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ABSTRACT 

Ov ine ceroid-l ipofu scino sis is  a rare inheri ted neurological 

di sease which ha s only been diagnosed in one fami ly of the South Hampsh i re 

breed o f  sheep . Th i s  breed is  of  re la tive recent origin and was e stabli shed 

from an initia l cro s s  between Southdcwn and Hampsh ire Down sheep . Af fected 

sheep show loss of vi s ion and behav iou ra l abnorma lities  starting at 11 - 1 2  

month s o f  age , with motor dysfunction commenc ing soon a fterwards. The 

clinical s igns increase in sever ity a s  the d i sease progre s s e s  and under 

field conditions a f fected anima l s  are not expected to l ive beyond 2 

years . 

Ovine ceroid-l ipo fu scinosis i s  characte ri zed h i s tologica l ly by the 

intracytopl a smic accumu la tion of PAS and Sudan black posi tive 

autofluorescent l ipopigment ma terial in neuron s and a wide variety of 

other c e l l  types .  The proce s s  leading to the accumulation o f  l ipopigment 

seems only to damage n eurons and there is  degeneration and loss of  

neurons , especia l ly in the cerebral cortex a nd the v i sua l neuroepi thel ium 

of the re tina i . e .  retina l atrophy . Gro s s l y ,  a f fected bra ins show 

reduction in size a nd we igh on average 66% of those of norma l sheep . 

U lt ra structura l l y ,  the typ ica l lipopigment inclusion i s  a round 

or oval body 0 . 2  - 5 . 0  �m in s ize , of  va rying e l ectron density, in which 

a wide �ariety of membranous profi l e s  may be seen . Some o f  the 

membranous patterns have received special names such as curvi linear,  

finge rpr int and crysta l lo i d .  



Pathological examinat ion of l iver , skin and rectal biopsy mate r i a l  

o f  lambs at 4 - 5 mon ths of age shows the pre sence o f  accumul ated 

l ipopigment , and i s  a means of early d i agnosis be fore the onse t o f  

c l i n ical signs . Thi s observation and the fa c t  that l ipopigment h a s  been 

demonstrated in a f fected lambs at bi rth , show ovine ceroid-l ipofuscino s i s  

to be a s soc iated with a true inborn e rror of me tabolism . 

The fami ly tree of  a l l  a f fected sheep and the resul ts of  s i re­

daughter mat ings of a heterozygou s ram show the disease to be inherited a s  

a s imple au to soma l rece s sive trait . The deleterious gene for ovine 

ceroid-l ipofusc inosis  i s  unl ike ly to be of economic importance to the 

sheep industry as the South Hampsh i re breed was developed to suppl y  

sires for termina l  cros se.s a s soc iated with table l amb produc t ion . 

The obj ects of this study were to define ov ine ceroid-l ipofu scino s i s  

i n  c l inica l ,  pathological a n d  genetic te rms , and to compare i t  w i th 

s imilar d i seases in man and dome stic anima l s . I t  is conc luded that the 

ov ine di sease doe s indeed bel ong to the hete rogeneou s group of disea s e s  

o f  ma n and dome stic anima l s  known as Batten ' s  disease o r  the neuron a l  

o r  genera li sed c ero id-l ipo fuscino ses . Of these the ovine entity mos t  

c l osely resembl e s  the l a t e  i n fant i l e  and the j uvenile forms of the human 

syndrome , and the can ine disea se . I t  is  proposed that ovine c e ro i d -

l i pofu sc inosis woul d  make a u s e ful experimenta l mode l for Batten ' s  

disease . 
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I NTRO DUCT I ON 

The neuronal ceroi d -lipo fuscinose s ,  also known a s  the non-infan tile 

amaurotic family idiocies and as Batten ' s  disease , are a d i stinct group 

o f  i nheri ted d i seases o f  children . They are characteri sed by the 

pro gre s s ive intracellular , and especi ally in traneuronal , accumulat ion 

of the auto fluore scent lipopigments , ceroid and lipo fuscin . Affected 

patients show progre s s ive central nervous system degenerat ion , los s  

o f  v i s ion , loss of  mental facultie s ,  seizure s and premature death . 

An adult form, with mi l der symptomatology i s  also recogn i sed . Similar 

d i seases have also been de scribed in a number of speci e s  of domes tic 

animals . The di sease a s  i t  occurs in the South Hampshire sheep forms 

the subj ect materi al o f  th i s  the sis . 

The neuronal ceroid-l ipo fuscinoses o f  man and dome stic an imal s 

are reviewed i n  Chapter 1, wi th empha s i s  on clinical , pathological , 

biochemical and genetic findings . A brief hi storical account i s  a l so 

pre s ented in an attempt to cla r i fy the confus ing nomencl ature e xtant 

in the l i terature , by tracing the origins of the various eponymic and 

descriptive name s . 

The main obj ectives o f  the study reported i n  thi s  the s i s  were 

to define ovine ceroid - l ipofuscinosis  in clinical , pathological and 

genetic terms and to compare the se fi ndings wi th those of the entit i e s  

i n  man and dome stic animal s .  
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REV I EW - THE NEURONAL CERO I D-L I POFUSC I NOSES 

1 .  HISTORICAL ASPECTS 

Some authors ( Koppang, 1 9 7 3/74 ; Lake , 1977 ) con sider that the fir st 

description o f  a neuronal cero id-lipofuscinosis (NCL)  was by Stengel 

in 1 826 . He de scribed four siblings , born to heal thy farmer parents 

in Norway ,  who showed vi sua l failure beginning at the age of 6 years , 

progre s s ing to blindne s s  at .9 years. Epi l eptic sei zure s ,  speech 

d i f ficul t i e s  and sensory -mo tor regression be came increas ingly severe. 

There was pro found mental dul lness at the age of 15 years . Two of 

the patients d ied at ages 20 and 21  years , the other two were a l ive 

aged 8 and 1 6  years at the time of his report . 

Since Stengel ' s  report was a cl inical cescription only , the first 

comprehens ive report o f  NCL is  usual ly a scribed to Batten ( 190 3 ) , who 

d e s cribed "cerebral degeneration with symmetrical changes in the maculae " 

i n  two s i s ters in England , beginning at age s 4 and 6 years . He noted 

sl i ght pal lor of the optic discs , and ret inal pigmentary changes with 

irregular poorly de f ined reddi sh-bl ack spots in the maculae . In 1 9 14 , 

Batten gave the fol lowing description cf the disease : 

· . . . . .  " The typical features a re loss o f  inte l l ectual facul t ie s , 

loss  of vision , lo s s  of motor power . In some cases a l l  three 

defects  seem to s tart together ,  in others mental symptoms occur 

first ,  visual and motor s i gn s  remain long in abeyance , in sti l l  

other cases the d i sease commences with vi sual s ymptoms , motor 

and mental de ficits fol low later or not at a l l . The d i sease 
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may begin any t ime during infancy and childhood and some cases 

pas s  rapid l y  with a fatal terminat ion , othe rs are slow in the ir 

progress . 

Some cases show distinct changes in the macul a ,  others reti nitis  

pigmentosa in  the pe ripheral retina , and stil l others have no 

fundus change s or do so on l y  in the later stage s o f  the disease . 

C l inica l l y  there is  a great var iation in the symptoms and thi s  

together with the ir time o f  appearance forms a ba s i s  o f  

classi fication . Pathological l y  these cases are e s sentia l l y  the 

same and the change s in the ce l l s  a re strikingly s imi l a r  in a l l  

cases which have come to autopsy" . . . . . .  . 

He omi tted to mention the almo s t  invariable occurrence o f  seizures in 

his patients . However ,  Batten ' s  is  a l ucid description of NCL and 

Batten's disease is a val id eponym .  Three Engl i sh chi l dren , produc€d 

by first cousi n s ,  who developed fa i l ure of eye sight at 6 years of age , 

fo l lowed by mental deterioration, we re described by Mayou (1904 ) . Thi s  

h a s  led t o  the eponym Batten-Mayou syndrome . 

In  1905 , possibly unaware o f  the English publ ication s ,  two 

German authors , Vogt and Spielm€yer , independently de scribred a 

d i sease o f  children which i s  now cons idered to have been a neuronal 

c eroid-l ipo fuscinosis  and the eponymic des i gnation Batten - Spie lmeyer­

Vogt syndrome i s  conunonly used . However , at the time , Spi e l meyer cal led 

his d i s ease entity, "j uvenile amaurotic idiocy " and Vogt called his 

"the j uven i l e  form o f  amaurotic family idiocy " .  

Nosologi c a l  con fusion had thus begun, s ince amaurotic family 

i d iocy was the name given to a d i sease entity of children by Sachs 
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( 1896 ) , in the U . S . A . ;  he had earlier reported on its occurrence in 

188 7 . In England , Tay had de scribed a s imilar d i sease o f  ch ildren i n  

188 1 ,  a n d  H i g i e r  ( 1901) introduced the eponym Tay- Sachs d i sease . 

The feature s o f  Tay-Sachs disease , whi ch ha s its hi ghe st prevalence in 

Ashkena z i  Jews , are weakness beg i n�ing at 3 - 6 mc�th s of age , with 

mental and motor deterioration progre s s ing rapidly a fter 1 year of age . 

Patients o ften e xhibit cherry-red spots i n  the macular re gion. After 

18 months , progre ssive blindne s s , dea fness , convul s ion s and 

spa stic ity oc cur and death follows usually arounc 3 years of age 

(O'Brien , 197 3 ) . 

Both Batten and Spielmeyer con s idered the ir c a s e s  to be different 

from Tay- Sachs d i sease because of difference s in race pred i sposition , 

a later age o f  on set , a more protracted course and d i f ferences in  

ophthalmolog i c al findings . Vogt , en the other hand , cons idered his  

c a s e s  to be e s sentially s imilar to tho se o f  Tay and Sach s , the only 

d i f ference be ing a later a ge o f  onset . The common f indings were the 

familial inc idence , the clin ical s i gn s  of  blindne s s  and idiocy , and 

neuropathologic ally , the d i stention of neuronal perikarya by lipid 

material in both brain and reti n a . This characteri stic neuro­

patholo g i c al f inding became known a s  the Scha f fer-Spielmeyer proce s s, 

a fter Scha ffer who described it i n  c a ses of  Tay-Sachs di sease in 1905, 

and Spielmeyer who reported it in his own c aseE=. in the s ame year . 

De spite further differences between Batten ' s  disease and Tay- Sachs 

4 

d i s e ase, such a s  different sta ining behaviour o f  the intraneuronal material 

as well a s  d i f ference s  in s i ze and weight of bra ins at a utopsy ( Zeman 

and Dyken, 1969}, a unitarian concept of arr.aurotic family idiocy 

gained widespread acceptance. 



The , retrospective ly,  erroneous acceptance of  the unitar ian 

concept ( i.e . one d i sea se proce s s  due to the neuronal accumulation o f  

l ipid mater ia l ,  leading to a vari ety o f  d i sorders , d i f fere ntiated only 

by age of onset) led to no sological confusion and a wide variety of 

"l ip ido ses" we re c l a s s i fied as subtype s o f  amaurotic family idiocy . 

In the l a st two decade s those neurona l l ipidoses a s sociated with an 

i nborn error of lyso somal catabo l i sm have been clearly d i f ferentiated . 

Tay-Sachs d i sease is now c l a ss i fied a s  a lyso soma l storage di sease 

accord ing to the concept of Hers (1965). Affected patients have a 

d e f i c i ent activity of  the lysosomal en zyme hexo saminidase A ,  which 

r e su l t s  in the ly sosomal accumulation of G
M2 

gangl ioside ( Okada and 

O ' Br ien , 1969), hence the term G
M2 

Gangl iosidosis . The Batten­

Spi e lmeyer -Vogt syndrome or'' j uve nile  amaurotic fami l y  idiocy" has 

not yet been de f i ned in biochemic a l  terms . Undefined a l so , rema in at 

least two further types of amaurotic fami ly id iocy wh ich are usually 

a l so c l a s s i fied a s  neurona l ceroid-l ipofu scinoses . 

I n  1913, B i e l schowsky , i n  Germany , delineated " late infantile 

fami l i a l  amaurot ic idiocy" from both Tay-Sachs d i sease and j uvenile  

amaurotic i diocy a s  de fined by Vogt . He observed severe c erebel lar 

atrophy and cons idered his cases to be identical to those of  Jansky , 

who i n  1908 observed four s ib l i ng s  w i th a d i sease beginning during 

the fou r th year o f  l i fe .  A l l  suf fered from convu l s ions , lost the 

abi l i ty to speak and walk and became blind;  all  were i diotic and 

d ied between age s 4 and 6 year s . In  1925, Kuf s , i n  Germany , described 

a d i sease  which he called the "adult form of amauroti c  fam i ly idiocy" 

i n  two sibl ings . The age o f  onset wa s i n  the lat� twentie s ,  both 

patients were demented but n e i ther wa s bl ind . Hallevorden described 
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a simi lar di sease entity in 1938 , and the eponym Ku fs-Ha l l evorden 

di sea se is sometimes encountered in the l i terature . 

A d e tailed c l inical and genetic study o f  1 1 5  pa tients with j uven i le 

amaurotic idiocy from 50  d i fferent fami l i e s  in southern Sweden wa s 

reported by S jogren in 19 3 1 .  He found a range of onset from age 

l - 19 years , with the ma jority of patients becoming b l ind at age 5 - 9 

years . He con sidered h i s  ca ses to be identical with tho se descr ibed 

by Batten , Mayou , Vogt and Spie lmeyer . Re ferring to the late 

infan t i l e  form o f  Jansky-B iel schowsky and the adult form of Ku fs , he 

stated: " I  see no reason for con s idering or di scuss ing the se two 

d i seases . "  He proposed a rece s s ive mode o f  inheritanc e .  

6 

De spite Sjogren's statement ,  a late infantile (Jan sky-Biel schow sky )  

a n d  adu l t  ( Ku f s )  form a r e  genera l l y  c l a s s i fied with the j uvenile  ( Batten , 

Mayou , Spie lmeyer , Vog t ,  S j ogre n )  form under the general heading of 

neuronal c eroid -l ipofusc inos i s .  To thi s l i s t  can be added an i nfantile 

form described by Haltia e t  al. ( l9 7 3a , l 9 7 3b)  and Santavuori et al. 

( 197 3 ) . The infantile form o f  NCL i s  characteri sed by an onset o f  

i l l n e s s  during the f i r s t  or second year o f  l i fe , a very rapid cour se 

and bl indness  developing early . 

Not a l l  d i sease enti tie s c l a s s ified a s  neuronal ceroid-

l ipofusc inoses fit the above categories exactly . A subgroup cal led 

" early juvenile"  was described by Lake and Cavanagh ( 1978 ) . A 

protracted form o f  j uven i l e  NCL ha s been di f ferentia ted from the 

c l a s s ical Kufs type by Goebe l  et al. (197 6 ) . An a typical juveni l e  

neuronal c e roid-lipofu sc ino si s ,  showing absence o f  vi sual symptoms 

and retinal abnormalities was d e scribed by Greenwood and Nel son ( 19 7 8 ) . 



A disease entity which i s  sometimes inc luded under the neuronal 

ceroid-l ipo fuscinos es i s  the pigment variant of Ku fs d i sea se ,  which 

shows a l l  the features of the l atter as we l l  a s  extra -neuronal pigment 

ac cumu l a t ion ( Seite lberger and S imma , 196 2 ;  Roroupian and Ro s s ,  1977; 

Jervis and Pul l arkat ,  197 8 ) . 

In summary , the descr iptive term "neurona l c ero id-lipo fusc inos i s "  

introduced b y  Zeman and Dyken ( 19 6 9 ) , has ga ined widespread ac ceptance . 

Rea l i sa t ion tha t c e l l  types other than neurons were involved i n  

l ipopigment storage ha s l ed t o  the in troduct ion of the term "genera l i sed 

ceroid-l ipo fuscino s i s "  ( Joosten et al. , l 9 7 3 ) . Neuronal or general i sed 

ceroid-l ipofuscino s i s  is synonymous with Ba tten's di sease and some of 

the amaurotic family idioc ie s .  These are umbrella terms which tend 

to obscure the d i f ferences between the var ious subtype s .  Only when 

the chemical nature of the me tabo l ic errors involved in thi s  

heterogeneous group o f  di sea ses i s  eluc idated wi l l  a rational 

nomenc l a ture become pos s ible . 

I I .  CLINICAL F INDINGS 

The principal c l inical f indings of the human neuronal c eroid­

l ipo fu sc inose s ,  a l so cal l ed gene ra l i sed ceroid-l ipofuscinoses 

(Joosten e t  al . , l 9 7 3 ) , a re bl indne s s , loss  of mental facultie s ,  

loss o f  motor power, seizure s and a variable course inexorably l eading 

to premature death (Zeman and S i akoto s ,  1973; Zeman , 1976 ) . There 

ex i sts wide var i a t ion in age o f  onset , present.inq s igns and c l inical 

course in  patients affected wj th t-tCL . However , a std king feature 

of the disease is tbe similadty in ase of onset and c l in ical ccurse 
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o f  affe cted s ibl ings for whi ch the terms homochron i sm and homotypism 

are us ed re spectively . 

C l assi fication 

Various attempts have been made to del ineate di stinct subgroup s 

o f  the neuronal cero i d- l ipfuscinoses , based on clinical findings , 

e special l y  o n  the age o f  onset o f  di sease . The cl a s s i cal divi sion 

d i f ferentiates late i n fantile (Jansky-Biel schowsky) , j uven i l e  

( Batten- Spielmeyer -Vogt)  and adul t ( Ku f s )  types with re spective age s  

o f  onset o f  from 2 - 4 years , 4 - 8 years and 20 yea rs and ove r  ( Zeman 

and Siakotos , 19 7 3 ) . To thi s  l i st can be added an i n fantile  type with 

age of onset of l - 2 years ( Santavuor i  et al., l97 3 ;  Hal t i a  et al., 

l 9 7 3a , l 9 7 3b ) . 

There i s  by no mean s universal agreement on the c l a s s i fication 

of di stinct subgroups and because o f  the c l inical var i at ion s ,  more 

recent authors ( e . g . Dekaban and Herman , l9 74 ; Lake , 19 7 7 )  have adopted 

a mul ti -di scipl inary approach . Based o n  clinical , histo chemica l ,  

ul trastructural and e l ectrophy s iological f indings , Lake ( 19 7 7 )  divides 

his cases i n to i n fantil e ,  late infan t i l e  and juvenile subgroup s . These 

three types and an adul t type wi l l  be used as guide l in e s  in thi s  review , 

and Table l . I ,  s ummar i ses the findings o f  recent authors using the 

c r i teria of Lake ( 19 7 7 ) .  Thos e  entit i e s  which do not e xa c tly f i t  the 

four subtype s a s  outl ined in Table l , I ,  s uch as the early juvenil e form 

( Lake and Cavanagh , 19 7 8 ) , protracted juvenile form (Goebel et al. , 

197 8 ) , and pigment variant o f  the adu l t  type ( Je rvis and Pull arkat ,  

19 7 8 )  will b e  referred to where appropriate . 
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TABLE l. I 

Classification of the neuronal ceroid-lipofuscinoses 

Subgroup Approximate age Presenting EEG White blood cell Neuronal 
appearance staining 

Infantile 

Late 
infantile 

of onset symptoms 
(years) 

l-2 Mental and motor Flat by 3 yrs 
retardation, 

Normal 

l 

1 

2-5 

2-4 

2 

visual failure 

11 

Mental and motor 
retardation 

Neurological 
and mental 
deterioration 

Convulsions 

Fits, speech 
difficulty 

11 

11 

Epileptiform 

Dysrhythmic with 
spike and wave 
complexes 

11 

11 

Frequent 
neutrophilic 
hypergranulation 

Response to photic Normal 
stimulation 

PAS,SB,FQ. 

11 

11 

SB,FQ. 

PAS,SB,ORO 
FR-

SB,LFB,FR-

Ultrastructure 

Granular osmic 
philic deposits 

11 

11 

Curvilinear or 
membranes in 
stacks 

Curvilinear, 
fingerprint, 
granular 

Curvilinear 

Reference 

Santavuori et al. 
(1973); Haltia 

et al. (l973a, 
l973b) 

Hagberg et al. 
(1974) 

Lake (1977) 

Dekaban and 
Herman (1 974) 

Zeman and 
Siakotos (1973); 
Zeman (1976) 

Lake (1977) 

contd. 
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Subgroup Approximate age Presenting 
of onset symptoms 

(years) 

7-10 Impaired vision 

Juvenile 4-8 Blindness 

6 Blindness 

31 Psychological 
and motor 
disturbance 

Adult 11 and over Myoclonic jerks, 
chorioathetosis 

20 and over Mental and motor 
disturbance 

PAS - Periodic Acid Schiff; ·SB-Sudan Black; 

TABLE l. I (contd. ) 

EEG 

Epileptiform 

Dysrhythmic 

Spikes, sharp 
waves, slowing 

Epileptiform 

ORO- Oil Red 0; 

White blood cell Neuronal 
appearance staining 

SB,ORO,F£ 

Lymphocytic LFB,PAS,SB, 
vacuolation, ORO, F£ 
neutrophilic 
hypergranulation 

Vacuolated PAS,SB,LFB, 
lymphocytes F.Q, 

Some PAS,LFB,F£ 
neutrophilic 
hypergranulation 

SB, F.Q, 

SB,PAS10R01 
F£ 

Ultrastructure 

Focal densities, 
fingerprints 

Fingerprint, 
curvilinear, 
granular 

Fingerprint 
bodies 

Osmiophilic 
granules 

Lipid droplets, 
granular 

Granular with 
lipid vacuoles 

LFB- Luxol Fast Blue; Ft- Fluorescence 

Reference 

Dekaban and 
He rman (1974) 

Zeman and 
Siakotos (1973) ; 
Zeman (1976) 

Lake (1977) 

Boehme et al. 
(197l) 

Dekaban and 
Herman (1974) 

Zeman and 
Siakotos (1973) ;  
Zeman (1976) 

� 
0 



�����l and ophtha lmological findings 

Al though rare in the adul t form (Dom et al.� 19 7 9 ) , vi sual 

disturbance is a common and characteri stic finding in the neurona l 

ceroid-l ipo fusc inose s .  Lack o f  vi sion i s  commonly the presenting s ign 

in the juveni l e  form and is con sidered highly chara cteri stic by some 

authors ( Zeman and Siakotos , 19 7 3 ;  Lake , 19 7 7 ) . In the i n fant i l e  

form Santavuori e t  a l .  ( 19 7 3 )  reported that visual impairment wa s 

establ i shed in a l l  the ir patients a t  18 month s of age . In the l ate 

in fantile form vi sual dis turbance usually occurs later in the disease 

when the patient i s  a l re ady severely debil itated ( Zeman et a l . � l97 0 ) . 

When bl indn e s s  has e nsued in patients with NCL , the pupil lary re fl e x  

and electroret inogram are abo l i shed . 

Patients suffering vi sual impairment may show a l l  or some o f  the 

fol lowing ophthalmologi cal abnorma l i ties: atrophy and/or waxy 

appearance o f  the opti c  disc , pigmentary changes of the retina and 

retinal atrophy . The pigmentary change s may be con fined•to i rregular 

granul a r  or "salt and pepper "  patterned depo s itions in the macul a or 

periphery o f  the retin a . At other times , "bone-spicule l ike " change s 

may be seen in the periphery or other parts o f  the retina ,  the so-cal led 

retinitis pigmentosa ( Zeman et al.� 19 70 ; Zeman and Siakotos , 19 7 3 ) . 

In the infan t i l e  type o f  Santavuor i  et al. ( 19 7 3 ) , pigmentary change 

was in the form of a hypo-pigmented dystrophic retinal periphery . 

