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1.1 Introduction: 

1.1.1 Neurodegenerative Disorders 
!
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1.1.2 Spinal Cord Injury 
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1.1.3 Inflammation and Oxidative Stress in SCI 
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1.1.4 Amyotrophic Lateral Sclerosis 
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1.1.5 Superoxide Dismutase in ALS 
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1.1.6 Oxidative Stress and Inflammation in ALS 
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1.1.7 Related Pathologies 
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1.2 Membrane Lipids 
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1.2.1 Sphingolipids and Ceramides 
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1.2.2 Ceramides and the Cell Cycle 
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Fig 1.1 Metabolic pathways of ceramidesL!E@03! -0<;(%!&(,20/%3! '! 3;**'(#!,-!
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"! JXOR""K! '+/! )@%(%-,(%!*'#! &6'#! '! /;'6! (,6%! 0+! +%;(,6,<01'6! /03%'3%3! A#! '63,!
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!! E@%(%! 03! 1;((%+)6#! '! /%A')%! ,+! )@%! (,6%! ,-! 1%('*0/%3! '+/! )@03! 03! &%(@'&3!

'))(0A;)'A6%!),!)@%0(!&6%0,)(,&01!%--%1)3L!P)! 03! 0*&,()'+)!),!(%*%*A%(!@,F%2%(!)@')!

)@03! *,6%1;6%! 03! 0+2,62%/! 0+! *'+#! 20)'6! -;+1)0,+3! '+/! '+! 0*A'6'+1%! ,-! %0)@%(!
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1%('*0/%3[! 'A060)#! ),!*0)0<')%! 0+-6'**')0,+! J*'+;31(0&)! 0+! &(%&'(')0,+KL!D6%'(6#!
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1.2.3 Polyunsaturated Fatty Acids 
Q8O:3! '(%! '+! %33%+)0'6! 1,*&,+%+)! 0+! 1%66;6'(! *%*A('+%3! '+/! *,3)!
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0+16;/0+<! $V:! '+/! ::! (%3&%1)02%6#9! A,)@! ,-! F@01@! &6'#! 0*&,()'+)! (,6%3! 0+!
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1.2.4 Docosahexaenoic Acid 
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3;&&,()%/!A#!)@%!@0<@!1,+1%+)(')0,+!,-!)@03!Q8O:!-,;+/!')!+%;(,6,<01'6!3#+'&3%3!

q`=9! `HrL! $V:! @'3! %33%+)0'6! '+)0R0+-6'**'),(#! '+/! '+)0R,50/'+)! &(,&%()0%3! '+/!
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%)0,6,<#! '+/! &(,<(%330,+! ,-! '! +;*A%(! ,-! +%;(,/%<%+%(')02%! /03,(/%(3! qWY9! W`rL!

E@%!&')@F'#!(%3&,+30A6%!-,(!%510),),5010)#!@'3!A%%+!F%66!/,1;*%+)%/!'+/!3);/0%3!



! =U

0+/01')%!)@')!'A%(('+)!(%<;6')0,+!,-!1'610;*!6%2%63!*'#!30<+0-01'+)6#!1,+)(0A;)%!),!

)@%!+%;(,+'6!/%3)(;1)0,+!qWY9!WWrL!45)('1%66;6'(!<6;)'*')%!1';3%3!'!*'3302%!0+-6;5!
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%+N#*%39! D'=w! /%&%+/%+)! &(,)%'3%3! A%1,*%! '1)02')%/! 6%'/0+<! ),! &@#301'6!
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1.3 Oxidative stress 

1.3.1 Reactive oxygen species 
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Fig 1.2 Metabolic pathways of PUFAs and their effects on 
neuroinflammatory status. E@%!&')@F'#3!,-!!RW!'+/!!RH!Q8O:!<%+%(')0,+!'+/!
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1.4 Therapeutic strategies for neurological disorders 
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1.4.2 Therapeutic strategies for ALS 
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Chapter Two 
 
Based on manuscript in preparation: 
 
Fenretinide improves functional recovery and extends survival in a 
transgenic mouse model of Amyotrophic Lateral Sclerosis 
!
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2.2 Materials and Methods 

2.2.1 Transgenic mice  
CS$T7UH:! q"WCeIRE<XJCS$TR7UH:KT7;(nes! >>=j=Wr! )('+3<%+01! *01%!

F%(%! <%+%(,;36#! /,+')%/! A#! $(L! e%'+RQ0%((%! e;60%+! -(,*! I'2'6! 8+02%(30)#!

