon races and e thnic groups , 

and in both sexe s ( Z eman et al. , 1970) . An autosomal r e c e s sive 

mode of inhe ritance is evident f o r  mo s t  of the f orms. An 

exception is a pos sible dominantly inherited f o rm of K u f s  type 

which occurred in five gene rations of a f amily ( Boehrne e t  a l. , 

1971 ; Leonbe rg e t  al. , 1982) . 
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S antavuori et a l . ( 1974) stated that the prevalence of the 

infantile form in Finland wa s 7 . 85 per 100 , 0 0 0 . In Sweden , 

S jog ren ( 1931) e s timated that the frequency of the juvenile 

form of the dis ea s e  wa s 1 in 2 5 , 0 0 0  and Rayne r ( 1962) r eported 

t he prevalence of the s ame form of the dis e a s e  a t  1 in 5 0 , 0 0 0 . 

R e ske -nielsen et al . ( 1981) e s timated the incidence of the 

juvenile form a t  1-3 in 100 , 00 0  per year and reported that by 

November 1980 , 21 patient s  affected with juvenile form were 

registered in Denmark with a population of 5 million . About 

"one dozen" new c a s e s  of the neuronal ceroid-lipofu s cino s e s  a r e  

r eported p e r  y e a r  i n  the United Kingdom a n d  of these the 

juvenile form account ed for one qua rter ( Henry & Stevens , 

1982) . 

The prevalence of the late infantile and adult forms is le s s  

well known . 

IV . PATHOLOG I CAL CHANGES 

The progre s sive a c c umulation of autofluore scent lipopigments 

in neuronal pe rika rya and a wide va riety of other cells is the 

c ommon denominator in the neuronal ce roid-lipofus cino s e s . 

However only in the nervous sys tem is there secondary 

d e generative dis e a s e  leading to brain and retinal a trophy 

( Z eman , 1970 , 1976) . 

Gross pathology 

The striking gross a bno rmality in all forms of the dis e a s e  

wa s ce rebral a t rophy ( Z eman e t  al . , 1970) . The white matter wa s 

firm . In the infantile form of the disea s e , the dura a s  well a s  

the skull wa s thickened and the la tter wa s up to 1 . 5 cm thick 

( Haltia e t  al . ,  1973a; Hagberg e t  al . , 1974; Santavuori e t  a l . , 



1974) . In the l ate-infantile f orm o f  the disease , a trophy o f  

t h e  ce rebe l l um wa s pronounced { Smith e t  a l . ,  1981) . Using 

cranial c omputed tomography { CCT) , Lagens tein et a l . { 1981) 

reported symmet rica l  enlargement of subarachnoidal spa c e s  and 

of the l a t e ra l , third and f ourth ventric l e s . 

Light microscopy 

The re were difference s in the extent of neurona l and 

extraneurona l involvement among the types of ceroid­

lipo f u s cino sis . The main l e sions consisted of pigment 

accumu lation , neurona l death and glial reac tion in the ne rvo u s  

system . 

9 

The brain o f  the infantile type showed progre s sive l o s s  o f  

nerve ce l l  bodie s th roughout the cortex and of mye l in and axons 

in the white matter {Z eman , 1976 ; Ha ltia et a l . ,  1973a , 1973b) . 

Up to 2. 5 yea r s  neurona l s t orage of pigment s was observed and 

there wa s s ome d e gree of neurona l l o s s. There wa s an 

a s trocytosis and pre sence of the mac rophage s .  From the age of 

2 . 5  years the neurone s be came grea t l y  depleted in numbe r ,  

a strocyt e s  contained stored mate ria l and macrophag e s  became 

more nume rous. Loss of mye l in wa s evident. By 4 yea rs cortic a l 

neurone s and a s s ociated axons and myelin sheaths had mainl y  

disappeared . The cerebrum wa s largely replaced b y  f ibril lary 

a s trocyt e s  which contained lipopigments ( Santavuori et a l . ,  

1974) . Neurone s in the br ain stem , ba s a l  ganglia and spina l 

cord were distended by l a rge amounts of storage pigment s .  

In the late infantile f o rm of the disease de Bae cque et a l . 

{ 1976) de s c ribed a reduction in the numbers of the Purkinje 

cel l s , a s triking l o s s  of granu l a r  ce l l s  and a prominent 

Bergmann c e l l  gliosis in the cerebe l l um . The white matter o f  

the brain showed mil d  demyelination and proliferation o f  

a strocyt e s  { Do l man e t  a l . ,  1972 ; de Baecque e t  a l . ,  1976) . A 
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s ta tus spongi osus o f  the f orebra i n  cortex has been reported as 

a pecul i ar cort i c a l  l e s i on ( Bi e l s chowsky , 1913 ; Se i t e l berger , 

1962 ; Do lman e t  a l . ,  1972 ; Zeman , 1976} , and interpreted a s  a 

s e i zure-induced anox i c - i schemi c phenomena by Zeman ( 1976} . 

Some reports de scribed only a scant numerical reduction o f  

cort i c a l  neurone s and a n  apparently n ormal corti c a l  laminati on 

i n  the juven i l e f o rm of the di sease ( Su zuki et a l . ,  1968 ; 

Wi l l iams et a l . ,  1977} . However thi s i s  probably erroneous a s  

u s i n g  prepara t i on s  s ta i ned w i th a l dehyde fuc shin , Braak & Goebe l 

( 1978} demonstrated severe s tructura l a l tera t ions of the cortex 

i n  the cas e of juven i l e type of the di s ea s e . Thi s  a f f ected a 

s i ngle c e l l  type , i n  particular the sma l l  p i gment-laden 

s t e l late ce l l s  o f  the i s ocortex , re su lting i n  their complete 

l o s s  of layer II . They postulated that the select i ve 

involvement of these local c ircui t neurone s might be due to 

their sma ll s i z e and the early onset of l i popigment 

ac cumula tion and be cau s a l ly rel ated to the funct ional 

impa irment of the bra i n . Furthermore they demon s trated that the 

pyramidal ce l l s  of the upper parts of the pyramidal layer 

( IIIab} tended to develop giant fu s i f orm swe l l ings of their 

axonal i n i t i a l  s e gments wh i c h  were f i l l ed w i th l i popigment 

granul e s. The gan g l ionic layer ( V} wa s a l s o  severe ly depleted 

o f  pyramidal ce l l s  and considerably a ttenuated with a 

characteri stic "pepper and s a l t" appearance ( Braak et a l . ,  

1979} . They i nd i cated that those cort i c a l  neurones probably 

l i nked by i nterl ami n ar conne c t i on s  showed the mo s t  marke d  

cytopathologi c  f e a ture s . T h e  appearance of l i pofuscin - l aden 

appendage s emerging from I I Iab-pyramidal c e l l s  is a l so a 

characteri stic f e ature o f  the aging human bra i n  ( Braak , 1979} . 

P i gment archi t e c tura l  a n a ly s i s  of the bra i n s  of one c a s e  of 

protracted juveni le f o rm and two cases o f  adult f o rm of ceroi d­

l i pofus cinos i s  a l s o  revea led l o s s  of p i gmen t -laden ste l l ate 
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ce l l s  in l a yer II , axonal e n largement of l ayer IIIab-pyrami da l 

c e l l s , and cons i derabl e  ce l l  l o s s  in layer Va (Goebe l et a l . ,  

1982b ) .  It wa s suggested that t h i s  pa ttern o f  corti c a l  

pathology wa s spec i f i c  for t h e  neurona l  ceroid-l i po f u s c i n o s e s  

( Goebe l e t  a l . ,  1982a ) .  

The s torage p i gment s  were a c i d - f a s t , PAS-po s i ti ve and 

stained w i th Sudan black B .  They also stai ned po s i tively w i th 

l u xol f a s t  b l ue e xcept for those in the i n fantile f orm o f  the 

d i s e a s e  ( La k e , 1984 ) . They were autof luorescent i n  u l travi o l e t  

l i ght . 

The ret i n as i n  terminal d i s ease showed severe a trophy w i th 

l o s s  o f  the photoreceptor c e l ls .  The gangl ion ce l l s  were a lso 

l o s t  in the i nfantile form , but were re l a t ively we l l  pre served 

i n  the other forms but wi th l i popigrnent a c cumulation in their 

cytop l asm . The optic n erve was a trophic i n  the infan t i l e and 

l a te i nf an t i le forms of the disease (Zeman , 1976 ) .  

In the i nfant i le f orm of n euronal ceroid-lipofu s c i no s i s , 

abnorma l a c c umu l ations of l i popigmen ts have also been reported 

i n  e p i the l i a l  c e l l s  of the t hyro i d , pancrea s ,  k idney and l un g ; 

testi s ;  ske letal , card i a c  mu s c l e  and smooth mu s c l e  o f  the 

intes tina l wa l l ; macrophage s in spleen , l iver , l ymph node s , 

bone marrow and l amina propria o f  intestinal muco s a ; 

adve n t i t i a l  mesenchymal of sma l l  ve s s e l s  and neuron e s  o f  the 

gastrointestinal tract ( Ha i t i a  e t  a l . ,  1973b ; Hagberg e t  a l . ,  

1974 ; S i e g i smund e t  a l . ,  1982 ) .  

In the late i n fant i l e  f orm of the disea s e , i ntra c yto p l a sm i c  

a ccumulations o f  coarse a n d  f ine p i gment granu l e s  were f o un d  i n  

c e l l s  of h eart , a orta , l un g , pituitary , thyroid a n d  adren a l  

gland s , bone marrow , l ymph n ode s ,  k i dney , urinary b l adder , 

s tri ated mus c l e ,  swe a t  gl and epi the l i um and l iver ( Do lman & 

Chan g , 1972 ; de Ba ecque et a l . ,  1976 ) . 
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L i popigment s  were found in cel l s  of the fol lowing t i s sue s o r  

organs o f  the pa tients w i th juven i l e  form of ce roid­

l i po f u s cinos i s :  d o r s a l  root gang l i on cel l s , neurone s o f  the 

a utonom i c  nervous system o f  the i ntesti nal wa ll , myoca rdi a l  

mu s c l e , epith e l i um of t h e  d i sta l p a r t  o f  col lect ing tubu l e s  i n  

the k i dn ey s , l arge "ret i cu l o-endoth e l i a l" c e l ls i n  spleen , 

thymu s ,  l ymph node and bone marrow , parenchyma! and Kup f f e r's 

c e l l s  i n  the l i ve r wi th a predominantly centri lobu lar pa ttern , 

the anterior l obe of the pituitary , pancrea s , thyroids , gonads 

and sural nerve (Kri sten s s on et a l . ,  1965 ; Nakano et a l . , 

1978 ) .  Sma l l  n umbe r s  of i ntensely a c i dpho sphata se-posi tive 

hi stiocytes were found between the smooth mu scle c e l l s  i n  

rectal biopsi e s .  Mi ley e t  a l .  (1978 ) described the presence o f  

s e a  b l ue h i s t i ocyt e s  i n  the bone ma rrow o f  a 6 years o l d  boy 

w i th juven i l e  ceroi d - l i po f u scinosi s .  It wa s ,  however , f ound t o  

b e  a non-spe c i f i c  change (Gadoth , 1982 ) .  Recently Reske - n i e l s e n  

e t  a l. (1981 ) reported t h e  card i a c  involvement i n  13 patients 

a f fected with juve n i l e  ce roid-l i po f u s cino si s ,  in which t hey 

demon st rated that a l l  compa rtments o f  the heart i nc luding the 

conduc t i on sys tem we re i nvo lved . There wa s a di s c repancy 

between the re lative l y  minor functi ona l d i sturbanc e s  observed 

and the s evere morphologi c a l  change s in the heart . 

Electron microscopy 

At one t ime , t h e  neuron a l cero i d - l i po f u scinoses were 

c l a s s i f ied with the gangl i o s i do se s .  However electron 

microscopic s t ud i e s  by T e r ry & Korey ( 1960 ) , Te rry & We i s s  

( 1963 ) a n d  Zeman & Donahue ( 1963 ) l e d  to the separate 

c l a s s i f i ca t i on of these d i seases ( Zeman & Donahue , 1963 ) .  

Koeni g  e t  a l .  ( 1964 ) ,  Gonatas e t  a l . ( 1968 ) and Siakotos e t  

a l . ( 1972 ) suggested the i r  probable lyso somal association by 

demon strating a c i d  pho sphatase a c t i vi ty in the a cc umu l ated 

l i popigments o f  the neuronal ceroi d - l i po f u s cinose s .  
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The l i popigments were bounded by a un i t  membrane { Donahue e t  

a l . , 1967 ) .  They were irre gul ar i n  shape and varied i n  s i ze. 

Although the f in e  s tructure s of the l i popigme n t s  h ave been 

reported d i f f erently among ca ses a f f e cted wi th cero id­

l ipofuscinos i s , the i n tern a l  s tructure of the l i po p i gment 

cyto some wa s genera l l y  compo sed of a granu l ar matrix and a 

vari ety of membranous pro f i l e s. The l atter con s i s te d  o f  

a l t ernating den s e  and p a l e  bands. The arrangement a n d  shape o f  

t h e s e  l amel lae wa s irregular , pre senting round , ova l o r  tubular 

s tructure s {Z eman & Si akoto s ,  1973 ) .  The cyt o s ome s wi th 

predominantly membranous pro f i l e s  were de scribe d  a s  

mu l t i l oculated l i pid bod i e s  ( Z eman & Donahue , 1963 ) , 

mu l t i l ame l l ar cytosome s ( Gonatas et a l. , 1968 ) , curv i l i near 

bod i e s  ( Duffy e t  a l. , 1968 ) and inclusions with f i ngerprint 

pattern ( Suzuki e t  a l. , 1968 ) . The term zebra bodi e s  ( E l f enbe i n  

& Can tor , 1969 ; Z eman e t  a l. , 1970 ; Herman et a l . , 1971 ) , 

membranous cytop l a sm i c  bod i e s  ( Sluga & Majde tzk i ,  1967 ) , and 

crysta l l oid inclusions ( Donahue et a l. , 1966 ) h ave a l s o been 

used to de scribe the s e  l i popigments. 

Chara cteri s t i c  pro f i le s  o f  the l i popigment granu l e s  

d e s cribed a s  curv i l inear bodi e s , f i ngerpri n t  pa t tern and 

granular i nterna l s tructure , have been thought t o  be spec i f i c  

to some type s of t h e  n euronal ceroid- l i pofus cino s i s  ( Gonatas e t  

a l. , 1968; Carpenter et al. , l977 ) .  There are , h owever , many 

reports on the f in e  s tructure of the l i popigmen t , wh i ch show 

incon s i s tency between the u l trastructura l pa ttern s and the type 

o f  n euronal cero i d - l i po fuscinos i s  ( Z eman e t  a l. , 1970; Herman 

et a l. , 1971; Dyken & Trefz , 1979; Goebe l et al . ,  1979 ) .  Zeman 

et a l. ( 1970 ) minimized the s i gn i f i cance o f  d i f f erences i n  the 

f ine s tructure o f  l ipop i gment bod i e s. Goebe l et a l .  ( 1979 ) 

conc luded that the ultrastructura l d i f ferences were more o f  a 

qua n t i ta tive than o f  a qua l itative n ature , and a funct ion o f  



age -dependent and loca l tissue and c e l lular biochemica l 

f a c t ors , rather than a dis e a se-spe cific phenomenon . 
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Due to the pre sence o f  re sidua l bodie s showing pa thognomonic 

s tructure s with obvious diagnostic va lue in the neurona l 

ceroid- lipofuscinoses , biops y  ha s been applied a s  a diagnostic 

tool (Table l . II )  in s kin (Carpenter et al. , 197 2 ; Dolman et 

a l . ,  1975 ; Ceuterick et a l . ,  1976 ; Farre l l  & Sumi , 1977 ; Sipe & 

Obrien ,  1979 ; Ishii et a l . ,  1981 ; Henry & Steven s ,  1982 ; Finke l 

et a l . ,  1983 ) , skeletal mus c l e  (Goebel et al . ,  1975 ; Dom et 

a l. , 1979 ; Vercruy s s en e t  a l . ,  1982 ) ,  sural nerve (Joo sten et 

a l . ,  1973 ) ,  autonomic ganglia and macrophage s in re cta l mucosa 

(Lak e , 1977 ; Lake & Cavan agh , 1978 ; Siegismund et al . ,  1982 ; 

Rapo l a  et a l . ,  1984 ) , a ppendix (Van Ha e l s t  & Gabree l s , 1972 ; 

Rapo l a  & Ha l tia , 1973 ) and urinary s ediment (de Bae cque , 1975 ; 

Arms trong et al . ,  1977 ; Dolman et a l . ,  1980 ) ,  dental pul p  

(Witkop e t  a l . ,  1984 ) and amniotic f luid ce l l s  (Ma cLeod et a l . ,  

1985 ) .  