Retinal atrophy i s  a result o f  degeneration and di s appe ar ance o f  the 

l ayer of rod s  and con e s  and oute r nuclear l aye r ,  permitting 

vi sua l i sation o f  the choroid ve ssel s .  There i s  also a n  accompanying 

a ttenuation of retinal ves s e l s  ( Zeman et al.� l970 ) . 
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Mental abnormalities  

The dementia of  the neuronal ceroid-l ipo fuscinoses is non -speci fic , 

but progre s s ive ( Zeman e t  aZ . �  1 9 7 0 ) . In the infanti l e  and l a te 

i n fan ti l e  subgroups , mental deteriorat ion i s  e xhibited as a retardation 

of normal mental deve lopment. The children be come wi thdrawn , lose 

intere s t  in the ir e nvironment and stop speak ing or seeking the attention 

o f  the i r  parents . Some are apathetic , others become irri table and 

di fficu l t  to manage . In one to a few years , the pati ents become 

completely unresponsive to their environment ( Zeman e t  aZ . �  l970; 

Santavuor i  e t  aZ.� l9 7 3 ) . 

I n  the juveni l e  type , the earl iest man i fe station o f  mental 

deter ioration is a l o s s  of acqui red knowledge ( Sj �gren ,  l9 3l) . 

Patients lose the abi l i ty to concentrate o r  memorise and show l a ck o f  

motiva t io n . A s  the disease progre s ses , patients usual ly become more 

apa theti c , but may show aggre s s ive behaviour and rare ly psychotic 

man i fe s tation such a s  paranoia and hallucinations ( Ze man and Siakotos , 

1973 ) . Dementia may be present in the adul t form, but i f  encountered 

is l e s s  severe than in the other forms of NCL and doe s  not affect a l l  

mental facul ties . Fine e t  aZ . ( 1960 ) ,  in  a review o f  the l iterature 

recorded that mental di sturbances occurred in nearly a l l  18 case s , but 

the i r  own patient rema ined mentally a lert . 

Motor s ymptoms 

In the i n fan t i l e  subgroup , motor development ceases a round 

18 months of age . Late r ,  affected patients show generalised hypotonia , 

truncal  and l imb ataxi a , e xa ggerated tendon refle xe s  and c lonus . At a 

s t i l l  l ater s tage patients show hypotonia and epi sodes o f  opi sthotonus 



with hype rton i c  flexion in the arms. p.nd e xtens ion o f  the legs . I n  the 

te rminal stage there is permanent flexor tonus in a l l  l imbs 

( Santavuori et al.� 19 7 3 ) .  

Patients with the l ate infantile and juvenile forms o f  NCL 

develop motor d i sturbances varying from an initial partial loss  o f  

abil i ty to per form coordinated movements to a terminal incapacitating 

r i gidity with flexion contracture s o f  neck , trunk and extremitie s . 

Often an initial clumsiness develops into an incoordination o f  gai t  

with ataxia o f  the l egs . Patients may show di fficulty in initiating 

movement , but succeed i n  carrying out a movement once s tarted . The 

upper extremities re tain the i r  use longe r ,  despite abnormal po stur ing 

and hyperkine s i a . Mastication and gluti t io n  are impeded and there i s  

imperfect articulation o f  speech ( Zeman and Dyken , 19691. 

Motor di sturbances in the adult form a re usually l e s s  

incapacitating . Affected patients may suffer from cerebe l l ar ataxia 

and show sti f fnes s ,  pecul iar po sture , loss of associated movements 

and akinesia ( Zeman et al.� 1970). 

Se izure disorders and e l ectro-encephal ogram ( EEG) findings 

Convul s i ve epi sodes a re highly characteri stic of the late 

i n fantile type of neuronal ceroid-l ipo fuscinosis and commonl y  occur 

in the in fant i l e , juvenile and adult type s ( Zeman and Dyken , 1969; 

Santavuori et al.� 1973; Dekaban and Herman , 1974; Dom et al.� 1979). 

Sei zure s ,  which are often the presenting s i gn in the juvenile form ,  

a re most conunonly o f  the grand rrr1l type , but may take the form o f  

myoclonic or petit mal spells or may occur a s  tonic spa sms , 
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psychomotor, massive myoclonic, akinetic and cerebe l l ar fits . In the 

terminal pha se , regardle s s  of a ge, patients become comatose with a 

myoc lonic hyperexcitabi l i ty . The frequency of convul sion s vari e s  

from a few t ime s during a year to a vi rtual status epilepticus� and 

when presen t , convul sions tend to increase in frequency towards the 

end of the course of the d i sease ( Zeman et al . �  19 7 0 ) . 

The EEG abnorma l i t i e s  con s i st o f  dysrhythmia in add i t ion to 

spike and wave complexe s and s catte red high ampli tude del t a  wave s .  

Serial  EEG ' s  re flect the progre ssive worsen ing of c l in ical s i gn s  and 

s ymp toms i n  the form of deteriorating background rhythm and l e s s  

pronounced paroxysmal activity ( Zeman and S i akotos , 19 7 3 ) . Ultimately 

the EEG become s i soelectric . Zeman et a l .  ( 19 7 0 )  reported that 

photic stimulation evoked occipital sp ike s in some of the i r  patients 

s u f fering from the l ate infant i l e  and j uven ile forms of NCL . No 

responses could be recorded in blind patients . There was no re�ponse 

to photic s t imulation i n  the p at ients of S antavuor i  et al . ( 19 7 3 ) . 

Dom e t  a l .  ( 1979 ) reported a nrrl d  diffuse dysrhythnUa a s  thei r  EEG 

findings in two patients suffe ring from the adult form of NCL . 

Radi0_o_gic.<'l
_
l

_ findings 

X-ra y s  and pneumoencephalography may reveal a total increase in 

thickness of the calvaria and varying degrees of  cerebral and 

cerebe l l ar a trophy, enlarged subara chno i d  spaces and d i lation of t he 

ventri c le s . In general the degree o f  cerebral and cerebe l l ar atrophy 

i s  more severe in ent i t i e s  with early onset ( Hagber g  et a l . �  19 74 ; 

Zernan e t  a l . � 1970 ; Fine e t  a l . , 1960 ) . Patients with the in fanti l e  

a n d  l a t e  i n fantile forms o f  NCL a l so show microcephal y  ( Zeman e t  a l . �  

1 9 7 0 ; Hagber g  e t  al . ,  19 74} . 
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Le ukocyte abnorma l i ties 

Lymphocytic vacuolation was fi rst obse rved by Bagh and Hort ling 

(1948) in j uveni le neuronal cero id-l ipo fus cino si s .  Th is obse rvation 

has been con firmed by numerous authors ( e . g . Rayner , 1962; Zeman and 

Strouth , 1967; Schwendemann , 1976; Schuurman s  Stekhoven et al.� 

1977; Noonan et al.� 1978; Nakano et al.� 1979). The percentage o f  

vacuo l a ted lymphocyte s va ries from 0 . 5  - 77% with a high fluctuation 

in individual cases at di f fe rent time s . Vacuolation is not present 

in the infantile form ( Santavuori et al.� 197 3; Lake , 1977). 

Al though some authors ( e . g . Schuurman s  Stekhoven et al.� �976; Lake , 

1977) cons ider the absence o f  vacuolated l ymphocytes a characteri stic 

finding i n  l a t e in fantile NCL , others (Witzleben , 1972; Zeman and 
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S i akoto s , 197 3; Schwendemann , 19761 report that lymphocytic vacuolation 

may be present in thi s  subgroup . Vacuol ated lymphocytes have not 

been reported in the adul t form of NCL .  Schwendemann (1976) and 

Schuurmans Stekhoven et al. (1977) emphas ize that vacuolation o f  

l ymphocytes i s  not specific for the neuronal ceroid- l ipo fus cinoses . 

Azurophi l ic hypergranul ation o f  neutrophi l s  has at one t ime or 

another been reported in a l l  forms o f  NCL ( Santavuori et al.� 1973; 

Zeman and Dyken , 1969; Boehme et al.� 1971). Both l ymphocytic 

vacuo l ation and neutrophi lic hypergranul ation may be found in parents 

and s ibl ings of a ffected pat ients which show the se abnormalities , thus 

s ugge s t ing that the leukocyte abnormalities behave as markers for the 

mutant gene ( Rayn e r ,  1962; Zeman and Dyken , 1969). 



III . PATHOLOGICAL FINDINGS 

Al though neuronal ceroid-lipo fusc i nosis man i fe sts a s  a ne rvous 

d i sorder , vi sceral involvement i s  wide sprea d ,  and some authors 

( e . g .  Joosten et al.3 19 7 3 ; Anz i l  et al., 1975; Schwendemann , 1976 ) 

pre fer the term generalised ceroid-l ipo fuscinosis . It appears that 

only in neuron s ,  the formation and accumulation of autofluore scent 

l ipopi gments l eads to di sturbance of func tion with character i stic 

c l inical man i festations . 

Gro s s  f indings 

Gro s s  abnormal ities due to NCL are re stricted to the skul l , 

brain and spinal cord and tend to be more severe in entities with 

early onse t . 

In the i n fanti l e  form, Hal tia et al. ( 197 3a ) , Hagberg et al. 

( 1974 ) , Santavuori et al. ( 1 9 74 ) , reported pronounced thickening o f  

the skull  bone s ,  with a thick layer o f  gelatinous t i s sue on the 

inner a spect of the dura mater and thickening and oedema of the 

leptomeninge s .  The brains were noted to be smal l ,  due to di ffuse 

cerebral gyral atrophy . Brain we i ght varied from 305 - 4 2 0  g .  The 

cerebral cortex was 1 . 0 - 1 . 5  mm thick , yel lowi sh grey and gelatinous 

in appearanc e . The ventri c l e s  were d i l ated , whi l e  basal gangl ia and 

thal amus were shrunken . The cerebe l l um wa s smal l and firm with 

a trophic fol i a . The spinal cord was l e ss a f fected , but the grey 

matter in the anterior horns was conspicuously yel l ow .  With the 

e xception o f  atroph i c  opti c  nerve s , there was no gro s s  abnormal ity 

of cran i a l  nerve s ,  spinal roots and s c i atic nerves .  
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Zeman e t  al. ( 197 0 ) , in the i r  review of the neurona l  c e roid-

l ipo fuscino se s ,  commented that the mos t  striking gro s s  abnorma l i t i e s  

were cerebra l atrophy and reduced brain wejght . The range s o f  brain 

wei ghts for the l ate infanti le form were 254  - 800 g,  and for the 

j uvenile form 4 10 - 1200 g .  Coronal sections of brain revealed a 

cha racteri stic yel low-brown colour o f  the cortex and to a l e s ser 

extent , o f  the subcortical grey matte r .  Th icken ing o f  the skul l  is 

usually present in both type s ,  whi l e  optic ne rve atrophy and 

ce rebe l l a r  atrophy are present in the l ate in fanti l e , but need not 

be pre sent in the j uvenile form . 

The adult form o f  NCL shows cerebe l l a r  atrophy , with gap ing 

fol i a  and a f i rm reduced central white matter at autopsy (Fine et a l . ,  

1960; Boehrne et al. � 1 9 7 1 ) . In  a recent case Darn e t  al. ( 19 7 9 ) 1 

reported a generali sed cortical atrophy of ce rebrum and cerebe llum 

and a mi l d  d i l at ion of the ventricular system. 

Hi stopathology 

CNS and retina : The characteristic mic ro scopic change in nerve c e ll s  

o f  brain and retina was f irst de scribed by Spielmeyer ( 19 05 ) . He 

noted an irregular distention of neuron s due to the intracytoplasmic 

deposition of a yel low coloured granular materia l . Thi s  material  i s  

now cons idered to cons i st o f  the l ipopigrne nts ,  ceroid dnd lipofuscin 

( Zernan and Alper t ,  1963; S i akotos e t  a l . � 1970 ) , with ceroid 

predominating i n  the l ate i nfantil e  (Wo l fe et a l . �  197 7 )  and j uven i l e  

( Braak and Goebel ,  1978)  forms . Accumula t ion of l ipopigrnents in 

nerve c e ll s  i s  the common morpho logic feature of a l l  forms o f  NCL.  

However the e xtent o f  neuronal involvement and sequelae o f  pigment 
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ac cumulation such as neuronal atrophy and death , as we l l  as neurogl ial  

and me sodermal involvement va ries between the di fferent type s ,  a lbe i t  

wi th con s iderable ove rlap . 

The in fant i l e  form shows a qua l i ta tive ly ste reotyped h i stologi cal 

picture with the only variation be i n g  the de gree o f  ti ssue a l terat ion , 

according to Halt i a  et al. ( 19 7 3a , 1 9 7 3b) . They studied the 

microscopi c  pathology using bra in b iopsy material in twel ve cases and 

autopsy mate rial in three cases . In the cerebral cortex the 

cytoarchi tec ture was severely d i sturbed , w i th marked loss of neuron s . 

The remaining neurons had l arge ve sicular nuclei and the cytop l a sm 

was di stended by granular mater i a l  or i rregular homogeneous inclusion s . 

Coarse granule cont a i n ing macrophages , o ften with two or three nuc l e i  

were seen between the cort i ca l  neurons .  In the biopsy material , 

neuronophagia was not a prominent feature , wherea s  i t  was common i n  

the autopsy material . There was intense cortical fibr i l l ary 

astrocyto si s ;  the astrocyte s had coarse processes and contained 

granular s torage material s imi lar to that of the neurons .  Other 

change s were a total loss of neurons from the cerebe l l ar cor tex , 

with hypertrophy o f  gl ial cel l s ,  which con tained con s i derable amounts 

of storage materia l . Neurons in the bra in stem and basal gangl i a  

were swo l len by l arge amounts o f  char acteristic s torage materi a l . 

The white matter showed hypertrophy and an increase in number o f  

astrocytes with c ha racteristic granula r  inclusion s . In o l de r  patients 

there was loss of a xons and mye l in sheaths with an accomp anying 

fibril lary a s trocyto si s .  The cha racteri stic inclusions were auto­

fluores cent in ultraviolet l i ght , were acid- fast , strongly PAS­

positive and stained intensely b lack wi th Sudan b lack B. 



The retina showed severe atrophy , with complete loss o f  gangl ion 

cel l s, rods and cone s and bipolar ce l l s ,  prol i feration of g l i a l  e lemen ts 

and large p igment l a den macrophage s .  No mye lin sheath s  were l e ft i n  

the atrophic and gliosed optic nerve s. 

The late i n fan t i l e  form showed fine and coarse granul ar mate rial  

wi thin the ma j or i ty of neuronal perikarya , which were mi ldly d i st ended, 

according to a recent descrjption of l i ght microscopic find ings by 

de Baecque e t  a l. ( 1976 ) . The cerebe l l um showed a reduct ion i n  the 

number of Purkinj e cel l s ,  a striking loss  of granul ar cel l s  and a 

prominent Bergrnann cell  gl ios i s . Neurons i n  the spinal cord were 

extremely d i stended with frequent di spl acement of the nucl eus and 

Ni s s l  substance . The granular material showed a ye l lowi sh fluore scence 

under ul traviolet l i·]ht . Sudan black and PAS po s i t ive mater i a l  was a l so 

found in the cytop l a sm of glial  and endothe l ial cel l s .  The whi te matter 

change con s i s ted of mi l d  demyel ination and pro l i feration of astrocytes. 

Se i te lberger e t  a l .  ( 19 6 7 )  de scribed a second type of cytopl a smi c 

inclusion in nerve c e l l s ,  these being irregularly shaped homogen eou s 

spheroidal bodi e s  of  di�ferent s i ze s ,  whi ch occur in  add i t ion to the 

granular depo s i t s . These bodies were encountered most regularly i n  

the substantia n�gra but occurred e l s ewhere in the bra in. 

The retinal l e s ions consi s t  of  l o s s  of rods and cone s ,  var i ab l e  

accumulation o f  l ipopigment in ganglion c el l s ,  and a var i able degree 

o f  optic nerve atrophy ( Zeman , 1976 ) .  

The j uveni l e  form i s  characterised by moderate d i stention o f  
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neuronal perikarya due to the ac cumulation of autofluo re scent pi gments . 

Ne rve ce l l  loss  i s  usual ly not very marked ,  al though the ce l l s  o f  the 

cerebellar granul ar l ayer may be mi ssing or reduced in number .  P i gment 

a l so ac cumulate s in  astrocyte s which usua l ly show mode rate pro l i feration . 

The white matter shows a di screte astrocytic glios i s . In the retina , 

the gangl ion c e l l s  conta in con siderable amount s  o f  l ipopigment .  There 

is complete l o s s  of rod s  and cones and outer nuclear l ayer ( Zeman , 1976 ) . 

While agreeing that neuronal loss in  the j uvenile form i s  mod e rate , 

Braak and Goebel ( 1978 )  report a n  almost complete to total l o s s  o f  

sma l l  pigment-l aden stel l ate cel l s  in  the i so-cortex o f  a n  1 8  years 

old patient . They postulated that the s e lective involvement o f  the se 

local c i rcui t neurons may be causal ly re l a ted to the function a l  

impairment o f  the bra in . 

The adult fo rm shows ubiqui tous accumulation of granul a r  l ipo­

p i gment in neuron s .  There i s  loss o f  Purk in j e  cel l s  and granul a r  

c e l l s  i n  the cerebe l l um .  Sph e roidal i n c l usions may b e  s e e n  i n  thalamic 

neurons and i n  the substantia nigra ( Boehme e t  al . ,  197 1 ) . Ret i n al 

abnorma l i t i e s  had not been described ( Zeman , 1976)  unt i l  the recent 

case o f  Dam e t  a l. ( 1979) . In the retina o f  the ir patient they found 

the external s e gment o f  most rod ce l l s  to be distended with brown­

yellow granule s . There was a l so retinal atrophy and loss o f  gan g l ion 

cells w i th ballooning of per s i stent neurons by ceroid-lipoLu��iu 

granule s .  

Several authors ( Se itelbe rger and S imma , 1962 ; Horoup i an and 

Ross , 1977 ; Jervi s and Pull a rkat , 197 8 )  have described a p i gment 

variant o f  Kuf s  d i sease o r  adult n e urona l  ceroid-lipo fuscino s i s . 



Thi s  disease resembl e s  Kufs disease cl inical l y ,  but pathologically 

pre sents add itional features in the form of extra-neuronal p i gment 

deposits which are most obvious in the globus pa l lidus and 

substantia nigra . The nature o f  th is extra-neuronal pigment and 

its  relat ion to ceroid and l ipo fusc in remain unknown ( Je rvis and 

Pul larkat , 1 9 7 8 ) . 

Visceral l e s ion s :  A systematic exami nation o f  visceral involvement 

in three cases of the j uve n i l e  form of NCL us ing l i gh t  and ul tra-

violet microscopy was repor ted by Kri stensson et a l. ( 196 5 ) . They 

found deposits with staining and fluore scence characteri stics simi l a r  

to tho se in neurons of the central nervous system in c e l l s  o f  the 

fol lowing t i s su e s  or organ s :  dors al root gangl ion c el l s ,  autonomic 

nerve c e l l s  of the intestinal wal l ,  perinuclear re gion o f  myocardial 

muscle  cel l s , epithe l ium o f  the distal part of col l e c ting tubul e s  i n  

the k idneys , l a rge reticulo-endo the l ia l  cel l s  in  spl een, thymus, 

lymph nodes and bone marrow , parenchyma l and Kupffer cel l s  in the 

l iver . Variable amounts of fluorescent granular material  we re al so 

found in the anterior lobe of the pituitary, pancreas, adrenal s ,  

thyroids and gonads . Incl us ions in the thyroid gl and s we re also 

described by Dayan and Tri ckey (1970 ) . Mi l ey et a l .  ( 19 7 8 )  

de scribed the pre sence of sea-blue histiocyte s i n  the bone marrow 

of a 6 yea�s old boy with j uveni l e  NCL .  

Using the Sudan IV staining technique Dolman and Chang ( 1 9 7 2 ) 

e xamined frozen and paraf fin embedded sections o f  a l a rge number o f  

visceral organs in two c a s e s  o f  late infantile NCL . They found 
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intracytopl qsmic Sudan IV po sitive staining material , varying from 

single sma l l  inclusions to mul tipl e  granu l e s  in c e l l s  of heart , aorta , 

l ung,  pituitary , thyro id and adrenal glands , bone marrow , l ymph nodes , 

k idney,  urinary bladde r ,  striated muscle and skin . Nowhere wa s there 

abnormal d i stention o f  the cel l s  as occurs in the n e rvous system. 

Simi lar findings were reported by de Bae cque et al . ( 19 76 )  . 

Visceral invol vement in the in fant i l e  type o f  NCL was d e scribed 

by Hal ti a  et a l .  ( 19 7 3b ) .  They found abundant cytoplasmic depo s i ts 

in epi the l ia l  c e l l s  of  the thyroid , panc reas , kidney and testi s ,  

whi l e  hepatocytes seemed not to be involve d .  Characteristic 

inclusions we re al so found in ske l etal and cardiac musc l e , and smooth 

muscle o f  the inte stinal wa l l . Large macrophages with sudanoph i l i c  

granules in the i r  cytopl asm were seen in spleen , l ymph node s , bone 

marrow and lamina propria of intestinal mus cosa. A lveol i  and 

interstitial t i s sue o f  the l ung and Kup ffer cel l s  in the l iver a l so 

contained a l arge number of granul e s , whil e  fibrocyte s seemed to be 

free of  the material .  

Mo s t  reports o n  the adult form of NCL fail to mention visceral 

involvement ,  which could party be due to incomplete e xamin at ion , 

a l though F ine et a l . ( 1960 1 mention negat ive findings. Kornfel d  

( 19 7 2 ) reports invol vement of Kup ffer cel l s ,  glomerular podocyt e s  

a n d  large mononuc lears i n  spleen , bone marrow and lung. Dom et a l .  

( 19 7 9 )  showed invo lvement o f  l iver , heart and skel e t a l  musc l e . :
· 

I n  

the pigmen t  variant o f  Kufs d i sease , Jervi s  and Pull a rkat ( 19 7 8 )  

described the presence o f  l ipofuscin i n  l iver ,  spl een and kidney . 
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Ultrastructural finding& 

The e l e ctron microscope has be en a us eful too l i n  delineating the 

neuronal cero i d - l ipo fusc inoses from the gangl iosidose s .  Terry and 

Korey ( 19 6 0 }  d e scribed the ul tra structure of the neuronal inclusions 

in Tay-Sachs d i sease . The fi rst ultrastructural observations of 

the inclusions of j uvenile amaurotic idiocy were reported by Zeman 

and Donahue ( 19 6 3 ) .  The authors used the te rm " j uveni l e "  to 

distin gui sh the ir cases from Tay- Sachs disease , however i f  the 

guide l in e s  of Table 1 . I a re used the ir patients woul d  probably be 

cl a s s i fi e d  with the l ate infantile subgroup of NCL .  They observed 

pl eomorphic membrane bound l ipopigment bodies of  var i able s i ze in 

neuronal perikarya , glia and endothel ial cell s .  They de scribed two 

characte ri stic internal structure s, i . e .  the l a rger bodies  d i splayed 

irre gul a r  aggregations of merrbranous ma terial which formed round , 

oval or tubular s tructures whi ch gave the cro s s - section a mul tilocular 

appearance , whi l e  the smal ler bodies contained dense granul ar material 

in which tubular structures were commonly seen . Koen i g  e t  a Z . ( 1964 ) 

demonstrated a c id phosphata se activi ty in inclusions o f  NCL , thus 

indicating the i r  probable lysosomal location . . 

