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PAN AMERICAN MEDICAL ASSOCIATION 50TH INTER—A I IERICAFI CONGRESS

ABSTRACT

A NEW HYPOTHESIS OF MULTIPLE SCLEROSIS

Hubert S. Mickel , M.D.

Departmen t of Neurolo gy , Children ’s Hospital Iledical Center , Loston ,
Massachusetts 02115, U.S.A.

Current hypotheses of the pathogenesis of multiple sclerosis
center primarily around viral and/or auto—immune etiologies.
However , a dietary hypothesis has been proposed by Swank , such that
a high—fat diet tends to favor the disease . The anatomical
localization of lesions around the post—capillary venules in white
matter has been demonstrated by Fog. Alterations in platelet
adhesiveness has been found during attacks of multiple sclerosis.
Reduced linoleic acid has been noted in both plasma and in areas of
white matter not demyelinated , during attacks of recent—onset
multiple sclerosis.

This hypothesis implies a role for the peroxide of arachidonic
acid, a fatty acid formed from linoleic acid. Arachidonic acid , a
major constituent of human platelet phospholipids, when peroxidized ,
induces platelet aggregation. Peroxidized arachidonic acid is
demonstrable in platelets following adsorption of foreign materials
on the surface , presumably 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Chronic MS may he differ ent from

t he initial att ac k in that atitOlfllIIItlfl ItY.
zyyvcuczyvvcz ,cwyyf . 

rather than pero\id;ltivC mcchIInl’~ms.
tape 3030S-cns could predolihillate. he said.
fp - I /IS -  lewin - mickel - a-  30305 - X One implication of a peroxIde

mechanism for sis is that a diet high in
International Medical News Service polyunsaturated fats and low in an-

HOLLYWOOD , Fla. — The tioxidants should have a deleterious
pathogenesis of multiple sclerosis may effect on the patient . Vegetable fats.
be an indirect effect of enteric infec- although more polyunsaturated than
(ion, rat her than of direct infectin of animal fats. contain more antixoid-
the glial cells. Dr. Hubert S. Mickel ants. Peroxidation is a greater danger
said at the 50th anniversary congr&ss w ith unsaturated f a t ty acids of animal
of the Pan American Medical Associ- origin than of plant.
ahon. end

Sclerotic plaques may be caused by.  -.  . . —

toxic lipid perox ides absorbed or
manufactured after enteric infect ion,
react ing with white matter in the ner-
vous system . said Dr. Mickel, of
Children’s Hospital Medical Center,
~C,s1On.

Enteric infection frequently pre-
ceeds the onset of multiple scleros is
(MS), and may lead to introduction of
chemically reactive lipid peroxides
into the body in several ways.
Infection may disrupt the normal

barriers against uptake of the
peroxides through the intestine and
may lead to 

• 
the conversion of ,,.,

endoge nous lipid to peroxide by re-
leased lysosoma l peroxidases.
Endotoxin. which can stimulate
peroxida se activity in platelets , may
pass more easily through inflamed in- . 

-

test inal mucosa, he said.
Once in the body, lipid perox ides

can react with other molecules to
create the molecular pathology of MS. .

Proteitm can be denatured or inacti-
vated when lipid peroxides react with
their sul~~ydryl groups, and the
peroxides can attack other polyun.
saturated fatty acids , suc h as linoleic
acid .

Patients wiht MS have reduc’2’d ‘ a
serum linoleic acid levels. Decr cass~’d ~~~~~~ 

$

linoleate levels appear to increase
platelt adhesiveness experimentally, a
coi~fition a%%o found in MS vicUms.

Aggregation of platelets in sites of
greatest stas is, postcapilllary venules,
may result in the release of
peroxidized lipids that could damage
endothelial cells and adjuacent
oligodendroglia cells. This would cx-
plain the per ivenular distri bution of
demy cli nat ing plaques , Dr. Mickel
said, a

Some investigators have suggested
that MS may have an autoimmune
et iology. Peroxide-denatured proteins
associaled with endothelial and

L oligodcnroclia ce lls could evoke an
H _ _ _ _ _ _ _ _ _  ~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~ . ...~~~~. . .  ~~ . .
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MULTIPLE SCLEROSIS:  A NEW HYPOTHESIS

HUBERT S. .~1IckF1.’

lnlr oduclon ,

“Despite a continuing advance in knotv ledge concerning maii~ as pects
of rnultiple SCIt’IOSiS and the eXiSte nce of se~ eral h o t  ent ircl~ ih1)p Iallsi I)lc
aetiological theories , a number of ex perience(t workers in this f ie ld lLi~ C
professed liat thes wo u ld not be too stirprisedi if the litial .iilsuer to t h e
quest ions (If causation and pathogenesis in It ) L i t t i f ) le  si .leiosis iii~ ol’ed
entirel~ no~el or hitherto unsuspected disease ~tocesses [1 1.