V .  THE NEURONAL CEROID-LIPOFUSCINOSES IN DOMESTIC ANIMALS 

There are severa l s pecie s of animal which have been reported 

with syndromes ana logou s to c eroid- lipofuscinosis . They are 

Bee fma ster cattle (Read & Bridge s ,  1969 ) , English Set ter dog 

(Koppang , 1970 , 1973/74 ; Arm strong et a l . ,  1982 ) ,  Chihuahua dog 

(Ra c & Gie s ecke , 1975 ; Jol ly & Hartley , 1977 ) , Dach shund dog 

(Cummings & de Lahunta , 1977 ; Vandeve lde & Fat zer , 1980 ) ,  

Sa luki dog (Appleby & Longsta f f e ,  1982 ) ,  Cocker Spaniel dog 

(Wil kie & Hud son , 1982 ) ,  Da lmatian dog (Goebel & Dahme , 1985 ) , 

and B lue Hee l er dog (Cho e t  a l . ,  1986 ; Wood et al . ,  1987 ) , 

South-Hampshire sheep (Jo l ly e t  a l . ,  1980 ) and Siame s e  cat 

(Green & Little , 1972 ) .  The c l inical sign s and the 

ultra s tructural findings of the storage materia l varied in 

the s e  anima l s . 



TABLE l.I I 

TIS SUES VALUABLE IN MORPHOLOGICAL DIAGNOSIS IN THE NEURONAL 
CEROID-LIPOFUSCINOSES 

Tis sue 

S kin 

Skeletal mu s c l e  

Sural ne rve 

Rectal mucosa 

Appendix 

Urinary s ediment 

Amniotic f luid ce l l  

Denta l pu l p  

Reference 

Carpenter et al. , l9 72; Do lman et a l . , l9 75; 
Ceuterick et a l. , l9 76; Farre l l  & Sumi , l9 7 7; 
Sipe & Obrien , l9 79; Ishii et a l . , l981; 
Henry & Stevens , l982; Finkel et a l . , l983 

Goebe l et a l. , l975; Dam et a l . , l979; 
Vercruy s s en et a l . , l982 

Joosten et a l . , l973 

Lak e , l 9 7 7; Lake & Cavanagh , l9 78; Sigisrnund 
et a l . , l982; Rapol a  et a l . , l984 

Van Ha e l s t  & Gabree l s , l9 72; Rapola & Ha l tia , 

1973 

de Baecque , l9 75; Armstrong et al. , l 9 7 7; 
Dolman et a l . , l980 

Ma c Le od et a l . , l985 

Witkop et a l. , l984 
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Ceroi d - l i po fu s c i n o s i s  in Engl i s h  Setter dogs wa s e st ab l i shed 

as a mode l  f or the juve n i l e  type of human ceroi d - l ipofusci n o s i s  

through deta i led c l in i ca l , pa thological ,  and biochemical 

i nve stigations { Koppa n g , 1973/74 ) .  A f f ected anima l s  were 

c l i n i ca l ly norm a l  up to the age of 12 to 14 month s . They 

usua l ly showed the f irst s i gn of d i s e a s e  around the age of 14 

months to 18 month s , when reduced vi s i o n  and ment a l  dul l n e s s  

became obvious. From 1 7  to 2 4  month s , t h e  a n ima l s  became 

atax i c , their extremities s t i ffened and they grew progre s s ively 

b l i n d. Convul s i o n s  and contractions s e t  i n  a t  the la tter stage 

o f  the d i s e a s e  and death usua l ly occurred before 25 months of 

a ge. 

Homozygous-a ffected dogs cro s s e d  wi th normal dogs produced 

no affected a n ima l s  wherea s he terozygous matings produced 25 % 

a ffected puppi e s  and h omozygous-homozygous ,  100 % . Therefore an 

aut o soma l rece s s i ve mode of i nheri tance of the d i sease wa s 

c l ear { Koppan g ,  1973/74 ) .  

I n  the l at er s t a ge , e spe c i a l ly a f ter 20 month s of age , the 

dura wa s thickened . The bra i n  was f irm and a troph i c  we ighing 

a pproximately 60-7 0 %  of norma l a ge-ma tched un affected 

l i t t ermates . D i lated ventri c l e s  and d i scoloured ye l low-brown 

corte x  were a l s o  noted . 

From birth to 2 months of age , autof luorescent pigment s  were 

d i f f icult to detect w i th l i gh t  m i croscopy { Koppang , 1973/74 ) .  

PAS and Sudan black B po s i tive p igment s  c ould be f ound i n  about 

3 0 %  of neurones of a l l  regions of the cen tra l nervous sys tem by 

the age of 2 - 3  month s , and in a l l  neurone s at the age of 6 

mont h s .  The amount a n d  f luore scence of the l i popigments 

i ncreased gradua l l y  i n  the neura x i a l  nerve cells and peri phera l 

neurones . By the a g e  o f  12 month s , p i gmen t s  occupi ed the "wh o l e  

cytoplasm" i n  a l arge percentage o f  neurone s .  



16 

Such ce l l s  might reve a l  nuc lear py� los i s ,  rounding o f  the 

soma and loss of N i s s l  substance ( Kopp<ng , 1973/74 ) .  Lo s s  of 

neurone s  wa s noted to commen ce about th. age o f  1 2 -14 month s , 

and by termi n a l  d i sease had "denuded man • gri sea" , part i cularly 

of the cerebe l lar cortex . Lo s s  o f  n euroncl perikarya wa s 

inevitably a s sociated w i th the l o s s  o f  ce1tra l and peri phera l 

nerve proce s s e s . I n  the l a tter , demy e l i nat. on and axon a l  

degeneration c ou l d  b e  obs erved . Recen tly , B�aak e t  a l . ( 1984 ) 

demonstrated p igment-f i l l ed e n l argements of the i n it i a l  axon 

segment s  of cort i c a l  l ayer IIIab pyrami dal ctl l s . 

Retinal nerve c e l l s  conta i ned l arge quan ti tie s of 

autof luore scent p i gments a t  the time of death �ith minor 

degenerative changes and occa sional c e l l  death 1·.hereof . In 

contra s t  to the human di sease , the photoreceptor cel l s  were 

pre served .  Ce l l s  of vi scera l organs and other extraneuronal 

t i s sue s a l so showed a gradua l i n cre a s e  i n  the autof luore scent 

pigment .  

E l e c tron m i cro scopic obs erva t i o n s  revealed the pr�sence o f  

"cytopl a smic condensation" i n  neurone s  of centra l nervous 

t i s sue at 2 days of age . The conden s a tions or focal den s i t i e s  

with a granul ar o r  a lmo s t  h omogeneous pattern mea sured l e s s  

than 1 pm i n  d i ameter a n d  were randomly d i stributed throughout 

the cytoplasm . They were con s i dered to be a "pigment" or 

precursors of the autof luore scent p i gments to wh i ch they were 

trans formed by autophagy and f ormat i on o f  re sidual bod i e s . 

Typi c a l  membrane-bound ceroid bod i e s ,  0 . 1  to 1 . 0  pm i n  

diameter , were frequent l y  f ound s hortly a f ter birth . There fore 

it wa s sugge sted that p igmen t  f ormat i on began in utero . The 

number and s i ze of a ccumulating pigment granul e s  increa sed a s  a 

fun ct i on o f  t ime to the age o f  1 2  month s . There wa s a 



concom i t ant nume r i c a l  l o s s  o f  subce l lular organe l l e s  s u ch a s  

mitochond ri a , endo p l a sm i c  r e t i c u l um and r i bosome s. B y  the age 

o f  12 t o  25 month s ,  neurona l d e gene rat ion and ne c ro s i s  and 

accumu l a ti on of pi gment i n  a s t rocyte s ,  o l i godendrocytes and 

endothe l i a l  c e l l s  were o b s erved in the gray matter. P i gment 

l aden a s trocyte s  and o l igodendrocyte s  we re a l so f ound 

throughout the whi te matter. 

The u lt r a s t ructural pa t t e rn o f  the pigment bod i e s  wa s 

variable between d i f fe rent anima l s , d i f ferent topo graph i ca l  

area s  o f  t h e  brain , and d i f f e rent ce l l  types. The p i gment 

bodi e s  c ommonly contained f i ve - l ayered membranous prof i le s  

separated b y  a granul a r  o smoph i l i c  matrix wh ich w e r e  ca l led 

curvi l inear bod i e s. 
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Elect ronmi c roscop i ca l l y , photoreceptor outer s egment s of the 

ret ina appeared damaged and p i gment l aden phagocyt i c  ce l l s  were 

of ten s e en a t  the photoreceptor- retina l  pigment epithel i um 

inter f a ce . Characte r i s t i c  p i gment bodi e s  o f  the s ame 

a r chi tecture a s  de scribed a bove were observed in ext raneurona l 

ti s s ue , but were not appa rent ly a s sociated with ce l l u la r  

degeneration. Lymphocytes o f  a f f ected dogs contained t h e  sma l l  

clear vacuo l e s  in wh i ch membrane bound inc l u s i ons we r e  pre s ent 

(Goebe l  e t  a l. , 1981 ) . 

Electrophysiologic stud i e s  have been per f ormed extensive l y  

o n  a f f ected dogs. R e du c t i on s  i n  a -wave and b-wave amp l i t udes 

we r e  r ecorded in f u l l- f i e l d  e l e c t roretinograms (ERGs ) in three 

20 to 22 month s old a f f ected dogs (Ber son & Wa tson , 1980 ) .  

Ni l s s on e t  a l .  ( 1983 ) r e po rted a n  abo l i shed c-wave in the 

seriously a f f ected dogs. ' The e l e c troencepha lograph (EEG ) showed 

h i gh-voltage s l ow wave s w i t h  s p i k e s  by 6 months of a g e , and by 

t e rmina l d i s e a s e  e l e c t r i c a l  a ctivity had cea sed (Arms t rong et 

a l. ,  1982 ) . Recent l y  Armstr ong e t  al. ( 1986 ) a l s o  r e po rted 



abnorma l i t i e s  such a s  s inus arrhythmia ,  A-V d i s s o c i a tion or 

t a chycard i a  i n  electrocard i ograms recorde d  in a longitudin a l  

s tudy on s i x  a f f ected dogs . 
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Two cases of suspected cero i d - l i pofuscinosis i n  two 

unre l a ted Chihuahua dog s , a 24 months old male and a 2 2  months 

old f emale , were reported ( Ra c  & G i e s ecke , 1975 ) . C l i n i ca l ly 

the a f fected dogs s howe d  progre s s i ve bl i ndne ss , neurologi c a l  

d i s turbances a n d  t emperament change s a t  t h e  age o f  2 years . 

Microscopica l ly ,  e o s i n ophi l i c , weakly a c i d  fast , PAS and Sudan 

b l a c k  B po s i t i ve granu lar materi a l  in the cytopl asm of the 

majori ty of n eurones ,  g l i a l  ce l l s , reti nal and enteri c gangl ia , 

a n d  spleen were obs erved. Ne crosi s and l o s s  of neurones in the 

l ayer of Purki nje ce l l s  and sca ttered axonal fragmentat ion i n  

t h e  wh i te ma t ter were a lso foun d . Simi l ar cases in Chihuahua 

dogs have been seen in New Zea land and Austra lia (Jo l ly & 

Hart ley , 1977 ) .  

Curnrnings & de Lahun ta (1977 ) reported on the occurrence of 

a n  a dult ca s e  of canine neuronal ceroi d - l i pofusci n o s i s  i n  a 4 . 5 

years old Da ch shund and suggested i t  a s  a possi ble model for 

human Kuf s type of ceroid - l i po f us c i n o s i s .  Neurologic s i gn s  

r e f erab le t o  t h e  cerebel lum appeared later in l i f e  and 

progre s s ed s l owly . Gro s s l y there wa s genera l ized cerebe l l ar 

a trophy , moderate e n l argement o f  the latera l and f ourth 

ventri c l es , and a symmetri c a l  d i s t i n c t  yel low d i s c o l ourat i on o f  

the cerebe l l ar nuc l e i . Varying amount s  of PAS a n d  Sudan b l a c k  B 

po s i t ive , aut o f luorescent granular cytop l a smic mater i a l  were 

recogn i zed by l i gh t  rni croscopy in the neurone s and rnacrophage s 

throughout the neuroaxi s . Widespread l o s s  of Purki nje c e l l s  and 

a s tatus spongiosus i n  the bra i n  s tern and mo lecular layer of 

the cerebe l lum were observe d . E l e ctronrnicro scopi ca l ly the 

i n traneuronal membrane -bound cytosornes ranged from 0 . 4  to 2 . 2urn 

in d iameter a n d  were compo sed of pleomorphi c  l ipid bod i e s , 
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zebra bod i e s ,  c ompound bodi e s ,  typical l ipo fus c i n  granule s ,  

lys o some - l i k e  bod i e s , and membranous cytoplasmic bodi e s . 

Vandeve lde & Fa t zer ( 1980 ) a l s o  do cumented the o c currence of 

two a dult Dach shund dogs a f f ected with cero id - l i po f u s c i no s i s .  

There wa s conside rable s i m i l a r i t i e s  i n  age and morphol og i c  

f ea ture s between t h e s e  and Dach s hund dogs reported b y  Cummings 

de Lahun t a  ( 1977 ) . 

Two 2-year-old Saluki d o g s  f rom re lated l i tte r s  exhibited 

changes s i m i l a r  t o  the human juven i le type of ce r o i d ­

l i po fus cinos i s  ( Appleby e t  a l . ,  1982 ) . C l i n i ca l l y  the a f f ected 

dogs deve loped ne rvous s i gn s  f rom 1 year of age and showed 

in co-ord ination , swimming moveme n t s  and inability to stand . No 

gros s  abnorma l i t i e s  we re f oun d . M i croscopically 

aut o f luore s cent , luxol f a s t  b lue , PAS and Sudan b l a c k  B 

po s i t ive pigment wa s demo n s t r ated in the cytop lasm o f  la rge 

neurones of the brain , ret i na and ente r i c  gangl i a . E l e ctron 

micrography revea led membr ane-boun d masses of laminar 

inclusions i n  pa tterns of who r l s  o r  bundles i n  the c ytop l a sm o f  

neurone s .  

W i l k i e  & Hud son ( 1982 ) d e s c r i bed an 18-month- o l d  Cocker 

Spa n i e l  dog w i th a progr e s s i v e  central ne rvous sy stem d i sorde r . 