The mul t i locular bodies are a l so described as mul t i - l amel l ar 

cyto somes (Gonata s e t  aZ . ,  1968 ) , and curvil i near bodie s  (Duffy et a Z . ,  

1968 ) . The l atter described the bodies a s  be ing i rr e gular i n  outl ine 

and shape and having a r ange in size from 0. 2 - 2. 6 �m. The bodie s  

were composed o f  short curvil i near pro files  which were e i ther mult i ­

d irectional o r  r a n  a short para l l e l  cour se presenting a tubular 

appearance . A few profiles formed comp l ete c ircles and a t  high 

magni f i ca tion the profiles were i n  part compo sed o f  fine  osmiophil ic 
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granul e s . At times the curvi l inear body was l ined by a l imiting 

membrane but more o ften the external borde r was formed by c urvi l inear 

pro fi l e s  s imi lar to tho se seen throughout the ma ss . The sphe ro idal 

inclusion body de scribed by Seitelberger et al . ( 19 6 7 )  was shown to 

con s i st o f  fine , highly el ectron den se granul e s  amongs t  which 

curvi l inear profiles could be discerned . Another structure rare ly 

seen was compo sed o f  moderately broad dense parallel l i nes e xtending 

across the ins ide o f  an ovoid body bounded by a membrane . 

24 

Inclusions from 1 . 0 - 4 . 0  ).liD in dia.f.1eter with a fingerprint-l ike 

pattern , con s i sting of a serie s of closely packed paired dense membranes , 

each pair separated from the next by a space , were des cribed by 

Suzuk i e t  al. ( 19 6 8 )  in the j uvenile form o f  NCL . " Each dense l ine 

measured about 2 7� in thi ckne s s ,  the c l ea r  zone within the pairs 

measured 14 to 2 0� and the space between the pairs was 2 5� wide . "  They 

a l so found inclusions 2 . 0  - 5 . 0  ).liD in diameter which re sembled the 

membranovesicular bodie s first described by Gonatas et al. ( 196 3 ) .  

These bodies "were compo sed o f  irregularly folded wavy membranes 6 5  

t o  lOO� thick and of s l i ghtly e lectron dense ve sicula r  structure s . "  

Inclusions showing both f ingerprint pattern and membranove s i cular 

features were occas iona l ly observe d .  Yet a nother type of body pre sent 

i n  the neuronal perikarya was moderately dense , granular and lysosome ­

l ike . At times these bodies contained fine , curve d  or straight l inear 

s tructures .  

Membrane bound l ipid bodies consi sting o f  a dense granular matrix 

which partia l ly s urrounds l arge empty space s were described by Zeman 

et al . (1970 ) . They considered these to be very simi lar to the 

l ipo fus cin granule s found in senescent brains . 



The res idual bodies o f  the adult form o f  NCL usua l l y  contain 

granul a r  ( Korn fel d ,  1 9 7 2 ) and occasionally additional membranous 

components ( Chou and Thompson , 1 9 7 0 ) . Dom et al. ( 19 7 9 )  found two 
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types o f  neurona l  inclusion s i n  the ir case o f  Ku fs d i s ease . Some 

appeared l ike typical lipofuscin , but the ma jority conta ined 

curvi l inear pro files . In the in fant i le form , the o s mioph i l i c  storage 

material i s  composed o f  globular particles 0 . 2  - 0 . 5  �m in diameter and 

of l a rger aggre gate s up to 3 . 0  �m in di ame te r . Both types o f  

inclusions a re s urrounded by a unit membrane and have a n  e l ectron 

den se homogeneous and finel y  granul ar internal structure . Occasion al ly ,  

a l ame l l a r  o r  membranous structure may be seen within the granul ar 

mat r i x  ( Haltia et al ., 1 9 7 3b ) . 

Gonatas et al. ( 1968 ) , and Duf fy et al. ( 19 6 8 )  attempted to 

correla te ultrastructural findings wi th c l in i c al ly d i f fe rentiable 

entities o f  the neuronal ceroid - l ipo fus cinoses . However ,  Towfi ghi 

et al . ( 19 7 3 ) , us ing the material o f  Gonatas , came to the conclus ion 

that the pleomorphism of the reported inclus ion s in l ate infantile 

and j uvenile  amaurotic fami ly idiocy probably re fle c te d  mani fes tations 

of a s ingle or closely rel ated di sorders . They a l so con firmed that 

the n ature o f  the various inclus ions did not change i n  t ime . Both 

the s e  observat ions had already been s tressed by Zeman et a l . ( 19 70 ) , 

who pointed out that in general the curvi l inear type o f  inclus ion 

predominates in  the l ate in fanti l e  form, whil e  the finge rprint patterned 

inclu s ions are more common in the j uvenile form of NCL .  Thi s  

observation was confirmed b y  Goebel e t  a l . ( 19 7 9 )  who state d :  

"Although the class ical subgroups o f  NCL contain e l e ctronmicroscop­

ically wel l  de fined res idual bodi e s , permitting distinction o f  the 
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l ate in fant i l e  type from the j uven i l e  type , the ul tra structural 

di fferences are more of a quant itat ive than of a qua l itative nature . "  

Numerous authors have confi rmed visce ral involvement electron ­

mi croscopical ly in  virtua l ly eve ry organ e xamined i n  the i n fant i l e  

( Ha l t i a  e t  al . ,  l 9 7 3b) , l ate infantile ( e . g .  Duffy e t  al., 1968 ; 

Andrews et al . ,  19 7 1 ; Dolman and Chang, 1 9 7 2 ; de Bae cque et al . ,  1 9 7 6 ) 

and j uvenile  (e . g . Carpenter et al ., 19 7 2 ;  Towfighi et al . ,  1 9 7 3 ;  

Mi l e y  e t  a l ., 1 9 7 8 )  forms o f  neuronal ceroid-1ipo fuscinos i s .  

Electromi croscopically , vi sce ral involvement in the adult from has 

bee n  reported by Korn fe ld ( 19 7 2 )  and Dom et a l .  ( 19 7 9 ) . 

Of diagno stic s igni fi cance i s  the o ccurrence o f  re sidual bodies 

in  skin (Dolman e t  al . ,  1 9 7 5 ; Ceuterick e t  al . ,  19 76 ; Farre l l  and 

Sumi , 197 7 ;  S ipe and O ' brien , 19 7 9 ) , sural nerve ( Joosten et a l . ,  

1 9 73 ) , autonomic gangl ia and macrophage s i n  rectal mucosa ( Lake , 1 9 7 7 ;  

Lake and Cavanagh , 19 78)  and appendix (Van Haelst and Gabreel s , 1 9 7 2 ; 

Rapola and Haltia , 19 7 3 ) , l ymphocytes ( Schwendemann , 1976 ; Schuurman s  

Stekhoven et al . ,  1976 , 19 7 7 ;  Noonan e t  a l . ,  19 7 8 ;  Baumann and 

Marke sberry , 197 8 ;  Nakano e t  al . ,  1979 ) , urinary sediment ( de Baecque , 

1 9 7 5 ; Arrnstrong e t  al . ,  19 7 7 )  and skeletal muscle ( Goebel e t  al . ,  

19 7 5 ;  Dom e t  al . ,  1979 ) . 

The l ipopigments 

I V .  BIOCHEMICAL F INDINGS 

The pigment found in nerve and muscle cells of aging mammal ian 

individuals and conunonly referred to as "wear and tear" pigment , 

was termed " l ipofuscin " by Borst in 19 2 4 . A lipofuscin-l ike pigment 

2 6  



2 7  

wa s obse rved i n  l ive rs o f  rats with dieta ry cirrhos i s  by Li l l ie et a l . ,  

in 194 1 and gi ven the name " cero i d "  . 

The distinction between l ipo fuscin and ceroi d ,  based on hi sto­

chemi cal and ul trastructural ground s ,  was not clear unt i l  S i akotos 

et a Z ( 19 7 0 )  isol ated two di stinct l ipopigment fractions from 

human brain . Both fract ions cou ld be i sol ated from brains o f  patients 

wi th any type of neuronal ceroid-l ip fuscino s i s . However , one fraction 

was originally isol ated from brain s o f  aged but otherwi se heal thy 

individua l s  and was therefore termed " l ipo fuscin " .  The other 

pigment fra ction was given the n ame " ceroid "  as  i t  was first obta ined 

from the bra in of a pati ent diagno sed as suffering from cero id 

s torage disease (Levine et a z . , 196 8) . The pigments could be 

di f fe rentiated on the ba s i s  o f  ultrastructure , ma s s  and ultraviol e t  

fluore scence . Both ceroid and l ipo fus cin contained lysosomal 

hydro lases , thus revealing the i r  nature as re sidual bodies ( Koenig 

e t  a Z . ,  1964 ) . 

Further s tudies ( S i akotos et a l . ,  1 9 7 2 , 19 7 3 )  showed that 

puri fied l ipofuscin is a black -brown pigment with a density of 1 . 0  -

1 . 05 and i s  stable in  salt solutions , upon chelation and ion exchange . 

I t  has a cation composit ion o f  240 ppm o f  Ca , 300 ppm o f  Fe and 400 

ppm of Zn . TWo-dimens ional thin-layer chromatography reveal s most 

of the wel l  de fined pho sphol ipids , whi le the major part of the 

soluble l ipopigment phas e  remains at the place o f  appl ication and 

c on si s t s  of l ipid polymers , which are 9 2 %  neutral and 8 %  acidic 

( Zeman , 1976 ) . Taubold et al . ( 19 7 5 ) i n  the ir study o f  the 

chemi c a l  nature of l ipo fuscin i so l ated from normal human brain , 



found the molecular we ight o f  pur i fied l ipofu scin to be between 

6000 - 7000 daltons . I n fra-red , u l traviolet , neutron magnet ic 

re sonance and fluorome tric spectra indicated the predominantly l ipid 

nature of l ipofuscin . They sugge s ted that l ipofusc i n  consi sts 

ma inly of polymeric l ipid and phosphol ip id structure s along with 

amino acids bound to the l ipids or a s  i ncluded prote in s .  

Ceroid i n  the pur i f ied state i s  a ye l low pigment with a dens ity 

o f  1 . 2 5 - 1 . 3 0 .  It occurs in  brains of patients wi th NCL , l iver s  
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from rats with d i etary ci rrhos i s  and i s  the age pigment in  Drosophi lae . 

In cont ra s t  to l ipofu sc in , c eroid i s  un stable in sa l t  solutio n , upon 

chel ation , and ion exchange ; i t s  cation composition i s  960 ppm of 

ea , 1500 ppm o f  Fe and 1 10 ppm o f  zn . Two -d imensio nal thin-l ayer 

chromatography shows normal sphingol ipid s .  Compa red wi th l ipo fusc i n  

a smaller amount of the solub l e  l ipopigment pha se i s  re ta ined a t  the 

pl ace of appl ica tion , which in thi s case  con sists o f  5 7 %  neutral and 

4 3 %  acidic l ipid polymers ( Zema n ,  1 9 7 6 ) . 

The ul tras tructure of the two c l a s ses o f  lipopigment i s  no 

longer con s idered a useful indication o f  l ipopigment spec i e s , except 

for the characteristic "curvil inear c eroid " found in NCL ( Siakotos 

e t  a l . , 19 73) . 

The fluorescence exc i tation and emi ssion curves o f  ceroid and 

l ipofuscin are s imil a r  though not identical . Lipo fuscin has a n  

exc i tation maximum a t  360 n m  a nd emis sion maximum a t  4 5 0  n m ,  whereas 

c eroid ha s e xc i ta tion maxima at 290 nm a nd 350 nm ,  and an emi s s ion 

maximum at 435 rum .  Chio and Tappel ( 1969a , 1969b) showed tha t  



Schi ff-bases chemi ca l l y  synthe s i zed from malonaldehyde and amino 

acids or other a�i no compounds have fluore scence spec tra vi rtually 

identical to tho se of the l ipopi gments . They concluded that the 

fluore scence in the synthe s i zed compounds as wel l  as in the l ipopi gments 

i s  due to chromophore s with the same bas ic structure : a 1 - amino -

3 - iminopropene ( R-N=CH-CH= CH-NH-R) , formed when ma lona l dehyde cro s s ­

l inks with the pr imary amino groups o f  prote ins , nucl e i c  a c i d s  and 

their bases or phosphol ipid s . Since rna lona ldehyde i s  a known product 

of the peroxidation of unsaturated fa tty acids , they sugge s ted that 

l ipopigment forma t ion could be due to a di sorder of peroxida tion . 

Re cent work by Wol fe et a l .  (19 76 , 197 7 )  l ed them to d i spute the 

Schi ff-ba se nature o f  the fluorophore in ceroid , obtai ned from the 

cerebral cortex o f  a child who had d i ed from the l ate infantile form 

of NCL . The c eroid conta ining r e s idual bodies were i so l a ted by dens i ty 

gradient centri fugat ion fol lowed by pronase digestion and showed 

intense fluore scence and a typica l  ultras tructure of curvi l inear 

bodi e s . After extraction by a mixture o f  chloro form and methanol , 

5 7 %  of the drywei ght o f  the s torage material remained a s  a water­

insoluble amorphous fluore scent re s idue . According to the author s ,  

results o f  i nfra -red spectros copy , proton magnetic resonance 

spec troscopy , mas s  spectrome try , ba se hydrolys i s ,  methanolysis  and 

ozonol y si s ,  i ndicated that the f luor e scent component o f  the neuronal 

s torage material  is a retinoly comp l e x  and is not der ived from 

peroxid i sed polyunsaturated fatty ac ids . In the light o f  their 

findings ,  the authors suggested that the chemical nature o f  l ipofuscin 

be reinvestiga ted . 
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Peroxidase de ficiency 

The first reports that pa tients suffering from the l a te i n fanti l e ,  

j uven i l e  and dominant adul t forms o f  NCL showed a peroxidase 

deficiency came from Arms trong e t  al . ( 19 7 3 ,  l 9 74 a ,  l974b ) . They found 

de ficient myeloperoxidase activity in per ipheral granulocyte s by both 

histochemical and spec trophotometric methods using benzidine and 

p-phenyl ened iamine as hydro gen donors respective ly .  Armstrong et al . 

( 19 7 3 )  a l so found a decrease o f  leukocyte peroxidase activi ty i n  both 

parents o f  a child with NCL . Pe roxidase de ficiency in  patients 

suffer ing from NCL has s ince been demonstrated in several ti ssues 

i nclud ing bra in , l i ver , kidne y ,  thyroid , parotid and submaxil l ary 

sal ivary glands (Arms trong et al . ,  l 9 74 c , 19 75 ) . Clausen and Jensen 

( 19 7 5 )  and Awas thi e t  al . ( 19 7 7 )  confi rmed the reduction in  ac tivity 

o f  granulocyte peroxida se in patients with NCL ,  however ,  the latter 

authors found the val ue s  o f  the parents o f  the i r  late infantile 

patient to be wi th i n  normal range . 

On the other hand there a re a numbe r  o f  publication s reporting 

normal myel operoxidase activity in granulocyte s o f  patients wi th NCL 

(An z i l  et al. , 19 7 5 ;  Wol fe et al. , 19 7 6 ;  Farrel l  and Sumi , 197 7 ;  

Den Tandt and Martin , 19 78 ; Pilz e t  al . ,  19 7 8 ) . Normal values for 

peroxidase activity were a l so reported for saliva and parotid sal ivary 

gland in j uveni l e  NCL ( Pi l z  et al . ,  l9 76a ; P i l z  and Goebe l , 19 7 7 ) . 

When l eukocyte peroxidase activity was measured as soluble and memb rane-

bound fractions , P i l z  e t  al . ( 19 76b) found that in two patients with 

the j uvenile form, the activi ty o f  soluble leukocyte peroxi das e  was 

considerably reduced ; in one patient with the l ate infantile form 

the activity was j us t  b elow the normal range and activity was normal 
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in two patients with the adult form . In all patients , the activity 

of membrane -bound leukocyte peroxidase wa s not sign i f i cantly a l tered . 

On ly one o f  four obl i gate he terozygotes for the juve n i l e  type had 

deficient val ue s  for the sol uble enzyme . Pilz et al . ( l9 7 6 c )  found 

no di fference between the i soelectric enzyme pattern s  o f  leukocyte 

peroxidase be tween patients wi th NCL and normal control s .  

In a s tudy o f  granul ocyte en zyme activities i n  pati ents with 

j uven i l e  NCL ,  Tsan e t  al . ( 19 7 8 )  found p -phenyl enediami ne to be 

un suitabl e as hydrogen donor for the s tudy o f  peroxi dase . Using 

guiacol as hydro gen donor they found e i ther norma l  o r  reduced 

peroxidase ac tivi ty in  the i r  patient s . All other enzyme s s tudied 

showed normal activi t i e s . Armstrong D. (pers . comm. ) points out that 

leukocyte peroxidase de ficiency can be shown only whe n  cetrimide 

(techn i con WBC d iluent ,  cat . no . TO l-0486-10 . Add 1 ml Te chnicon 

Bri j -3 5  per l i tr e  of cetrimide ) is used to lyse ertythrocytes , i n  

the puri fi cation proce ss o f  the l eukocyte s .  The reason for thi s  

phenomenon i s  not known , but the cetrimide diluent solut ion conta ins 

0 . 1 % formal dehyde , and thi s  addit ive po ssibly has an e f fe c t  on the 

stab i l i ty o f  the membrane bound p eroxidase ( Jolly R . D . , pers . comm. ) .  

Of the author s  quoted above , who found normal leukocyte peroxidase 

activit i e s  in patients with NCL, only Farrel l  and Sumi ( 19 7 8 )  

reported o n  the use o f  0 . 2 % cetr imide i n  one o f  thei r  a ssays . They 

described i t s  e ffect a s  1'solubi l i z ing the peroxidase activity from 

whole l eukocyte s " .  

An additional p eroxidase deficiency has been described by 

Westermarck and Sandholm ( 19 7 7 )  and Jensen et al. ( 19 78 ) . The 
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former found a decrea sed e rythrocyte glu tathione peroxida se activity 

in three patients with infantile  and ni ne patients with the juvenile 

form o f  NCL . Se len ium supplementation resul ted in  a re turn to normal 

value s .  Jensen e t  al . ( 1 97 8 )  con firmed the reduc ed erythrocyte 

glutath ione pe roxidase a c t ivity in a group o f  10  pat ients with Batten ' s  

syndrome . Using d i f ferent peroxide donors , the i r  pa tients could be 

divided into two groups . One group showed reduced activity u s ing hydrogen 

pe roxide or cumene hydroperoxide as donors , the other showed an increased 

ac tivity when t-butyl hydroperoxide wa s used . The author s  a l so reported 

an inve r s e  relationship betwee n  erythrocyte glutathione peroxidase 
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activ i ty and serum e i cosatrienoic ac id content i n  the ir pa tients . Selenium 

content o f  erythroc yte s was normal , but va lues for whol e  blood were 

reduced when compared with control s .  Jensen e t  a l. ( 19 7 7 )  found normal 

or eve n  i ncreased l eve ls o f  g lutathione perox idase activity in serum from 

patients with the late in fant i le form o f  NCL . 

Acid pho sphata se a c t ivity 

In a s tudy of ac id phosphatase activ ity i n  granulocytes and 

lymphocytes of pa tients w i th NCL , Plum and Ni e l sen ( 19 7 7 )  found a higher 

activity in  patient s ' lymphocytes compared with norma l contro l s . 

Superoxide di smutas e  act ivity 

Marklund and Plum ( 19 7 8 )  found no di fference i n  superoxide 

dismuta se activity in leukocytes and e rythrocytes of patients with the 

juvenile form of NCL , when c ompared to patients with neurological 

disease other than NCL and healthy control s .  
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Abnormal fatty a c id concentrations 

Hagbe rg et al. ( 1968 ) found remarkably low concentration s of 

doco sahexaenoic acid , 22 : 6 ( n - 3 ) , whi ch i s  the ma j or fatty acid 

derived from l inolenic acid in a b rain biopsy from a pati e nt with 

infanti le NCL . There wa s an increase in arachidonic ac id , 2 0  : 4 ( n  - 6) , 

a ma j or fatty acid der ived from l i noleic acid a s  we l l  a s  an increase in  

2 2  : 4 ( n - 6 ) . The se findings were con f i rmed and el aborated upon by 

Svennerholm et al . ( 1 9 7 5 ) . A 5 4 %  to 9 3 %  reduc tion i n  doco sahexaeno ic 

acid was reported by Pul larkat et al.  ( 19 7 8 )  in  leukocytes of four 

patients with j uveni l e  NCL . Parents o f  the pa tients a l so showed a 

reduction i n  docosahexaenoic acid content but to a l e s s e r  degree . The 

leve l s  of the l i noleic family ( n  - 6� of polyunsaturated fatty acids 

was unchanged . Je rvis and Pullarkat ( 19 7 8 )  found a 3 5 %  deple tion o f  

docosahexaeno i c  acid i n  ser ine pho sphoglycerides o f  the brain grey matter 

without any change in the fatty a c id composition of other phosphol ipids . 

Jensen et al. ( 19 7 8 )  reported an i ncreased content o f  palmitic , oleic 

and e icosatrienoic and decreased c ontent o f  l inoleic ac id in the serum 

o f  a group of 1 0  pati ents with Bat ten ' s  syndrome . 

Abnorma l s i aloglycoprote in concentrat ions 

Adelman et al. ( 19 7 4 )  reported an abnormal accumulation o f  

s ialoglycoprote i n s  i n  the cerebrum o f  a patient with the late i n fantile 

form o f  NCL . 

V .  ASPECTS OF PATHOGENES I S  

The metabol ic d i sorders i n  the various forms o f  n euronal 

ceroid-l ipofusc i no s i s  are unknown . All  types of NCL are however 



characterised by the exce s s ive accumu l ation o f  auto fl uore scent 

material wi thin l yso some s and NCL is thus cl assi fied as a lysosomal 

storage di sease . Most inhe r i ted lyso somal storage d i seases are 

character i se d  by a de ficien cy of a lysosoma l hydro l a se ( Hers , 196 5 ) . 

No such enzyme de ficiency has been shown for NCL , however Jolly ( 19 7 8 )  

po stul ate s tha t any undige stible material that accumu l ate s in  cel l s ,  

due to a n  inherited deficiency o f  a non-ly so somal e nzyme , woul d  

e ventually e n d  within the lysosomal system through the proce s s  o f  

autophagy . 

There a re three maj o r  hypothese s concerning the formation o f  

the auto fluorescent pigment s  in the neuronal cero i d -l ipofuscinose s .  

l .  The finding by Armstrong e t  al . ( l9 74 a )  o f  peroxidase 

de f i c iency in  neutroph i l s  of patients suffering from NCL created 

great interest and appeared to lend support to the hypothesis o f  

l ipopi gment formation due to a di sturbance i n  peroxidation o f  

pol yun satura ted fatty a cids (p . 2 9 ,  Zeman and S i akotos , 19 7 3 ;  
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Zeman , 1974 ; Awasthi e t  al . ,  197 7 ) . Howeve r ,  Pi lz e t  al. ( 19 76 a , 1 9 7 6b ,  

1 9 76 c , 19 7 8 ) , on the basis o f  thei r  findings did n ot accept a 

gene ral ised peroxidase de fi ciency a s  a causa t i ve factor in NCL . 

Simil a rly , Anz i l  e t  a l . ( 19 7 5 ) failed to demon strate myelo-

peroxidase de ficiency in  the ir case of l ate infantile gene ral i sed 

c e ro id-l ipo fuscinosis  and sugge sted that mye lope roxidase 

de f i ciency could be a phenotypic marker in some types of NCL 

but not the genet ic de fect . Thi s  seems to b e  supported by the 

results obtained by Tsan et al . ( 19 7 8 ) . A known inherited 

di sorder characterised by a total absence of rnyeloperoxidase 

from neutrophil s  and monocyte s is not a s so c i ated with the 



2.  

symptoms found in NCL (Lehrer and Cline , 1969 ; Cech et a l . ,  �9 7 7 ) . 