Jl;%A%19!Ql9!D'+'/'KL!E@%3%!'+0*'63!F%(%!/%(02%/!-(,*!'!1,6,+#!*'0+)'0+%/!,+!

'! D`j"InW! A'1G<(,;+/L! :66! '+0*'63! F%(%! @,;3%/! '+/! A(%/! ')! )@%! .17066!

8+02%(30)#! V%'6)@! D%+)(%! M%3%'(1@! P+3)0);)%! :+0*'6! O'1060)#L! .01%! F%(%!

*'0+)'0+%/!0+!1'<%3!F0)@!3)%(06%!F,,/R1@0&!A%//0+<!'+/!G%&)!0+!2%+)06')%/!('1G3L!

:66!'+0*'6!@,;30+<9!A(%%/0+<!'+/!%5&%(0*%+)')0,+!F%(%!&%(-,(*%/!;+/%(!3&%10-01!

&')@,<%+R-(%%!1,+/0)0,+3!0+!'!A'((0%(!-'1060)#L!:66!*01%!F%(%!/%(02%/!-(,*!*')0+<3!

,-!F06/R)#&%!D`j"InW!-%*'6%3!F0)@!CS$T7UH:! )('+3<%+01!*'6%!*01%L!Q;&3!F%(%!
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2.2.2 Fenretinide preparation and treatment 
! O%+(%)0+0/%!F'3!<%+%(,;36#!/,+')%/!A#!$(L!M,A%()!C*0)@!,-! )@%!X')0,+'6!
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2.2.3 Histological evaluation 
! .01%!F%(%! /%%&6#! '+'%3)@%)0N%/!F0)@! '! 1,1G)'06! ,-! G%)'*0+%! JjL`*<n*6K!
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!

2.2.4 Tissue collection for fatty acid analysis 
! .01%! F%(%! %;)@'+0N%/! A#! 0+@'60+<! DS=! -,66,F%/! A#! 1'(/0'1! &;+1);(%!
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2.2.5 Blood collection 
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2.2.6 Lipid analysis 
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3%(;*! '6A;*0+KL! O,66,F0+<! )@%! A6,1G0+<! 3)%&9! )@%! &6')%3! F%(%! 0+1;A')%/! F0)@!
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2.2.7 Motor function analysis (Rota-rod) 
! .,),(! -;+1)0,+! F'3! '33%33%/! A#! M,)'R(,/! J.%/! :33,10')%3! P+1L9! C)L!
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,-!&'('6#303!0+!CS$T7UH:!*01%L!

 

2.2.8 Survival 
! CS$T7UH:! *01%! )#&01'66#! /%2%6,&! )@%! -0(3)! 30<+3! ,-! *,),(! 0*&'0(*%+)!

'(,;+/!U>!/'#3!,-!'<%L!E@%!0+0)0'6!3)'<%3!&(%3%+)!F0)@!'!(%3)0+<!)(%*,(!'+/!360<@)!

<'0)!0*&'0(*%+)!F@01@!&(,<(%33!),!1,*&6%)%!@0+/!60*A!&'('6#303!')!)@%!%+/!3)'<%L!

E@%!160+01'6!%+/!&,0+)!F'3!/%)%(*0+%/!),!,11;(!F@%+!'!*,;3%!F'3!;+'A6%!),!(0<@)!

0)3%6-! 0+! 6%33! )@'+!H>!3%1,+/3!'-)%(!A%0+<! );(+%/!,+! 0)3!30/%!,(!F@%+!<(%')%(! )@'+!

=>t! F%0<@)! 6,33! @'/! ,11;((%/L! f@06%! A,)@! *%)@,/3! F%(%! ;3%/! ),! '33%33! %'1@!