There were granu l a r  pigme n t s  i n  many neurones as we l l  a s  i n  

extraneurona l ti s sue s . The s e  granu l a r  pigments we r e  PAS and 

luxol f a st b lue po s i t ive , a n d  aut o f luore scent under u l t ravi o l e t  

l i ght . E l e c tronmicros copi c a l ly t h e y  were membrane-bounded a n d  

conta i ned l aminated st ructure s  r e s embl ing condens e d  membrane 

f ragmen t s , a mo rphous mater i a l s , and den se granule s .  

Deta i l s  o f  retinal u l t r a s tructure of two Da lma t i an dogs , 1 . 5  

and 7 yea r s  o l d , a f fected w i t h  ceroid- l i pofuscino s i s  were 

d e s c r i bed by Goebe l & Dahme ( 1985 ) . C l i n i c a l ly they s h owed 

marked a ta x i a , b l i ndne s s , and a bn ormal behaviour . There wa s a n  



ub i qui tous accumul a t i on o f  l i popigments i n  a vari e ty of ce l l  

types o f  the retina . The i r  f i n e  s tructure s were de scribed a s  

curvi l inear , f i ngerprint , and ra ther complex membranous 

pro f i l e s . Photorece ptors and remaining ret inal ce l l s  were 

genera l ly pre served . 

2 0  

Cho e t  al . { 1986 ) reported o n  the occurrence o f  a neuronal 

ceroido s i s  { ceroid- l i po fu s cinosi s )  i n  an 18-month -old B lue 

Hee l er dog with a progre s s ive ga i t  and behavi our abnorma l i ty , 

depre s s i o n , pare sth e s i a  and deterioration of v i s i on . Gro s s l y  

the bra i n  w a s  s l i ghtly a t roph i c . Histologi ca l l y there were 

autof luore scent , PAS , luxol f a s t  blue , and o i l  red 0 po sitive 

i n tracytoplasmic granu l e s  in the neurone s  of the bra i n . A 

moderate d i f fuse reduction i n  the number o f  cerebe l l ar and 

cerebrocortica l neurone s  wa s obs erved . E l e c tron mi crographs 

revealed the diver s i ty of the neurona l cytosomes . They were 

membrane -bound , and were c ompo sed of convoluted and stacked 

membranous pro f i l e s  and a granu l ar matri x .  Oc currence of 

ceroid- l i pofuscino s i s  i n  two Austral ian B lue Hee l er dogs , 25 

and 26 mon ths old , a male and a f ema le respecti ve l y , wa s a l s o  

reported by Wool e t  a l . (1987 ) .  These two dogs were 

l i ttermate s . The ir c l i n i c a l  and pathologi c a l  fea ture s re sembled 

those of the juve n i le f orm o f  human cero i d - l i pofuscinos i s . 

Green & L i ttle { 1974 ) de scribed neuronal ceroid - l i pofus c i n  

s t orage i n  two mature Si amese cats , o n e  o f  whi ch showed 

convul s i ons and man i a , wh i l e  the other a ppeared irritable and 

had h i ndleg weakne s s . Mi c ros copica l ly ,  luxol fast blue , PAS and 

Sudan b l a ck B po s i t ive cytop l a smic inclusions were detected in 

the n eurone s .  There wa s a mi l d  d i f fuse mi crog l i o s i s  in the 

medu l l a  and cerebr a l  c ortex , and s ome vacuola t i on of the wh i te 

matter . The ul tra s tructure o f  these inclusions was s im i l ar t o  

the curv i l inear bod i e s  d e scribed i n  human ceroid­

l ipofuscinos i s . No abnormal quantitative or qua l itative changes 

in bra i n  l i pids h a ve been demon s trated by b iochemical analy s e s . 
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Spontaneous n euron a l  l ipodys trophy invo l ving vis cera l tis sue 

was reported in an 18-month-old bul l  of an inbred s train of 

B eefma ster cattle ( Re a d  & Bridge s ,  1969 ) . Clinic a l ly the anima l 

wa s b l ind and showed intermitten t l y  c ircling and convul sion s .  

Micros c opic a l ly a l l  n eurone s of the central nervous system a s  

we l l  a s  those of t h e  ganglion ce l l  l ayer of the retina and of 

the peri phera l p l e xu s e s  contained intracytoplasmic coarse 

granu l e s. They were s t ained with luxol fa s t  blue , oil red 0 and 

Sudan black B but were n e ga t ive with PAS and acid-fast stain s . 

Ultras tructura l ly in clusions were s i milar to the curvilin ear 

bodie s and mul t i l ame l l ar cytosome s d e scribed in ceroid­

l ipofu sci nosis in h uman. This dis e a s e  is thus consistent with 

ceroi d - l i pofu s c i n o s i s. 

Jo l ly & West ( 19 7 6 ) reported the pre sence of a neurona l  

cero i d - l i pofu s c i n o s i s in South Hampsh ire sheep. O n  t h e  basis of 

the f i ndings on six affected sheep , it wa s propo sed that ovine 

cero id-lipofus c i n o s i s  wa s a useful model for juvenile type of 

human Batten ' s  dis e a s e  ( Jo l ly et a l . ,  1980 ) .  Strong evidence of 

an auto soma l rec e s sive mode of inheri tance wa s provided by a 

s eri e s  of sire/daughter matings ( Jo l ly et a l . ,  1980 ) .  The 

affected sheep were characterized c l inica l ly by b l indne s s , 

behavi oura l abn orma l i t ie s ,  and motor dy sfun ction. 

Gro s s l y  the brains showed a trophy with thinning of the gyri , 

s light enlargemen t  of l atera l ventric l e s  and thinning of the 

s eptum pe l lucidum and corpus cal l osum ( Jo l ly et a l . ,  1980 ) .  

His t o l ogica l ly intra c e l lular a ccumulation of autofluore s cen t , 

Sudan b lack B a n d  PAS po sitive , and s l i ght ly a cid-fa s t  

lipopigments were recogniz e d  i n  n euron e s  a n d  a wide variety of 

other c e l l s  within the body . There wa s l o s s  of neurones and an 

a stroc ytosi s in the cerebra l c ortex . Occa sion a l  formation of 

spiny meganeurites resembling those reported in both human and 



c a n i ne neuron a l  ceroi d - l i po f u s c i n o s i s  wa s observed i n  the 

n e urones of the cerebra l cortex ( Wa l k l ey S . U . , pers. comm . ) .  

I n  the re t i n a  most ce l l s  showed the accumulation of a 

f l u orescent l i popigment but thi s wa s part i c u l arly so i n  

gangl i on ce l l s  ( Graydon & Jol l y , 1984 ) . Dystrophy of 

phot oreceptor o uter s e gmen t s  wa s observed wh i ch preceded 

n e crosis of the photore ceptor c e l l s  thems e l ve s. A severe and 

progre ss ive reduct ion in b-wave ampl i tudes in the 

e l e ctrore tinogram ( ERG ) a c compa n i ed the se change s . More 

recently it wa s revea l e d  that a d imin i shed c -wave preceded a 

progre s s i ve l o s s  o f  a - and b-wa ve s duri n g  the course of the 

d i s e a s e  ( Samu e l son et a l . ,  1985 ; Mayhew et a l. , 1985 ) .  

2 2  

U l tra structura l l y  the l i popi gmen t wa s granular i n  appearance 

with a wide variety of lame l l ar prof i l e s  s im i lar to those 

re ported in the h uman and canine d i s e a se s .  



CHAPTER I I  

GROSS PATHOLOGY 

I .  I NTRODUCTION 

In humans , the striking g r o s s  a bnorma lity f ound in patients 

a f fected with neurona l ce roid - l ipofuscino sis is ce rebra l  

atrophy ( Zeman e t  a l . ,  1970 ) . B rain atrophy h a s  a l s o been 

r eported in anima l s  with a na l ogous disea s e , such as English 

S e tter dog ( Koppang , 1973/1974 ) ,  Dachshund ( Cummings & de 

Lahunta , 1977 ) , Blue Hee l e r  dog ( Ch o  e t  a l . ,  1986; Wood et a l . ,  

1987 ) and S outh Hampshire sheep ( Jo l ly et a l . ,  1980 ; Mayhew e t  

a l . ,  1985 ) . 

This chapter d e s cribe s the pattern and degree of atrophy in 

a f fected sheep relative t o  a g e . 

Animals 

I 1 . MATER IALS AND METHODS 

The experimenta l  sheep used in this study ( Table 2 . I  

experimenta l  c a s e s  4-19 ) were from an inbred f lock of South 

Hampshire sheep maintained by the mating of homozygously 

a f fe cted R -9 month ma l e s  with obligate hetero zygous f emale s .  

Diagnosis wa s made by histopathology o f  ce rebral cortex 

obtained by needle biop s y  unde r  gene ral anaes the sia a t  2 - 3  

month s o f  a g e  except f o r  one l amb t h a t  died a t  birth . In this 

c a s e  diagnosis wa s e stab lished pos t  mortem . 

Control sheep ( Table 2 . 1 1 )  were age mat ched norma l Southdown 

or New Zea l and Romneys or norma l h e terozy gote s { control s 1 and 

2 )  of the South Hampshire inbr e d  f l ock . 
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TABLE 2 . 1  

L I ST OF AFFECTED S HEEP USED I N  THI S S TUDY 

Ca se No . Sex Age a t  death Bra i n  weight (gm )  Mi croscopy 

1 - mid term foetus ( D) - L i ght , F , EM 
2 - mid term foetus (D ) - L i ght , F , EM 
3 - mid term foe tus (D ) - L i ght , F , EM 
4 Fema le fu l l  term foe tus (D ) 45. 6 Light , F , EM 
5 Male 2. 5 months (E ) 74. 2 Light , F , EM 
6 Fema le 4 mon ths (E ) 76. 4  L i ght , F , EM 

7 Fema le 5 mon ths (E ) 7 0. 0 Light , F , EM 

8 Ma le 6 mon ths (E ) 73 . 0  L i gh t , F , EM 

9 Ma l e  7 mon ths (E ) 66. 0 L i gh t , F , EM 
10 Ma le 9 mon ths (E ) 65 . 9  L i ght , F , EM 

11 Fema le 12 mon ths (E ) 68 . 4  L i ght , F , EM 

12 - 14 mon ths (E ) 5 7. 0 

13 - 14 months (E ) 61. 0 
14 Fema le 18 months (E ) 52 . 0  L i ght , F ,  -

15 Ma le 22 mon ths (E ) 52 . 0  L i ght , F , EM 
1 6  Fema le 23 months (E ) 4 7 . 0  L i ght , F , EM 
17 Fema le 23 months (E ) 49 . 6  

18 Ma le 24 mon ths (E ) 54 . 3  

19 Fema l e  25 months (E ) 52 . 0  L i gh t , F ,  -

D - Died ; E - Euthana sia ; F - F luore scent ; EM - Electron microscopy 
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TABLE 2 . 1 1 

L I ST OF NORMAL CONTROL S HEEP USED IN THI S S TUDY 

Ca s e  No . Sex Age a t  death Brain we i ght ( grn )  Microscopy 

1 Fema l e  f u l l  t e rm foetus ( D )  4 7 . 6  L i ght , F , EM 

2 Fema le 3 we e k s  ( D )  66 . 0  
3 Ma l e  2 . 5 mon ths ( E )  7 2 . 0  L i ght , F , EM 

4 Ma l e  4 months ( E )  80. 6 L i ght , F , EM 

5 Fema le 5 mon ths ( E )  79 . 2  L i ght , F , EM 

6 Fema le 6 mon ths ( E )  9 3 . 0  L i ght , F , EM 

7 Ma l e  9 mon t h s  ( E )  8 4 . 0  L ight , F , EM 

8 Fema le 1 2  months ( E )  90 . 8  L i ght , F , EM 

9 Fema l e  2 2  months ( D )  9 4 . 0  L i ght , F ,  -

1 0  - 2 7  mon ths ( E )  99 . 0  L i ght , F ,  -

11 Ma l e  20 yea rs ( D )  - L i ght , F , -

D - Died ; E - Euthana s i a ; F � F l uore scen t ; EM - E l e ct ron mi croscopy 
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Preparation of ti ssues for qro s s  pathology 

1 .  Brain weiqht 

Who l e  bra i n  wa s removed a t  autop s y  and wei ghed . 

2 .  Gross anatomy 

A f t er midsagital s e c t i on i n g , one hemi sphere wa s f i xe d  i n  10% 

f ormol s a l i n e  f o r  a minimum of 7 d ay s . Seri a l ,  3-5 mm t h i c k  

c oron a l  s e c t i on s  were then m a d e  a n d  examined gro s s l y . 

Se l e cted para f f in sections from the corona l  s l i c e s  were 

s tained by l uxol fast b lue ( LF B ) and haematoxy l i n and e o s i n  ( H  

& E )  ( Cu l l ing , 1 9 7 4 ) . 

III . RESULTS 

At birth , no disease spe c i f i c  gros s  change s of bra i n  are 

obs erved. Af ter the age of 4 to 5 months , bra i n  a trophy and 

t h i ckening o f  the sku l l  bon e s  overlying the brain are n oted. 

The s e  change s become more obv i ous w i th advancing age ( Fi g . 

2 . 1 ) . At terminal d i s e a s e  the bra i n  i s  stri k i ngly a troph i c  

we i gh i n g  5 5 %  t h o s e  of n orma l c on tro l s .  Atrophy mo s t  a f f e c t s  the 

cerebrum ( F i g .  2 . 2 ) . The atrop h i c  bra in is f irmer than normal. 

Corona l  s l i c e s  of the cerebrum show marked thinning of the 

cortex , m i l d  a trophy o f  the d i en cephalon , moderate reduct i on i n  

s i z e  of t h e  subcortica l wh i t e  matter , severe a ttenua t i on o f  the 

c orpus c a l l o sum and sl ight e n l argement of the latera l 

ventri c l e s  ( Fi g .  2 . 3 ) . The s e  change s are particul arly we l l  seen 

in para f f in sections s tained by luxol fast blue and 

h a ematoxy l i n  & eosin ( Fi g .  2 . 4 ) . B y  terminal d i s ea se , yel l ow 

d i s c o l oura t i on of the gray matter i s  a l s o noted in the coronal 

s l i c e s  of the cerebrum. 
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F i gu re 2 . 2 :  Lateral view o f  brains f rom a 2 5  month s o l d  

a f fected sheep ( ri gh t ) and f r om a 2 7  month s 

old norma l sheep ( le ft ) . The great e s t  degree 

o f  atrophy i nvolve s  the cerebrum . Note marked 

thinning of t h e  gyri of the cerebrum o f  the 

a f fected anima l . ( Forma l i n  f i xe d . ) 

Figure 2 . 3 :  Transve r s e  sections o f  the cerebrum f rom a 2 5  

months old a f f ected sheep ( l e f t ) a n d  f r om a 

2 7  months o l d  n orma l sheep ( r i ght ) . Note 

reduced s i z e of the ce rebrum , marked thinning 

o f  the corte x , severely a ttenuated corpu s 

c a l losum and s l i gh t  e n l argement of the 

latera l ven t r i c l e  in the a f fected sheep . Mi ld 

a trophy o f  the d i en c epha lon and mode rate 

reduct i on i n  s i z e  of the s ubcorti c a l  wh ite 

matter a r e  a l s o  noted i n  the a f fected sheep . 

( Forma l i n  f i xe d . ) 





IV . D I SCUSSION 
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The most s triking gross pathologi c a l  change i n  a f f e cted 

sheep i s  the brain a trophy . Th i s  a f f e c t s  mainly the ce rebrum 

and to a l e s s e r  extent , the d i e nceph a lon . The cerebe l l um and 

spinal cord are largely spared . Thi s  cont rasts with the bra i n  

at rophy in s ome type s o f  human c e ro i d - l i po f uscinos i s  a n d  i n  

canine cero i d - l i po fu s c i n o s i s . I n  t h e  i n fantile and late 

i n fant i l e  type s o f  h uman s yn d r ome , a n d  i n  the canine s yndrome , 

the atrophy a f fects both the c e rebrum and cerebe l l um ( Koppang , 

1 9 7 3/7 4 ; Z eman , 1 9 76 ) . 