Superoxide di smutase , an enzyme wh ich in vitro inhibits 

l ipid peroxidation was found to have normal activi ty in 

erythrocytes and lymphocyte s in �0 patients with j uvenile NCL 

( Marklund and Plum,  1978) , 

I f  the formation o f  the auto fluore scent pigment in NCL were 

primari l y  due to a di sturbance in peroxidation of polyunsaturAted 

fatty ac ids , antioxidant therapy should prove bene fic ial . 
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However , resul t s  o f  such therapy have been disappointing . 

Santavuori and Moren ( 19 7 7 )  inve s t igated the e f fe cts o f  antioxidant 

therapy in 46 patients with j uve n i l e  NCL .  They found after an 

observation period of from 5 to 6 years , that the IQ 1 s  were 

higher , the neurological signs l e s s  marked and epilepsy l e s s  

frequent amon g  the patients rece iving antioxidant s  than among 

non-treated contro l . However ,  the tre atment did not bene fit 

vis ion and was unsucces s ful in  advanced c ases . 

Hagberg et aZ . ( 1968 ) , on the bas i s  o f  the i r  findings i n  

infant i l e  NCL advanced the hypothesis  that the formation o f  the 

autofluorescent pigment was due to a d i sturbance in the metabo l i sm 

o f  the l inolenic fatty acid seri e s . Svennerholm et al . ( 19 7 5 )  

proposed that thi s  metabolic disturbance consisted o f  a defect o f  

the enzyme systems that desaturate and e longate l inol enic acid 

to docosahexaenoic acid . Low leve l s  o f  docosahexaenoic a cid 

have s in ce bee n  reported in leukoc yte s in  the j uveni l e  (Pull arkat 

et a l . , 19 78 ) , and in brain grey matter of the adul t (Je rvis and 

Pul larkat , 19 78)  forms o f  NCL . 



3 .  Wol fe e t  al . ( 19 7 7 ) , found that the fluore scent component o f  

the s torage material in the ir pa tient with l ate in fantil e NCL was 

a retinoyl complex.  They po s tul ated that the gene de fect in the 

neuronal ceroid-l ipofuscino se s involved an enzyme or enzyme s that 

catabolize retinoic acid . Goebe l e t  a l .  ( 1979 ) argue again st the 

propo sit ion that the matrix o f  ceroid con s i sts chie fly o f  retinoyl 

compounds on the ba s i s  of the resul t s  of the i r  neutron ma gnetic 

re sonance studie s o f  ceroid and retino ic acid . 

VI . ASPECTS OF PREVALENCE AND INHERITANCE 

The neuronal ceroi d-l ipo fuscinoses  are rare disea se s , o f  worl dwide 

distribution . They have been described in a l l  common races and ethn ic 

groups , and in both sexe s ( Zeman e t  a l ., 1970 ) . Due to difficul ty in 

pre c i s e  diagno s i s , exact figure s  for the prevalence of  the various 

forms are sparse . 

The mo s t  e xtens ive studies have come from Sweden and concern the 

1 1  

j uven i l e  type of NCL .  Sj ogren ( 19 3 1 )  studie d  c l inical  aspects of the 

disease in 1 1 5  patients from 5 0  fami l i es .  Genetic segregation analysis 

invo l ving 133  fami l ie s  was con si stent wi th an autosomal rece ssive 

monohybri d  mode o f  inheritance . He est imated that the frequency o f  

the d isease was 1 i n  2 5 , 00 0 , giving a gene frequency o f  0 .  006 and 

heterozygote frequency o f  0 . 01 2 . Rayne r  ( 1962 ) studied 3 7  cases o f  

j uven i l e  NCL which o ccurred between 1 9 5 0  and 1959 . He also showed 

autosomal reces s ive inheritance and e stimated the prevalence o f  disease 

at 1 i n  5 0 , 0 0 0 . Al l his patients showed l ymphocyti c  vacuolation 
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ranging i n  frequency from 4 . 0  - 4 1 %  with a mean o f  2 1% .  In parents and 

s ibl ings he found a mean frequency of 1 . 0 % of lymphocytic vacuol ation 

and con s idered thi s  a use ful marker for the heterozygous state . 

3 7 

Howe ver , lymphocytic vacuolation i s  by no me ans spe c i fi c  for the j uven i l e  

form o f  NCL and may occur i n  the l ate in fant ile form and i n  a wide var i e ty 

o f  other pathologi cal condi tions ( Schwendemann , l9 7 6 ) . The ultras tructure 

o f  the vacuoles has been described for patients with the j uven ile and 

l ate in fanti l e  forms of NCL ( Schuurmans Stekhoven et al . ,  1976 , 197 7 ) . 

No such i n formation i s  ava i lable on the ultrastrucutre of lympho cyti c  

vacuoles i n  parents o r  s ibl ings , casting further doubt on the 

s i gn i ficance of the i r  occurrence . Zeman and Strou th ( 196 7 )  found 

vacuol ated lymphocytes in e i ght out of fi fteen cases and only 

occasion a l l y  in parents and healthy s ibl ings . They con sidered 

azuroph i l i c  hypergranul ation of granulo cyte s a mo re rel i able and 

con spi cuous genetic marker . Al though not always demonstrable , whenever 

i t  was present in a patien t ,  i t  was always found in his  parents as 

we l l  as i n  two thirds o f  his hea l thy s ibl ings . 

The prevalence o f  the l ate i n fan t i l e  and adult form i s  l e s s  wel l  

documented . No mo re than 30 cases o f  the adul t type have been reported 

in the l i terature . Zeman e t  a l . ( 19 7 0 )  cons ider that hal f  o f  thei r  

3 0  patients with NCL could be classi fied a s  l ate infantile , thus 

sugge s ti n g  a higher preva l ence than i s  generall y  accepted .  Norio 

et al . ( 19 7 3 )  i n  the i r  review o f  hereditary di se ase s i n  Fi nland state 

that 10  l ate infan t il e ,  100 j uveni l e  and 1 adult case are known . 

Santavuor i  e t  al . ( 19 74 )  gave the preva l ence o f  the infanti l e  type 

in Fin l and as 7.85 pe r 1 0 0 , 00 0 . 



No extens ive genetic inve stigations have been carried out for the 

in fanti le , l ate infant i l e  and adult forms , however a recess ive 

auto somal mode of inheritance i s  generally accepted (Norio et al . , 

19 7 3 ;  Zeman , 19 76 ) . As an exception to the rule , Boehme et al . 

reported a dominant form o f  the adult type o f  NCL , s ugge sting the 

( 19 7 1 )  

involvement o f  more than one allele  o r  al l e l i c  pl eomorphism o r  both . 

On ly two repo rts in  the l i terature de scribe the occurrence o f  

mo re than one clinica l  form o f  NCL i n  the same fami l y  ( Zeman and 

Ho ffman , 1962 ; Edgar and Po st , 196 3 )  sugge s ting di f fe rent speci fic 

" 
mutation s ,  a point strongly made by Sjogren ( 19 3 1) concerning the 

j uvenile form and by No rio et al. ( 19 7 3 )  con cerning the in fant i l e  form 

o f  NCL . Final ly the phenomena o f  homochro n i sm and homotypism (p . 7 ) 

l ed Zeman ( 1976 ) to spe culate on the pos s ib i l i ty o f  a dihybrid 

auto somal re cessive mode of inhe ritance . 

VI I .  THE NEURONAL CEROID-LIPOFUSC INOSES IN DOMESTIC ANIMALS 

The be st documented case of the occurrence of NCL in dome stic 

animal s concerns an inb red strain of Engl i sh Setter dogs ( Koppan g ,  

196 6 ,  19 70 ) . Reporting on 15 years o f  re sear ch into th i s  disease , 

Koppang ( 19 7 3/74 ) presented canine cero id-l ipofuscino s i s  a s  a model 

for human NCL and agin g .  

C l inica l l y ,  an ima l s  a f fected with. canine ceroid-l ipofuscino s i s  

are normal up t o  the a ge o f  1 4  - 18 month s , when reduced vi s ion and 

mental dullness become obvious . From then on mental deterioration 
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progre sse s ,  the animals beg i n  to stagger , there i s  sti ffening o f  

the extremi ties and convu l s ions s e t  i n  at the age o f  17  - 2 4  months , 

39  

wi th death inexorably occurr ing be fore 26 months . Burcar e t  al . 

showed that homozygous affected dogs have abnorma l EEG patterns 

be fore the onset o f  cl inical s i gn s .  

( 1 9 7 7 )  

Gros s  pathology , toward s the e nd of the disease , shows a gro s s l y  

atrophic , firm , yel low discoloured b r a i n  wi th reduced gr&sea, wh ich 

we ighs about 70% o f  that of normal contro l s . The l ateral and fourth 

ventr icles are d i lated and the amount of spinal fluid i s  increased . 

Light microscopically , the central and periphera l nervous 

sy stems show a gradual increase in  the amount of autofluore scent 

PAS and Sudan B posit ive pigments . At ages 2 - 3 month s ,  some 30% 

o f  neurons con tain focal cytoplasmic accumulations o f  pigment which 

a t  age 6 months involves virtual ly a l l  neurons . By the age o f  1 2  

months ,  pigment occupies mo st o f  the cytoplasm i n  a l arge percentage 

of neurons and may l ead to nuclear pykno s i s , rounding of soma and l o s s  

o f  N i s s l  sub stance . At age s o f  20 - 2 6  months , neuronal c e l l  death 

become s apparent and l eads to reduction in the size o f  many grisea, 

e spec i a l ly o f  the cerebe l l ar cortex . Ret inal neuron s  a l so contain 

pigments but show l ittle degenerative change and no c e l l death , 

whi l e  sensory e lements are pre served . There i s  al so a gradual increase 

of autofluorescent pigmen t  in v i sc era and other t i s sue s .  

E lec tronmicroscopica l ly , a ffected puppie s ,  euthanased a t  2 days 

of age show " cytoplasmic c onden sation" in  some neurons .  The 

condensations are l e s s  than 1 . 0 � in diameter and may be granular 

or show membraneous pro f i l e s  and are considered to be precursors o f  



the auto fluore scent pigment . Typical membrane -bounded ceroid 

bod ies with a fingerprint pattern are a l so observed at that early 

age showing that can ine ceroid-l ipofu scinosi s i s  a true inborn error 

of metabo l i sm wh ich is pre sent in u tePo. As a function o f  time , 

the number and s i ze o f  pigment bod i e s  increase s and by the age o f  

12 months neuronal degene ration and death are observed . The pigment 

bod ies are genera l ly composed of h ighly organi sed five-l ayered 

membranous profiles  and a dense , o ften granular matr ix , some time s 

interspe rsed with e lectronlucent foc i .  The membranous pro f i l e s  may 

form a large number of d i f ferent architectural pattern s ,  some o f  

which are further de fi ned a s  fingerprint , curvil inear o r  c rysta l loid . 

The pigment bod ies are a l so obse rved in extraneural t i ssue but 

sign i f icantly do not seem to give rise to cel l damage . 

Chemica l l y  there i s  a normal ganglios ide pattern and pigment 

extracted from a f fected Eng l i sh Setters is physicochemic a l l y  
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identical w i th the pigment extracted from the bra in of human patients 

wi th NCL ( S iakotos et al . , 1 97 0 ;  1 9 7 2 ) . In 1974 , Patel et al . 

demon strated a reduced p-phenylenediamine mediated leukocyte 

peroxida se activity in a ffected dogs . Armstrong et al . ( 19 7 8 )  

s tudied enzyme activities in  who le retina and retinal pigment 

epi thel ium o f  affected dogs . They found markedly reduced peroxidase 

ac tivity i n  both tissue s  by 2 years of  age . Thei r  findings were 

con firmed at the subc e l lular level by S i akotos et al. ( 19 7 8 )  . 

Genetic studies show the disease to have an autosomal rece s sive 

mode of inher i tance ( Koppang , 1 9 7 3/74 ) .  



Othe r reports on the occurrence of ceroid-l ipo fuscinos i s  in 

dome stic anima l s  are l e s s  we l l  documented and involve only one or a 

few case s .  

Rac and Gi e secke ( 1 975 ) reported on the occurrence o f  a di sease 

resembl ing NCL in two unrel ated 2 years old Chihuahua dogs . 

Cl inica l ly the an ima l s  showed progressive bl indness , neurological 

disturbances and tempe rament change s .  The mo st striking l ight 

microscopical observation was the presence of eosi nophilic , weakly 

acid- fast , PAS and Sudan B positive granular material in  the 

cytoplasm of the ma jori ty o f  neurons and c el l s  of the reticulo­

endo the lial system . S imi lar cases and a l so involving Chihuahua dog s ,  

have been observed in Austra l ia ( Hartley W . J . , pers . cornm . ) and in 

New Zeal and ( Jo l l y  R . D . , pers . comrn . ) .  

Cumrning s and de Lahunta ( 19 7 7 )  describe an adult ca se o f  canine 

neuronal ceroid-l ipofuscinosis i n  a 4 . 5  years old Dachshund b i tc h .  

Clinical signs were consi stent with a s lowly progre s sive ce rebe l l a r  

disease . Gro s s  pathology revealed a cereb el lum two-thirds normal 

size , moderate en largement o f  the lateral and fourth ventric l e  and 

a symmetrical distinct yellow di scoloration of the cerebel la r  nuc l e i . 

Light microscopic a l l y  the re wa s loss o f  Purkin j e  c e ll s ,  whi l e  

surviving Purkinje  c el l s , o ther neurons a n d  macrophages throughout 

the neuraxis contained varying amounts o f  granular cytoplasmic 

material which was PAS and Sudan B positive and showed yel low-green 

autofluore scence under u ltraviolet l ight . Electronrnicroscopic 

inve stigation o f a f fe c ted neurons i n  the brain s tern revealed l arge 

numbers o f  various membrane -bound cytosorne s ,  conta ining membranous 
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pro f i l e s  and granu lar ma te r i a l  and ranging from 0 . 4  - 2 . 2  �m in 

diamete r . 

Neuronal ceroid-lipofusc in storage in two mature S iamese cats 

wa s descr ibed by Green and Little ( 19 7 4 ) . Cl inica l  features were 

convu l s ions and ma nia in one cat , whi le the other showed i rr i tabi l i ty 

and h i nd leg weakne s s . Neurona l cytoplasmic inc lus ions showed 

s imi lar ul tra structure and s ta ining reactions to the curvi l i near 
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bodi e s  described in human NCL . No d i f ferences in brain l ip id quantity 

or qua l i ty could be detected re lative to two control cats . 

A disease occurring in  an inbred stra in o f  Bee fmaster cattle 

and reported as neuronal l ipodystrophy by Read and Bridge s ( 1 969 ) 

shows c l i n i ca l , histopathological and u l tra structural fea ture s similar 

to tho se occurring in NCL in man . An a symptomatic condi tion , cal l ed 

Xantho si s ,  wi th a high prevalence in adul t  Ayrshire catt l e  and 

chara c teri sed by the exce ss ive accumulation of a l ipofuscin-l ike 

pigment in cardiac and ske letal mu scle has been described in Engl and 

(Hayward , 1978 ; Duffel l  and Edwardson , 1978 ) . In one survey , the 

prevalence in Ayrshire cattl e wa s 2 5 % , sugge sting that the condition 

could result from the inheri tance of s imple rece s sive gene (Hayward , 

1978 ) . 

Jol l y  and West ( 1 9 7 6 )  postulated on the basis o f  c l inical , gro s s  

pathological and histopathological findings that the d i sease entity 

they had encountered i n  an inbred flock o f  South Hampshire sheep was 

a neuronal ceroid-lipo fuscinosi s .  The results o f  inve stigations into 

clinica l , histopathologica l ,  electronmicroscopical and genetic aspects 

o f  the latter d i sease form the subject material o f  this the si s .  



C HA PT E R  I I  

C L I N I CAL F I N D I NGS 

I .  INTRODUCTION 

I n  January 1 9 7 6 ,  two 18 months old South Hampshire rams were 

pre sented for po st-mortem at the Ma ssey Unive r s i ty Department o f  

Ve terinary Pathology. For about 4 months the owner had noti ced 

unusual behaviour in  these rams , ina smuch as they tended to graze 

away from the flock and were d i f ficult to work with sheep dogs . 

On c l inica l examination the rams appeared to be blind and they 

exhibited mu scle tremors , wh ich were aggravated by exci tement . The 

sa l ient post-mortem features were a reduc tion in size and we ight 

of the bra in . After histological examination of brain , eye and 

spinal cord , a diagnos i s  of neuronal ceroid-l ipofusc inosis wa s made 

(Jol ly and We s t ,  1 9 7 6 ) . 

Enquiries revealed that the rams orig inated from a sma l l  s tud 

f lock in  the South I s l and of New Zealand . The owner o f  thi s  flock was 

contacted and he a greed to co-operate i n  the investiga tion o f  thi s  

pre sumably he reditary d i sease . Wi th sheep obta ined from the South 

I s land property a n  experimental flock was establ i shed a t  Mas sey 

University during 1 9 7 6  and 1 9 7 7 . The orig inal number o f  an ima l s  i n  the 

e xperimental flock were seven ewe s , 4 1  ewe hoggets and one ram . The 

ram was known to be the s i re o f  a f fected anima l s  and one o f  the ewes 

had a l so produced an a ffected l amb .  The remainder o f  the ewes 
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and ewe hogge ts , with the exception of six anima l s ,  had been s i red by 

e i ther o f  two rams , both of whi ch had produced a f fected lambs . The 

first l ambs in the expe r imenta l flock we re produced in the spring of 

1 9 7 7 .  Another crop o f  lambs was born i n  1978 . 

The owner of the South I s l and property a l so undertook to forward 

to Ma s sey Univers i ty any of h i s  sheep showing unusual behaviour a s  

we l l  a s  frozen bra ins from anima l s  wh i ch had d i e d  sudden ly . 

Anima l s  

I I .  MATE RIALS AND METHODS 

Al l af fected anima l s  are o f  the South Hampshi re breed of sheep 

and or i g i nate e i ther from the South I s land flock described above , 

or from the experimenta l f lock e s tabl i shed with sheep de rived from i t .  

Contro l  anima l s  were age -matched , appa rently heal thy sheep from the 

experimental flock and a 2 years old Rornney ewe . To date the combined 

number o f  confirmed a f fected cases from the original flock and the 

exper imenta l flock tota l s  16 , with the fol lowing case h i storie s , 

which a re summa ri sed in Table 2 . I .  
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Cases l and 2 :  Two 18 months old rams , described above on which 

the original d iagno s i s  of  c e roid- l ipofusc ino s i s  was made . 

Case 3 :  A 1 5  month s  old ewe hogget , whi ch was born on the 

South I sl and property , but had been pastured on a property near 

Palmerston North for 5 months .  In  September ,  1976  the animal 



exhibited signs of  bl indne s s  and showed head tremors . She was 

ho spita l i sed for clinical ob se rvation and euthanased in 

November ,  1 9 7 6 .  Ti s sues were col lected for hi stological  and 

electronmi croscopical examinat ion , after wh ich a d iagno s i s  o f  

ceroid-l ipofuscinos i s  wa s made . 

Ca ses 4 and 5 :  Two ram l ambs 4 months old had d i ed suddenly 

on the South I s land property in December ,  1976 . The owner 

stored the heads in a free z e r  unti l they were sent to Massey 

Unive rsity ,  whe re l i ght and fluore scent microscopy of brain 

indic ated a diagno s i s  of  ovine ceroid-l ipofu sc i nos i s  in both 

anima l s .  

4 5  

Case 6 :  A ram from the South I s land property was hospi ta l i zed 

at Ma s sey Univers i ty i n  Apr i l , 1977  at 2 1  mon ths of age . The 

anima l  had shown signs of  bl indness and exhib i ted head tremors 

for about 6 months . Elec tronmic roscopy of a skin biopsy 

indicated a pre sumptive d ia gnosis  of  ovine cero i d-l ipofu sc inos i s ,  

wh i ch wa s con f i rmed by further exten sive histological and 

e l e ctronmic roscopical examination after the anima l  wa s 

euthanased in August ,  1 97 7 , a t  the age of 2 5  month s . 

Case 7 :  A 1 5  month o l d  ram hogget from the South I s land 

prope rty had shown typ i c a l  symptoms for about 4 months and 

a rrived a t  Massey Univers ity in November ,  1977 . Electron­

microscopy of a skin b iopsy sugge sted a d iagno s i s  of ovine 

c eroid-l ipo fuscino s i s . Thi s  was confirmed by l ight and 

e le ctronmic ro scopy of other ti s sues after euthanasia of the 

animal in Apr i l , 1978 , at the age of 20 month s . 
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TABLE 2 .  I 

Case h i s tories of South H3mpshi re sheep a f fected with cero id-lipofuscino s i s  

C a s e  No . Sex 

1 Male 

2 Mal e  

3 Fema le 

4 Male 

5 Ma le 

6 t-1al e  

7 Male 

8 Female 

9 Ma le 

10 Female 

11  Mal e  

1 2  Femal e  

1 3  Ma le 

14 Fema l e  

15  Fema l e  

16  Mal e  

Or i g in 

Sth . I s land 

1 1  1 1  

1 1  1 1  

11  1 1  

1 1  

11 

11 

Expt . flock 

" 11 

11 1 1  

" 11 

11 11 

11 11  

11  11  

,, 11 

11 11  

Age of onset 
(mon th s )  

14 

14 

13 

15  

1 1  

1 1  

1 2  

1 1  

1 1  

1 1  

1 1  

1 1  

Present ing signs 

B l i ndne s s , 
mu scle tremors 

Bl indness , 
muscle tremors 

Bl indne s s , 
head tremors 

Found dead at 
4 months 

Found dead at 
4 months 

Bl indne s s , 
head tremor s  

Bl inde s s , 
head tremors 

Blindness 

Bl indne s s , 
muscle tremors 

Bl indne s s  

Perinatal death 

11 1 1  

Bl indnes s 

11 

1 1  

1 1  



Ca se s 8 ,  9 and 10 : The se anima l s  were among the first crop 

o f  l ambs produced in the experimenta l flock , in the spr i ng of 

197 7 . F l uorescent , l ight and electronmic roscopy o f  l iver and 

rectal biops i e s  o f  36 lamb s , aged 4-5 months , revealed these three 

anima l s  to be su f fering from ceroid-l ipo fuscinos i s .  The two ewe 

l amb s ( c ases 8 and 10)  exhibited cl inical symptoms at 1 1  months 

of age and the ram lamb at 12 months of age . Ca ses 9 and 10  

we re e lectively k i l led in October , 1978 and the original diagnosis 

was con firmed by fu rthe r hi stological examination . Case 8 gave 

bi rth to a ram l amb wh ich she successfu l l y  reared u n t i l  she was 

euthana sed in Februa ry , 1979 . The origina l di agno s i s  was again 

con firmed by hi stological examinat ion . 

Cases 11 and 1 2 : A ma l e  and female l amb in the experimental 

flock . Each was a member o f  a set of twins and d i e d  shortly 

a fter birth during the 1978 lambing season . L i gh t  and fluore scent 

microscopy of brain showed that both were a f fe c te d  with ceroid­

l ipo fuscinos i s .  