'+0*'69! 0+! )@%! 2'3)!*'a,(0)#! ,-! 1'3%3! '+0*'63! (%'1@%/! )@%!F%0<@)! 6,33! %+/&,0+)!

&(0,(!),!6,30+<!)@%!'A060)#!),!(0<@)!)@%*3%62%3!F0)@0+!)@%!'66,))%/!)0*%L!

!
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2.2.9 Analysis of genotype by real-time RT-QPCR 
 :*&60-01')0,+! ,-! $X:! ,A)'0+%/! -(,*! )'06! )033;%! F'3! &%(-,(*%/! ,+! )@%!

C)(')'<%+%! .kRY>>>! 3%B;%+1%! /%)%1),(! JC)(')'<%+%9! I'! e,66'9! D:KL! QDM! F'3!

&%(-,(*%/! ;30+<! )@%! Cb"M!7(%%+! l;'+)0)')02%! MERQDM! G0)! JC0<*'9! C)L! I,;039!

.SKL! E@%! '*&60-01')0,+! &(,<('*! -,(! CS$T7UH:! $X:! 1,+303)%/! ,-! '+! %+N#*%!

'1)02')0,+!3)%&!-,(!H!*0+!')!U`}D9!-,66,F%/!A#!Y>!1#16%3!,-!'!/%+');(0+<!3)%&!-,(!

H>!3!')!U`}D9!'+!'++%'60+<!3)%&!-,(!H>!3!')!W>}D!'+/!'+!%5)%+30,+!3)%&!-,(!Y`!3!')!

j=}DL!:!*%6)0+<R1;(2%! '+'6#303!F'3! &%(-,(*%/! '-)%(! '*&60-01')0,+! ),! /%)%(*0+%!

3&%10-010)#! ,-! )@%! QDM! &(,/;1)3! JF@01@! F%(%! '63,! 1,+-0(*%/! F0)@! <%6!

%6%1)(,&@,(%303KL! EF,! 3%)3! ,-! &(0*%(3! F%(%! ;3%/9! 0+! 3%&'(')%! (%'1)0,+! -6'3G39! ),!

'*&60-#!A,)@!)@%!fE!'+/!)('+3<%+01!CS$T!<%+%3L!",)@!&(0*%(!3%)3!JE<!-,(F'(/i!

`~RD:E! D:7! DDD! E::! EDD! :ED! E7:RH~9! E<! (%2%(3%i! `~RD7D! 7:D! E::!

D::! ED:! ::7! E7:RH~9! fE! -,(F'(/i! `~RDE:! 77D! D:D! :7:! :EE! 7::!

:7:!EDERH~9!'+/!fE!(%2%(3%i!`~R7E:!77E!77:!::E!EDE!:7D!:ED!:ED!

DRH~K! F%(%! /06;)%/! ),! '! -0+'6! 1,+1%+)(')0,+! ,-! =`>+.! '+/! )%3)%/! ),! ,&)0*0N%!

1,+/0)0,+3L!

 

2.2.10 Statistical analyses: 
! $')'! F'3! '+'6#N%/! '+/! 3)')03)013! F%(%! 1'61;6')%/! F0)@! 7('&@Q'/! Q(03*!

d%(30,+!YL>H! 3,-)F'(%! J7('&@Q'/!C,-)F'(%9!C'+!$0%<,9!D:KL!:+'6#303! ,-!M,)'R

(,/!&%(-,(*'+1%!F'3!&%(-,(*%/!A#!)F,RF'#!'+'6#303!,-!2'(0'+1%!J:XSd:K!F0)@!

",+-%((,+0!&,3)R)%3)3!')!%'1@!)0*%!&,0+)L!C;(202'6!F'3!'+'6#N%/!A#!6,<!('+G!)%3)!,-!

o'&6'+R.%0%(!1;*;6')02%!3;(202'6!&6,)3!'+/!'+!;+R&'0(%/9!+,+R&'('*%)(01!)R)%3)!,-!

*%'+! 3;(202'6! )0*%L!D,*&'(03,+3! ,-! 60&0/! 1,+1%+)(')0,+3! '1(,33! )@%! /;(')0,+! ,-!