I n  a f f e cted sheep , the bra i n  a t rophy i s  noted by the age of 

4 to 5 months and it be comes more obvi ous with adva n c i n g  age . 

By terminal d i sease , a t  around 2 4  months o f  age , the brain 

we ights of a f fe cted sheep are 5 5 %  o f  those of norma l sheep . On 

the other hand , brain atrophy i n  the canine syndrome is not 

recorded un t i l  12 months o f  a g e . B r a i n  we i ghts of a f f e cted dogs 

are about 70% of those o f  n o rm a l  control s at terminal d i s e a s e , 

i . e . ,  at the age o f  2 0  to 2 5  months ( Koppang , 1 9 7 3 /7 4 ) . 

The f i rm con s i s tency of the a f f e c ted brain is expec ted to be 

due to the inten se f i bri l l a r y  a s trogl i o s i s  noted by l i gh t  

mi croscopy ( s ee Chapte r I I I ) . Yel l ow d i s c olourat i on o f  the grey 

matter in the cerebrum reported in the human and c a n i n e  

synd rome s i s  a l s o  noted i n  o v i n e  c a se s .  



CHAPTER I l l  

LIGHT MICROSCOPY 

I .  I NTRODUCTION 

Progressive accumulation of autof luorescent l ipopigrnents 

within neuron e s  and a wide va r i ety o f  other c e l l  types is the 

character i st i c  h i stolog i c a l  f eature of the cero id­

l i po f u scinoses { Z eman , 1 9 76 ) . A s s oc i a ted changes are ma inly 

l imited to the central nervous system , and con s i s t of neuronal 

l os s ,  a s trocytos i s  and i n f i l t ra t i on by ma crophages . Subsequent 

degeneration of ne rve f i bres in the wh i t e  ma tter has a l s o  been 

reported in humans { Z eman e t  a l . ,  1 9 7 0 ; Ha l t i a  et al . ,  1 9 7 3b )  

and i n  the dog { Koppang , 1 9 7 3 /7 4 ;  Rac & G i e s ecke , 1 9 7 5 ) .  

Th i s  chapter concerns a longitudinal l i ght micros cop i c  s tudy 

who s e  purpose wa s to d e scribe the s equen t i a l  and topog raphical 

change s in the brain o f  sheep with cero i d - l ipofuscinos i s .  

An ima l s  

I I .  MATER I AL S  AND METHODS 

In addit i on to the a n ima l s  used i n  the study on gross 

pathology , three a f fected m i d  term foetu s e s  were u s ed { Table s 

2 . I  and 2 . I I ) .  Two of these we re obligate a f f ected indi vidua l s  

a n d  were obt a ined b y  C a e sa r e an section f rom h omozygou s l y  

a f f e cted 1 2  month s o l d  ewe s wh i ch h a d  been mated with 

homo zygous ma l e s  { expe r iment a l  ca s e s  l and 2 ) . The t h i rd wa s 

taken f rom an a f fe cted 2 2  months old ewe when she wa s 

euthana zed i n  the later stages of the d i sease { exper imental 

ca se 3 ) . She wa s pre sumed t o  be mated by a n  a f fected ma le . 

2 6  
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Preparation o f  t i s sues for microscopy 

1 .  Light microscopy 

Fixed coronal sections o f  the whole brain , ranging f rom the 

frontal lobe to the medulla oblongata , and the spinal cord at 

the leve l  of c
1 

wer e  proce s sed by rout ine procedure s for 

paraffin embedding and section ing . Deparaff ined sections were 

sta ined by haematoxyl i n  and eosin ( H  & E ) , cresyl echt violet , 

per iodi c  acid-Sch i f f  ( PAS ) , l uxol fast blue ( LFB ) ( Cu l l ing , 

19 7 4 ) and Sudan black B ( Di sbrey & Rack , 1 9 7 0 ) . Selected 

sections were also stained by the long Z i ehl-Neelsen method ( x3 

h ) , Schmorl ' s  ferric ferri cyan ide method ( Banc roft & Stevens , 

1 9 8 2 ) ,  Holme s '  s i lver & luxol fast blue ( Cu l l i n g ,  19 7 4 )  and 

Marchi ' s  method for degene rated mye l in ( Culling , 1 9 7 4 ) .  

Foetal brain wa s treated with the same proce ss for f i xat ion , 

paraf fin embedding and s ec t i oning a s  above . Deparaff ined 

sections wer e  sta ined by haematoxy l i n  and eosin (H & E ) , 

pe riodic acid-Sch i f f  ( PAS ) , l uxol fast blue ( LFB ) , Sudan black 

B ,  the long Z i ehl -Neel sen method ( x3 h )  and Schmorl ' s  ferric 

ferri cyanide method . 

The immunocytochemical s tudy wa s performed on brain t i s sue 

of aff ected sheep ( experiment a l  cases 4-6 , 1 0 ,  1 1 ,  1 4 ,  16 and 

19 ) and age matched normal sheep ( control cases 1 ,  3 - 5  and 7 -

1 0 ) to demonstrate g l i a l  f i br i l lary acidic protein ( GFAP ) o f  

a strocytes ( Hsu & Raine , 1 9 8 1 ; Bonnard et al . ,  198 4 ) . Paraffin 

s ections cut at 1 0  pm were routinely proce ssed through xylene 

and graded a lcohol and treated with 1 %  norma l bovine s erum 

( S igma ) for 5 min . The t i s sue s were then treated wi th rabbit 

anti-GFAP I gG ( Dakopat t s , Denmark ) ( 1 : 7 50 ) for 3 h ,  donkey 

anti -rabbit I gG ( Amersham I n t e rnational plc , Amersham , UK ) 

( 1 : 200 ) for 3 0  min and streptavi d in-biotin-peroxidase complexkt 

( Amer sham International pl c ,  Amer sham , UK ) ( 1 : 200 ) for 15 min . 

Each stage wa s fol lowed by washing ( x3 )  i n  O . OlM phos phate 
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buffer . The appl i cation of d i aminoben z idine-H
2

o
2 

( DAB-H
2

o
2

> f o r  

5 m i n  a l lowed t h e  reaction product to b e  seen . Sections were 

l ightly stained with haematoxy l i n  as a counterstain . Method­

spec i f i c  controls were performed by omitting the primary 

antibody . 

Sections of 0 . 5  to 1 . 0 pm i n  thi ckne s s  were cut for l i ght 

m i croscopy f rom epoxy resin embedded t i s sues prepared for 

e lectronmi croscopy ( see Chapter I V ) . The se sections we re 

s tained by 1 %  toluidine blue in O . lM phosphate buf fer ( pH 7 . 2 )  
0 

on a hot plate at 8 0  C for 4 5  s .  

2 .  Fluorescent microscopy 

To demons trate autof luorescence , unstained depa ra f f ined 

sections were viewed under ultraviolet l i ght in an Olympus 

microscope BHS . The microscope wa s f i tted with a l OOW high 

pressure mercury burner and halogen lamp , using exciter fi lter 

U ( UG-1 ) whose appl i cable exci tation regi ons we re 3 3 4 to 365 nm 

and barrier f i lter L - 4 2 0  whi ch blocked wave lengths shorter than 

4 2 0  nm . 

I l l . RESULTS 

Accumulation of pigment granules 

The disease is characteri zed by the progres sive accumulation 

o f  autof luor e s cent granule s i n  neuronal perikarya ( Fi g . 3 . 1 ) .  

G l i a l  and endothelial c e l l s  are s imi larly i nvolved , but to a 

l e s ser degre e . 

The granul e s  stain i ntensely b lack wi th Sudan black B ( Fi g . 

3 � 2a ) , deep blue with l uxol f a s t  blue ( Fi g . 3 . 2b ) , are 

moderately PAS-positive ( Fi g . 3 . 2 c )  and s l i ghtly acid-fast . 

They do not stain with S chmor l ' s  stain . I n  general , the 



Figure 2 . 4 :  Transverse section of the cerebrum o f  a 2 5  

months old a f fected shee p . Change s d e s cribed 

in Fi g .  2 . 3  a r e  wel l  demon strated . Note 

mye lin loss in the s ubcortical white matter . 

( Paraf f in sec t i on , luxol f a s t  blue and H & E 

x3 ) 

Figure 3 . 1 :  Ventral horn ce l l s  of the cervical spinal 

cord of a 2 3  month s old a f fected sheep . Note 

c lusters of autofluorescent granules in the 

neuronal perika rya . ( Un s ta ined depara f f ined 

section vi ewed unde r ultraviolet l i gh t , x600 ) 





Figure 3 . 2a :  Ventral horn c e l l  o f  a 2 3  months old 

a f fected sheep . Lipopigment granul e s  

accumulating i n  the cytoplasm stain black 

wi th Sudan black B .  ( Paraffin section , Sudan 

black B x6 5 0 ) 

Figure 3 . 2b :  Ventral horn c e l l  of a 2 3  months old 

a f fected sheep . Lipopigment g ranu l e s  f i l l ing 

the cytoplasm stain b lue with luxol fast 

blue . ( Para f f i n  s ec tion , luxol fast blue and 

H & E x6 5 0 ) 

Figure 3 . 2c :  Ventral horn ce l l  of a 2 3  months old 

a f fected sheep . L i popigment granul e s  f i l ling 

the cytoplasm stain red with PAS . ( Para f f in 

section , periodic acid-Shiff x6 5 0 ) 





F i gure 3 . 1 1 :  A coronal section of the pa rietal lobe of 

the cerebrum in a 5 months old norma l lamb 

( a )  i s  compared with simi lar sections of a 5 

months ( b )  and a 1 8  months old ( c )  a f fected 

lambs . The immunocytochemi cal sta in for 

g l i a l  f ibr i l lary acidi c protein demon strate s 

a strocytosis in the middle area of the 

i socortex with a clear-cut dark band 

( arrows ) .  Th i s  occurs f i rst in the dorsal 

gyri ( b )  extending into the lateral gyri 

with increased age ( c ) . Concomitant with 

this is atrophy of the s ame area s . 

Astrocytos i s  of the wh ite matter i s  a l s o  

prominent . ( Paraffin section s ,  

immunocytochemical method for g l i a l  

f ibri l lary acidic protein o f  astroglia x 4 ) 



a 

b 

c 



Figure 3 . 1 2 :  Medium power magn i f i cat ion of the cerebral 

cortex from the same section of 5 months o l d  

a f f ected lamb as shown i n  Fi g .  3 . 1 1 .  I t  

conf i rms that t h e  d a r k  band interpreted a s  

a n  a strocyto s i s  doe s cons i st o f  cel lular and 

fibrous components .  ( Paraf fin section , 

immunocytochemical method for g l i a l  

fibril lary acidic protein o f  as trogl ia x80 )  

Figure 3 . 1 3 :  Hi gh power magn i f icat ion o f  the dark band a s  

shown i n  Figs . 3 . 1 1 & 3 . 1 2 .  Note 

hyperpla stic and hypertrophic a strocyt e s  

wi th prominent fibri l lary proce sses . 

( Paraffin sections , immunocytochemi cal 

method for glial f ibri l lary acidic protein 

of a stroglia x600 ) 





d i f ferences mentioned i n  neurona l granule a ccumulation among 

c e l l  types , there i s  no apparent di f ference in quantitat ive 

d i stribution between the topographical area s .  

Grey matter 

3 0  

Although p i gment granu l e s  are pre sent i n  mid term and ful l 

t e rm foeta l brains , there are no secondary changes in the grey 

matter . Howeve r , cytoarchitectural change s in the grey matter 

are present by 2 . 5  months of age . These are composed of a mi ld 

degree of neuronal l os s ,  fibr i l lary a strogl iosi s ,  and 

ma crophage reaction . These change s become more severe with 

advancing age . They occur f i r s t  and are mos t  severe in the 

t e lencepha lic i socortex . Thi s  is fol lowed by the moderately 

s evere changes i n  nuclei in outer areas of the hypothalamus and 

the ante rior col l i culus of the mescencepha lon . The changes in 

the hippocampu s ,  ba sal gangl ia , tha lamus and subtha lamu s occur 

later in the di sease and are relatively mi l d , although neurones 

i n  these regions may be di s tended wi th cytoplasmic deposits by 

t e rminal disease ( Table s 3 . I I and 3 . I I I ) .  The cerebe l lum , 

spinal cord , pon s and medulla oblongata appear to be re latively 

spared secondary degenerative change s . 

In the telencepha lon , the change s occur f i r s t  and are most 

s e vere in the parietal lobe . Thi s  is fol lowed by the l e s s  

severe changes i n  t h e  occipital and f ronta l lobe s .  M i l d  changes 

oc cur in the t emporal lobe later in the di s ease . Neuronal loss 

appears to occur f i r st and be most severe in the middle area of 

t h e  isocortex , showing l aminar distribution ( Fi g . 3 . 8 ) . It 

gradua l ly extends into the other areas unt i l  terminal d i sease , 

whe n  there i s  a marked neurona l loss throughout the whol e  

i so cortex ( Fi g . 3 . 8 ) . Howeve r , some neuron e s  remain . The se a re 

ma i n ly the larger pyramidal ce l l s  in the lower area of the 

i s o cortex . They harbour large amount s  of granular depo s i t s  i n  

t h e i r  cytopla sm a n d  the i r  dendrites a n d  axons often appear 



TABLE 3 . I I 

EVOLUT I ON OF H I S TOLOGI CAL CHANGES ACCORDING TO AGE IN BRAINS OF 

S HEEP AFFECTED WITH CERO I D- L I POFUSCINO S I S  

1 4 5 7 1 1  1 4  1 9  Ca se number 
Age M i d  term Ful l term 2 . 5months 5months 1 2months 1 8months 2 5months 

foetus foetus 

Cerebra l cortex 
Neuronal storage + + ++ ++ +++ ++++ ++++ 
Los s  of neurones - - + ++ +++ +++ ++++ 
Number of phagocytes + + + ++ +++ +++ ++++ 
Ast rogl iosis  - - + ++ +++ +++ ++++ 

Subcortical white matter 
Wa l lerian type degeneration - - + ++ +++ +++ ++++ 
Number of phagocytes - - + + + + ++ 
Astrogl iosis  - - + + ++ + +  +++ 

- = not present ; + = minimum ; ++ = m i ld ; +++ = moderate ; ++++ = marked . 



TABLE 3 . I I I  

RELATIVE D I STRIBUTION AND SEVERER I TY OF LES I ONS I N  THE SELECTED AREAS OF 
THE CENTRAL NERVOUS SYSTEM OF 1 2  TO 25 MONTHS OLD S HEEP AFFECTED WITH 

CERO I D - L I POFUSCINOS I S  

Fronta l cortex 
Pa r i e ta l  cortex 

Tempor a l  cortex 
Occipital cortex 

Basal gangl i a  
Tha l amu s 

Hypotha l amu s 
Hi ppocampus 
Anterior col l iculus 

O l i vary nucl eus 
Ce rebe l l um 

Spinal cord 

- = not pre sent ; + 

Neuron a l  l o s s  

+++ 
++++ 

++ 
+++ 

+ 
+ 

+++ 
+ 

+++ 

minimum ; ++ mi l d ; +++ 

Mac rophages Astrogl i o s i s  

+ +  +++ 
+++ ++++ 

+ ++ 
+ +  +++ 

+ + 
+ + 

+ +  + +  
+ + 

+ +  + +  

modera te ; ++++ marked . 