Cases  1 3 ,  14 , 1 5  and 1 6 : Two ma les and two fema l e s  out of a 

total o f  5 1  l ambs from the 1978 lamb crop o f  the expe rimental 

flock were d iagnosed as being a f fected with c eroid- l ipo fuscino s i s  

a t  4 - 5 months o f  age . Diagnosis re s ted on the resu l t s  of 

fluorescent micro scopy o f  l iver and skin biopsy material . All 

four animal s  exhib ited c l inical symptoms at ll  months of age . 
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Haematological techniqu e s  

l .  Col lection o f  bloodsamples : Blood samples  we re obta ined by 

j ugular venepuncture u s i ng 10 ml EDTA vacuum tube s .  The samples were 

used for e stimat ion o f  the haemogram and for the prepara t ion o f  fresh 

smears . 

2 .  Haemogram determ ination : The routine e xamination involved 

determinations of ce l l  counts , di fferenti a l  l eukocyte counts , 

haemoglob i n  concentra t ion , packed cell  volume , mean corpu scular 

haemoglobin concentra tion , total prote i n , fibrinogen , pl a sma protein 

to fibrinogen ratio and icteric index . 

3 .  Staining o f  fresh smears for leukocyte morphology : 

Fre sh smears we re s ta ined with MacNeal ' s  tetrachrome stain* a s  fol lows : 

( i ) Make up solution by d i s solving l . Sg o f  stain in  5 00 ml of 

methyl a lcohol 

( i i )  Fix by f looding smear for 3 min 

( i i i )  Di lute with a s l ightly more than equal amount o f  phosphate 

bu ffer (pH 6 . 8 ) mixing we l l .  Leave for 6 min and wash off 

under tap . Dra in dry 

4 .  Graham-Knol l  techn ique for pe roxidase activi ty i n  neutroph i l s : 

( i )  Dry smea r  i n  a i r  

( ii )  Fix i n  forma ldehyde-alcohol ( l  part o f  4 0% forma l in and 

9 parts of 96% a lcoho l )  

4 8  

* George T .  Gurr ,  S earle Sc ientific S e rvices , High Wycombe , Bucks , U . K .  



( i i i )  Rin se in wa ter 

( iv )  Pour o n  benzidine reagent and leave for 0 . 5 - 5 . 0  min a t  

30  s interva l s  

( v )  Pour off , rinse and d ry 

( v i )  Sta i n  with dilute Giemsa ( 1 0  drops stock sol ution i n  10 ml 

distil led wate r)  for about 45 min 

(vi i ) Rinse and dry 

Benzidine reagent 

I I I . RESULTS 

Age of onset 

0 . 2g benzidine in 6 ml of 96% 

al cohol 

di lute with 4 ml o f  water 

add 0 . 02 ml of a fresh 3 %  
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Only cases 8 ,  9 ,  10 , 1 3 ,  1 4 ,  1 5  and 1 6  had a known date of birth 

and were regularly i n spected by a veterinarian ( i . e .  the author ) . All 

these anima l s  showed loss of  vision and behavioura l  abnormalities  at 

1 1  o r  1 2  months o f  age . Case 6 a l so had a known date o f  bi rth and its 

owner noted unusual behaviour in the a nimal at about 15  months o f  age . 

Cases 1 ,  2 ,  3 and 7 had no known date o f  birth and their ages were 

e stimated by examination of the i r  teeth . Based on non-vete rinary 

observation thes e  animal s  showed symptoms at an e s timated 1 1 - 14 months 

of age . I t  there fore seems rea sonable to assume that c l inical s igns 

in ovine ceroid-l ipofusc ino s i s  shoul d  be detectable at 12 months of age . 



Two anima l s  ( Cases 4 and 5 )  d i ed suddenly and the causes o f  death 

we re not e stabl i shed . Cases l l  and 1 2  we re weak at birth but 

appeared othe rwi se norma l .  Each had a twi n  l amb , whi ch might 

fac i l itate mi smothering , whi ch combined wi th the ir own weakness led 

to their demise through starvation within 36  hours . Case 6 wa s 

elect ively euthanased at 2 5  months o f  age , when his cond i tion 

deter iorated rapidly . It seems un l ikely tha t  the an imal would have 

l ived much longe r even under the opt imum condit ions preva i l ing in  

an animal hosp i ta l . 

Postura l and behavioural f indings 

Three an ima l s  ( Cases 3 ,  6 and 7 )  were observed under l arge 

animal hospital condi tions , whereas seven anima l s  (Cases 8 ,  9 ,  1 0 ,  1 3  

14 , l S  and 16  ) we re observed under f i e ld cond itions , i . e .  graz ing 

with a flock in the paddock . Under the se latter condi tions the 

a ffected sheep tended to graze away from the mai n  f lock . Upon 

disturbance due to the noise o f  a shouting shepherd or a barking dog 

they would re j o in the flock , wi th a high steppi ng ga i t  and rai sed 

head characteri stic of b lind she ep , but would qu ick ly l ag behind when 

the flock started to move as they d i d  not follow sudden changes in 

e i ther speed or d i rect ion of movement o f  the other sheep . We l l ­

tra ined sheep dogs could not e a s i l y  control a f fected sheep . Thi s  was 

presumably due to the bl indn e s s  a nd behavioura l  change s  of the sheep . 

The senses o f  hearing , sme l l  and touch seemed not be be impa ired in  

affected anima l s . 

Mating behaviour may be a ffected i n  rams suffering from ceroid­

l ipofuscino si s .  At l 9  months o f  age one ram ( Ca se 7 )  was put w ith 
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cyc l ing ewe s and a l though the ewe s exhibited norma l mat ing behaviour , 

the ram f a i led to re spond . On the other hand a 1 3  months old affected 

ewe gave birth to a healthy l amb and reared it succes sful l y .  Le ft 

und i s tu rbed , her maternal behaviour was norma l , however sudden noi s e  

wou l d  cause her to run about errati c a l ly , constantly bleating for her 

l amb , wh ich she obviously could no t see . I f  the no i se continued , she 

woul d  come towa rds its source and adopt a threatening po sture . 

The three anima l s  hosp i ta l i sed (Cases 3 ,  6 and 7 )  were i n  

rea sonable nutr itional cond ition upon arriva l . Initially the easier  

acces s  to food led  to we i gh t  ga in , however a s  the d i sease progre s sed , 

we i ght loss became apparen t .  The anima l s  were b l i nd and had widely 

dil a te d  pup i l s , which gave them a somewhat anx ious expres sion 

( F i g . 2 . 1 ) . There was no eye pre servation re f l ex , but the corneal 

and palpebral reflexes we re present and the pupil lary re f l ex cou ld 

be s lowly e l i c i ted under s trong a rt i fic i a l  l ight . In  the s tanding 

resting po s i t ion there was a moderate exte n s ion and s l i ght lowering 

of the head . In  case 6 there was a l so a s l i ght rotation and flexion 

to the l e ft and a drooping l e ft ear . There was frequent twi tching 

o f  ears , eye l ids , mu zzle and l ips , less frequently accompan ied by 

epi sodes of head nodding and champing of the j aw s . The se bout s  o f  

i nvoluntary movemen t  increa sed both i n  frequency and sever i ty upon 

e xc i tement and a s  the d i sease progre s s ed . Fine tremors of the 

mu sculature o f the back , rump and flanks were a l so occasional ly 

noticed . When moving a round the pen , the animal s  would constantly 

nudge the wal l , pre sumably for orientation ; c a se 6 a l so showed 

compuls ive c ircl ing usua l ly to the l e f t .  Thi s became less  
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Figure 2 . 1 :  South Hampshire ram , 2 4  months o f  age , 

a f fected with ceroid-l ipofuscinosi s .  

Note d i la ted pup i l  despite strong 

photographic l ights 

s l ight lowering and extens ion 

of the head 

s traw adhering to lower j aw which 

i s  we t from sham drinking 

marks on pen wall caused by a n imal ' s  

nudging , pre sumably for orientat ion 

pecu l ia r  to thi s case : a droop i ng left 

ear and a s l ight longitud inal rotation of 

the head to the l e ft .  
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pronounced as the di sease progres sed and apart from the normal stand ing 

re sting po s i tion ,  he woul d  often rest on h i s  carpa l j oints , with head 

extended and lowe r j aw resting on the ground . The a f fected anima l s  

spent a long time eating , with wh ich they appea red t o  have d i f f icu l ty 

and the wool on the lower j aw wa s constantly wet with wa ter from 

prolonged periods of sham drink i ng . All  a f fected an ima l s  strongly 

re sisted being handled , struggl i ng conti nuously and they proved 

di fficult to shear or examine c l inica l l y .  

Haema tology 

( i )  Haemograms : Bloodsampl es were col lected from a l l  a f fected 

anima l s ,  except cases 1 3 , 1 4 ,  15  and 1 6 .  Case 6 was bled at 

fortnightly interva l s  ove r a per iod of 4 months prior to euthana sia . 

Haemograms were determined on the same d ay that col lection o f  s amples 

took place . A l l  bloodsamples submi tted had va lues within normal 

range s .  

( i i )  Fresh smears : Air dried smears were stained by MacNea l ' s  stain 

(p . 48 )  and examined . Lymphocytic vacuolation and neutroph i l ic 

hype rgranulation were not observed . Hyper segmented neutroph i ls , i . e .  

neutrophi l s  with more than 6 nuc lear lob e s ,  were not a feature in 

blood smears of  a f fected anima l s  when compared to those o f  control s .  

No d i f ferences we re apparent between fre sh smears o f  affected and 

control animal s ,  when sta ined with the PAS , Oil -Red-O or Sudan black 

methods . When v i ewed under blue l ight unsta ined smears did not show 

fluore scence . 
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( i i i )  Peroxidase activity i n  neutrophi l s : Fresh a ir dried blood 

smea rs we re sta ined according to a mod i fied Graham-Kno l l  techn ique 

(p . 48 ) , with incubat ion t ime s of  0 . 5 ,  1 . 0 ,  1 . 5 , 2 . 0 ,  2 . 5 , 3 . 0 , 3 . 5 ,  

4 . 0 ,  4 . 5  and 5 . 0  min . Reactions in neutroph i l s  were scored a s  non­

reac ted , part i a l l y  reacted and compl etely reacted ; the latter two a re 

repre sented in  F i g .  2 . 2 .  Al though cons iderabl e t ime wa s spend 

standard i z ing test condition s ,  such a s  using the same freshly 

prepared solutions for both control and a ffected animal s ,  and keeping 

the time inte rva l be twe en co l l ection of blood and prepa ration o f  

smears standard at 1 0  m i n ,  the technique proved errat ic . Re sults 

from the same anima l would vary depending on day of co l l ect ion , and 

the same bloodsampl e  would give varying re sults when treated with 

d i f ferent fre shly prepared solution s .  However a t  any one t ime , u s i ng 

the same freshly prepared solution , no d i f f erence wa s apparent 

be tween a ffected anima l s  and control s .  Smears were exami ned ' bl ind ' , 

and two-hundred neutroph i l s  were counted , one hundred on e ither edge 

of the smear . I n  general the first partial ly reacted c e l l s  would 

appear at 30  - 90 s ,  a t  2 - 4 min there would be a va rying mixture 

of partial ly and compl etely reacted ce l l s ,  and at 4 - 5 mi n nearly 

all neutroph i l s  we re ful ly reac ted . 

Rad iography 

Rout ine l a teral X-rays o f  the head o f  affected anima l s  showed 

s l ight thickening o f  the skul l  bones ( ossa frontalia and ossa 

parieta lia ) ove r lying the cerebrum relative to control sheep . The 

rostral part of the cranial vaul t  ha rbouring the cerebrum appeared 
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2 . 2 :  Graham-Kn o l l  t o  d emonstrate 

in 

A reacted c e l l  ( le ft ) , and a 

reacted c e l l  ( are shown . 
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sl ightly flattened dor so-ventra l l y ,  thus giving it an el ongated 

rather than a rounded shape . Attempts at quantifying these d i f ferences , 

by making tracings or radiographs , failed.  The ma j or d i f f iculty lay 

in  placing the head of the anae stheti sed sheep in such a pos i t ion 

that the dor so-vent ral median plane of the c ranial vault wa s exactly 

parallel to the X-ray plate , and at ri ght angles to the X-ray beam . 

Ophthalmology 

The retinae of cases 3 ,  6 ,  7 ,  9 and 10 and age-matched control s  

were examined b y  funduscope * wh i l e  the sheep were under genera l 

anaesthe s i a . A ffected anima l s  showed a ttenuation and s tra ightening 

of retinal ve s s e l s  ( F i g . 2 . 3 ) . The attentuation became more 

enhanced as the disease progre ssed . Thus , in genera l , the older the 

an imal , the more severe the retina l atrophy and in c a se 6 the 

retinal a trophy was more severe at 24 months than at 21 months of age . 

Funduscopy did not reveal any other retinal abnorma l i t i e s . 

IV . DI SCUSS ION 

The mo st prominent c l inical findings in ovine ceroid­

l ipo fusc ino s i s  are loss of  vi s ion and behavioural abnormal i t i e s , 

starting a t  l l  - 1 2  months of age with motor dysfunction start ing 

soon a fterward s and increa s i ng i n  severity as the d i sease progresses . 

* Kowa Co . Ltd . , Nagaio , Japan . 



2 . 3 :  o f  the ovine eye a t tenuat ion 

and o f  r e t in a l  ves s e l s  i n  a n  

a ff ec t e d  2 4  months o l d  ram ) , when 

to a control she ep 
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Zeman and Siakotos ( 19 7 3 )  noted that de spi te wide va r ia t ion in age s 

o f  onset and a varying c l inical course within the various types o f  

human neurona l ceroid-l ipofusc i nose s ,  a ffected individuals from the 

same fam i ly showed a rema rkable simi l arity in both age o f  onset and 

c l inical cour se . Ovine c eroid-l ipofuscinosis  has onl y  been diagnosed in 

on e fami ly o f  the South Hampsh i re breed , and a f fected individua ls have 

shown a c lose s imilarity in age of onset and c l i n ical cour se . 

Tha t  the di sea se i s  present be fore cl inical symptoms appear i s  

i l lustra ted b y  c a se s  4 ,  5 ,  11 and 1 2 , and e spec i a l l y  b y  cases 8 ,  9 ,  10 , 

1 3 , 1 4 ,  1 5  and 1 6 .  The l atter showed no c l i n ical abnorma l i ties at 

4 - 5 month s  o f  age when pathological exami nation o f  b iopsy material 

showed them to be a ffected with ovine ceroid-l ipofusc inos i s .  Out o f  

87 lamb s ,  onl y  the se seven were so d i agnosed and onl y  these seven duly 

devel oped c l in ical signs at the pred icted age of ons e t  at about 1 2  

mon th s .  The cause o f  death i n  c a se s  4 and 5 was not e stabl ished , 

however feed wa s i n  short supply due to drought cond it ions . Cases 1 1  

a n d  1 2  were weak at birth and each had a twin l amb . They d ied of 

starvation pre sumably due to mi smothering a s  a result o f  the ir own 

weakness and competition from their twins . I t  i s  suggested that ovine 

ceroid-l ipo fusc inosis may have been a contr ibutory factor in the deaths 

o f  the se l a st four anima l s  insofar as it rendered them l e s s  ' fit ' to 

dea l w i th adve r se condition s .  Perinatal mortal ity a ssoc iated with the 

lyso soma l s to rage d i sease manno s idos i s  has been reported in Angus catt l e  

i n  New Zea land b y  Jol ly a n d  Thompson ( 1 967 ) and case s 1 1  a n d  1 2  pos s ibly 

repre sent a s imilar s i tuation i n  ovine ceroid-l ipofu s c i no si s .  
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As a l l  l ive c a s e s  of ovine ceroid - l ipo fu scinos i s ,  with the 

exc ept ion of cases  1 3 ,  14 , 15 and 16 , have been e l ective ly eutha nased , 

it rema i n s  unknown how long the anima l s  would survive under opt imum 

conditions . Case 6 was euthana sed a t  2 5  months of age , when , even whi le 

ho sp ita l i sed his cond i t ion started to de teriorate rapi d l y .  It  i s  

doubtful whe ther th i s  ram could have survived to this a g e  under field 

cond itions and indeed wou ld have survived much longer under hospital 

conditions . I t  appears reasonable the re fore to put the expec ted 

surviva l time at up to 2 years whi ch is very s imilar to that of 

English Se tter dogs with ceroid-l ipofu sc inos i s ,  whom Koppang ( 1 9 7 3/7 4 }  

repor ts a s  not l iving beyond 26  month s of age . 

I t  would appear tha t  the bl indness in affected sheep has a 

retinal and a cerebral component . C l inical evidence con s i st s  of 

retinal atrophy , noted in fundoscopy , and reduct ion in s i z e  of  the 

cerebrum , shown radiographi cal ly as a reduct ion in s i z e  of the rostral 

cranial vaul t .  Patho logical examinat ion o f  both retina and cerebrum 

support s  and add s  to the cl inical evidence ( Jo l ly and Wes t , l976 i 

Chapter I I I } . I t  i s  l ikely that the behavioural abnorma l ities are 

due to a combination of blindness and central neuronal impairment of 

function . The observation that affected sheep under f i e l d  conditions 

lose contact during fa st or erratic movement of the f lock could be 

explained by thei r  bl indnes s  a lone . The excess ive s truggling of a l l  

affected sheep when be ing handled , a s  wel l  a s  the change i n  mating 

behaviour in case 7 suggest a contributing central component . The 

occurrence of mu sc l e  tremors , head nodding , champing o f  the j aws and 

the compul sive c i rc l ing of ca se 6 further indicates c entral neuronal 



damage . The weight los s  which i s  invariably a s soc iated with th i s  

d i sease i s  probab ly caused b y  many factors such as d i f f i culty in  

prehens ion , mastica tion and deglutition of food and d i f ficulty with 

dr inking . 

Ha emog rams of sheep with ceroid - l ipo fusc inos is a re normal , as i s  

the ir leukocyte morpho logy . In thi s ,  the d i sease in sheep re sembles 

the canine entity ( Koppang 1 97 3/74 ) . I t  d i f fers from human neurona l 
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ceroid-l ipo fusc inos is , where lymphocytic vacuola tion is a chara cteristic 

fi nding in the juve n i l e  form and may l e s s  frequently occur in the 

i n fantile form ( Zeman and Siakotos , 1 9 7 3 ; Schwendemann , 1 9 7 6 ) . The 

latter two human enti ties a l so commonly show neutroph i l ic hypergranulation 

and increased numbers of hypersegmented neu trophils  ( Z eman and Dyken , 

1969) . These phenomena have not been ob served in blood smears of 

a f fected sheep . The histochemical te s t  u sed by Arms trong et al. ( l 9 7 4 a )  

t o  demon strate reduced neutrophi l  perox idase activity in  patients w i th 

the late i n fantile  and juven i l e  form of human neuronal ceroid-l ipofu scin-

o si s ,  d id not reveal a reduct ion in  perox ida se activi ty in  c eroid­

l ipofuscinosis  sheep when compared to normal control s .  The significance 

of thi s  finding cannot be eva luated unt i l  more is known about the 

underlying metabo l ic error in the ceroid-l ipofu sc ino ses in both man 

and dome s ti c  anima l s .  

The radiographic find ings of  thickening o f  the sku l l  bone s , 

overlying the c ranial cavity and dor so-ventra l flattening of the 

rostral part of the crani a l  vault as we l l  as the ophthalmo logical 

f i nding o f  ret i n a l  atrophy a re u s e fu l  addit ional facts in the c l inical 



dia gnos i s  o f  ovine c eroid-l ipo fu sc inos is . However radiography and 

funduscopy appear to have l ittl e value in  e a r ly diagnos i s .  

The cl inical picture o f  ceroid - l ipo fusc inosis i s  h ighly 

characteri stic and a provi siona l dia gnosi s should no t be d i f ficult to 

make , a t  least within the South Hampshire breed of  sheep . The 

compu l s ive circ l i ng , drooping ear and lateral rotation and flexion 

o f  the head shown by case 6, re semb l ed some of the c l inical si gns 

a s sociated with the enc epha l i t i s  due to i n fect ion with Listeria 

monocytogenes in sheep , however ,  the severe depre ss ion , u sually 

fo l lowed by prostra tion , coma and death we re absent . Progr e ssive 

ret inal  atrophy has been encountered in  one fami ly l ine of  New 

Zea l and Romney sheep (West D . , pers . comm . ) .  The se sheep are normal 

at b i r th and show loss o f  vis ion by 9 1 2  months l eading to complete 

b l indness by 2 - 3 year s .  They have a norma l l i fe span and there are 

no motor or behavioura l disturbance s  exc ept those d irectly related to 

the bl indness . Thi s  condition i s  there fore readi ly distingu i shab l e  

from ovine ceroid - l ipofuscinos i s . Simi l a rly sheep a f fected w i th 

progre s s ive retina l degeneration ob served i n  Great Britain and 

reportedly due to inge stion of  bracken (Pteris aquilina ) , only show 

c l inical  s igns r e l at ing to the i r  b l indne s s  (Watson et al. , 197 2 ) . 

From the viewpo int o f  compa rative med i cine , ovine ceroid­

l ipofusc inosis ha s features in  common w i th both the late infant i l e  and 

j uve n i l e  forms o f  human neuronal c e roid- l ipo fuscino s i s  ( Zeman et al. , 

1 9 7 0 ) , and wi th c anine ceroid- l ipo fusc ino s i s  (Koppang 1 9 7 3/74 ) . I n  a l l  
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three spec ies the disease is characteri sed c l inica l l y  by bl indnes s ,  

behavioura l abnormali ties and motor dys func tion . In a f fected 

ch i l d ren there is also a loss of inte l l igence o ften l ead ing to dement ia . 

The i nte l l igence of sheep a f fected with cero i d- l ipo fuscinosis  has not 

be en mea sured , but reduced inte l l igence is impl ied from the reduc tion 

in  s i ze of the cerebrum . 



CHAPTER III 

PATHOLOGY 

I .  INTRODUCTION 

The orig ina l report by Jol ly and We st ( 1976)  , establ i shed that the 

disease entity they had encountered in an inbred flock of South Hampsh ire 

sheep re sembled the c e roid-l ipo fuscinoses of man and other anima l s .  

These d i seases are charac terized by the widespread intracytoplasmic 

accumulation of auto fluorescent l ipop i gments in neurons and a wide variety 

of othe r c e l l  type s . It  is the purpos e  of thi s chapter to describe the 

pathology of ovine ceroid- l ipofuscino s i s  in greater deta i l  and to compa re 

it with the other entitie s .  

Anima l s  

I I .  MATERIALS AND METHODS 

Section s I I I , IV and V of thi s  chapter are based on observa tions 

of ca ses l ,  2 ,  3 ,  6 ,  7 ,  8 ,  9 and 10  ( Tabl e  3 . 1 ) . These anima l s  had a l l  

shown c l in i ca l  signs of ceroid -l ipofuscinosis  and were e l ect ively 

euthanased between the ages o f  1 3  - 2 5  months . Age-matched control 

anima l s  were thre e healthy male flock mate s and a heal thy fema le 

Perendal e .  Fresh bra in weights from an additional s ix sheep o f  various 

breed s ,  and a l l  over 12 month s  of age , we re recorded to e s tabl i sh a range 

of normal va lues .  Section V I  deal s with cases 8 ,  9 ,  10 , 1 3 ,  14 , 1 5  and 

1 6 ,  whi l e  80 hea l thy flock mate s s erved as age -matched control animal s .  