! WT

)@%!3);/#!F%(%!'63,!'+'6#N%/!A#!)F,RF'#!:XSd:!F0)@!",+-%((,+0!&,3)%3)3!F@06%!

1,*&'(03,+3!')!/'#!T=>!F%(%!*'/%!F0)@!;+&'0(%/9!+,+R&'('*%)(01! )R)%3)3L!.,),(!

+%;(,+9!*01(,<60'!'+/!'3)(,1#)%!1,*&'(03,+3!F%(%!'63,!*'/%!F0)@!+,+R&'('*%)(01!

)R)%3)!'+'6#303L!C0<+0-01'+1%! -,(!'66! '+'6#3%3!F'3!3%)!')!'! )F,R)'06%/!Q!2'6;%!,-!&!

>L>`L!$')'!'(%!/03&6'#%/!'3!*%'+!|!C4.L!

!
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2.3 RESULTS 

2.3.1 Fenretinide improves motor function in SOD1G93A mouse model of ALS 
P*&'0(*%+)! ,-! *,),(! -;+1)0,+! F'3! *%'3;(%/! A#! )F01%RF%%G6#! M,)'R(,/!

)%3)0+<L! CS$T7UH:! )('+3<%+01! *01%! )(%')%/! F0)@! -%+(%)0+0/%! &%(-,(*%/!

30<+0-01'+)6#!A%))%(!,+!)@%!M,)'R(,/!)@%+!3@'*!)(%')%/!1,+)(,6!'+0*'63!3;<<%3)0+<!

)@')! )@%! /03%'3%! &@%+,)#&%! 1'+! A%! *,/;6')%/! A#! -%+(%)0+0/%! )(%')*%+)L! C@'*R

)(%')%/! '+0*'63! 3@,F%/! '! /%160+%! 0+! *,),(! -;+1)0,+! =! F%%G3! A%-,(%! '+#!

0*&'0(*%+)!F'3!/%)%1)%/!0+!)@%!-%+(%)0+0/%R)(%')%/!<(,;&!0+/01')0+<!)@')!)(%')*%+)!

F0)@!O%+(%)0+0/%!F'3! 3;--010%+)! ),!/%6'#!/03%'3%!,+3%)! 0+! )@03!*,/%6L!:)!'66! )0*%!

&,0+)3! '-)%(! /'#! UT9! )@%! -%+(%)0+0/%R)(%')%/! <(,;&! &%(-,(*%/! A%))%(! )@'+! 1,+)(,6!

'+0*'63! '+/! )@03! /0--%(%+1%! F'3! 30<+0-01'+)! J&&>L>`K! 0+/%&%+/%+)6#! ')! /'#! TT=9!

TTW9!'+/!TTU9!'3! 3@,F+! 0+!O0<!=LTL!Q%(-,(*'+1%!')!/'#!TT=!F'3! 0+1(%'3%/! -(,*!

TW=!|!=H!3%1!J+�=WK!-,(!2%@016%R)(%')%/!'+0*'63!),!=TW!|!=`!3%1!J+�TUK!0+!`*<nG<!

-%+(%)0+0/%!)(%')%/!'+0*'63L!Q%(-,(*'+1%!')!/'#!TTW!F'3!0*&(,2%/!-(,*!U?!|!T?!

3%1! J+�=WK! -,(! 2%@016%! )(%')%/! '+0*'63! ),! T`Y! |! =j! 3%1! J+�=>K! ,A3%(2%/! 0+!

-%+(%)0+0/%! )(%')%/! '+0*'63L! S+! /'#! TTU9! -%+(%)0+0/%! )(%')*%+)! %+@'+1%/!

&%(-,(*'+1%!-(,*!YW!|!TH!J+�=`K!0+!2%@016%!)(%')%/!'+0*'63!),!T>U!|!=j!J+�T?K!0+!

-%+(%)0+0/%!)(%')%/!'+0*'63!'3!3@,F+!0+!O0<!=LTL!P+!'//0)0,+!),!)@%3%!3&%10-01!)0*%!