Fi gure 3 . 1 8 :  Subcortical white matter s  of a 5 months o l d  

a f fected lamb ( le f t ) a n d  of a n  age matched 

normal lamb ( ri ght ) . Note the increased 

f ibri l lary astrocytic proce s s e s  in the 

a f fected anima l .  ( Para f f i n  sections , 

immunocytochemi c a l  method for glial 

fibril lary acidic protein of a strog l i a  x 7 0 0 ) 

F i gure 3 . 19 :  Subcortical whi t e  matters of a 2 3  months old 

a f f e cted sheep ( le f t ) and of an age matched 

normal sheep ( ri ght ) . Note a marked loss of 

myelin in the a f fected anima l .  ( Para f f i n  

sections , luxol f a s t  b l u e  and H & E x 3 0 0 ) 
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White matter 

Changes in the white matter con s i s t  of Wa l lerian type 

degeneration and accompanying fibr i l lary a strogl ios i s .  The 

macrophage reaction is comparative ly mild compared with that in 

the g r ey matter . 

Wa l lerian type degeneration i s  identi fied by the presence of 

mye l i n  avoids in the subcortical whi te matter a s  early a s  2 . 5  

months of age . By th i s  stage f ibri l lary a strogliosis of a mi ld 

degree is also noted as a re a few g ranule - l aden macrophages . 

The s e  change s become more obvi ous with advancing age ( Table 

3 . IV ) . 

I n  the late stages , va cuol a r  spaces wi th and wi thout 

phagocytes and ce l l  debr i s  wi thin them , which are interpreted 

as evidence of Wa l lerian type degenerati on , are noted d i f fusely 

in the subcort ical wh ite matter and internal capsule ( Figs . 

3 . 1 6 & 3 . 1 7 ) . Thi s  i s  accompan ied by pronounced fibr i l lary 

a strogliosis ( Fi g . 3 . 1 8 ) . There is a ma rked loss of myel i n  in 

the subcortical wh ite matter by terminal d i sease ( Fi g .  19 ) .  The 

hyperplastic and hypertroph i c  astrocytes harbour pigment 

granul e s  s imi lar to those i n  neurone s ,  but to a lesser degree . 

C l umps of macrophages whose cytoplasm i s  d i s tended with the 

granu l a r  deposits are occa s i on a l ly noted within the wh ite 

matter , parti cularly around blood ve ssel s . 

The distribution and degree of the change s in the 

subcortical white matter appear to para l l e l  those of the 

neurona l destruction i n  the t elencepha lic i socortex o f  the 

va r i ou s  lobe s .  The change is most severe beneath the parietal 

l obe corte x , less severe beneath the occipital and frontal lobe 

cortice s ,  and relat ive l y  m i l d  beneath the temporal lobe cortex . 

After 1 2  months of age , the Wa l lerian type degeneration i s  seen 

t o  be more extensive i n  the brain . It appears to extend 



TABLE 3 . IV 

D I STR IBUTION AND EVOLUTION OF WALLERIAN TYPE DEGENERATION I N  
BRA I NS O F  S HEEP AFFECTED WITH CEROID-LI POFUSCINOS I S  

4 5 7 1 1  1 4  19 Ca se number 
Age Fu l l  term 2 . 5months 5rnonths 1 2months 1 8months 2 5months 

foetus 

Subcortical wh i te matter - + ++ +++ +++ +++ 
Internal capsule - - - + + ++ 
Crus cerebri - - - - + ++ 
Medul la ry pyramid - - - - + ++ 
Opt i c  tract - - - - - ++ 

- = not pre sent ; + = minimum ; ++ = mild ; +++ = moderate ; +++++ = marked . 



Figure 3 . 1 4 :  Cerebral cortex o f  a 2 3  months old a f fected 

sheep . Hypertrophi c a strocytes wi th bi zarre 

nuclei contain l i popigment granules ( arrow s ) 

i n  the cytoplasm . ( Paraffin section , luxol 

fast blue and H & E x800 ) 

Figure 3 . 1 5 : Higher power magn i f i cation of a perivascular 

cuf f of l ipid l aden macrophage s i n  the 

cerebral cortex of a 2 3  months o l d  a f fected 

sheep . Note con s i derable heterogen e i ty in 

the staining of the g ranular depo s i t s  i n  the 

cytoplasm . ( Paraf f in section , luxol fast 

blue x6 50 ) 





F i gure 3 . 16 :  Internal capsul e  of a 2 3  month s old affected 

sheep . Many vacuolar spaces are d i f fusely 

seen i n  the wh ite matte r . ( Pa raffin secti on , 

luxol fast blue and H & E xl O O ) 

Figure 3 . 1 7 :  Higher power magn i f i cation of one part o f  

Fig . 3 . 1 6 .  A phagocyte wi th c e l l  debr i s  i n  

its cytoplasm i s  present in a vacuol ar space 

( short arrow ) . Note many myelin ovoids ( long 

arrows ) .  ( Paraffin section , Holme s ' s i lver 

and luxol fast blue x50 0 )  





Figure 3 . 4 :  Cerebel lar cortex f rom an obl i gate homo zygous 

a f fected mid term foetus . Di s crete Sudan 

black sta ining inclus ions indi cative of 

ceroi d - l i pofuscinos i s  are a lready pre sent in 

Purk i n j e  c e l l s . ( Pa raf f in section , Sudan 

black B x700 ) 

Fi gure 3 . 5 :  Ce rebral cortices o f  a full  term a f fected 

foetus ( a ) , a 5 months old a f fected lamb ( b ) , 

a 1 8  months old a f f e cted l amb ( c )  and a 2 3  

months o l d  a f fected sheep ( d ) . The amount of 

Sudanophilic depo s i t s  i n  neurones a s  we l l  as 

in the cerebral cortex increases wi th 

advancing age . Large clusters of Sudanophi l i c  

depo s i t s  wi th vari a t i on i n  the staining and a 

neuronal los s a re n oted by terminal d i sease . 

( Pa ra f f i n  section , Sudan black B x300 ) 



a b 

c d 



Fi gure 3 . 6 :  Ventral horn c el l s  o f  a 1 8  month s old 

a f f ected lamb . L i pop i gment granules 

accumulate in the neurona l perikarya , 

e xtending into axon h i l lock and even into the 

proxima l part of the axon { arrows ) .  { Para f f i n  

section , l uxol f a s t  blue and H & E x600 ) 

Fi gure 3 . 7 :  Cerebral cortex of a 2 3  months old a f fected 

s heep , showing neuronal loss and pronoun�ed 

glios i s . Depo s i t  material is mainly i n  

macrophages ( ar rows ) .  ( Pa ra f f in s ection , 

luxol fast blue xSOO ) 





F i gure 3 . 8 :  A transver se sections of the cerebra l cortex 

of a norma l  5 months old l amb ( a )  is compared 

wi th tho se of a 5 months old ( b )  and a 1 8  

month s o l d  ( c )  a f fected l ambs . At 5 month s 

there i s  already a evidence o f  at rophy wi th 

particular loss o f  neurones in the middle 

area of the i socortex ( vertical bar ) . Th i s  i s  

exace rbated in the 1 8  months old an ima l with 

a genera l loss of neurones i n  other areas a s  

wel l .  Note the foca l  arrangements o f  

rema i ning neurones ( arrows ) i n  the 

superficial area of the i socortex of the 1 8  

months o l d  anima l . ( Paraffin section s , cresyl 

echt violet x l O O ) 
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swo l len . Some sma ller neurones may a l s o  rema i n . They are e ither 

foca l ly located i n  the s upe r f i c i a l area a s soci ated w i th 

occa s i onal glial components i n  the foci ( Figs . 3 . 8 ,  3 . 9 & 

3 . 1 0 ) , or d i f fusely i n  the other a reas . The foci of remaining 

neurones , which are obvi ous by 9 months of age , become 

progre ssively more prominent up u n t i l  18 months of age . Af ter 

that a ge they become l e s s  obvious as these neurone s a lso 

undergo necrosi s .  

The fibri l lary astrog l i o s i s  i s  we l l  demonstrated i n  pa raffin 

sections treated with immunocytochemi cal method for g l i a l  

f i br i l lary acidic prote in . The change appea rs t o  affect the 

dor s a l  part of the cerebrum more i ntensely than other part s , 

a lthough i t  extends over the who l e  cerebrum by termi n a l  di sease 

( Fi g .  3 . 1 1 ) . The change occurs f i r s t  in the mi ddle a rea of the 

i s ocortex . Th i s  become s more obvi ous with advancing age , 

pre senting a c lear-cut band of an i ntense network of f i br i l lary 

a stroglia ( Figs . 3 . 1 1 ,  3 , 1 2 & 3 . 1 3 ) . Th i s  di stribut i on pattern 

pa ra l le l s  that of the progressive neurona l degeneration . The 

f i br i l lary astrocytes are both hyperplastic and hyper troph i c . 

They show enlarged nuc l e i  of b i za r re shape and their proce s ses 

i n  wh ich a few storage granu l e s  simi lar to those in the 

neurone s are pre sent are th ickened ( Fi g .  3 . 1 4 ) . Prominent 

cap i l laries are noted in the a strocyt i c  network . 

The number of macrophage s i n  the a f fected a reas i nc rea ses 

wi th advancing neurona l destruction ( Fi g .  3 . 7 ) . They tend to 

have sma l l , rounded and hyperchroma t i c  nuclei . Their cytop l a sm 

i s  d i s tended with the granular depo s i t s . By terminal d i sease , 

these macrophage s form c uf f s  a round blood ve ssels  where the 

granular deposits in the cytoplasm e xhibit cons i derable 

hete rogeneity with Sudan black B and luxol fast blue stains 

( Fi g . 3 . 1 5 ) . 



F i gure 3 . 9 :  Cerebra l cortex of a 2 3  months old a f fected 

sheep , showing a marked neuronal loss and a 

prominent gliosi s .  Note the focal 

arrangement of remaining neurones ( short 

a rrow ) in the supe r f i c i a l  a rea of the 

i socortex and a clu ster of l i pid laden cel l s  

( long a rrow ) interpreted a s  macrophages . 

( Pa raf fin sect ion , luxol fast blue and H & E 

x 2 0 0 ) 

Figure 3 . 1 0 :  A sma l l  gl i a l  nodule a s sociated wi th a sma l l  

focal arrangement o f  remaining neurone s i n  

the s upe r f i c i a l  a rea o f  the cerebral cortex 

f rom a 23 months old a f f ected sheep . 

( Paraffin s ection , cresy l  echt violet x600 ) 
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topographi ca l ly f rom the subcorti ca l  whi te matter through areas 

i n  the corti cospinal s y stem , such as i nternal capsu l e , � 

cerebri of the mescence pha lon , corti cospina l tract in the pons , 

into the medullary pyramid i n  the medul l a  oblongata ( Table 

3 . IV ) . I n  the corticospina l system , howeve r , change s a re mild 

and the spinal cord is  spa r e d . At terminal d i sease mye l i n  

avoids are noted in the opt i c  tract . 

Cytoplasmic pigment granule s  ( lipofusci n ) i n  normal sheep 

Cytopl a smic pigment granules a re a l so noted in neurone s  and 

glial  ce l l s  in brain of normal sheep . Howeve r ,  the s i z e  and 

amount of these granu l e s  are conside rably sma l ler than those of 

the pigment granules i n  sheep with ceroi d - l i pofuscinos i s , 

reaching up to only approximately 2 pm in diameter by 2 0  year s  

of age . D i f ferences in sta i n ing cha racte r i s t i c s  between the 

pigment granules of a f f ected sheep and those of normal sheep 

are also present ( Table 3 . V ) . The cytoplasmic l i pofuscin 

granules i n  normal sheep do not stain with luxol fast blue . 

They appear to be s l i ghtly s tained with Sudan black B and PAS 

stains a s  very f ine granul e s  at birth . In addition to the se , 

they may e xhibit autof luore s cence under ul traviolet l i ght by 1 2  

months of age . By 2 7  months o f  age , they are slightly pos i tive 

wi th Schmorl ' s  and long Z iehl-Nee l s en methods and s l i ghtly 

yellow/brown with haematoxylin and eosin stain . 

In genera l , the inten s i ty of s taining and autofluore scence 

increa ses as the s i ze of the granules increases wi th age ( Table 

3 . V ) . Th i s  i s  prominent in a strocyte s .  There are no obvious 

secondary change s a s soci ated wi th l i pofusci n . 



TABLE 3 . V 

AUTOFLUORESCENCE AND HISTOCHEMI CAL REACTI ONS OF NEURONAL PIGMENT 
GRANULES ( LI POFUSCI N )  IN NORMAL SHEEP 

Case number 
Age 

Autofluores cence 
Sudan black B 
Luxol fast blue 
PAS 
Long Z . N .  
Schmorl ' s  
H & E 

l 3 5 8 10 l l  
Fu l l  term 2 . 5months 5months l 2months 2 7months 2 0yea r s  

foetus 

+ + 

++ ++ 

+ 

++ 

+ 
+ 

++ 

++ +++ 
++ +++ 

- -
+++ +++ 

+ ++ 
+ ++ 
+ +++ 

PAS = Periodic acid-Sh i f f ; Long Z . N .  = long Z i eh l -Nee l sen method ; Schmorl ' s  
= Schmorl ' s  ferric ferricyan i de method ; H & E = haematoxylin and eosin ; - = no 
reaction ; + = weakly po s i t i ve ; ++ = moderately pos i t ive ; +++ = strongl y  
pos i t ive . 
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The h i s tochemi cal characte r i s ti c s  o f  stored pigment granu l e s  

in a f f ected sheep are e s sent i a l l y  t h e  same a s  those in the 

ana logous human syndrome s .  The s e  in ovine ceroid- lipofu s cino s i s  

s t a i n  wi th Sudan black B a nd l uxol f a st blue . They a r e  a l s o  

s l ightly acid-fast , moderately PAS -posi tive a n d  autof luorescent 

in ul traviolet l ight . The infanti le form of human ceroid­

l i po f u s c inos i s  dif fers f rom this and other forms in as much a s  

i t s  cytosome s do not stain with luxol fast blue { Lake , 198 4 ) . 

In general , the inten s i ty of staining and autofluore scence 

incre a s e s  as the s i ze of the granu l e s  increa s e s  with age { Table 

3 .  I ) .  

Neuronal pigment granu l e s , i nterpreted a s  age pigment { i . e .  

l i po f u s cin ) ,  are a l so noted i n  the brain of norma l sheep . 

Howeve r ,  the s i ze and amount of the s e  pigment s  a re considerably 

sma l l e r  than those of the pigment granules in af fected sheep . 

Th i s  i s  also noted in the canine d i s ease { Koppang , 1 9 7 3/74 ) .  

Age pigment in the brains of sheep do not stain wi th l uxol f a s t  

blue b u t  show ye l low/brown w i t h  haematoxylin a n d  eo sin stain ing 

i n  a ged animals { Table 3 . V ) . 

Cytoplasmi c pigment granu l e s  in ovine ceroid-lipofuscino s i s  

a r e  detected by l i ght m i c ros copy in m i d  term a n d  f u l l  term 

foeta l brain s . Howeve r , i t  wa s not unt i l  2 . 5  months o f  age that 

l i po p i gments were detected by l i ght microscopy i n  the brain of 

dog wi th ceroid - l i pofuscinos i s  { Koppang , 1 9 7 3/ 7 4 ) .  

A considerable ef fort in t ime and labour has gone into the 

study o f  correlating the degree of l i popigment accumu lation 

with s peci f i c  cytoarchitecton i c  areas in the ceroid­

l ipof u scinoses { Zeman & S iakoto s , 1 9 7 3 ) . Howeve r , f ew report s 

are avai lable on the pre sence of regiona l d i f ferenc e s  i n  
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pigment accumulation i n  the centra l nervous system i n  both 

human and animal ceroid- li pofuscinos e s . In canine ceroid­

lipof uscinosis , p i gment granu l e s  a re pre sent in the neuron e s  of 

all regions of the central nervous system ( Koppang , 1 9 7 3 /7 4 ) .  