6 3  



TABLE 3 . 1  

List o f  South Hampshire sheep with ceroid-l ipofusc inosis that were examined patho logically 

Case No Sex Age at death or biopsy (months ) Tis sues examined Microscopy 

l Mal e  1 8  (E ) Brain , cord , retina Light , F ,  EM 

2 Mal e  1 8  (E ) Brain , cord Light , F ,  EM 

3 Female 1 5  (E ) Brain , cord , retina , vi scera Light , F ,  EM 

4 Mal e  4 (D ) Brain Light , F 

5 Mal e  4 ( D ) Brain , retina Light , F 

6 Male 2 5  (E ) Brain , cord , retina , viscera Light , F ,  EM 

7 Mal e  2 0  (E ) Bra in ,  cord , retina , vi scera Light , F ,  EM 

8 Female 5 (B ) , 18 (E ) Brain , cord , retina , viscera Light , F ,  EM 

9 Male 5 (B ) ' 1 3  (E ) Brain , cord , retina , vi scera Light , F ,  EM 

1 0  Female 5 (B ) ' 13 (E ) Brain ,  cord , retina , vi scera Light , F ,  EM 

11 Ma le 0 ( D) Brain Light , F 

1 2  Female 0 ( D) Brain Light , F 

13 Male 5 (B ) Liver,  skin F 

1 4  Femal e  5 ( B ) Liver , skin F 

1 5  Femal e  4 (B ) Liver , sk in F 

16 Male 4 (B ) Skin F 

B - Biopsy; D - Di.e.d ;  E - Euthanasia ; F - Fluore scent ; EM - Electronmicroscopy 
0\ 
"" 



Preparation of t i s sues 

l .  Light mi croscopy : Tissue s for light microscopy we re fixed in 

either 10% forma l s a l ine or in Bouin ' s solution , and routine procedures 

for pa raffin embedd ing and sectioning were employe d .  Sec tions were 

stained with haematoxyl in and eosin (H  & E ) , Sudan black B and accord ing 

to the per iodic -acid-Schi f f  ( PAS ) method.  Selected sec tions were al so 

stained with the Sch i f f  reagent and by the long Ziehl-Ne e l sen techn ique . 

A numbe r of sections o f  brain were treated according to C a j a l ' s  gold 

sub l imate method for a strocytes . Some fresh frozen sec tions we re 

sta ined with the Sudan IV and Oi l - Red-O reagents . 

Section s o f  0 . 5 - 1 . 0  �m in thickne s s  were a l so cut for l ight 

mi croscopy from epoxy re s in embedded tissue s prepared a s  for e l ectron -

micro scopy . The s e  sec tion s were stained with l %  toluid ine blue in O . lM 

0 pho sphate buffer ( pH 7 . 2 ) on a hot plate a t  8 0  C for lOs , and counter-

stained with 4 %  ba sic fuchsin for 4 s at the same tempera ture . 

2 .  Fluorescent microscopy : To demonstrate auto fluore scence , uns tained 

fre sh frozen sections or unstained deparaffin ised sections were examined 

in a Re ichert Immunopan microscope , fitted with a quartz ha logen lamp , 

using exc itor f i l te r  3 0 , 8xl  FITC3 and blue barrier fi l te r  18x3 OG5 1 5  GG9 . 

3 .  Electronmi croscopy : Tissues for e lectronmicroscopy were obtained 

within 10 min of euthana s ia and fixed overnight in an ice -cold mixture 

of 2 %  formal dehyde and 3% glutara ldehyde in O . lM phosphate buffer 

(pH 7 . 2 ) . For l eukocyte u l tra struc ture , buf fy coats or lymphocytes 

pur i fied on lymphoprep* , were fixed for 8 h in 3% phosphate buf fered 

*Nyegaard & Co . , Oslo , Norway . 
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(pH 7 . 2 ) glutaraldehyde at 4 C .  Biopsy spec imens were stored i n  a 

phosphate buffered ( pH 7 . 2 ) mixture of 4 %  formaldehyde and l %  

glutaraldehyde a t  4°C unti l required . After pr imary fixation , t i s sues 

were wa shed in  phosphate buffer and pos t - f ixed in l% osmium tetroxide 

in pho spha te bu ffer (pH 7 . 2 ) .  The t i s sues were then put through a 

graded series o f  ethanol and propylene oxide and embedded in  epoxy r e s in * . 

For l ight mic roscopy sections 0 . 5 - 1 . 0 �m in thickne ss were cut on a 

LKB I I I  u l tramic rotome * * .  Thin sections for e l ec tronmicroscopy were cut 

a t  70  nm and mounted on un supported coppe r grid s .  The sections were 

sta ined in 50% etha no l  with saturated uranyl acetate for 8 min , and i n  

l ead c itrate for 6 m i n  and examined in  a Phi l ips 200 electron micro scope . 

I I I . GROSS PATHOLOGY 

Al l a f fected anima l s  were in good nutritional condition but 

invar iably l ighter than their peers . Case 9 we ighed 3 3 . 1  kg , whereas 

breed , a ge and sex-matched control s  weight 4 2 . 6 ,  38 . 6  and 4 2 . 6  kg 

re spec tive l y .  In a l l  a f fected cases the sku l l  bone s overlying the 

bra in were thickened a nd upon removal reve a l ed an atrophi ed bra in .  

When the brains were removed the ir we ights varied from 5 3 . 2  - 7 1 . 0  g ,  

compared to weights o f  8 6 . 2 - 10 2 . 5  g of 1 0  s im i l arly aged norma l 

sheep . Examination o f  the a f fected bra ins showed that the atrophy mostl y  

a f fected the cerebrum , which showed uni form thinn ing o f  the gyri , was 

s l ightl y  fla ttened dorso -ventral l y  and wa s o f  a f i rm consi stency 

( F igs . 3 . 1 & 3 . 2 ) . Cross-section o f  the cerebrum revealed s l ightl y  

enlarged l a teral ventricles and thinning o f  the cortex ( F i g .  3 . 3 ) . The 

• 
* Durcupam -ACM , F l uka , Switzerland 

* *  LKB-Produkter AB S-161 25 Bromma 1 .  Sweden . 

66 



3 . 1 : Dor s a l  v i ew o f  bra i n s  from two 1 3  months old ewe 

The bra i n  o f  the a f fected ( above ) 

i s  reduced i n  s i ze and shows o f  the c erebr a l  

gyr i . The bra i n  o f  the a f f e c ted a n i m a l  i s  

5 7 . 2g ,  w i th 8 6 .  for the norm a l  contro l  

i n  f ixed . S c a l e  i n  
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3 . 2 :  Lateral v i ew o f  bra i n s  from two 1 3  months o l d  ewe 

The cerebrum of the a f fected an imal ( above ) shows 

reduc t i o n  in s iz e , o f  the c e rebral and a 

dorso-ventral , whe n  wi th the 

bra i n  o f  the normal control 

(Formal i n  fixed . S c a l e  in cm) 
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3 . 3 :  Tran sve r s e  sec tion o f  the c e rebrum o f  an a f fe c t e d  

1 3  months o l d  ewe and o f  an age and 

s ex-matched normal control Note 

thinning o f  corpus ca l losum and septum pe l lucidum and 

of l ateral ventr i c l e s  in the a f fe c t e d  

i n  S c a l e  i n  
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wh ite matter a l so revealed some atrophy , e spicia l ly of the corpus ca l losum� 

and septum pe l lucidum. Brain stem and cerebellum of a f fected brains 

appeared e s sential l y  norma l on gross examination . 

Other gross findings were unrema rkab l e  in a l l  cases  and consi sted 

mere ly of para sitic lesions a f fecting l ungs and l iver . Ca ses 8 ,  9 and 

10 showed scar tissue consequent to l iver bi opsy . 

I V .  H I STOPATHOLOGY 

The character i s tic l ight microscop ic finding in ovine ceroid­

l ipofusc inos i s  is the occurrence of i ntracytopla smic l ipopigment 

inclu s ion s in neuron s  and a wide variety of othe r ce l l s  in  the body 

(Table 4 . I I ) . The se inclusions are not constantly seen i n  H & E 

stained paraffin sections , but they are consistently PAS and Sudan 

black B po sitive and show auto f luorescence when unsta ined sections 

are viewed under blue l ight . Thi s  l a tter characteristic i s  the most 

useful method of demo nstrating the inc lusion s , pa rticularly in non­

nervou s t i s sue s . Tne distribut ion and s taining cha racteristics of the 

l ipopigments i n  various organ , t i s sue and c e l l  types are described 

below.  

Bra in and spina l cord 

In H & E sta ined para ffin sections , virtually all n euronal 

pe rikarya , at all l e ve l s  of  the brain and spinal cord , contain single 

or mul t ip l e  s l i ghtly eosinoph i l i c  refrac t i l e  inc lus ions rangi ng 

i n  s i ze from fine granules to bodies  up to 1 5  �m (Fig.  3 . 4) .  The 

inclusions stain s l ightly with the Schiff reagent but more strongly 

when thi s i s  preceded by oxidation w i th periodic aci d ( PAS + ve ) : sma l l  



TABLE 3 .  I I  

Di stribution of l ipopigment i n  ceroid-l ipo fusc inosis of  sheep over 1 2  month s of age 

Organ , tis sue or cell type Light microscopy Electron microscopy 

Para f fin sections Fresh frozen sections 

H&E PAS SB AF AF 

Brain and spinal cord ++ +++ +++ +++ +++ +++ 

Retina + ++ ++ ++ ++ ++ 

Peripheral nervous system + ++ ++ ++ ++ ++ 

Mononuc lear phagocytic system 
2 2 2 2 + ++ ++ ++ ++ ++ 

Skin 0 ++ 1 , 2  1 , 2  2 2 ++ ++ ++ ++ 

Skeletal muscle 0 0 0 0 0 0 

Gastro-inte stinal tract 0 + + + + + 

Sa l ivary glands 0 + ++ 1 + n + 

Liver 0 ++ 1 ++ ++ ++ ++ 

0 
1 1 

Pancreas ++ ++ ++ n ++ 

Lung 0 + 3 + 3 0 n 0 

Heart 0 +1 + + n + 

Kidney 0 ++ 1 ++ 1 ++ n ++ 

Contd . 

-...J 
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TABLE 3 .  I I  ( Contd . ) 

Organ , tissue or cell type Light microscopy Electron microscopy 

Pa raffin sections Fresh frozen sections 

H&E PAS SB AF AF 

Bladder 0 + + + n n 

0 
1 1 

Pituitary gland ++ ++ + n n 

0 
1 

Thyroid gland + + + n + 

Adrenal gland 0 ++ ++ ++ n ++ 

Ovary 0 + + + n n 

Te stis 0 + + + n ++ 

Seminal ve sicles 0 
1 

++ + + n ++ 

Blood c e l l s  0 0 0 0 0 0 

Fibrocyte s 0 0 0 0 0 + 

Pericytes 0 0 0 0 0 + 

H&E - Haematoxylin and eosin ; PAS - Period ic -acid-Schi ff ; SB  - Sudan black ; AF - Auto fluorescence under blue l ight 

n - not done ; 0 - not present ; + - some positive cells ; ++ - many positive cells ; +++ - many strongly positive cells  

1 - pa rtial l y  due to pigment ; 2 - also in  control s ,  but to a les ser extent ; 3 - not due to l ipopigment . 

-...J 
rv 



3 . 4 :  C e rebral corte x  o f  a 1 5  months o l d  South 

ewe with c eroid-1 s c i no s i s  

l aden w i th 1 

( P a ra f fi n  sec t i on ,  H &E x 5 0 0 )  

3 . 5 :  Tha l amus o f  a 2 5  months o l d  a f fected ram . 

neurons 

s ta i n  b l ack and in some neurons 

app e a r  to a lm o st f i l l  the 

( Pa r a f f i n  sec t i on , Sudan b l a ck B x 5 0 0 )  
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granu l e s  a r e  brightly red whe reas the larger bod ies s t a i n  l e s s i ntensely . 

With the Sudan black stain the granular inclusion bodie s are co loured an 

even bl ack independent of s i ze and numbe r (Fig . 3 . 5 ) . Thi s sta in i s  the 

most use fu l  in  demon strating the ubiqu ity of the inclusions in neurons , 

brain mac rophage s and neurec tode rma l cel l s .  With the Sudan IV and O i l ­

Red-O sta ins on fre sh frozen sect ions the incl usions stain pink and red 

respe ctive l y ,  and they may stain faintly red in the long Ziehl -Neel sen 

stain . When un stained fre sh frozen or unstained depara f f i n i sed sections 

are viewed under blue l ight , the inclusions show a brigh t  yel low -green 

auto fluorescence ( F ig . 3 . 6 ) . There i s  a sl ight loss o f  inten s i ty o f  

fluore scence i n  depara ffini sed sect ions compa red with that in fresh 

frozen sect i ons . When H & E stained para f fin sections are viewed under 

blue l i ght the f l uore scence appears to be enhanced wh i l e  i t  i s  quenched 

in PAS and Sudan bl ack sta ined sec t ions . Unstained sections viewed under 

blue l ight a fte r 3 yea rs sti l l  show fluore scence , indicating the 

stabi l i ty of thi s  l ipopigment cha racteri stic . 

The numbe r o f  di screte granu l e s  in the p l ane o f  sect ion va ries  f rom 

none to approximately 4 0  per neuron . Sometime s  the granul ar material  i s  

less  di screte and appears t o  almo st completely fil l the cytopla sm ( F ig . 

3 .  5 )  . The l ipopi gment granu l e s  show mo st vari ation i n  s i z e  and are 

most numerous in the l a rger neurons o f  the cerebral cortex , the 

subcortical nuc l e i , dorsal and ventral horns of the spinal cord , and 

in Purk in j e  cel l s  of the cerebe l lum (Fig . 3 . 7 ) . Howeve r PAS and Sudan 

black po sitive mate rial i s  a l so c learly visib l e  in sma l l e r  neurons , 

glial  c e l l s ,  neuropi l, c e l l s  o f  the cho i roid p lexus and sometime s i n  

endothe l ia l  cel l s  o f  blood ves se l s .  Examination o f  coronal sect ions 

of the bra i n  at 4 - 5 mm interval s  reve a l s  no obvious pattern o f  

neuronal involvement a t  the d i f fe rent leve l s .  



3 . 6 :  Cereb r a l  cortex o f  a 2 5  mon th s  o l d  a f fec ted r am .  

The whi t e  s truc tu r e s  are autofluo r e s c e n t  1 

s ,  o r  i n  c lu s te r s . 

( Un s t a i ned section viewed under blue 

1 x40 0 )  

3 . 7 :  Cereb el l a r  c o r te x  o f  a 2 5  mon th s  o l d  a f fected ram . 

Inc lu si o n s  i n  a e c e l l  are numerous a nd show 

var i a t i on i n  s i ze . 

( Epoxy r e s i n  embedded sect i on , toluidine blue -bas i c  

fuchs i n  x l 2 5 0 )  
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The overa l l  archi tecture of the bra i n  appears intact a l though loss 

o f  cerebra l cortical neurons i s  noted . There i s  a moderate microg l iosis  

but a marked a s troc yto s i s ,  with as trocyte nuc l e i  some t imes occurr ing in 

c lusters of  three or four and exhibiting unu sua l shapes ( F ig .  3 . 8 ) . With 

the Ca j a l  stain the a s troc ytosis  appea rs to be con fined ma inly to the 

c e rebra l cortex and i s  seen to cons i s t  of an i ncrease in both number and 

size of a st rocyte s ( F ig . 3 . 9 ) . Many neuron s show swell ing of c e l l  

processes which in the c erebellar cortex leads to staghorn format ion 

of swollen Purk i n j e  c e l l  dentrite s .  

His topathology o f  the eye i n  ovine ceroid-li�ofusc inosis i s  

ma inly con fined to the ret ina . I ntrac ytoplasmic inc lus ions with the 

same sta in i ng and fluore scent charac teristics a s  those described for 

brain and cord are present in the laye r of rod s  and con e s , the outer and 

inner nuc l e ar layers and par ticularly in the large neurons of the 

ganglion c e l l  laye r .  As we l l  as l ipopigment accumulation there i s  

retinal atrophy , the seve r i ty o f  which varies w i th the age o f  the an ima l 

( F i g .  3 . 10 ) . I n  its m i ldest form (Cases 9 and 1 0 )  there i s  some 

degeneration o f  the layer of rods and cones and some lo s s  of nuc l e i  from 

the outer nuc l ea r  layer . When the d i sease ha s been pre sent longe r  

( Case 6 )  the retinal atrophy i s  more s evere and there i s  a lmost complete 

loss of  the l ayer of rod s and cones and the outer nuc lear layer i s  

reduced to a s ingl e  row of nuc le i , whi l e  the number o f  nuc l e i  in the 

inner nuclear layer a l so appears to be reduced . 

The retinal pigment epi thel ium under lying the tape tum l uc i d um 

of the fundus i s  free o f  melanin pigment and shows PAS and Sudan black 
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Figure 3 . 8 :  Cerebra l cortex of a 2 5  months old ram with c e roid­

l ipofu s c inosi s , showing a neuron surrounded by an 

increa sed number o f  g l ial c e l l s . Astrocyte s predominate 

and may show unusua l ly shaped nuclei ( arrow) . 

( Pa ra ffin section , H &E x500) 

Figure 3 . 9 :  Ce rebral cortices of two approxima te l y  1 5  months old 

South Hampshire ewe hogget s .  The a ffec ted animal 

( left)  shows a n  increase in number and s i ze o f  

a strocyte s ,  compared to the control sheep ( right ) . 

( Fixed frozen sections , Ca j al x 2 3 0 )  
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F i gu r e  3 . 1 0 :  The 

South 

of the retina of a n  18 months o l d  

ewe w i th 

w i th that o f  a norma l 

( le ft ) , 

( right ) . The 

a ffe c ted anima l  shows severe atrophy o f  the o f  

rods a nd cone s 

The retinal 

l ayer ( a nd 

) and the outer nuc l e a r  (ONL) . 

ion c e l l  

( RPE ) , inner nucl ear 

appear norma l . 

f f i n  s e ct ions , H &E x 2 3 0 )  



78 

G C L 

I N  L 



po sit ive autofluorescent ma teria l .  The intens i ty o f  the autofluore scence 

var i e s  from c a se to case . I n  the non- tapeta l area , the presence of 

me l anin granule s obscures the sta ining react ion s of other material in 

the retinal pigment epi the l ium . 

Peripheral nervou s sys tem 

Neurons of the sympathet ic gang l i a  in the inte stinal wa l l  d i splay 

va rying numbers of characteri s tic inc lusions . They a re weak ly PAS 

pos i tive , but sta in strongly with Sudan black and auto fluore sce under 

blue l ight . Lipopigment granu les are a l so seen i n  other neurons of the 

periphera l  nervou s system wherever encountered in sec tions . The se 

inclu sions a re not ob served in Schwann cel l s  or in peripheral nerve s .  

Mononuc l ea r  phagocytic system 

Ma te r i a l  with s imilar s ta ining and f luore scent characteri st ics a s  

de scribed f o r  neurons i s  present in large mononuc l ear c e l l s  of  lymphoid 

fol l ic le s  in  l ymph node s ,  spleen and inte s t inal wa l l .  I t  a l so occurs 

in fixed macrophage s of  bone marrow , the medu l l a  of lymph nodes and 

spl een , a nd i n  Kupffer c e l l s  and free t i s sue macrophage s .  Some age­

matched control sheep a l so show PAS and Sudan black pos i tive , 

autofluorescent material in the same cel l s ,  but to a l e s ser extent . 

Skin 

Fine PAS and Sudan b lack po sitive autofluore scent material is 

pre s ent in glandular and ductal c e l l s  of swea t  gland s . Control sheep 

o f  the same ages a s  a f fected an imal s  contain simi l a r  material but to a 

much sma l l e r  degre e .  The squamous epithel ium and s ebaceous glands 

appear to be free of  l ipopigment . 
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Skeletal mu sc l e  

Sk e letal musc l e  fibre s a r e  appa rently free of  pigment i nc lus ions 

characte r i stic for ovine ceroid-l ipofuscinos i s .  

Ga strointestinal tract 

Charac teristic inclus ions are found i n  large mononuc lear ce l l s  and 

� 

in neurons of the sympathe tic plexus . Smooth mu s c l e  c e l l s  some times 

show very f i ne PAS and Sudan black po s i tive auto fluorescent material . 

The cove ring epithel ium of the oral cavity , oe sophagus , fore stomachs , 

aboma sum and intest ine i s  free of  l ipop igment at l east a s  seen by l ight 

microscopy . 

Sa l ivary gl ands 

Glandular and ductal cel l s  of  the submaxi l l a ry and to a lesser 

extent of the parot id sal iva ry glands show l ipopigment accumulation . 

L iver 

Autof luore scent , PAS and Sudan black po sitive mater i a l  i s  found i n  

hepatocyte s  and Kupffe r  cel ls , but not i n  b i l iary epithel i um .  In  

hepatocytes the material i s  finely granular and appears to involve mo st 

cel l s .  Normal sheep may show smal l  numbe rs o f  autofluorescent granul e s  

i n  Kupffer cel l s  and hepatocyte s .  

Pancrea s 

Mo s t  ac inar ce l l s  show fine granu lar i nclus ions with 

characte r i s t i c  autofluore scence and s ta i n i ng reactions . I n  the i r  

normal physiological s tate i slet cel l s  a r e  PAS and Sudan black po s i t ive , 
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but in sheep with ceroid-l ipofusc i nos i s  some of this material 

autofluore sce s , indicating the pre sence of l ipopigment . 

No l ipopigment i s  seen in  any of the epithe l ial  c e l l s  of  the 

lower respi ratory trac t .  

Heart 

Both cardiac mu sc l e  fibres and Purk i n j e  fibres contain PAS and 

Sudan black po sitive autofluore scent ma terial  in fine g ranul ar form . 

Norma l sheep may e xhib i t  sma l l  amounts of similar material in  cardiac 

mu sc l e  fibre s .  

Kidney 

Mate r i a l  with characte ri stic sta ining react ions and showing 

autofluoresence i s  present espec ia l l y  in tubular cel l s  and in 

epithelial  cel l s  l ining the col lecting duc t s . These cel l s  a l so show 

PAS and Sudan black positive mater i a l  i n  control anima l s ,  however i t  

doe s not fluore sce . Some pinpoint auto fluorescence i s  a l so seen in  

g lomerul i  and i n  pe lvic epithel ium . 

B ladder 

The mu scular wal l shows some f ine PAS and Sudan b lack po s it ive 

autofluore scent ma terial ,  but th i s  i s  not appa rent in epi th e l i a l  

c e l l s .  
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Pituitary gland 

There i s  autofluore scent mate rial present in the pa�s glandula�is 

only . Material wh ich sta i n s  po s it ive ly w i th Sudan black in  the: pa�s 

inte�edia and neurohypophys i s  doe s not f luore sce when viewed under 

blue l ight . 

Thyroid glands 

Some fol l icular c e l l s  show sma l l  amount s of auto fluore scent 

l ipopigment granul e s . 

Adrenal gl ands 

Autofluorescent l ipopigment granules  are present in  many 

medu llary and cortical c e l l s .  

only tissue ma crophages show cha racteristic l ipopigment inc l u s ions . 

Te stis  

Both spermatagon ia and Sertol i c e l l s  show PAS and Sudan b lack 

po sit ive auto fluore scent granule s .  

Semina l ve sicles  

The glandular epi thel ium shows the presence of 

autofluore scent materi a l  with characteristic s tain ing react ion s . 

I n  the normal phys iolog ical state the epithel ium a lso conta ins 

PAS pos itive mater i a l . 
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Blood 

No charac teristic inc lus ions are s een in the ce l l s  o f  blood . 

Lymphocyte s do not show vacuolation (Fig . 3 . 1 1 ) , nor is  hype rgranul ation 

o r  hypersegmentation a feature of neutrophi l s  i n  sheep affected with 

ceroid-l ipo fusc inos is . 