Multiple sclerosis , as a c linical and pathological eh1 t 1t~ • was hrst de-
scribed hs Cru~eilhier ~21 and Catsw ell t 3 1. The term. “sc lerose en
plaques. appeare(l in t h e  literature in t~ 6(i in a report l)~ \ u u lpiahl. in
~s~hich two cases were described h~ Cfta rcot t ~ . 

(
~havcut c~dted at tent io n

to mild cases and / oruu ’., / r u .sle.s . but further desci ipt ion of the (hist ’ .isC
—including the triad of t i%stagInus. scann iI1g speech. and inteilt init
tremor— is also attr ibuted to Ii m i  [5—7 .

Mans different etiologies ha~c bc-en suggeste( l b r  imilti ple scler c Isi s .

A prominent consideration has been an inteutiotis origin ( I f  the (lIsU LsC .
In I 884. Marie stated that it m i g ht he a coinplitat ioii of a itt itt iber 1)1
inkctious illnesses [M]. Charcot suggested a relations h ip to an ait iecedetit
illness and cited cases tha h~d followed cl ioleta . siiia llpo~ . and t~ phinid
fe~cr . Bullock, in I~)l3 [9]. ;md (ac . in 19fl [11 ) 1. W itmied to hi,i~e
transmitte d multip le sclerosis from wat t to rabbits . us ing ceteb ros p i t ia l
fluid injections. In these and other such studies , t he failure to idcntit~ a
specific organism has been a stumbling block. Pette has poitited out the

a Dep.i rt nit .nts ot NeuroIog ~. lIar~ard \tt.d ical School .n~ I ( I t i hu i t t i s I h ,s ; , i t j l  \tc t~ ii
Center . ~t I1() I.iiii g~s iioi l .•~ ,t’iiflt’ Iti “ i t ’ l l . \t,iss.i I iitst i is 1)2 1 I ~. ~ i ij ,~ s~ i t i t i  It’. t~. i , i i , t s
the Olticc ot N,i,~i t R t s ’ ~ir Ii lh .f u rtnlt ’ t l t  ti f the \ j’ . ’,• \R ¶ H f s _ 1 4 L 5 . I t i t led (,eu. hii, i I I’ .i ls ’ .
Kese.irc h ant i I .c lt it. i i i tt i i . i I It i i i t i t la t i i , i i  R 224—t t.) : N.itii ,ii.il l t i . . i i i i i t t -s  I Ir.ilt li t ) , ’ ’ .a- I 1 , 1 1 —

$ tiie nta l Yset i t t i l t i gs  t.~i.iiii YsYt i I t )  (I~t 7 ()  I. \,itui , i ial I i i s t t t i i t t s  ~I tu tu Ii
~t iedt caI c:e ’ i iu t i \I iiu . iI K t •t.iiiLtm ,,i .t iiil lIi i iii.iii I)t % t’ I li j i I lltl)i ~~~~~ Ii

— t I t )— i ) 5 77 :3 .i iit l .. i i i i i . t I iii ..i u t t i s  iii I Ie.tItIi g T .i r Il I t I . _ l l S ) l S  I 
~~~~~~~~~ 

iii ’ . t.~i . t i t t t id ,  i t ,
the ttill.iii t u g  t u t u ’. t l i t . i I ’ . It , u i t it ii (iIll)tiit ?ii’ , .itid s u g g e s t  i t s  ii I ( 5  ti _ Is h g  I IS i i t . t i I ( iS I l it
pritir ii) its siiI,u i iussut,ti fur 1,tthl , , ,t ) t tu l :  l i t ,  ( I i .t i ’ l ts It t i l t i ss . ( h u l i l i t t i s I I iss ~u ui. t I \ t e t f u i  ii
(:eulu ( r . Ktis i i, ui . t ) t .  I i t i b t i t  l’ isg . kii ui tu i i i i i i t ’ I i * is 1 tu i . i l t i . ( 