Al though there appears to be no obvi ous regional dif ferenc e s  i n  

pigment accumulation i n  the forebrain o f  sheep with ceroid­

lipofuscinos i s ,  there is relatively l i t t l e  p i gment i n  neurone s  

o f  t h e  granular layer o f  the cerebel lum a n d  in the inferior 

olivary nucleus of the medu l l a  oblongata . Thi s  contrasts with 

the t opographical pattern of l i pofuscin a c cumulation in humans , 

in wh ich age pigments are regul arly and heavily accumulated in 

cel l s  of the inferior ol ivary nucleus ( Mann et al . ,  197 4 ) . 

Anter i or horn cel l s  ( Tomlinson & I rving , 1 9 7 7 )  and neurone s of 

the l ateral geniculate bod i e s  ( Schol t z  & Brown , 1978 ) have a l s o  

been found t o  harbour particularly l arge amounts o f  lipofuscin . 

Among lysosoma l s torage diseases of human s  and of domestic 

anima l s , presence of apparent topographi ca l  d i f ferences in the 

accumul ation of storage material i n  the cent ra l ne rvou s system 

has been reported in bovine mannos idos i s  by Jolly & Thompson 

( 197 8 ) .  

Regional d i f f erence s in p i gment accumu lation may correlate 

more with the d i f ferent cell type s than with d i f ferent 

topographical areas of the bra in . Gene r a l ly the amount of 

pigment materi a l  i s  much less in sma l l e r  nerve cel l s , such as 

the granular c e l l s  of the cerebel lar cortex ( Koppang , 1 9 7 3 / 7 4 ) .  

In an experiment on inducing the format ion of lysosome­

as sociated granu l ar aggregates by i n jections of leupeptin , I vy 

et a l . ( 1984 ) revealed that l a rge c e l l s  such a s  Purk i n j e  c e l l s  

and neocortical pyramidal c e l l s  o f  moto r  cortex i n  the brain o f  

treated rats , wer e  more a f fected wi th ceroi d - l i pofuscin 

accumulation than othe r s . Howeve r , Mann & Yate s  ( 19 7 8 ) reported 

that Purkin je cel l s  of the c erebe l lum were a lmost free of age 

pigm ent . 
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To explain t h e  occurrence of the regional d i f ference s i n  

lipo f u scin accumulation , Bri z zee e t  al . ( 19 7 4 ) s ugge st the 

fol lowing matters as pos sible sources for the e f fect : regi ona l 

d i f f e r ences in energy metabo l i sm ,  c e l l  t ype , neurone to g l i a  

ratio s , water content , type a n d  level of enzyme activity , 

organe l l e  den s i ty , a s  we l l  a s  a host of other unique chemi c a l  

a n d  morphologi ca l features known to characteri z e  dif ferent 

cor t i c a l  and s ubcortica l pathways and centres of the bra in . 

In ovine ceroid - l i pofuscinos i s , secondary changes in the 

brain , such as neuronal death , f i br i l lary astrogriosi s and 

macrophage reaction , are pre sent by 2 . 5  months of age , whereas , 

progressive neuronal loss i s  said to commence around the age of 

1 2  to 1 4  months i n  the bra in of the dog wi th ceroid­

li pof u s cinos i s  ( Koppang , 1 9 7 3/74 ) .  In both of these animal 

d i s e a se s ,  progre s s ive neurona l loss results in marked 

destruct ion of many gri seae of the brai ns by the age of 20 to 

24 month s .  

Storage materi a l  i s  abundant i n  neurone s early in l i fe ( Fi g .  

3 . 3b ) . Degenerat ion of neurones wa s noted by 2 . 5  months o f  a ge 

( s ee p . 3 0 ) and wa s clearly demons trated at 5 months of age 

( Fi g .  3 . 8 ) . Despite th i s ,  careful neurological exami nation 

failed to show evidence of a neurologi cal defect at 6 months of � 

age ( Mayhew et a l . ,  1 9 8 5 ) .  Howeve r , by 7 months of age , 

af fected lambs were showing neurological man i f estations of the 

d i s ea s e , these being characteri zed by deteri orating vi sion , 

depr e s s i on ,  abnorma l behavi our and tremor . The absence of early 

funct i onal di sorders de spite early neurona l degeneration , i s  

one o f  the common features i n  human degenerative neurological 

diseases including Al zheimer ' s  and Pick ' s  di seases , and 

indicates the pre sence of some compensation mechan ism in the 

bra i n . For ins tance , Agid & Blin ( 1987 ) postulate that the 
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def i ci ent neuronal t ransmi s sion i s  compensated for by a number 

of physiological proce s s e s , such as hyperactivi ty of the 

rema ining neurone s  and hypersensi tivity o f  speci fic 

po s t synaptic receptor s .  

Goebel et al . ( 19 7 9 ) point out that i n  the human syndrome s ,  

the proce s s  which leads to the i ncreased a ccumulation of 

l i popigment bod i e s  damages the neurone s exclus i ve ly . Thi s  

obs ervation wa s a l so noted i n  the study o f  ovine ceroid­

li po fu scinos i s  by Janmaat ( 1 979 ) . Howeve r , s econdary 

degeneration in parenchyma !  organs could occur and this  might 

be masked by their regenerative abil ity wh i c h  nervou s  t i s sue 

doe s not have . Underlying mecha n i sms for the secondary 

degeneration menti oned above are unknown . The consequence s of 

ceroid or lipof u s cin accumulation to the functioning of ce l l s  

are a l so poorly under s tood ( I vy et al . ,  1 9 8 4 ) . Sign i f i cant ce l l  

death with relatively sma l l  amount s  o f  storage material have 

been revealed by longitudinal s tudies in human ceroid­

l i pofu scinos is ( Z eman & S i akotos , 1 9 7 3 ) and in canine ceroid­

l i pofu scinos is ( Koppang , 1 9 7 3/74 ) .  Thi s  contr a s t s  wi th the 

enormous cytoplasmic d i s tent i on by residua l bodies wi thout 

apparent evidence of cel l death , wh ich i s  commonly observed i n  

c l a s s i cal lysosoma l s torage di s eases such a s  Tay-Sachs and 

Ni emann-Pick di sease s . On thi s  bas i s , Z eman & S iakotos ( 1 9 7 3 ) 

sugge sted a toxi c  e f f ect on the nerve ce l l  by the l i popi gment 

in ceroid-lipofuscinose s rather than mechanical d i sturbance s . 

Thi s  longitudinal s tudy of ovine ceroid- l i pofuscinos i s  h a s  

demonstrated a g e  related d i f ferences i n  the topography o f  

neuronal los s whi ch i s  not recorded i n  previous studi e s  o f  t h e  

syndrome s o f  humans and other anima l s . Howeve r , the se latter 

have usually involved terminal d i sease in wh i ch time-cours e  

change s a r e  obs cured . I n  t h e  a f fected sheep , neuronal l o s s  

occurs f i r s t  a n d  i s  mos t  s ever e  in t h e  t e lencephalic i socortex . 
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Thi s  i s  fol lowed by moderately severe los s o f  neurones i n  

nuc l e i  in outer a r e a  of the hypotha lamus a n d  t h e  anterior 

col l i culus of the me s cencepha lon . Mild neuronal loss occurs 

later in the d i sease in the h ippocampu s ,  ba s a l  ganglia , 

thal amus and s ubthalamus . The cerebel l um ,  spinal cord , pons and 

medu l l a  oblongata appear to be relatively spared . In the 

t e lencepha lon of affected sheep , neurona l l o s s  occurs earlier 

and is  more severe in the pa rietal lobe . Thi s  is  followed by 

l e s s  s evere l o s s  of neurone s i n  the occipita l and fronta l 

lobe s . Mild neurona l los s occurs in the temporal lobe later in 

the di sease . I n  the telenceph a l i c  i socorte x , neurona l l o s s  

occurs f i r st a n d  i s  mos t  severe i n  the middle area . It 

gradu a l ly extends into other areas unt i l  terminal disease . On 

the other hand , in the brain of dog wi th ceroid-l ipofuscinos i s , 

nerve ce l l  l o s s  wa s recorded throughout the grey matter of the 

brain and i t  was most s eve re i n  the cerebel lar cortex ( Koppang , 

1 9 7 3/ 7 4 ) .  Pre sence of topographical d i f ference s in neurona l 

death between the d i f fe rent bra in lobe s leading to gro s s  

a t rophy o f  t h e  particular brain lobe s have been reported in the 

h uman degenerative neurologi c a l  di seases such a s  Al zhe imer ' s  

d i s ease ( Te r ry et a l . ,  1 9 8 1 ) and Pick ' s  di sease ( Toml i nson & 

Corsel l i s , 1 9 8 4 ) .  In both of the d i sease s , f rontal and temporal 

lobes are select ively a f fected . 

There are several reports which descri be the presence of 

s e lective neuronal los s of certain c e l l  types in the bra in of 

the pat i ents with ceroi d - l i pofus cinosi s .  The cell type af fected 

d i f fe r s  between the report s . S i gn i f i cant l o s s  of sma l l  nerve 

c e l l s  such a s  the granule ce l l s  of the cerebel lar cortex ( Z eman 

& Si akoto s , 1 9 7 3 ; Koppang , 1 9 7 3/ 7 4 ) and the ol factory bulb 

( Zeman & S i akoto s , 1 9 7 3 ) are reported in the l ate infanti le 

f orm of the human syndrome and i n  the canine syndrome . Braak & 

Goebel ( 1 9 7 8 ,  1 9 7 9 ) noted that certain type s of neurone s wer e  

selectively a f f e cted w i t h  degenerative changes in the 
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telencepha l i c  i socortex of patients w i t h  j uveni le form of t h e  

syndrome . Simi lar findings w e r e  a l s o  observed in fami l i a l  

protracted j uven i le form and adult form o f  the d i s e a s e  ( Goebe l 

et a l . , 1982b ) . I n  these bra i n s , l o s s  of p i gment-laden stel late 

cel l s  in the outer cellular l aminae and of layer Va- pyramidal 

cells , and enlarged initial a xona l segments of layer I I I ab­

pyramidal ce l l s  were prominent . The s e  change s are con s idered to 

be speci f i c  to the ceroi d - l i pofuscinoses ( Goebel et a l . ,  

1982a ) .  Braak & Goebe l ( 1 978 ) pos tul ated that the selective 

involvement of the sma l l  pigm ent-laden stel late cel l s , wh i ch 

are known a s  loca l circuit neurone s ,  may occur first due to 

the ir sma ll s i ze and early onset of l i popi gment accumulation . 

Th i s  may be followed by changes in l ayer I I Iab- and laye r Va ­

pyramidal ce l l s  wh ich are probably a s soci ated with the pigment­

laden stel late cel ls by interlaminar connection s  ( Braak & 

Goebel , 197 9 ) . Occurrence of select ive neurona l los s in certain 

areas of the cerebral i socortex wa s a l so noted in the pre sent 

study of ovine ceroi d - l i pofuscinos i s , being a s sociated wi th a 

l aminar de struction of the i socortex . Howeve r , no particu l a r  

type o f  neurone af fected wa s i dent i f ied b y  t h e  methods used . 

S imi lar changes may a l s o  take place in human degenerative 

neurological di seases . Vogt ( 1 928 ) and S c i f fe r  ( 19 5 5 ) contended 

that i n  Pick ' s  d i s ease there wa s a s equence to the cell los s ,  

l ayer I I I  being the f i r s t  to degenerate followed by laye r s  I I  

and I V .  Promi nent neuronal los s i n  the third layer wa s a l s o  

described i n  Huntington ' s  chorea by Al z he imer ( 1 9 1 1 ) .  

During the de struction of the telencepha l i c  i s ocortex i n  

ovine ceroid- l i pofuscinosi s ,  f ocal a r rangement s  of neurones 

were s een in the supe r f i c i a l  a rea with their nuclei being 

abnormally c l o s e  together and in which g l i a l  nodules were 

occa sionally noted ( Fi g s . 3 . 8 ,  3 . 9  & 3 . 1 0 ) . Thi s  may ref lect a 

degenerative change in the neurone s .  
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I n  mamma l s , most o f  pro jection f i bre s , whi ch give r i se to 

the corti cospina l system , arise f rom l ar ge motor neurone s  in 

the deeper layers of the cortex , wh i le the a s sociation and 

commi ssural f i bre s , wh i ch interconnect vari ous cortical 

regions , arise mainly from more s uperf i ci a l  sma l l  neurones 

( Jones & Wise , 1 9 7 7 ) . I n  ovine ceroid - l i pofuscinosi s ,  even i n  

severely d e stroyed c er ebra l cortex of terminally af fected 

sheep , some p i gment laden l arge pyramida l neurones may remain . 

The se f actors may explain why Wa l le r i an type degene ration and 

gliosis were mos t  severe in the s ubcort i ca l  white matter whi le 

they were m i l d  i n  the lower regi ons of the corticospinal system 

of a f fected sheep ( Table 3 . IV ) . 

An severe a st rocyto sis i s  one of the stri king features of 

the ceroi d - l i pofuscinoses . I t  appears due not only to 

hyperp l a s i a  of a strocytes but a l s o  to condensation of brain 

tis sue a s s ociated with sever e  neurona l  loss . Ast rocyte s a re 

a l so hyper trophied and may have bi z ar re shaped nuclei . It i s  

not clear whether a st rocyto s i s  merely reflects neurona l 

degenerat i on and loss or a toxic insult inherent in the 

lipopigment or the a l te red metabo l i sm of cells  leading to 

pigmenta t i on . 



CHAPTER IV 

ELECTRON MICROSCOPY 

I .  INTRODUCTION 

4i 

Electronmicroscopically the cytop l a smi c pigment granul e s  are 

seen to be i rregularly rounded electron dense bodies . They are 

bound by a tri laminar membrane ,  and are composed of a granul a r  

matrix a n d  l amellar prof i les described a s  " curvi l inear "  and 

" f ingerpri n t "  patterns ( Z eman & Si akotos , 1 9 7 3 ) .  

The f ine structure of the p i gment granul e s  reported i n  

animals w i t h  analogou s di sease i s  es sent i a l l y  the same a s  that 

of humans . I n  a longi tudinal study on Engl i sh Setter dogs with 

ceroid- l i pofus cinos i s ,  Koppang ( 1 9 7 3 /7 4 )  revealed that the 

pigment wa s a l ready pre sent at birth . 

Thi s  chapter reports a longitudinal study on the 

pathogene s i s  and u l t rastructure of p i gment granules in sheep 

a f fected with ceroid - l i pofusci nosi s .  

Anima l s  

I I . MATERI ALS AND METHODS 

Anima l s  u sed in t h i s  study are described in Tables 2 . I  and 

2 .  I I .  