V .  ELECTRONMICROSCOPY 

Ultra structura l l y ,  the auto fluore scent storage material in ovine 

ceroid-l ipofuscinosis con sists of  pleomorphic intracytoplasmic bodies 

which show great variation in s i ze , elec tron dens ity and internal 

morphology . The s i ze varies from l e s s  than 1 . 0  �m to 15  �m .  The sma l l e r  

bod ies a re usually round o r  ova l ,  whi le the large accumu la tions may be 

round , oval or have an i rregular sometimes lobulated outl ine , giving the 

impre ss ion of having been formed by confluence of smaller bodies (Fig . 

3 . 1 2 ) . The interna l s t ruc ture varies between and within bodies and 

con sists of  a granular matrix of varying electron density almo st 

inva riably associated wi th membranous profiles sometime s intersper sed 

with electronlucent foc i .  

In many profi l e s  the membranes mea sure approx imately 1 2  nm across 

and under high magni fication show a f ive - l ayered structure , a central 

d ense line separated from two out side l e s s  dense l ines by intervening 

l ight layers (Fig s .  3 . 1 3 & 3 . 14 ) . There i s  some suggestion tha t  the 

five -l ayered membranes may resu l t  from the fu sion of two tripartite 

membranes ( Fig . 3 . 1 3 ) . The f ive -layered membranes may run s ingly i n  

various d i rections or may run pa ra l l e l  t o  each othe r which sometime s 

l eads to a mye l i n  pattern of alternat ing dense and l e s s  dense l ines 
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F igure 3 . 1 1 :  Lymphocyte s from a 2 5  months old a ffected ram . 

Note abs ence o f  lymphocytic vacuolation . 

( Epoxy res in embedded section , toluid ine 

blue -bas ic fuchsin x l 250)  

Figure 3 . 1 2 :  Residual body in cortic a l  neuron showing 

lobul ated shape . 

(EM x l 7 , 5 0 0 )  
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Figure 3 . 1 3 :  S torage mate r i a l  apparently free i n  the cytoplasm 

o f  a meningeal capil lary endothelial  ce l l . Short 

arrow point s  to a five -layered membrane , which at 

long arrow s eems to be formed by the fu sion o f  two 

t ripa rtite membranes . 

(EM x l l O , OOO)  

Figure 3 . 14 :  Part o f  l ipopigment body in retinal neuron showing 

granular matrix of varying e l ectron density , and 

f ive - l aye red membranes . The arrow indicates a 

mye l in pattern . 

( EM xl28 . 000)  
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separated by interven ing l ight l ayers ( Fig . 3 . 1 4 ) . Another common 

membranous con figuration con s i sts of stacks of al ternat ing dense and 

l ight l ines with a periodicity of approx imately 5 . 2 nm (Fig . 3 . 1 5 ) . 

The se var iou s membranous pro f i l e s  may be short or long , stra ight or 

curved and form a wide va riety o f  archi tectura l patterns . Some of the 

patterns have been given spec i a l  names in the l i terature such a s  

curv i l inear ( Fig . 3 . 1 6 ) , f i ngerprint and crystal loid (Fig . 3 . 1 7 ) . The 

la tte r occurs  apparently as the result of intersecting membrane s . 

Tubules approximate l y  3 0  nm across are frequent ly seen amongst the 

membranou s profiles at least in neuronal inc lu s ions ( Fi g . 3 . 18 ) . The 

struc ture s described above may be enclosed by a unit membrane , others 

may show a f ive-laye red l imiting membrane ,  whi l e  some appear not to 

be enclosed by a l imiting membrane .  

The n eurona l and g l i a l  cell  inclus ions present the widest 

variation in membranous pro f i l e s  and are the on ly ones showing 

tubular arrays , whereas the visceral inclusions are predominantly , but 

not exclus ively of the curvi l inear type . I n  the brain there i s  no 

obvious d i fference in  topographical distr ibution o f  type of p igment 

bod ies . Purkinj e ce l l s  and ventral horn neuron s throughout the 

spinal cord show large number s  of inclusions , w ith up to 40 be ing 

counted in the plane o f  section ing ( Fig . 3 . 19 ) . Mos t  neurons o f  

brain , spi n a l  cord and retina a s  we l l  as many g l i a l  cel l s  show one 

o r  more inc l u s ion and endothe l i a l  c e l l s  a re frequently i nvolved . 

S torage bodie s are encountered in most vi sceral organs and 

t i s sue s examined . In  g landular epi thelial organs such a s  l ive r ,  

pancrea s  ( F i g . 3 . 1 6 ) , kidney , adrenal ( Fig . 3 . 2 0 ) , test i s , seminal 
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3 . 1 5 :  Part o f  a r e s idual in a ven t r a l  horn neuron 

s tacks o f  d e n s e  and 1 l in e s , 

with a o f  5 . 2 run . 

x l 6 6 , 5 0 0 )  

F i gure 3 . 1 6 : Panc r e a t i c  a c i n a r  c e l l  with curvi l inear inclus ion 

bodie s .  The c e ll u l a r  architecture appe a r s  norrr� l . 

(EM x2 5 , 0 0 0 )  
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3 . 1 7 : Inc l u s io n  i n  c e rebral cor t i c a l  n euron 

) and ( b )  pa t te rn s . 

x74 , 

F igur e  3 . 1 8 : S to rage body with i n  a c erebral corti c a l  neuron 

membranous les and tubu l ar a r rays . 

( EM x 3 0 ,  6 0 0 )  
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3 . 1 9 :  Part o f  ventral horn neuro n  o f  lumb a r  cord 

x4 , 

a number o f  i n c lu s i on s . The 

sm shows o f  normal l e s . 

F igur e  3 . 2 0 :  Memb r anous inc l u s ion body in c el l  a t  the cortico­

medu llary j un c tion of the adrenal g l and . 

x 4 1 , 4 0 0 )  
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ve sicle  and sweat g lands inc lusions are nume rous but they are a l so 

moderately common in parotid , thyroi d  and pitui tary glands . Large 

mononuc lear c e l l s  of sple e n ,  lymph node s ,  bone marrow as we l l  a s  

mac rophages i n  mucosa and submucosa o f  gut and Kupffer c e l l s  i n  the 

l ive r frequently harbour l ipopigment bodies . Card iac musc l e , 

intestina l smooth mu scle , neurons o f  the autonomic nervou s system , 

Schwann c e l l s  o f  pe ripheral nerve s , endothelial cel ls , pericytes and 

fibrocyte s a l so reveal typical inc lus ion bodies . Storage bodies are 

not seen in  squamou s epi the lium o f  ski n , bronchi a l  epi the l ium , 

epithel ium o f  intestinal tract and bl adde r ,  skeletal muscle , l ymphocyte s 

and neutrophi l s .  

I n  non -neurona l c e l l s , the pigment inclusions appear not to 

damage the c e l l  ( Fig . 3 . 1 6) . Neurons , pa rt icularly i f  the inclus ions 

are numerous ,  may show rare fact ion o f  cytoplasm and spars ity o f  normal 

organe l l e s  ( F i g .  3 . 19 ) . They may a l so show thickening o f  c e l l  

proce sse s , wh ich is most obvious i n  l arger neurons such a s  Purk inj e  

cell s .  The f ibrous a s trocytosis noted under l i ght micro scopy i s  

evident ma i n l y  i n  the cerebral cortex ( Fig . 3 . 2 1) .  

Whi l e  typical membranous bodies a re only encountered in sheep 

a ffected w i th c e roid- l ipo fuscinos i s ,  they and norma l sheep exhibit 

another type o f  residual body which con s i st o f  a granul a r  matrix of 

vary ing e l ectron den s i ty often conta ining fat globules but wi thout 

characteri stic membranous profiles  ( Fig . 3 . 2 2 ) . These are mos t  

f requently encountered in  cells  o f  the mononuclear phagocytic 

system , and a l so in  brain , l iver , pancre a s ,  heart , mal e  sex g lands 

and skin adnexa . 
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3 . 2 1 :  Memb ranous inclusion i n  a thi ck bund l e of a 

fibres i n  the cerebral cortex o f  a 2 5  months o l d  

ram w i t h  c e ro i d - 1  s .  

x 2 2 , 5 0 0 }  

F i gure 3 . 2 2 :  Pancre a t ic a c i na r  c e l l  showing two types o f  r es idual 

body . A curv i l in e a r  body 

l ipofu sc ino s i s  ( a ) , and a 

for ovine c eroid-

, more electro n  den s e , 

body (b ) whic h  may a l so be s e en in normal sheep .  

x46 , 0 0 0 )  
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Introduction 

VI . EARLY DIAGNOSIS  

I n  order to e s tabl i sh whe ther sheep a f fected with ceroid­

l ipo fusc ino s i s  could be diagno s ed be fore the appearance of c l inical 

s i gn s ,  the surviving lambs from the 1 9 7 7  l amb crop o f  the expe rimental 

f lock were sub j ected to l iver and rectal biops ies at 4 - 5 months of 

age . The b iopsy samples from the 3 6  l ambs we re proces sed for 

fluorescent , l ight and el ectron microscopy . The surviving 51 lambs 

o f  the 1978 l amb crop we re sub j e cted to sk in biopsy . I n  addit ion , 2 1  

o f  the se lamb s a l so had l iver biopsies  taken . The biopsy samples were 

proces sed fo r f luore scent microscopy on l y .  Anaesthet i c  and surgical 

procedures du ring the taking of biopsy samples and po st -operative care 

o f  the l ambs were under the d irection and supervi s ion of sta f f  from the 

Department of Veterinary Surg e ry .  

Re sul t s  

Three o f  the 36 l ambs born in  1 9 7 7  showed inclusions typical for 

ceroid-l ipo fusc inos i s  in both l ive r and rectal biopsy sample s taken at 

5 months o f  age . For diagno s t ic purposes the mo st u seful 

characteristic of the inclusions wa s the i r  autofluorescence when viewed 

under blue l ight . Auto f luore scent inclusions were seen in hepatocytes 

and in mac rophage s o f  the �ina propria and lympho i d  fol l ic l e s  of 

the rectal wal l . Neuron s o f  the autonomic nervous system were present 

9 2  

in  about l S %  of rectal biopsi e s , but not in the biop s i e s  from the thre e l ambs 



diagno sed a s  a f fecte d .  The PAS and Sudan bl ack stains were not a s  

strongly po s i tive a s  in a f fected anima l s  over 12 months of age . When 

1 . 0  �m epoxy resin embedded sec t ion s we re stained with to luidine blue , 

i nclusions could be seen in ma c rophages o f  the rectal wa l l  ( Fig . 3 . 2 3 ) . 

E l ectronmicroscopica l ly ,  curvi l inear inclusion bodies were encounte red 

in each of the thre e a f fected an ima l s  in  hepatocyte s ,  Kupffer cel l s  

and i n  macrophages of the rec tal wal l  ( Fig . 3 . 2 4 ) . Biopsy samples from 

three anima l s  d i agnosed a s  norma l , a fter h i s topatholog ical exami nation , 

were a l so exami ned el ectronmic ro s copica l l y .  N o  inclusions typical o f  

tho se in ovin e  ceroid-lipo fuscino s i s  were seen . Granular e l ectron 

den se inc lusion s wi thout membranous pro f i l e s  we re seen qu ite commonly 

in macrophages o f  the recta l  wal l  ( Fi g .  3 . 2 5 )  and somet imes in  

9 3  

Kup f fer cel l s  a n d  hepa tocyte s of both a f fected and control sheep . The 

three l ambs d iagnosed as a f fected subsequently deve loped cl inical s igns 

of cero i d- l ipo fu sc inosis at 1 1  - 12 months o f  age . After euthanasia 

the original d iagno s i s  was con f i rmed by gross and histopathological 

examination ( Cases 8 ,  9 and 1 0 ) . None of the 3 3  lambs diagno sed as 

non-a f fected had developed clin ical s igns of c eroid-l ipofuscino s i s  by 

the age of 2 year s .  None o f  the a nima l s  from thi s  group which have 

been examined patho logical ly a fter sl aughter or fatal i l lness have shown 

f indings con s i stent with ovine c e ro i d -l ipo fuscinos i s . 

Four out o f  the 51  l ambs f rom the 1 9 7 8  l ambing c rop were 

diagnosed as being a f fected with c eroid-l ipofusc inosi s  at 4 - 5 mon ths 

of age on the ba s i s  o f  the presenc e o f  autof luorescent inclusions i n  

glandular and duc tal ce l l s  o f  swe a t  glands (Fig . 3 . 2 6 ) . Liver biop s i e s  



3 . 2 3 :  f ol l i c l e  i n  rec t a l  wa l l  o f  a 5 months 

o ld ewe l amb . contain nuc l e a r  

remn a n t s  a n d  1 inc l u s ions . 

re s i n  embedded sec tion , toluidine blue-

basic fuch s i n  x S O O )  

F i gure 3 . 24 :  U l t ra struc t u r a l  de t a i l  o f  o f  macrophage 

showi ng curv i l i near bod i e s . Thi n  s e c tion 

obta ined f rom same t i ssue a s  shown in f igure 3 . 2 3 .  

x l 7 , 5 0 0 )  
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3 . 2 5 :  Granu l a r  e l ec tron dense inclusion in a i n  

the r e c t a l  wa l l  o f  a 5 months o l d  normal l amb . 

The s e  i n c l u s ions a r e  encountered in both norma l and 

a f fe c t e d  , and c arry no 

of ovine c e roid-1 

x17 , 50 0 )  

ficance i n  the 

s .  

3 . 26 :  Auto fluo r e s c e n t  mate r i a l  out l in e s  the swea t  gl ands i n  

the ski n  o f  a 2 5  mon th s  o l d  ram a ffected w i th c eroid­

l ipofusci no s i s .  Be fore the o n s e t  o f  c l in i c a l  s i gn s ,  

thi s  auto f l uo r e scence i s  i n  a ff e c t e d  

l ambs a t  4 - 5 months o f  age . 

( Unsta ined depara f f i n i sed s e c tion viewed unde r  blue 

l ight , x1 6 0 )  
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were taken f rom three o f  the four a f fected anima l s  and the hepatocyte s 

al so conta ined auto fluore scent material . On ly those a nima l s  di agnosed 

as a f fe cted showed symptoms of ovine ceroid-l ipo fusc inos i s  at the 

predicted age o f  l l  - l 2  mon th s . 

V I I . DISCUS SION 

The pa thological f i ndings in ovine ceroid-lipo fusc inos i s  

pre sent a characteri stic picture , but wi th the seve r i ty o f  le sions 

incre a s ing with age . I n  thi s ,  the severity o f  the pathological 

change s c l o s e l y  fol lows the cl inical course o f  the d i s e a se . 

The mo s t  strik ing gross pathologica l find ing in a f fected anima l s  

i s  the reduc t ion in size and weight of the brain . The average brain 

we ight of a f fected sheep i s  66% of that o f  normal sheep . Thi s  closely 

approximate s  the f igure of 70% reported by Koppang ( 1 9 7 3/74 ) for 

canine cero id-l ipo fusc inosi s .  Cross-sect ion o f  human and canine brains 

a ffected w i th cero id-l ipo fu sc i nos i s  reve a l s  a yel low d i scolouration 

( Zeman e t a � ,  l9 70 i Koppang , 1973/74 ) . Thi s  was not ob se rved in the 

ovine c a se s .  Thickening o f  skull bones overlying the bra in i n  ovine 

cero i d - l ipo fuscinosis i s  pre sumably due to l ack of remodell ing 

a s soc i a ted w i th the atrophic c erebrum . The firm con s i stency o f  

a f fected c erebral hemispheres is probably due t o  the a strocytosis 

not e d  h i stologica l l y .  

H i sto l ogical examination reveals the genera l i se d  nature o f  

ovine ceroid-l ipo fuscino s i s .  I n  thi s  i t  re sembles the canine disease 
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( Koppang , 1 9 7 3/7 4 ) . Although empha s i s  has been placed on the 

neurologic a l  con sequence s  o f  the human synd rome s ,  the re i s  growing 

awa rene s s  of widespread v i sceral involvement of the four main human 

syndrome s as wel l  (Halti a e t  a l . ,  l 9 7 3b ;  De Baecque e t  al., 1976 ; 

Zeman , 1 9 7 6 ; Korn feld , 1 9 7 2 ) . Fo l lowing the suggestion o f  Joosten 

et al. ( 19 7 3 )  the alternative name "genera l i sed ceroid-l ipofuscino s i s "  

ha s be en used b y  some ( An z i l  e t  a l . ,  197 5 ; Schuurmans Stekhoven e t  a l. ,  

1 9 7 6 , l 9 7 7 ; Schwendemann , 1 9 76 ) . However Goebe l e t  a l. ( 19 7 9 )  point 

out that the process  wh ich l eads to the increa sed accumulation of 

l ipopi gment bod ies damage s the neurons in par ticular and a lmost 

exclusive l y .  Thi s  observation i s  a l so true for ovine ceroid­

l ipo fuscino s i s .  

I n  the central ne rvous system the neurona l ac cumulation of 

l ipopigment inclusions is  often accompanied by neuronal degeneration 

in the form o f  swe l l ing o f  c e l l  processes and spar s i ty o f  normal 

cytoplasmi c organe l l e s  ( F i g .  3 . 19 ) . As expected from the gross 

f indings the number o f  cerebral cortical neurons i s  l e s s  than in 

contro l  bra ins . However neuronal death and accompanying neuronophagy 

i s  not commonly observed . I t  would appear there fore that neuronal 

loss  i s  a gradual proce s s  and starts early in the d i s e a se po ssib ly 

be fore the onset of c l inical sign s .  To re solve thi s  que stion , a 

longitudinal study such a s  described by Koppang ( 1 9 7 3/ 7 4 )  in c anine 

ceroid-l ipo fuscino s i s  is indicated for the ovine di sease . Braak 

and Goebel ( 1978 ) reported selec tive loss  of loc a l  c i rcuit neurons 

in human j uveni l e  neuronal c eroid- l ipo fuscinos i s .  Thi s was not 
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apparent i n  the present study because a quantitative investigation of 

typ e s  o f  neurons at various leve l s  of the brain was no t carried out . 

The m i l d  microg l iosi s and ma rked astrocyto s i s  observed i n  the cerebral 

cortex of sheep with clinically advanced ceroid- l ipofuscino s i s  is 

presumably a re action to the neuronal degene ration and neuronal loss 

( Zeman e t  al . , 1 9 7 0 ) . 

The retinal at rophy in ovine ceroid-l ipofuscino s i s  closely 

9 8  

re sembl e s  tha t  o f  the juveni l e  form o f  human neuronal c e roid-lipo fu sc inos i s  

( Z eman , 1 9 7 6 ) , but differs from the canine di se a se , where senso ry 

el ements of the retina are pre served even in  an ima l s  that die from the 

di sease at an age of 26 months ( Koppang 197 3/74 ) .  I n  thi s  regard the 

ovine di sease would make a usefu l  model for the study o f  retinal at rophy 

in general and the ret inal atrophy a s soc iated with the j uven ile form 

of the human di sease in part icu l ar .  

The usefulness o f  the auto fluore scent characte r i stic o f  the s tored 

mate rial become s appa rent in vi sceral organ s and t i s sues as a number o f  

c e l l  types may contain PAS and/or Sudan black po sit ive material i n  their 

normal physiological state . A pertinent f inding i s  the absence o f  

l ipop igment inclusions i n  epi thel ium of sk in , lowe r respiratory tract , 

ga stro- inte stinal trac t and urinary bl adder .  I t  seems reasonable to 

a s sume that this i s  due to rapid turnover o f  these c el l s .  On the other 

hand , of the long-l ived po s tmitotic cel l s , pigment accumulation i s  

apparently absent in skel e tal mu scle cel l s ,  scant i n  smooth musc l e  and 

cardiac cel l s ,  but plenti ful in neurons .  Thi s  woul d  point to pigment 



accumul at ion be ing due to the spec i a l i sed biochemi stry o f  the cel l 

rather than its longevity . Fina l ly the widespread invo lvement o f  

the cel l s  o f  the mononuc l ear phagocytic sys tem would appear to b e  a 

re sul t o f  the i r  phagocyt i c  func tion . 

Ultrastructura l l y ,  the typical inclus ion body in ovine ceroid­

l ipo fuscinos i s  i s  a round or oval body 0 . 2 - 5 . 0 �m i n  s i z e , with a 

granu l a r  matrix o f  varying el ectron den s ity in  wh ich a wide variety o f  

membranous pro f i l e s  may b e  seen . Large conglome rate s o f  these bod i e s  

may mea sure up to 1 5  � m .  Under high magn i fication a f i ve- l ayered 

membrane 12 nm across appears to be the common component of many 

membranous pro fi l e s . Exceptions a re the t r ipartite membranes (Fig . 

3 . 1 3 ) , the tubular arrays ( Fig . 3 . 1 8 )  and the membranous stacks 

( F ig . 3 . 1 5 ) . The latter con s i s t  o f  a l ternating dark and l ight l ines 

with a periodi c i ty of 5 . 2  nrn .  I n  canine ceroid - l ipo fuscino s i s , 

99 

Koppang ( 19 7 3/74 ) provides morphological evidence that the membranous 

stacks are derived from fu s ion of adj acent l e s s  dense outer l ine s of 

five l ayered membrane s .  Thi s  fu sion wa s not observed i n  the ovine cases 

but the mea surement of the structure s involved doe s  not prec lude the 

po ssibil ity o f  i t s  occurrence . 

Muc h  has been written about the s ign i fi cance o f  the u l t ra ­

s tructural morphology o f  the inclusion bod i e s  i n  rel a t ion t o  c l inical ly 

d i ff e rentiable entities of human neuronal c eroid-l ipofusc ino si s .  

The re i s  general agreement that the inc lusions i n  the infan t i l e  form 

a re granular osmioph i l ic deposits  (Hal t ia et al. , l 9 7 3b ;  Zeman , 1976 ; 



Lake , 1 9 7 7 ) . Cha racteristic fo r the adult type are simi l a r  depos its 

o ften with l ipid vacuoles ( Zeman , 1 9 76 ) . In th is latter d i sease , 

Dom e t  a Z .  ( 19 7 9 )  a l so reported on the oc currence o f  curv i l inear 

bodie s .  The re i s  d i f ference o f  opinion on the s i gni ficance o f  the 

ultrastructural morphology of inclus ions in the late i n fa nt i l e  and 

j uven i l e  forms . One group o f  autho rs cons ider curvi l inear bodies 

typical fo r the late infantile and fi ngerprint pattern s typical for 

the juve n i l e  form ( e . g .  Gonatas et a l . , 1 9 68 ; Du f fy et a l . ,  1968 ; 

Lake , 1 9 7 7 ; Lake and Cavanagh, l 97 8 ) . Others cons ide r that the ul tra­

structural di fferences of the inclus ion bodies in  the se two forms o f  

neurona l  cero id-l ipo fusc inosis a re mo re quanti tative than qua l itative 

( Towfighi et a l . ,  1 97 3 ;  Anz i l  et a Z., 19 7 5 ;  Goebe l et a l . ,  1 9 7 9 ) . 

lOO 

In a recent comprehens ive study o f  the ultrastructure o f  the re sidua l 

bodies in  the late in fant i le and the juvenile forms o f  neuronal 

ceroid-l ipo fuscino si s ,  Goebel et a l . ( 1 9 7 9 )  stre ssed the d ivers ity of 

the pattern s .  They found that o f  the two more common type s of 

i nclus i on bodie s , the curvi l inear pa ttern predominated in  the late 

i n fant i le form , and the fingerpr int patte rn occurred more commonly in  

the j uven i l e  form. Lake ( 19 7 7 ) acknowledged that curvi l i near bodies 

may be found in some tissues of pat i ents with the j uven i le type . 