~~~~~~~~ 
I).. i i i t i . i i  L . ,t iu l lii

Hitsil (,i iies . ( . lut l t l iei i s Ili is l iui . il \ l t t I i t  ,tI ( .51115 1 - Itt ,s t ii i i . I .tuit .its,t gt .it t fid to t itO
(.i~irit L titr her tssista ni C t% ping the 01.1011 ss t i  pt
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absence of a p~ ,hniuitar~ P~~i5t’ i i i  this (hiseasC . seen iii niost iia h iii fec —
LionS, as t’.ell as t he predilection of most known i i (’ti i (itto f ) i( i i ,u J iii lcc —

tions tot- gray n~attev ( 11—1 2 1. The h5)sS1I) ilit\ of a latent ita t  i i i t t ’  lit in
causing multi1)k’ sck’rosis is widely conside red . is suggested b~ 

( ;ad-
jusek . Gibbs , and .\l pers ( 13] .

The hspot hesis t hat the disease is asst )(- iated l wit hi ( l i f f i isU ) I i  of .i c i i —

culating niyehinoI~ m ic tox in ui en,s tue t ’ . ,is l) it) I)t)5(’( l h~ Maihiuug iii 19( 1(1
[14], and again bs Bricknc’r iii 193 1 [1  5].

A vascular , t ht-otubogcnic etiology of multip le sclt’ iosis s ,a s  po s t u l a t e d
by Putmun in 1933 . bs t u e  ot )s &’ rsa tf l t it  of t hto ’  dose f ) rox i tnhm\  (If the
plaques to small senLiles in both l) i ’ai n and sp inal s t  iiil (I I ;— 17] . [ut lien
Fog has elaborated oil this hiv pot hc’s is ts tb C \t t ’ i i s I \ t ’  obset ’s .itiuiis [ I  

~~
l .

A dietary etiology of multi ple k-n is is Is .15 piopowd f s  ~ ‘.s I l k  - s’. ho
has clatmed iniptovemeut h~ t leat ing iii t u l t i  

P
1
~~ 

Si_ lc ’t Isis Iii l i i  its t ’ . t  Ii
low—f ~it diets . especiall~ restr icte d in fats of .iuiinial ori gin [I 9—2 (1] ( )t hic ’ i
have shown that there is a decrease in 15)15 uns,it urated fau’. ,aRls iii