Preparation of tis sues for electron microscopy 

For transmi ssion e lectron microscopy , f resh cerebra l  

corti c a l  t i s sues wer e  obta ined shortly a fter death f rom 

dystocia ( cont rol 1 ) ,  immediately after cae sarean section 

( experimenta l cases 2 and 3 )  or euthan a s i a  ( experimental c a s e s  
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5 - 1 1 , 1 5 , 1 6 and controls 3 -8 ) .  They were t rimmed into 1 mm 
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cube s which were f i xed i n  2 %  glutaraldehyde i n  O . lM phosphate 

buf fer { pH 7 . 4 )  for 3 h .  Primary f ixed t i s sues were wa shed in 

phospha te buf fer { x3 )  and post f i xed in 1 %  osmium tetroxide in 

phosphate buf fe r  { pH 7 . 2 )  for 1 h .  They were then wa shed i n  

buf fe r , p u t  through a graded s e r i e s  of ethanol a n d  propylene 

oxide and embedded i n  epoxy resin { Du rcupam-ACM , Fluka , 

Swi t ze r land ) .  For l i ght microscopy thin s ections 0 . 5  to 1 . 0  pm 

in thickne ss were cut on a LKB I I I  u l trami crotome { LKB-

Produk ter AB S - 1 6 1  25 Bromma 1 ,  Sweden ) .  Ultrathin sections for 

el ec tron microscopy were cut at 70 nm and mounted on 

uns upported copper grids . These sections were stained in 5 0 %  

ethanol with saturated uranylacetate f o r  6 min , and i n  lead 

citrate for 6 min and examined in a Phi l i ps 200 electron 

micros cope . For the mid term { experimenta l case 1 )  and ful l 

term { experimenta l case 4 )  foetu se s ,  f orma lin f i xed bra ins were 

trimmed into 1 mrn
3 

cube s , post f i xed in osmium tetroxide and 

then treated as above . 

I I I . RESULTS 

Electron microscopy of brain of a f f e cted sheep 

I rregularly rounded electron den s e  bodi e s  0 . 2  to 1 5  pm in 

d i ameter are pre s ent in neurona l perikarya in brains of a l l  

sheep a f fected with ceroid-lipo f u s c i nosi s , including mid term 

foetus e s  { Fi g .  4 . 1 ) .  The s i z e  and n umber of these pigment 

cytosomes increase with age ; the l arger appear t o  be formed by 

coa l e s cence o f  the sma ller dense one s { Fi g . 4 . 2 ) .  These 

electron dens e  bodies are also noted i n  a xons { Fi g .  4 . 3 ) , 

a strocytes { Fi g . 4 . 4 ) , macrophages { Fi g .  4 . 5 )  and endothe l i a l  

c e l l s  of blood ve s s e l s  { Fi g .  4 . 6 ) . These become more obvious 

wi th a ge . 



F i gure 4 . 1 :  Cerebral cortic a l  neurone from a mid term 

ovine foetus a f f ected with ceroid-

l i pofuscinosi s .  Note pre sence of e lectron 

dense residual bodies 0 . 7  pm in d i ameter in 

the cytoplasm . ( EM xl 7 , 7 00 ) 

Fi gure 4 . 2 :  Part of a cerebral cortical neurone of a 7 

months old a f fected l amb . Thi s  cytosome 

appears to be formed by coale scence of 

sma l ler dense bodie s .  ( EM x38 , 000 ) 





i gure 4 . 3 :  Mye l i nated axon in the c erebral cortex o f  a 

2 2  months old af fected sheep contains a 

storage cytos ome ( C )  and a mi tochondr i a  ( M } . 

( EM x97 , 20 0 }  

Fi gure 4 . 4 :  Astrocyte ( A }  i n  the cerebra l cortex o f  a 7 

months old affected l amb contains storage 

cytosomes and thick bundl e s  o f  f i br i l s  in a 

hypertrophi c  proce s s . I t  i s  a d j acent to the 

neurone ( N }  that i s  interpreted as showing 

s i gn s  of degeneration . ( EM x6 , 00 0 ) 
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F i gure 4 . 5 :  Di s c re te r e sidual bod i e s  within a membrane 

bounded cytosome i n  a macrophage i n  the 

cerebra l cortex of a 7 months old a f fected 

l amb . ( EM x l 3 , 000 ) 

F i gure 4 . 6 :  Blood ve s s el i n  the cerebral cortex of a 2 2  

months o l d  a f f ected sheep . Note electron 

dense bodi e s  in the endothelial c e l l s  

( ar rows ) .  ( EM x98 , 000 ) 
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The pigment cytosomes are o ften s een to be bounded by a 

d i s crete tri l aminar membrane ( i . e .  typi c a l  l i pi d  bi l ayer 

membrane ) ( Fi g .  4 . 7 ) . Thi s  i s  particularly wel l  seen in the 

sma l le r  bodi e s  l e s s  than 2 pm i n  d iamete r . The i r  internal 

structure appears to be composed of a granular matrix but 

includes a variety of multi lame l l a r  pro f i le s  s imi lar to those 

described i n  the l i terature on the h uman syndrome s .  Thes e  have 

been named curvi l inear ( Fi g .  4 . 8 ) , f ingerpr int ( Fi g .  4 . 8 ) , 

tubular ( Fi g .  4 . 9 ) , crystalloid ( Fi g .  4 . 1 0 )  and multi lame l l a r  

( Fi g .  4 . 1 1 & 4 . 1 2 ) . A t  a high · power magn i f i cation , many of 

thes e  lamel lar arrays appear to con s i s t  of alternating electron 

den s e  and l e s s  den se lines being separated by translucent 

laye r s . The se may be a s  simple as three-layered ( Fi g .  4 . 1 1 )  or 

f ive - layered ( Fi g . 4 . 1 2 )  l ame l l a e . The thickne s s  of the former 

lamel lae a re approximately 6 . 5  nm , thi s appears to be s imi lar 

to that of the surrounding membrane of the pigment cytosome s .  

The latter lamel lae wh ich mea sure about 1 2  nm in thickne s s  are 

composed of a ma j or denser and t h icker middle l ine f lanked on 

ei ther si de by translucent l ay e r s  and two el ectron dense outer 

l i ne s . Electron- lucent vacuole s ( Fig . 4 . 9 )  0 . 5  to 1 . 0  pm in 

diameter are very rarely conta ined i n  this storage materi a l . 

Al though several pigment cyto somes a s  described a bove are 

pre sent in neurone s of foetal brain s , the ma jority o f  abnorma l 

neuronal pigment cytosomes i n  full  term foetal brain are much 

smal ler and l e s s  complex ( Fi g .  4 . 1 3 ) . Occa s ional le s s  complex 

sma l ler cytosomes a re a l s o  noted i n  mid term foetal brain . 

These measure 0 . 2  to 1 . 5  pm i n  diameter and are clearly defi ned 

by a di screte tri l aminar membrane ( Fi g .  4 . 1 4 ) . They are located 

d i f fusely in the cytoplasm o f  neurone s and occa sional ly in 

neurites ( Fi g .  4 . 1 5 ) . The f ine structure o f  these sma l le r  

cytosomes i s  compo sed of e i th e r  coarse or f ine granula r  

matrices and a three-layered membranes whi ch are similar t o  

those o f  the limiting membra n e s  ( Fi g . 4 . 16 ) . These a r e  pre s ent 



Figure 4 . 7 :  Electron den s e  body within a cerebral 

cortical neurone from a f u l l  term ovine 

foetus with c eroid - l i pofuscinos i s . Note a 

surrounding t r i laminar membrane ( i . e .  l i pi d  

bilayer membrane ) .  ( EM x 5 1 , 200 ) 

Figure 4 . 8 :  Part of a storage cytosome within a cerebra l 

cortical neurone f rom an af fected f u l l  term 

ovine foetus , showing fingerprint and 

curvi l inear prof i l e s . ( EM x8 3 , 500 ) 





F i gure 4 . 9 :  Storage cytosome within a cerebral cortical 

neurone f rom a 22 months old a f fecte d  sheep , 

showing a " tubular" s tructures ( t )  and an 

e l ectron-lucent vacuole ( V ) . ( EM x36 , 80 0 )  

Figure 4 . 1 0 :  Part of a s torage cytosome within an 

a st rocyte in the cerebra l  cortex of a 2 2  

months o l d  a f f e cted sheep , showin g  a 

c rystalloid ( c )  pattern . Note gl i a l  fibr i l s  

( F )  o n  the left . ( EM x l 2 0 , 000 ) 
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F i gure 4 . 11 :  Part o f  a c erebral cortical neurone from a 

f u l l  term ovine foetus with ceroid­

l i pofuscinos i s .  Note e l ectron dense body , 

showing three- layered l ame l lae ( arrows ) wi th 

approximately 6 . 5  nm in thickne ss and stacks 

of mul t i l amellar a rray s ( m ) . On the bottom 

i s  a mi tochondria ( M ) . ( EM x7 1 , 600 ) 

Figure 4 . 1 2 :  Part of a mu l t i lame l lar cytosome wi thin a 

c erebral corti c a l  neurone from a f u l l  term 

ovine f oetus w i th ceroid-l i pofuscinos i s .  I t  

s hows f ive- l ayered l amellar structures 

( ar rows ) with a per i od i c i ty of approximately 

12 nm and stacks of mult i l ame l l a r  a rrays . 

( EM x91 , 000 ) 





Fi gure 4 . 1 3 :  Pa r t  of a cerebral cortica l  neurone f rom a 

f u l l  term ovin e  foetus with ceroid-

l ipofuscinos i s , showing a variety of 

abn orma l p i gment cytosomes less than 1 . 2  pm 

in d i amete r i n  the cytopla sm . The se contrast 

with and are genera lly sma l ler than 

mi tochondr i a . ( EM x l 4 , 000 ) 
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F i gure 4 . 1 4 :  Pigment cytosomes u p  t o  0 . 8  pm i n  d i ameter 

within a c erebral corti c a l  neurone from a 

f u l l  t e rm ovine foetus with ceroid­

l ipofuscinosi s ,  showing a d i sc rete 

surrounding membrane . Note a granu l a r  matrix 

and mul t i l amel lar c omponents within these 

cyto some s .  ( EM x71 , 6 00 ) 

F i gure 4 . 1 5 :  Part of a neuri te i n  the cerebral cortex of 

a ful l term ovine f oetus with ceroid­

l ipofuscinos i s , showing a mult i lame l lar 

cytosome ( C ) . ( EM x l 06 , 200 ) 
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a s  whorl s  o r  l oose stacks ( Fi g . 1 6 } .  I n  some 

electronmi crograph s , there i s  a suggestion of continui ty 

between the surrounding membrane and the internal membranes 

( Fi g s . 4 . 1 6  & 4 . 1 7 } . Some of the sma l l  cytosomes a l s o  conta in 

mu lti lamellar structures ( Fi g . 4 . 1 8 } . Lamellar arrays changing 

to a f ine granular matrix are f requently observed ( Fi g . 4 . 1 9 } .  

The f ine s tructure of dense bodi e s  i n  macrophages varies 

con s iderably . They inc lude p i gm ent cytosomes of simi lar 

structure to those in neurone s ,  amorphous elec tron den se 

materia l ,  membranous bod i e s  and degenerated mye lin ( Fi g . 4 . 2 0 ) . 

Degenerating mye linated axons a re occa s ionally noted in 

e l e c tron mi c rograph s of the ce rebral cortex . Hypertroph ic 

f i bri l lary a s trocytes wi th b i z a rre nuclei and a dense network 

of f i brous proce sses are a domi nan t feature in the latter 

stages o f  the disease ( Fi g .  4 . 2 1 ) .  

E l e ctron microscopy of brain o f  normal sheep 

The cytopla smic fine gran u l e s  noted by l i ght mi croscopy in 

neurones in brains of normal sheep are membrane-bound e lectron 

dense bod i e s  0 . 5  to 1 . 0  pm i n  d i ameter , in which a f ine 

granul a r  matr i x  and occa s ional e l ectron- lucent vacuol e s  0 . 3  to 

0 . 5  pm in d i ameter are noted ( Fi g .  4 . 2 2 } .  These structures a re 

found i n  neurones of both f u l l  term foetal and mature brains 

and are clearly d i f ferent from the d i sease related cytosome s .  

IV . D I SCUSSION 

The salient ultrastructural f indings noted in the pre sent 

study of ovine ceroid-l ipofus c i nosis were the detection of 

complex e lectron dense cytosomes and l e s s  complex cytosome s of 

sma l le r  s i z e , i n  mid term ( Fi g . 4 . 1 )  and full  term ( Fi g . 4 . 1 3 }  



F i gure 4 . 1 6 :  Part o f  a c erebral cortical neurone from a 

f u l l  term ovine foetus with ceroid­

l i pofuscinos i s , showing lamellar cytosome s  

l e s s  than 0 . 8  �m i n  d i amete r . Note whor l s  

( W )  and loose stacks ( S )  of tri laminar 

membranes . ( EM xl02 , 3 00 ) 

Figure 4 . 1 7 :  Higher power magni f i cation of one part of 

the l amellar cytosome wi th whorls in F i g . 

4 . 1 6 .  Arrow points t o  the s i te at whi c h  

continu i ty between the surrounding membrane 

and the internal membrane i s  suggeste d . ( EM 

xl 5 3 , 000 ) 
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Figure 4 . 1 8 :  Part of a cerebra l corti cal neurone f rom a 

f u l l  term ovine f oetus with ceroid­

l i pofuscinos i s , s howing a variety of storage 

cytosome s .  Mul ti- l ayered ( arrow head ) and 

f i ve-l ayered lame l l ae ( short arrow )  are s e en 

i n  the cytosome s .  The l ong arrow indicat e s  

t h e  site at which a f i ve - layered lamella 

appears to be formed by the fus ion of two 

three-layered lame l lae . ( EM x8 7 , 000 ) 

Figure 4 . 1 9 :  Part of a cerebral cortical neurone from a 

f u l l  term ovine foetus with ceroid­

l i pofuscinos i s ,  showing a cytosome ( C ) on 

the l ower r i ght , i n  wh ich lamel lar arrays 

appear to change to a f ine granular profi l e  

( arrow ) . Note multivesicular body ( B ) , 

swol len rough endop l a sm i c  reticulum ( R )  and 

part of a mitochondria ( M ) . ( EM x76 , 7 00 ) 
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F i gure 4 . 20 :  Ma crophage i n  the cerebral cortex from a 9 

months old a f fected l amb , containing storage 

cytosomes of simi lar s tructure to those in 

neurone s ( C ) , amorphous electron dense 

mate r i a l  ( m ) , membranous bod i e s  ( B )  and 

degenerated myelin ( M )  i n  the cytoplasm . 

( EM x7 3 , 6 00 ) 





F i gure 4 . 2 1 :  Astrocyte i n  the cerebral cortex from a 2 2  

mont h s  o l d  a f fected sheep showing a nucleus 

of b i zarre shape and a hypertrophic proc e s s  

wi th i ncreased number of fibr i l s  and storage 

cytosomes .  Note dense network of astrocytic 

fibrous processes in the ad j acent neuropi le . 

( EM x6 , 000 ) 

F i gure 4 . 2 2 :  Part o f  a cer ebra l cortical neurone f rom a 

norma l f u l l  t e rm ovine foetus , showing 

residual bod i e s  composed of a fine granular 

matrix and an electron - lucent vacuole . ( EM 

x 5 3 , 60 0 ) 
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a f f e cted foetal brains . Thi s  con f i rms the presence of 

Sudanophi l i c  lipopigrnent granul e s  i n  af fected foetal brains 

noted by l i ght microscopy . Thu s , it is conc luded that formation 

of autof luorescent cytosome s commences in utero . Koppang 

( 1 9 7 3/7 4 )  a l so detected typical membrane-bounded ceroid bodies 

by electron microscopy i n  the neurones of the spinal cord of 2 -

day-old af fected puppy and conclud e d  l ikewi se .  

I n  ovine ceroid- l i pofuscinos i s , the pigment cytosome s ,  

pa rti cularly the l e s s  complex ones were frequently defi ned by a 

t r i l aminar membrane ( Fi g . 1 4 ) . Thi s  probab ly r e f lects the 

lysosomal nature of the cytosome s .  A conclusion wa s also 

supported by the ir l i p i d  compo sition ( Pa lmer et al . l986b ) . 

Some larger electron dense cytosome s appeared t o  be formed by 

coa l escence of sma ller complex cytosomes . Typical complex 

electron dense cytosome s we re compo sed of a granular matrix and 

a va riety of mul ti lamel lar pro f i le s , such as curvi linear ( Fi g .  