&,0+)3! ')! F@01@! &%(-,(*'+1%!F'3! 30<+0-01'+)6#! 0*&(,2%/! A#! -%+(%)0+0/%9! ,2%('66!

M,)'R(,/! &%(-,(*'+1%! '1(,33! )@%! %+)0(%! /;(')0,+! ,-! )@%! 3);/#! F'3! -,;+/! ),! A%!

30<+0-01'+)6#!%+@'+1%/!0+!-%+(%)0+0/%!)(%')%/!'+0*'63!1,*&'(%/!),!1,+)(,6!'+0*'63!

Jp&>L>>>TK9! /%&01)%/! 0+! O0<! =LTL! E@%! )(%')*%+)! F'3! ,+6#! 'A6%! ),! /%6'#! )@%!



! WH

3#*&),*3! ,-!:IC! A;)!F'3! +,)! 'A6%! ),! 1;(%! )@%! '+0*'63! 30+1%! )@%! &%(-,(*'+1%!

31,(%!%2%+);'66#!'63,!/%160+%/!0+!)@%!-%+(%)0+0/%!)(%')%/!'+0*'63L!

!

2.3.2 Fenretinide improves survival 
! E,! %3)'A603@! F@%)@%(! -%+(%)0+0/%! 1,;6/! %+@'+1%! 3;(202'6! ,-! CS$T7UH:!

*01%9! )@%! /'#! ')! F@01@! '+0*'63! (%'1@%/! )@%! ,Aa%1)02%! 160+01'6! %+/&,0+)! F'3!

(%1,(/%/!'3!)@%0(!/;(')0,+!,-!3;(202'6L!o'&6'+R.%0%(!1;(2%3!F%(%!;3%/!),!1'61;6')%!

3;(202'6! /0--%(%+1%3! '3! F%66! '3! '! 1,*&'(03,+! ,-! *%'+! 3;(202'6! A%)F%%+! /(;<!

)(%')%/! '+/! 1,+)(,6! <(,;&3L! E@%! *%'+! 3;(202'6! ,-! CS$T7UH:! *01%! )(%')%/! F0)@!

-%+(%)0+0/%! F'3! 30<+0-01'+)6#! 0*&(,2%/! -(,*! TYH! |! TLY! /! J+�TjK! -,(! 1,+)(,6!

'+0*'63!),!TY?!|!TLY!/!J+�T=K!-,(!/(;<!)(%')%/!'+0*'63!Jp&>L>`K9!'3!3@,F+!0+!O0<!

=L=:L!E@03!/0--%(%+1%!1,+3)0);)%3!'+!0+1(%'3%!0+!3;(202'6!,-!'6*,3)!T>t!-(,*!)@%!

,+3%)! ,-! /03%'3%L! E@%!*%/0'+! 3;(202'6! ,-! )(%')%/! '+0*'63!F'3! '63,! 30<+0-01'+)6#!

J&&>L>`K! @0<@%(! )@'+! ;+)(%')%/! '3! %20/%+)! -(,*! )@%! o'&6'+R.%0%(! 1;*;6')02%!

3;(202'6! &6,)! 3@,F+! 0+! O0<! =L="L! 4'(6#! *,()'60)#! F'3! '63,! *,(%! 1,**,+! 0+!

1,+)(,6!'+0*'63L!.,(%!)@'+!==t!,-!3@'*R)(%')%/!*01%!/0%/!A%-,(%!'!30+<6%!*,;3%!

)(%')%/! F0)@! -%+(%)0+0/%! (%'1@%/! )@%! 160+01'6! %+/&,0+)! '+/! Tjt! ,-! /(;<! )(%')%/!

'+0*'63!(%*'0+%/!'602%!'-)%(!'66!1,+)(,6!*01%!@'/!(%'1@%/!)@%!%+/&,0+)9!/%&01)%/!

0+!O0<!=L="L!

!

2.3.3 Plasma EFA profiles are altered with fenretinide treatment 
! P+! ,(/%(! ),! /%)%(*0+%! )@%! %--%1)! ,-! )(%')*%+)! ,+! 3#3)%*01! 60&0/! &(,-06%39!