plasma [21—2- ! ] and in brain [25—2~ J in 
~~~~~~ 

wu hi inulti pk sdc’i’iis is
These observations have been ads anced as Cs ideuce hit .i th i& ’ t a i s
hypothesis for the disease. A diet i-ehit is els low iii polt i i t l sa i  i itat ( ’( l f l I t s

acids and high in saturated tatts acids us considered in predispose to the
disease. The lack (If conhrmation t if these decreases in liiiok’k .u id in
plasma and brain iii cases of c i tu ot t ic multi ple sc k-tosis has b~eti ad—
vanced as es idetice agailist the satt: rate (1 lat tv acid d ietar s his poi hIes is
[29—301.

-An autoitumune etiology is currently also considered possible fhie
accumu lation of lvmp hocs t c 5  ~t iit l plasitia cells iii .115.15 of ~k-tns t ’ l it ) .t l ion.
as st-e lI as the deposit ion tt l  ~.iiiiii)a globu lin iii ilie s ,(IIIC .ii ca . s t lp f x wts
th is s iew. Howese i . t here is tin ratsed plasni.i gaiiiiiia globulin k-st -I in
multi ple sdc ’ ios i s  Oii t h e  oilier h.uiid . (& ‘ t ( ’ l ) tos l)iil.ul f l i i t t l  g.iilitn.i gliII ) Li—
u n  levels are fres 1uienils vIes at e~l No corrc’ lat iott hi, is l)~et ) lt)iiiI(l be-
tween circulating antibodies and the dinic,d sc’s erits of I lie Illness. No
clear iIS5Ot h it iOii exis t s  bc-t s’ .ee nt tn u i lt i j ) he sc Iciosis and kiitns n atu t ui ni—
mune diseases No coils incingls co ns iste nt therapeutic i r’sponse occurs
to co rt ico s t eroid a( huliini’ ,t ration I lc’iice , no more t Itan two of the
parameters ut ininititmiugical dise.usc- (lescr) l)Nf bs \l.n kas .uti~L I~tt ttls - t

are dem onstrated unt’( lums ocal ls in tiuml t ip lc’ sck’rosts [ : 1 1 1  Ne’s r’rt lic’k’ ss .
t here has  been tnucht it itet -est and ins Cst%g .tt ist t i  iii t’\pt’r)meiii~iI ~ihlt’ tg it
ence phiiloinselitis as nlt)(lel i i i  t i i t i l t i pk’ s& lct t i s is .

We are presenting .i concept of this disease t t i  whic h cadu of I hew
h~ 15)t11csc’ s of t h e  etiologs of t nuhmi p k’ sclerosis finds a mole ’ .

IIi~/ vitIu ’.s’ i.s

The his pc’thicsis oil ihe etiology of nhtllt ih) le s k’iosis that w e arc
Sen Ii itg is based on Ii pid 1W r ix i Lit (iii.

3111 h ubert S . Mickel • .iIuIiip!e ScIeroIi~
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Polyunsaturated fa t t s  acids react in an at i to catals t ic maniter wi t h
molecular o x s  ge’ ii . t h e ’  piit icipal pt mi i i a t  pi o( llic ’ ts of the •iiitox islatioii
°~ ~~~ 

unsa iumate ’( i f . i t t ’ s ’ acidic at ordinary teml i l ) e ia t u i te ’ s ate  h isdmo pci ox —
ides [32—10] . Ihe i nc ’c l iai i i st is as p e c t s  o f lipid lisd io 1ti_ ~OXi (lt- bo i mi t at io t i
has been piopossed to imis ol se a l ies ’ radical chain tt iecht an isnt i [ 1  1—1 ( 1] .
The net effect  of the pio~)agating csc le is a te lative decrease mi the
concentration of polvumiis a tt i iat c ’d f , i t t s  acids due to thte ’ ii coilsuillipt iot i iii

• t he process [17 1. Some’ ami tiox idati ts cxci i their e’f ft-s t .15 f i-es- radical
acceptors atid in so doing t emmi i i a t c  shia imi it’actioiis ( l~~.

The sers hugh clic ’t ii ical react is it s ~ hil~~l peiox iiles can result in their
• denaturat iort of pm’ otc’ itis. l>~ t he attack on s i ihhl is d t t  1 grou ps .ir I other

nucleophik’s [ 19_ Sf )] S t t l f l i sd i s  I groups ate fre ( 1utent ls ,issi it i,i is-d s’. it h i
react ive sit s ’s of e’mi ,s nit’s , so t h a t  vmiis matic acti s ti _ s sail he all .red bs
the peroxidat ise ’ ,ittac k of lip id 1)emo\ ides on ptote’ ins [S I ] .

The Ii[)i(1 pc’rox i(les thi ,it iiiight be Itiip llc;Ite’ d in the pathiugem’s i of
multi ple sclerosis m i g ht al ice 1 m m  the gasi ro it it s- st i ita l  1 1 , 1 s t .  lhc ’rc a p-
pears to be a partial hati ie r to the absotptII ) ii u I  p u t s -  1i1)id l)ciuxi (lt’s