Howeve r i n  neuron s and smooth mu scle  c e l l s  of rec tal b iopsy material 

of the i r  patients ,  inc lus ions were consi stently of the curv i l inear 

type in the late infantile form and con sistently showed fingerprint 

patterns in the juveni le form . On thi s  ba sis Lake and Cavanagh ( 19 7 8 )  

del ineated a further " early j uven i l e "  subgroup which contained 

inclu s ions wi th a fingerprint pattern in rectal biopsy material but 



the pa tients showed other features characteri stic for the late 

in fant i l e  form .  

In ovine ceroid-lipofuscino s i s  the ul tra structural patterns o f  

the re s idual bodies show widest variat ion in  the centra l nervous 

system . F ingerprint and curvi l i near patterns are equally common , 

fol lowed by crysta l loid and tubul a r  patterns and a variety o f  

con figu ra t ions which have not rece ived special name s . Curvi l inear 

bodies  predominate in viscera l  organs and t i ssues . The se findings 

10 1 

a re s imi l a r  to those in canine c e roid-lipofuscino s i s  ( Koppang , 1 9 7 3/74 ) .  

Rectal biopsy mate rial of a ffected l ambs showed ma i n ly curvi l inear 

bodies and the ovine entity therefore re sembles the l ate infant i l e  

form o f  the human syndrome accord i ng t o  Lake ( 197 7 ) . The neuronal 

inclusions show features simi l a r  to those encountered in late 

infantile  and juven i l e  neurona l c ero id-l ipouscino s i s  in  the human 

( Goebel e t  a l . , 1 9 7 9 ) . 

Pecu l i a r  to ovine ceroi d-l ipo fuscinosis , when compared to the 

l atter two entities , i s  the absence of i nc lus ion bodi e s  in lymphocytes 

( Schuurma n s  S tekhoven e t  al . ,  1 9 7 6 ;  1 9 7 7 ) and in ske letal mu scle 

Goebe l et al . ,  1 97 5 ) . 

Dur ing the course o f  thi s  s tudy , e l ectronmicro scopy resolved 

the initia l  confus ion crea ted by the pre sence of PAS and Sudan b lack 

positive , autofluore scent inclusions in c e l l s  of the mononucl ea r  

phagocytic system in normal sheep . The se inclusions were shown to 



be morphologically d i f ferent f rom the typical curvi l i near bod ies o f  

ovi ne ceroid-l ipofuscinosis . They occurred in  both a ffected and contro l  

sheep and were al ready present in  4 - 5 months old l ambs .  I t  wa s 

noted that the se inc lus ions occurred i n frequently in hepatocyte s and 

sweat gland epithel i um .  Si nce many o f  the se cells  harbour typical  

l ipopigment inclusion bod ies in a f fec ted sheep ove r 1 2  months , l iver 

and skin became the biopsy t i s sues of choice for early diagno s i s  of 

c e roid-l ipofu s c inos i s  in  lamb s at 4 - 5 months of age . Diagno s i s  rested 

on the demon stration o f  auto fluore scent inclu s ions i n  fre sh frozen 

sections . With the three l ambs born i n  1 9 77 , diagnos i s  wa s confirmed 

a fter e l ectronmic roscopy revea led the pre sence of curv i l inear bodies 

i n  both l iver and rectal biopsie s .  With the 1978 l ambs , i t  was felt 

that the demon stration o f  auto fluore scent material i n  sweat gl and 

epi thel ium was su fficient for a diagno s i s  of cero id- l ipo fu sc inosi s .  

Only the four anima l s  so diagno sed deve loped typical cl inical s igns 

at the predicted age o f  11 - 12 month s .  

The f i nding that curv i l inear bodi e s  are already present at 

4 - 5 mon th s o f  age and the occurrence o f  PAS and Sudan black pos i t ive 

autofluore scent neuronal inclusions in  two lambs which died perinatally 

(Cases 1 1  and 1 2 )  , s trongly sugge s t  that ovine ceroid- l ipo fusc ino s i s  

i s  indeed caused b y  an inborn e rror o f  metabol ism. Thi s  agrees wi th 

the finding s  of Koppang ( 1 97 3/7 4 )  in  the canine d i sease . 

I n  the b iopsy materia l o f  the a f fected l ambs at 4 - 5 months of 

age , there was a d i sc repancy betwee n  the amount o f  l ipopigment seen 
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by fluore scent microscopy o f  fre sh frozen sections and that seen by 

l ight mic roscopy of PAS and Sudan bl ack stai ned forma l in fixed 

sections . The r e  wa s less extens ive evidence of lipopigment 

accumulat ion w i th the latter s tains , when compared with fluorescent 

micro scopy . In affected anima l s  ove r 1 2  months of age , thi s 

discrepancy doe s not exi st to such a noti ceable degree . Thi s  tends 

to sugge s t  that the l ipopigment i s  l e s s  stab le in the younger anima l s  

and that part o f  the fluoresc ent component i s  removed b y  the processes 

of fixati on and/or dehydration . Koppang ( 1 9 7 3/74)  observed the same 

phenomenon in t i s sues of h i s  a ffected dogs up to 6 months of age and 

speculated that pa rt o f  the fluorescent material was not yet 

polymerized or cro s s l inked to the s ame degree as in residual bod i e s .  
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C HAPTER I V  

G E N E T I C S  

I .  INTRODUCTION 

The four ma in subgroups of the human neuronal ceroid-l ipo fuscinoses 

a re genera l l y  cons idered to have an auto soma l recessive monohybrid mode 

of inhe ritance (Norio et al. , 1 97 3 ; Zema n ,  1 9 7 6 ) , although thi s  has 

only conclusively been shown for the j uveni le form ( S j �gren , 1 9 3 1 ) . 

The re i s  one recorded exception to th i s  gene ra l rule . Boehme e t  al . 

( 19 7 1 )  reported on a fami ly in  which the adult form of neuronal 

cero i d-l ipo fuscino s i s  was inhe r i ted a s  a Mende l ian dominant with ful l  

penet rance and no va riabil i ty o f  expre s sivity .  Canine cero id­

l ipo fuscinosis is a l so inheri ted as a s imple autosomal recessive tra i t  

( Koppan g ,  1 9 7 3/74 ) .  

The resul t s  o f  i nve stigations into the mode of inheritance o f  

ovine ceroid-l ipofuscino s i s  are presented and di scussed i n  thi s  chapte r .  

The inve stigations con sisted firstly o f  the trac ing o f  the pedigree s  

o f  a l l  affected individua l s  and secondly o f  the analysis o f  s i re­

daughter mat ings i n  the experimental flock . The s ire used in  the 

latter experiment was known to have produced a f fec ted lambs . 

I I . RESULTS 

All cases of ovine c eroid-l ipo fusc i no s i s diagnosed to date have 

occurred in one closely interrelated group o f  the South Hampshire breed 

of sheep . The fi rst seven cases occurred in a small  inbred s tud flock 
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in the South Is land of New Zealand ; the rema ining nine cases were 

diagnosed in an expe rimenta l f lock der ived from it and located a t  

Ma s sey University .  The fami l y  tree o f  a f fected individua l s  (Fig . 4 . 1 )  

shows tha t both ma le and fema le sheep may be af fected , indicating a 

probable autosomal mode o f  inhe ritance . The reces sive nature o f  the 

tra i t  is indica ted by the ob servat ion that matings between heterozygous 

ma les and fema l e s  tend to produce more norma l than a ffected individua l s .  

One a ffected ewe wa s mated by an unknown ram and produced a heal thy ram 

lamb , providing furthe r evidence for an auto somal rece s s ive mode o f  

inhe ri tanc e .  

Original l y  the s i re B l 0 2  was thought to be the common 

hete rozygous ancestor . However the mat ing o f  P49 and N9 re sul ted i n  

a n  a f fected ram lamb . I t  appears l ikely there fore that the de l eteriou s 

gene was introduced by the ewe s ident i fied by the le tter N .  The i r  

exact relation ship i s  n o t  k nown , but th ere i s  reason t o  bel ieve tha t 

they could be ha l f  s i s ters , thu s making the ir s ire the probable 

common heterozygou s ancesto r .  

The results of s i re -daughte r matings o f  a South Hampshi re ram , 

heterozygous for cero i d - l ipofusc inos i s  are shown in Tab l e  4 . I .  
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Figure 4 . 1 :  Fami ly tree o f  affected i ndividuals . Only matings 

o f  heterozygotes and other pertinent i nd ividua l s  are 

shown . 
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TABLE 4 . 1  

Re sul ts o f  sire -daughter matings o f  a South Hampshire ram heterozygous 

for c e roid -lipo fusc ino sis 

Year Number of Number of lambs 
ewe s 

Total Affected Non -a ffected 

Observed Expected Observed Expec ted 

1 9 7 7  2 3  3 0 * 2 3 . 8  28 2 6 . 2 

1978 29 3 7  4 4 . 6  3 3  3 2 . 4  

6 8 . 4  61 5 8 . 6 

( X
2 
1 

= 0 . 48 ;  O . SO > p > 0 . 2 5 )  

* Three lambs were not avai lable fo r di agnosis , but were c l a s s i fied 

a s  being non-affected . 

With the exception o f  three lambs , a l l  o ffspring of the se matings were 

examined pathologically and diagno sed either as affected or non-affected 

with c ero id-l ipofus c ino s i s .  Chi-squared analys is , incorporating 

Yates correction , of thi s  data ( Tabl e  4 . 1 ) is  compatible with the 

hypothe s i s  of a s imple auto somal reces sive mode of inheritance . With 

thi s  type o f  inhe ritanc e , a heterozygous sire mated to h i s  daughters 

woul d  be expected to produce one homozygou s a ffected individual i n  

eight such mating s .  



I I I  DI SCUSS ION 

The South Hi'mipshire breed i s  of relative ly recent origin having 
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been deve loped from an initial cross of Southdown and Hampsh i re Down 

sheep . I t  can be a s sumed that a relatively sma l l  number o f  individuals 

from ei ther breed would have formed the found ing nuc l eus o f  the new 

breed and that subsequent breeding policie s ,  such a s  line and inbreed ing , 

would have been employed to e stabl i sh a more or less homogeneous breed . 

I f  the rece s s ive gene for ovine ceroid-lipo fusc inosis i s  not a recent 

muta tion , it mu st a l so be present in either the Southdown or Hampshire 

Down breeds . There a re no reports on the occurrence o f  the disease in  

either breed , sugge sting a low frequency o f  the de lete riou s  gene . The 

ovine di sease there fore i l lu s trate s that through the founder e ffect , 

an ext reme case o f  genetic drift , and certain anima l breeding pol ic i e s , 

a rare gene may become incorporated in a new population at a much 

higher gene frequency than in the population of orig in . I f  the rare 

gene i s  a l so deleterious it may emerge , in  the new population , in  the 

homozygou s state with man i fest disease as a consequence . 

Ovine ceroi d -l ipofusc inosis i s  unlikely to be o f  economic 

importance to the sheep industry , except to the pure bred flocks involve d .  

The � South Hampshire sheep a r e  relatively uncommon a n d  a r e  u sed a s  a 

speci a l i s t  mea t  breed with the purpose o f  supplying s i re s  to be 

crossed with the much more common indiginous New Zealand Romney bree d , 

for : table l amb production . · As thi s  i s  a terminal c ro s s  the use o f  

heterozygous s ires i s  of negligibl e  importanc e .  



CHAPT E R  V 

G E N E RAL D I SC U S S I ON 

Ovine ceroid-l ipofusc ino s i s  is chara cterised c l inica l ly by loss 

of vis ion and behavioura l abnormal ities s ta rting a round 1 2  months of a ge .  

Motor di sturbanc e s  in the form of epi sodes o f  mu scle twi tching , head 

nodd ing and champing o f  the j aws commence soon a fterwards , and increase 

in severi ty as the disease progresses . I t  it unl ike ly tha t  under field 

condition s , a ffected sheep would l ive much longer than 2 years . 
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Fundu scopy of the eye and radiography o f  the sku l l  may reveal retinal 

atrophy and thickening of the skul l bone s ove rlying the brain respective ly . 

On the b a s i s  of the se findings , a presumptive c l inical diagnosis o f  

ovine c e roid-l ipofuscino s i s  should not be d i f ficult t o  make , at least 

in the South Hampshire breed o f  sheep . From the viewpoint o f  comparative 

medic ine , the c l inical signs of the ovine di sease resembl e  most closely 

th ose of the j uven ile form o f  the four main enti ties in the human 

syndrome ( Santavuori et a l . ,  1973 ; Zeman et a l . ,  1970 ; Zeman and 

Siakotos , 1973 ; Dom e t  al . ,  1979) , and tho se o f  the c anine disease 

(Koppang , 1 9 7 3/74 ) . Lymphocytic vacuolation , a c ommon finding in 

juven i le n euronal c eroid-l ipofuscino s i s ,  is  not observed in either the 

ovine or the canine di sease . 

The sal ient gross pathological features o f  ovine ceroid­

l ipo fusc inosis are a reduction in size and weight of the bra i n ,  s light 

di lation of the l a te ra l  ventricles and thickening of the sku l l  bones 

overlying the c erebrum. The reduction in s i ze mainly a ffects the 

cerebra l cortex and to a l e s ser extent , the cerebral white matte r .  



Ce rebral cort ical atrophy is a l so seen in the infanti le , late infantile 

and juvenile forms o f  the human syndrome (Haltia e t  a Z . ,  1974 ; Zeman 

et a Z . , 1970) . However in the infantile and late infanti le type s ,  thi s  

i s  accompanied by cerebe l lar corti cal atrophy , which need not b e  present 

in the j uven i l e  form . I n  the canine disease the atrophy a ffects both 

the cerebral and cerebe l l a r  cortex , but is more marked in the latter 

(Koppang , 197 3/74 ) . The adult human form i s  characterised by cerebel lar 

at rophy (Fine e t  a Z . , 1 96 0 ;  Boehme et a Z . , 1 9 7 1 ) . 

Hi stological l y ,  ovine ceroid-l ipo fu sc inos is , l ike its human and 

canine counterparts , i s  cha racterised by the intracytopl a smic 

accumulation of autofluore scent PAS and Sudan black pos itive l ipopigment 

in neurons and a wide variety of othe r c e l l  types . From morphological 

observation s , it appears that the proce s s  whi ch leads to increased 

accumu lat ion of l ipopigment bodi es only damage s  neurons .  In  a ffected 

sheep , l e sions othe r than p i gment accumulation are ma in ly con fined to 

the cerebra l cortex and retina . The cerebral cortex shows degeneration 

and loss o f  neurons , a mild microg l io s i s  and a marked a s trocytosis . 

The retina show degeneration and loss o f  the l ayer o f  rods and cones 

and a ssoc i ated outer nuc lear l aye r ,  which become s more seve re a s  the 

course of the disease progresses . Compared to the in fantile and late 

infantile human forms , the ovine disease shows relatively mi ld 

neuropathological changes which resembl e  those found in the j uvenile 

form ( Ha l t i a  et aZ. ,  l 973a ; de Baecque et aZ. ,  1976 ; Zeman , 1976) . The 

neuronal l o s s  in the adu l t  form and in canine cero id- l ipofuscinosi s  i s  

mos t  obvious in the c erebel la r  cortex ( Boehme e t  aZ. ,  1971 ; Koppang , 

1 97 3/74 ) .  Retinal a trophy i s  not present in the c an ine form and has 

only been reported in one case of the adu l t  human disease ( Dom et aZ . ,  
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1979) . The vi scera l involvement in lipopi gment accumulation reflects 

the gene ra l i se d  nature of the metabo lic disturbance as soc iated with ovine 

ceroid-l ipo fusc ino s i s . I n  thi s i t  re sembles the human and canine 

entitie s ( Haltie et a l . ,  l 97 3b : de Baecque et al . ,  1 976 ; Zeman , 1976 ; 

Kornfe l d ,  19 7 2 ;  Koppang , 1 9 7 3/74 ) . 

U l trastructura lly , the typical lipopigment inclus ion in ovine 

ceroid-l ipo fuscino s i s  is a round , ova l or irregularly shaped body 0 . 2  -

5 . 0  �m in s i ze , with a granular ma trix o f  varying electron density in 

which a wide variety of membranous profi l e s  may be seen . Some of the 

profi l e s  have rece ived special name s such a s  fingerprint ,  curvilinear 

and cysta l loid . The membranous inclusion bodies are s imi lar to tho se 

found in late in fantile and j uvenile neuronal cer0id-l ipo fuscinos i s , in 

the canine di sea se and in bovine neuronal lipodystrophy ( Goebel et at 

197 9 ;  Koppang , 1 9 7 3/74 ; Read and Bridges , 1969) . The infantile and 

adult human forms are character i sed by granular osmioph i l ic deposits 

(Ha l tia e t  a l . ,  1 97 3b ;  Zeman , 1 9 76 ) , although recently , Dom et a l . ( 1 9 7 9 )  

reported the pre sence of curvi l inear bodies in  the adu l t  type . The 

predominance of curvi linear bodies ,  a t  least vi scera l ly , wh ich i s  noted 

in the ovine di sease would make it most closely re semb l e  the late 

infant i l e  human form according to Lake ( 19 7 7 )  and Lake and Cavanagh 

( 19 78 ) . 

Pathologica l  examination o f  biopsy spec imen s  from l ambs a t  

4 - 5 months of a ge shows tha t  l ipopigment accumulation i s  present 

be fore the onset of c l inical s i gn s , and a ilows for a n  early diagnosis 

of ovine cero i d- l ipofusc inos i s  to be made . The autofluorescent 

characteri s tic o f  the l ipopigment makes diagno sis relatively s imple 
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b y  examining fre sh frozen unstained sect ions under blue l i ght . However ,  

thi s  characte ristic  i s  not unique to the storage material  o f  ovine ceroid­

l ipofuscinos i s .  I n  normal sheep , c e l l s  o f  the mononuclear phagocytic 

system, and to a l e s ser degree other c e l l  type s ,  often harbour PAS 

and Sudan black po s itive auto fluore scent inclusions . E l ec tronmicro scopy 

reve a l s  granular structure s o f  varying e l ectron dens i ty but wi thout 

membranou s prof i l e s . The se inc lus ion s are a l so found in  a ffected sheep 

among st the typical membranou s ceroid bodie s .  The nature o f  thi s 

materi a l  i s  not known , but it i s  a lready pre sent in biopsy spec imens o f  

4 - 5 months old l ambs . 

The mode o f  inheritance o f  the ceroid-l ipo fu sc inoses  o f  man and 

dome stic anima l s  is general ly con sidered to be autosoma l reces s ive 

( Norio et aZ . , 1 9 7 3 i  Zeman , 1 9 7 6 i  Koppang , 1 9 73/7 4 ) . Thi s  i s  wel l  

documented for the juvenile  human form and the c anine d i se a se , both 

o f  whi c h  are inheri ted as a monohybrid autosomal reces s ive tra i t  

( S j �gren ,  1 93 l i  Rayner ,  1 962 i Koppang , 1 973/74 ) . A dominant auto somal 

mode o f  inher itance in the adu l t  human form was reported in one family 

by Boehme et aZ . ( 1 9 7 1 )  sugge sting the i nvo lvement o f  more than one 

a l le l e  or a l le l i c  pleomorphism.  The phenomena o f  homochronism and 

homotypi sm (p . 7 )  l ed Zeman ( 1 9 7 6 )  to specul a te on the pos s ib i l i ty o f  

a dihybrid autosomal recess ive mode o f  inheritance . The famil y  tree 

of a ffected sheep a nd the results of s i re-daughter matings o f  a 

heterozygous ram , show ovine ceroid - l ipofusc inosis to be inherited a s  

a s impl e  autosomal recessive t ra i t . I f  the deleterious gene i s  not a 

recent mutation , i t s  frequency in the found ing breeds o f  the South 

Hampshire sheep is expected to be low , and ceroid-l ipofuscinosis has 

not been dia9nosed in either the Southdown o r  Hampshire Down sheep . 
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Ovine ceroid-l ipo fusc ino s i s  i l lustrates the dangers inherent in  the 

practice o f  e stab l i shing a new breed from a relativel y  sma l l  number o f  

founders and the u se o f  l ine and inbreedi ng to increase homogene i ty o f  

the new breed.  Ra re deleterious genes i n  the original populations may 

become establ i shed at a much higher frequency in the new breed , wi th 

emergence o f  the homozygous state and man i fe s t  disease a s  a consequenc e .  

The findings pre sented in  th i s  the s i s  firmly estab l i sh the 

ovine disease as belonging to the heterogeneous group o f  di seases o f  

man and dome stic anima l s  gene ra l l y  known as Batten ' s  di sease o r  

neuronal or genera l i sed ceroid-l ipofusc inos i s .  When compared to the 

other ent i t ie s , the ovine disease has many features in common with both 

the late i n fantile  and j uvenile form o f  the human syndrome , i . e .  with 

Batten ' s  di sease i n  i ts narrower sense a s  originally de fined by Batten 

( 1903 , l914 ) , and e laborated upon by Zeman and Donahue ( 1 96 3 )  and 

Zeman and Dyken ( 1969) . It a l so has feature s in common with the canine 

disease . The physical characteri s t i c s  o f  the storage material  i n  

ovine ceroid -l ipo fuscino s i s  ( I .  Morri son , pers . comm . ) and the ultra ­

structual morpho logy are those o�f 'c eroid " a s  defined by S i akotos e t  a l .  

( 19 7 0 , 19 7 2 )  and Wol fe e t a l .  ( 197 7 ) . I t  would seem appropriate to re fer 

to the di sease as " ovine ceroido s i s "  however for comparative purpose s ,  

the term, "ovine cero id -l ipofusc ino s i s "  ha s been used . A defini tive 

nomenclature of a l l  the entities wi l l  o n ly become po s s ib l e  a fter the i r  

biochemical  e luc idation . 

Ovin e  cero i d- l ipo fuscino s i s  i s  unl ikely to be o f  economic 

impo rtance to the sheep industry except to the pure bred flocks involved.  

The South Hampshire breed o f  sheep is re lativel y  uncommon and is used 

to supply sires to be crossed w i th the common indiginous New Zealand 
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Romney breed for table lamb produc tion . A s  thi s is a terminal cro s s  

the use of  hete rozygous s i r e s  i s  o f  neglible importance .  The ovine 

d i sease cou ld however serve as a useful expe r imental model for the human 

syndrome . 

Of  the i nheri ted human neuronal storage di seases , the ce ro id­

l ipo fusc ino s e s  remain the largest and most common group of those that 

have not been defined in  biochemica l and pathogen ic terms . The ovine 

model lends i t se l f  for longitud inal b iochemic a l  study of the proce s s  o f  

l ipopigment formation . The retinal atrophy a s soc iated with the ovine 

d i sease closely resembles that o f  the j uveni le human entity . Further 

s tudy of thi s  abnorma l i ty should aid in  the understand ing of retinal 

atrophy in general and tha t  a s soc iated w i th j uvenile neurona l 

c eroid- l ipo fuscinosis i n  particular . I n  the inherited di seases o f  man , 

the detection of heterozygote s i s  o f  importanc e ,  so that the occurrenc e 

o f  the homozygous rece ss ive s tate can be avo ided by genetic counselling .  

The ava i l abi l i ty o f  known heterozygotes i n  the experimental f lock o f  

South Hampshire sheep provides an opportun i ty for evaluating methods o f  

hete rozygote detection . As more becomes known about the underlying 

metabol ic a nomaly and pa thogen i c  pathways o f  the cero id-l ipofusc ino se s , 

the ovine d i sease would present a valuabl e  model for the eva luat ion 

and moni tor ing of the rapeutic tria l s .  The range and scope o f  such 

exper iments are more l imited in human pat ients , on moral and e thical 

grounds .  
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