&6'3*'!3'*&6%3!F%(%!1,66%1)%/!')!/'#!W>9!U>9!T=>!'+/!')!)@%!160+01'6!%+/&,0+)!-,(!
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A,)@! -%+(%)0+0/%! )(%')%/! '+/! 1,+)(,6! <(,;&3L! 4'1@! 3'*&6%! F'3! '+'6#N%/! -,(! )@%!

1,+)(0A;)0,+!,-!$V:9!::9!.$:9!XE!'+/!1%('*0/%3L!:3!%5&%1)%/!-(,*!&(%20,;3!

F,(G9! &@,3&@,60&0/! A,;+/! $V:! F'3! -,;+/! ),! A%! 30<+0-01'+)6#! %6%2')%/! 0+! )@%!

&6'3*'! ,-! -%+(%)0+0/%! )(%')%/! '+0*'63! 1,*&'(%/! ),! 1,+)(,6! *01%L! C0<+0-01'+)6#!

%6%2')%/! $V:! 1,+1%+)(')0,+3! F%(%! /%)%1)%/! -,(! )@%! /;(')0,+! ,-! )@%! %5&%(0*%+)!

J&&>L>>>TK9! 3@,F+! 0+! O0<! =LHL! P+! '//0)0,+9! 30<+0-01'+)! 0+1(%'3%3! 0+! $V:! F%(%!

-,;+/!0+/%&%+/%+)6#!')!/'#!W>!'+/!T=>!0+!-%+(%)0+0/%!)(%')%/!*01%L!E(%')*%+)!F0)@!

-%+(%)0+0/%!0+1(%'3%/!&@,3&@,60&0/!A,;+/!$V:!')!/'#!W>!-(,*!=L==!|!>LT`!J+�UK!

-(,*!1,+)(,6!'+0*'63!),!=L??!|!>LT?!J+�?K!'+!0+1(%'3%!,-!H>t!J&&>L>`KL!:!30*06'(!

0+1(%'3%!F'3! 3%%+!,+!/'#!T=>! -(,*!=LWH!|!>L>j! J+�?K! -,(! 3@'*! )(%')%/!*01%! ),!

HL=W!|!>LTj!J+�?K!J&&>L>TK!-,(! )@%!/(;<!)(%')%/!<(,;&!%B;')0+<!),!'+!0+1(%'3%!,-!

'&&(,50*')%6#! =`t! JO0<! =LH! �! =LY:KL! P+)%(%3)0+<6#! &@,3&@,60&0/! A,;+/! ::9!

F@06%!360<@)6#!6,F%(!')!W>!/'#3!,-!'<%!0+!-%+(%)0+0/%!)(%')%/!*01%9!,+6#!(%'1@%/!'!

3)')03)01'66#! 30<+0-01'+)! /%160+%! 0+! 3'*&6%3! )'G%+! ,+! /'#! T=>9! -'660+<! T=t! -(,*!

HUL`>! |! >LUY! J+�?K! -,(! 1,+)(,6! *01%! ),! HYL?j! |! >LUT! J+�jK! J&&>L>TK! -,(! )@%!

-%+(%)0+0/%! )(%')%/! <(,;&9! '3! 3@,F+! 0+! O0<! =LY"L! P+)%(%3)0+<6#9! /0--%(%+1%3! 0+!

1%('*0/%!1,+1%+)(')0,+3!-'06%/!),!(%'1@!'!3)')03)01'66#!30<+0-01'+)!)@(%3@,6/!')!'+#!

,-!)@%!)0*%!&,0+)39!F@01@!03!0+!1,+)('3)!),!,;(!&(%20,;3!3);/0%3L!://0)0,+'66#!+,+%!

,-! )@%! 60&0/3! )%3)%/!/03&6'#%/!30<+0-01'+)!/0--%(%+1%3!A%)F%%+!2%@016%! )(%')%/!'+/!

-%+(%)0+0/%! )(%')%/! <(,;&3! F@%+! *%'3;(%/! ')! )@%! 160+01'6! %+/&,0+)! J/')'! +,)!

3@,F+KL! E'G%+! ),<%)@%(! )@%3%! (%3;6)3! '(%! B;0)%! 1,+303)%+)! F0)@! ,;(! &(%20,;3!