from t h e  intestine [52— 53~. ss hich migh t  he ielatc -d , iii putt . to shic’ddiuig
of dat itage-d ill( ict )sa l epithie lial sel ls into t I l e’ iiitc’stiiial luitnet i , A t i t ox—
idi,ed f a t s  co ntain hisdtop ctoxid es and })O ls tr iers . bum otilv t he j t ’tox ~ lc’s
are cotlsi( lemed toxic [ 5 - f ]  - -~utoxm(1I,ed f a t s  are toxic if It’d to animals in
su fficient aniouiiits. I)egwtti and Lang showed that fee’(hiiig aiimoxidi/C( 1
sos heati oil resulted iii s’.eighm loss and ss as fata l  tO ) 5 otiil g ram s [55 ]

The absorptiot i of ltpid pemoxides millg lit be ti iatk e ’cfls .11 Is’s it’d by vii—
ter ic inflammation the epide’niiologs o f  t l i t i l t t p lc S(fCti )SI5 p.irahlc ls that
of potio m itsehmm i s an(l suggests an e ntem ic m i al  it i les t iot i  sims - hi as in
polioniselitis to ) hc’ .isst tcm ate d with tuimf t ip lc scleros is 15(1] It might bc th i ,it
ans of a rutiinbe’ r of t’nteric S ir l i s s ’s could PrucIt ise the’ j )0st uilatc ’ d (It’—
rangement of fat  absorption. On the othem- liatid both ( l1,ir’ 01 ~iti( l
Marie sugge’ste’d a tcla tioriishii p to atiteccde iit j i if ec t inu is illness , s i t  t hat it

might be that the et i tei i c i t ife s t io mi mit ’s—il t int he s ima l  II a t i~itiibc’i of
agents ((1511(1 Pi0(ht ist’ t his e f f e c t , t h e m e  would be u t >  5 Pt-( ifIt inlc(iio iis
etiohogv detnoi ist mable iii m ulti ple’ si. lt’ t ()s is. 1’;1)id(’tniologs sf ioiikl 1i,it.il-
id t h at of enteric virus imifect i o m is in general. hi t h is t iia m iiic ’m, t i re ’ ic ’ lut i se
lack of imnitmnits to etiter ic viruses in mote ii t i th e t i s  los ,itiom ls could

• ex plain the tel at ise t ick ouf iiitilti plc’ sclerosis that m i l tgtat i t ig g t o L i ~ )s hl.iS& ’
demnoncti- ated 157—60 1. St irip ls stated , if one hash had s’xp os uime ’ t o t  e’ i i ic ’ t U

s iruses at an early age . t here’ s’. ou hI he less cii, imice of ~1e’ c_ It 
~ 
iiii

• enter ic viral infection s l i t t ing ,islok’scence or ,idulthioiid . .it ic l, t hue ’ i c ’ fo mc ’ .
less chance of ((esek)pm rm g t ilu ilt i lihe’ sc leros is

I lo sses er . there .ir e eptde mll ii ihlgk_ il dat.i s l l p p i i t t u i i g  t h e  s t lm i sc ’ p i  of a
latent s it -a l infe ’c m iot i mit miitil ti phe ss lc’ i i is is . in t h i .ui i t l ( f i S  t s f t i a ls . d mimr ki mt ~( lie s,inu_’ coi it ta nh imiatt-( l ss’a rt- r sti ppls m u their ‘oiiii hi, t lc ’sc - lt i ps d iri i if t i 1 i lc ’
sc It’ i tsis ,if te ’ r a r ntl)am’al)le’ ‘‘ i i i t t ihatm t ut i  ~~ iO(L [ 1 l [ .  I t i lb is ( tsr. t h i c
pt~ 1x)se(l P~~ ’~°” 

miifcc tiot i is ei t temmc . ,,inh t h e  l)it’dt n1uioiti is thi , it tI n-
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infection occurs sec o ndar ifv in die hraiui, Could it not be dmat the larcnn
vira l infection oc cc mrs in the m ntest inc a mid t h a t  t lie pat hiogemiet ic
mechanisms es-oked by the v irc is mnam iv sears iater also he loicated thiei -e?

We propose t h e  f’ollow itig relationshi p of acute or (hromiic emiter k
infections to the absorption of lipid peroxi(Ics. ‘Flit ’ first is t h a t , w ith ati
enteric infection, t h e  natural barrier to aLsor ptiomi of lipid pt’Foxi(lcs is
broken down. The second is that. w ith an etiter ic infection . t hicie is

enhanced peroxidation of endogenoitis lipids as a result (If the release oil
Iysosoma l peroxidases. A thiircl is that . w ith an etiteric imifectioti. thiere is
absorption of materials such as emwlotoxi mi . resu lting in pem’ox idat iomi ~
lipids. A combination of ’ t hese ahtermiatis es is possible. W i t h  each of these
possibilities, a diet rich in fats and lots in atitioxidauts shotild be deleteri-
ous. Although f’ats of animal origin at- c more saturate d t h iami fats of