4 . 8 ) , f ingerprint ( Fi g . 4 . 8 ) , tubular ( Fi g . 4 . 9 ) , crystalloid 

( Fi g . 4 . 1 0 )  and mu lti lamellar ( Fi g . 4 . 1 1 & 4 . 1 2 )  wh ich are 

similar to those described in ana logous human d i seases . 

Li popigrnent cytosome s i solated f rom a f fected sheep contain a 

high proportion of protein ( approximate ly 7 0 % ) ( Pa lmer e t  al . ,  

l986a , l986b ) . Much of this wa s composed of two spec i f i c  

peptides o f  1 4 , 800 a n d  3 , 5 00 M wh ich appeared speci f i c  f or the 
r 

di sease . On the ba s i s  of the se f i ndings and similar complex 

lame l lar structures given in the poly-L-lysine/cardiolipin 

mu l t i laminar complex ( De Krui j f f  et al . ,  1 98 5 ) and in the 

myel in sheath of nerve s ( Rumsby , 1 9 78 ) , Jolly et al . ( 1 9 8 7 ) 

sugge sted that mul ti lamellar structures of the l i popigrnent 

cytosome s in af fected sheep may have a compl e x  three 

d imen sional structure . It may be l ike the " Danni e l l i  and 

Davson" ( 1 9 3 5 ) type structure but with a number of a lternate 

l ayers of l ipid sandwi ched between and interacting with layer s  



of hydrophobic protein . Th i s  hypoth e s i s  was supported by the 

re sults of powder x-ray d i f f raction study in which there were 
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0 
two broad peaks with d i ffract i on spacings between 9 . 8  and 1 0  A 

0 
and 4 . 5  and 4 . 6  A .  I t  wa s postulated that the speci f ically 

stored peptides were repeating un i t  that di ctated the 

structur e . Since the word " membran e " implies e i ther a l ipid 

bi layer membrane or a simpl e  planar s tructure , Jol ly et a l . 

( 1 9 8 7 ) proposed to use the t e rm " lame l l a r "  in order to describe 

the components of the complex three d imensi onal structure a s  

seen b y  e l e ctron mi croscopy . I t  mu st b e  remembered that 

ultra structural appearance may reflect modif ications of the 

true st ructure induced by f i xation , dehydration and embedding 

proce s s e s . 

At a h i gh power magnification , s ome l amell ar prof i le s  appear 

to c on s i s t  of three- or f i ve - layered lamellae ( Figs . 4 . 1 1 & 

4 . 1 2 ) .  In canine ceroid - l i po f u s ci nos i s , Koppang ( 19 7 3/7 4 ) 

proposed that the membranous stacks we r e  derived from f u s i on o f  

ad j a cent l e s s  dense outer l ines o f  o r i ginal f ive- layered -

"membrane s " . However , tubu l a r  and crystalloid patterns appear 

to occur as a re sult of intersecting lamel lae . Coarse granular 

prof i le s  obs erved d i f fusely in the granular matrix may a l s o , in 

part , be due to cros s sectioning of the lamellar structure s . 

Much of the granular matri x  i s  a l s o  l ikely to be lamellar but 

wi th the l ame l lae not sectioned in s uch a plane a s  to show 

their true structures ( Jo l ly e t  al . ,  1 9 8 7 ) . 

Some o f  the sma l l  cytos omes contained whorls or loose stack s 

of t r i l aminar membranes similar to thos e  of the l imiting 

membrane s ( Fi g . 4 . 1 6 ) .  In s ome electronmic rograph s , there wa s a 

sugge stion of continuity between the s urrounding membrane and 

the t r i l aminar membrane ( Fi gs . 4 . 1 6 & 4 . 1 7 ) but this wa s not 

definitely demonstrated . Thi s  i s  provi s iona l ly interpreted as 

being due to an interna l i z at ion of s urrounding l imiting 
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membrane rather than a recycl ing o f  membrane . Some o f  thes e  

sma l l  cytosomes a lso showed some multi lame l l a r  prof i l e s  ( Fi g . 

4 . 1 8 )  s uggesting that the l atter r e sulted from condensation and 

alteration of the more simple membranous structure . As the l e s s  

complex sma ller cytosomes wer e  noted i n  a f fected foeta l brains , 

i t  i s  probable that they a re an early stage o f  the more complex 

one s . Presence of immature s torage cytosomes in human foetal 

brai n s  has also been reported i n  lysosomal storage d i s eases 

such a s  Tay-Sachs di sease ( Adachi et a l . ,  1 9 7 4 ) ,  

mu copolysaccharidos i s  I I  ( Lake , 1 9 8 4 ) , and N i emann-Pick d i s ease 

( Schneider et al . ,  1 9 7 2 ) .  

The e lectron dense bod i e s  observed in bra ins of norma l 

control sheep , inc luding a f u l l  term foetus , were surrounded by 

a membrane and were composed of a fine granu lar matrix and 

occa sional electron-lucent vacuol e s  ( Fi g . 4 . 2 2 ) . Th i s  internal 

structure appears to be typical of l i pofuscin ( age pigment ) 

( S i akotos et al . ,  1970 ) and i s  d i fferent f rom that of the 

e l ectron dense cytosome s so commonly observed in the brain of 

sheep with ceroid - l i pofuscinos i s . Thus , elect ron microscopy 

con f i rms the pre sence of l i pofus cin in the f u l l  term foetal 

brain as noted by l i ght microscopy . I n  human nervous t i s sue 

l i pofuscin has been noted in foetal spinal cord neurones 

( Humphrey , 1 9 4 4 ) and in the i n f erior olive at 3 months ( Brody , 

1 9 6 0 ) . I n  an extensive study of nonhuman primate , Macaca 

mu latta , Bri z zee et al . ( 1 9 7 4 ) f ound that p i gment f i r s t  

appeared i n  t h e  in ferior o l ive a t  t h e  age of 3 month s .  

A dense network of f i brous proce s se s  i n  the terminally 

d i seased brain ( Fi g .  4 . 2 1 )  is i n  accord with the intens ive 

f ibri l la ry a strogl iosis noted by l i ght microscopy . Macrophage s ,  

a part from typical multi lame l la r  cytosome s a lso conta ined more 

amorphous electron dense materi a l  and mye l i n  debr i s  ( Fi g . 

4 . 20 ) . Thi s  heterogenei ty of materia l  i s  a l s o  i n  accord wi th 
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var i able s ta in ing o f  s torage material i n  macrophages with lipid 

stains . Whereas i t  can be conc luded that much of this material 

is phagocytosed and r e f l e c t s  degeneration of neurones and 

axonal sheath s , i t  i s  not c lear how much is formed de novo 

within the ma crophage as a result of t he metabo l i c  anoma ly . 



CHAPTER V 

GENERAL DISCUSSION 

A longitudinal morphological s tudy on the central n ervous 

system of sheep with ceroid- l ipofuscinos i s  and o f  age matched 

con trol s revea l ed that the ovine d i s ea s e  has not only many 

neuropathologi cal findings in common with ana logous human 

di s eases , but also some pathological feature s wh ich have not 

be e n  reported in affected humans or anima l s . 
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I n  ovine ceroid-l ipofuscinos i s ,  gros s  pathological changes 

in common with the human syndromes include s triking brain 

atrophy , thickening of the sku l l  bones over l ying the brain and 

s l i ght enlargement of the lateral ventri c l e s . Ce rebe l l a r  

atrophy , wh ich i s  common in t h e  infanti l e  and late infantile 

type s of human syndrome ( Z eman , 1976 ) and i n  the canine 

syndrome ( Koppang , 1 97 3 / 7 4 ) ,  is not a particular feature in the 

ovi ne di sease . 

Histologica l ly ,  ovine ceroi d - l i pofuscino s i s , l ike i t s  human 

and canine counterparts , i s  characteri zed by the progressive 

a cc umulation of autofluorescent l i popigment in neuron e s  and a 

wide vari ety of other cell type s ( Jo l l y  et al . ,  1980 , 1 9 8 2 ) .  In 

the present study of ovine ceroid-l i pofuscinos i s ,  the se 

l ipopigment granu l e s  were detected by l i ght microscopy a s  early 

as the mid s tage of foeta l development ,  the ear l i est s tage 

e xamined . Thi s  wa s con f i rmed by elec tron m i croscopy . Coronal 

s ections of the whole brain of affected sheep showed that there 

were regiona l d i f ferences i n  the quant i ty o f  accumulated 

l ipopigments i n  neurones of various a reas . Similarly there wer e  

age related topographical d i f ference s i n  s econdary degenerative 

c hange s ( see Chapte r  I I I ) .  I n  ovine ceroid-lipofuscinosi s ,  the 
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cerebel lum appears t o  b e  relatively spared these secondary 

change s . In contrast , neuronal l o s s  i n  the cerebel lar cortex i s  

common i n  the human syndrome s ( Zeman , 1 9 76 ) and i n  the canine 

syndrome ( Koppang ,  1 9 7 3/74 ) .  

Neuron a l  l o s s  i n  the telencepha l i c  i socortex of af fected 

sheep showed an initial laminar d i s t r i bution ( Fi g .  3 . 8 ) . Thi s  

pattern wa s wel l  demonstrated by a concomi tant astrocytosi s 

( Fi g . 3 . 1 1 ) .  The laminar d i s tribution o f  neuronal loss probably 

reflects the selective degene rati on of certain types of 

neurone . A s imi lar laminar distribution of neurona l loss has 

also been reported in the h uman syndromes ( Braak & Goebe l , 

1978 , 1 9 7 9 ; Goebe l et al . ,  l 9 8 2 a , l 9 8 2 b ) .  Neuronal loss in the 

cerebral cortex of the par ietal l obe of brain of terminally 

a f fected sheep wa s a s  severe a s  that i n  the cerebral cortex 

described i n  the infantile type of h uman syndrome ( Haltia et 

al . ,  l9 7 3a ;  Z eman , 1 9 76 ) . 

Many paper s  have been pub l i shed concerning bi ochemical 

a spects o f  the ceroid-lipo fuscinose s . However , the underlying 

metabo l i c  anomaly of the d i sease has not been fully eluci dated . 

Inconsi s tency and variation of the biochemical results may be , 

in part , due to secondary change s attributable to brain 

necrosi s and t ime . As shown in the e lectron micrograph Fig . 

4 . 2 0 ,  macrophage s take up l i popigment s a s  we l l  a s  degenerating 

mye l in . Th i s  may confound the compo s i tion of the di sease 

spec i f i c  l i popigments . Lipid staining characteri sti c s , 

ye l lowi s h  colouration and f luore s cent spectra of the stored 

l i popigment s uggested firstly a l i pidos i s  and then an abnormal 

peroxidation of l i pids ( Zeman & Dyken ,  1969 ; Zeman , 1 9 76 ) . The 

latter h ypothesi s  gained support whe n  Armstrong et a l . ( 19 7 4 ) 

reported a peroxidase def i c i ency i n  leukocytes and several 

t i s sue s f rom pat i ents wi th ceroid- l i pofuscinos i s .  However ,  

other s  ( Den Tandt & Mart in , 1 9 7 8 ; Marklund et al . ,  1981 ) 
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r eported n o  defi ciency o f  s uch a n  enzyme activ i ty . The l ack o f  

consi stency i n  the results sugge sted that such a peroxidase 

deficiency wa s not the primary defect i n  the ceroid­

l ipofusc inoses ( Paton & Poulos , 1984 ) .  Disturbances in 

polyun saturated fatty acid metabol i sm have a l s o  been reported 

( Hagber g  et a l . ,  1968 ; Svennerholm e t  a l . ,  1 9 7 5 ) .  Based on the 

analy s i s  of i solated lipopigment ,  a lternate hypotheses have 

been proposed . Wolfe et al . ( 1 9 7 7 ,  1 9 8 1 , 1 9 8 3 , 1 9 8 7 ) reported 

an e l evat ion in the level of dol ichol and retinoid compounds in 

the s tored cytosomes and indicated a possible defect in the 

recycl i ng or metabolism of the s e  compounds . The se i soprenoid 

abnorma lities are now genera l l y  regarded as secondary phenomena 

( Jolly , R . D . , pers . comm . ) .  

The biochemical stud i e s  on l ipop i gments i solated from the 

l iver of af fected sheep revealed that there wa s no defect in 

lipid metaboli sm or abnormal l i pid peroxidation in ovine 

ceroid-l ipof uscinosis ( Pa lmer et al . , l986b ) . It wa s also 

reported by Pa lmer et al . ( 19 8 6a ) that l i popigments from 

affected sheep contained a h i gh proportion of protein 

( approximately 7 0 % ) in wh ich there were polypeptides of 1 4 , 800 

M and 3 , 500 M . They are apparently spec i f i c  for the di sease . 
r r 

The latter polypeptide accoun t s  for 7 1 %  o f  the protein on a 

mol a r  ba s i s  and has been ident ified a s  part of the l ipid 

binding protein of mi tochond r i a l  ATPa s e  ( Pa lme r , D . N . ; 

Martinus , R . D . ; Jolly , R . D . , pers . comm . ) .  The rea son for i t s  

accumulation in lysosomes has not yet been elucidated . I n  v iew 

of these bi ochemical findings , i t  wa s concluded that ovine 

ceroid- l i pofuscinosis wa s a l ysosomal proteino s i s . Thi s  

hypothe s i s  appear s  to be supported b y  the work of I vy et a l . 

( 1 9 8 4 ) , in which they induced the format i on of lysosome­

a s soci ated granular aggrega t e s  whi ch r e sembled the pigment 

" ceroid-l ipofuscin " ,  by treating young rats with the thiol 

protea se inhibitor leupept i n . 
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There are a number o f  pos sible mechanisms that coul d  account 

for a lysosoma l proteinosis , such as defi c i ency of lysosomal 

protea s e  or its control , secondary perturbation of lysosomal 

function s imilar to that induced by iatrogenic drugs , and the 

pre sentation to the lysosomal system of post-trans lati onal ly 

modi f i ed protein that cannot be catabo l i sed ( Jolly et al . ,  

198 7 } . Another pos sible mechani sm could be a defect i n  

recycl i ng f rom lysosomes of some spec i f i c  membrane domain 

( Jo l ly et al . , 1 9 8 7 ) . Evidence pos sibly supporting this i s  

noted i n  this the s i s  ( Fig . 4 . 1 6 } . Based on the biochemica l 

stud i e s , Wo lfe e t  al . ( 1987 } a l s o  cons idered de fects in normal 

organ e l lar membrane recycling a s  a proce s s  of lipopigment 

formation . In the present s i tuation , the stored peptide i s  

approximately ha l f  the molecular we i ght o f  the known parent 

protei n . Thi s  suggests that ovine ceroi d - l i pofuscinosis may 

re f l e c t  a defect in the proteol y s i s  of this protein . 

Of the i nheri ted ly sosoma l storage di sea se s , the ceroid­

l i pofuscinoses s t i l l  remain a s  a group whose pathogenic 

pathways have not yet been elucidated . Thi s  may in pa rt be due 

to a l imited ava i labi l ity of t i s sues f rom a f fected human 

patient s .  However ,  an establ i shed f lock of South Hampshi re 

sheep carrying the ceroid- l i pofu s cinos i s  gene have made i t  

po s s ible t o  per form detai led and repetitive analytica l and 

experi mental studi e s  on a f fected progeny . Results obtained from 

these stud i e s  have provided know ledge that should faci l i tate 

i nve s t i ga tions i nto the human counter part s . The pre sent study 

on the central n ervous system of a f fected sheep has also 

provided critical informat ion on the pathomorphogene s i s  of 

l i popigments whi ch may be a l so r e levant to that in the human 

syndrome s .  Thus , ovine ceroid-l i pofuscinosis is a useful anima l 

model for the s tudy o f  the human ceroid-l i pofuscinose s . 
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