-0+/0+<3! -(,*! A,)@! DO! '+/! CDP! *,/%63! 3;<<%3)0+<! )@')! -%+(%)0+0/%! )(%')*%+)!



! W`

1,+)(0A;)%3! ),! *'0+)'0+0+<! '+! %+20(,+*%+)! ,-! /%1(%'3%/! !RW! -'))#! '10/3! F@06%!

0+1(%'30+<!!RH!-'))#!'10/3L!

2.3.4 Plasma lipid peroxidation 
E@%!3'*&6%3! )%3)%/!-,(!4O:3!F%(%!'63,!'+'6#N%/!-,(! )@%!&(%3%+1%!,-! )F,!

*'(G%(3!,-!,50/')02%!3)(%33i!XE!'+/!.$:L!:)!W>!/'#3!,-!'<%!-%+(%)0+0/%!)(%')%/!

*01%! @'/! '*%60,(')%/! 6%2%63! ,-!XE9! @,F%2%(! )@%! /0--%(%+1%! A%1'*%! 3)')03)01'66#!

30<+0-01'+)!')!/'#!T=>!')!F@01@!&,0+)!1,+)(,6!'+0*'63!&,33%33%/!Y`t!@0<@%(!6%2%63!

,-!XE!)@'+!*01%!)(%')%/!F0)@!-%+(%)0+0/%!J&&>L>>TK9!'3!3@,F+!0+!O0<!=L`:L!.$:!

3@,F%/!'!30*06'(!&(,-06%!A%1,*0+<!30<+0-01'+)6#!J&�>L>>TK!(%/;1%/!')!T=>!/'#3!,-!

'<%!0+!/(;<!)(%')%/!*01%9!'3!3@,F+!0+!O0<!=L`"L!E@%!/0--%(%+1%!0+!.$:!A%)F%%+!

<(,;&3!F'3!H?tL!E@%3%!(%3;6)3!&(,20/%!1,*&%660+<!%20/%+1%! )@')! )(%')*%+)!F0)@!

-%+(%)0+0/%! 03! '33,10')%/! F0)@! 6'(<%! /%1(%'3%3! 0+! 60&0/! &%(,50/')0,+! '+/! *'#!

&(,20/%!&(,)%1)0,+!-(,*!(%'1)02%!,5#<%+!'+/!+0)(,<%+!3&%10%3!'+/!,50/')02%!3)(%339!

F@01@!'(%!&(%3%+)!0+!@0<@!B;'+)0)0%3!0+!CS$T7UH:!*01%L!!

2.3.5 Organ essential fatty acid profiles and lipid peroxidation 
! E,!%3)'A603@!F@%)@%(!)@%!/0--%(%+1%!0+!&6'3*'!60&0/!&(,-06%3!1,;6/!A%!3%%+!

0+!)@%!,(<'+3!/0(%1)6#!'--%1)%/!A#!:IC9!3'*&6%3!,-!6;*A'(!3&0+'6!1,(/9!A('0+!3)%*!

'+/!1%(%A('6!1,()%5!F%(%!'+'6#N%/!-,(!)@%!&(%3%+1%!,-!)@%!3'*%!60&0/!3&%10%3!'+/!

*'(G%(3!,-!60&0/!&%(,50/')0,+L!C'*&6%3!F%(%!@'(2%3)%/!F@%+!%'1@!'+0*'6!(%'1@%/!

)@%!160+01'6!%+/&,0+)!'+/!30*06'(!),!F@')!F'3!3%%+!0+!&6'3*'!3'*&6%3!)'G%+!')!)@%!

3'*%!)0*%9!-%F!(%3;6)3!F%(%!3)')03)01'66#!30<+0-01'+)L!X%0)@%(!::!+,(!$V:!(%'1@%/!

'!30<+0-01'+)!/0--%(%+1%!A%)F%%+!2%@016%!,(!-%+(%)0+0/%!)(%')%/!<(,;&3!0+!)@%!A('0+!

3)%*! 3'*&6%3! J/')'! +,)! 3@,F+KL!::! 0+! 3&0+'6! 1,(/! 3'*&6%3! '+/!$V:! 0+! 1,()%5!



! WW

3'*&6%3!F%(%!'63,!+,)!30<+0-01'+)6#!'--%1)%/!A#!-%+(%)0+0/%!)(%')*%+)9!'3!3@,F+!0+!

O0<!=LWD!'+/!$!(%3&%1)02%6#9!@,F%2%(!$V:!/0/!3@,F!'+!0+1(%'30+<!)(%+/!0+!)@%!

-%+(%)0+0/%! )(%')%/! <(,;&L! E@%(%! F'3! @,F%2%(! '! 3)')03)01'66#! 30<+0-01'+)! =?t!

0+1(%'3%! 0+! &@,3&@,60&0/RA,;+/! $V:! -,;+/! 0+! )@%! 6;*A'(! 3&0+'6! 1,(/! ,-!

-%+(%)0+0/%! )(%')%/! *01%! J&&>L>`K9! '3! 3@,F+! 0+! O0<! =LW:L! P+! '//0)0,+9!

&@,3&@,60&0/RA,;+/! '('1@0/,+01! '10/! F'3! (,;<@6#! T>t! 6,F%(! 0+! )@%! 1%(%A('6!

1,()%5!,-!)(%')%/!'+0*'63!J&&>L>`K9!'3!/%&01)%/!0+!O0<!=LW"L!

 

2.3.6 Nissl–stained neuronal cell count 
! :66!@03),6,<01'6!&(%&'(')0,+3!F%(%!/%(02%/! -(,*!IY!3&0+'6! 1,(/! 3%<*%+)3!
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2.3.7 Glial activation  
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2.4 Discussion 
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Fig 2.1 Effects of fenretinide on Rota-rod performance.! E@%! %--%1)! ,-!
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Fig 2.2 The effect of fenretinide treatment on survival in SOD1G93A 
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Fig 2.3!Plasma kinetics for phospholipid-bound DHAL!E@03!<('&@!/03&6'#3!)@%!
&@,3&@,60&0/RA,;+/!$V:!1,+1%+)(')0,+!0+!*01%!)(%')%/!F0)@!-%+(%)0+0/%!JO%+K!,(!
2%@016%!Jd%@KL!EF,RF'#!:XSd:!(%2%'6%/!'!2%(#!30<+0-01'+)!%6%2')0,+!0+!$V:!0+!
'+0*'63! )(%')%/! F0)@! -%+(%)0+0/%! 1,*&'(%/! ),! 2%@016%! )(%')%/! 1,+)(,63! -,(! )@%!
/;(')0,+!,-!)@%!3);/#!J&&>L>>>TKL!",+-%((,+0!&,3))%3)3!'63,!(%2%'6%/!30<+0-01'+)6#!
@0<@%(! $V:! ')! A,)@! W>! '+/! T=>! /'#3! 0+! -%+(%)0+0/%! )(%')%/! *01%L! *! 30<+0-0%3!
&&>L>`L!+(T>!-,(!%'1@!<(,;&L!

!



! j?

A. 

Phospholipid bound DHA on day 120

Veh Fen
2.0

2.5

3.0

3.5

4.0

4.5 **

Treatment

D
H

A
 (n

m
ol

es
/m

g
pr

ot
ei

n)

!
B. 

Phospholipid bound  AA on day 120

Veh Fen
30

35

40

45 **

Treatment

A
A

 (n
m

ol
es

/m
g

pr
ot

ei
n)

!
 
 
 
Fig 2.4 Plasma PUFA concentrations.! Q8O:! 6%2%63! '3!*%'3;(%/! -(,*!&6'3*'!
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Fig 2.5!The effect of fenretinide therapy on plasma lipid peroxidation.!EF,!
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Fig 2.6!PUFA concentrations in organs affected by ALS at 120 days of age.!
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Fig 2.7 Quantification of surviving motor neurons at 130 days of age. A. 
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Fig 2.8 Quantification of reactive gliosis at 130 days of age. A.!7O:QR&,30)02%!
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3.1 General discussion and conclusions 
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