vegetable origin, t he also Comitain less natural antioxidants. Unsaturated
fatty acids in animal fats miii ght th en be more suscept ih)le to pemoxidat ioti
than those of vegetable ori gin,

Peroxidase actis- its is ubiquitotis to all niamutnalian tissues [62]. The
neutrophitic granulocvte contains a nis eloperoxidase which is invols ed
in the antimicrobial system associated ss ith phiagocv tosis [63].
Myeloperoxidase is present in the t ieutrophil in very high concentra-
tions [64—65] and appears to be associate d wit h lvsosomes [6~~69[. Hy-
drogen peroxide is formed during the process (If phagocvtosis [ 70—74] ,
Hydrogen peroxide formed m i ght attack Isutisatt irated fat t y  acids.
Comparably, t here might be a redtmct ion imi the cellular comitent of antiox-
idants, resulting from the (lif f tm SiOt i of hsdrogen peroxide. Since perox—
idase activity is demonstrated in mamma hiati tis sue , it is not unreasoti-
able to propose enzyme activity ssith in intestinal mucosal cells . or ss-ithin
cells responding to viral or bacterial inj ection within the intestinal mu-
cosa. Under these circumstatices , one might prcsun~ that theme is al~
tered absorption of lipid pei’oxides . or even forniat itin of lipid peroxides
de novo as a result of the inflammatory process imi the iiitesti na l mucosa.

Increased absorption of lipid peroxides would it iitiaie further chaiti
react ion propagation. resci ltitig in peroxidative attack nit other polvun-
saturated fatty acid s, Plasma linoleic acid is teportcd to  he decreased in
multiple sclerosis [21—24 , 751.  T’hat others hav e mui m foutid decreased
plasma hinoleate in cases of chronic multi ple sc leros is . e s em i iii exacer ba-
tion, suggests that a perox idat iv e mechanism might i i ou bc’ opeiatisc in
the chronic form of ’ the disease [29 , 76].

A correlation between the decrease in I)Iasma limit tIt ’K ,u id and iii-

crease in platelet adhesis eness has been hu  il(l it r i u i u t  i1i It’ s Is’ m t  isis

[77— 78] . An alteration in platelet function is ami oihss ’i S .ii mli i i i ept iii s ’ol
frequently in rntiltip tc sclerosis [79—5 5) . A dec r-easc iii plusiri. i liii, uls ’ ,ite i i i

multiple sclerosis might he the restm lt of pet-ox idaiisr 1 t~~rs iumir  J it mlii i  of

polyunsaturated fatt y acids [ l7J ,  Altered platelet I t im r i  im i m i i m ~ hi t I to ’  this ’
result of peroxidized fans acids adsorbed (Into) platelet s i i i f , t t  es 5( i)
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It has beeti demiio nstra ted that t he  pliemiotnemioti (If platelet ~m( hIiesiSe —

ness is comparable to ) platelet aggregation [87). iii elabotalimig this
hypothesis. t he altered platelet adhesiveness lotmm id iii niuhtil)k’ scl e m o )s i s
is correlated with die finding of enhanced platelet aggl-egutioui ic’su ’ Im imig
from peroxidli zed arac hi idonic acid. lii the presence of petox i(Ii/e(I
arachidonic acid, h u m an platelets harvested es en 2-I houi-s 

~~~ 
iot isls

aggregate vi gorous ly amid abrupt ls. Peroxidized aracliidomiic acid c-al l be
• recos-ered frotii a pellet of platelets , after incubatiomi with t h e  pt ’ m~~x—

idized lipid iii s- imro , suggesting that t h e  peroxidiiecl fat t y acid can he
associated with platelet surfaces without dest rtmctio n [861. Lipid l erox—

• ides has-c been recos-ered fro m human platelets . iiict - e’as ing ss ith tIme
harvested age of the platelets [88—8 9] .

Platelets have been described as spongelike . s ince they carry many
substances (it i their surfaces [90—91] . h” iee lattv acids have bect i adsorbed
onto platelet surfaces [92]. Th erefore , sse pmop(ise t h at pem’~xi~liiesI
arachidonic acid , which enhiamices platelet aggregation . niiglit bc ad-
sorbed onto the surface of platelets in ivo, wit h out the labile ~eioixs I
group being destroyed, since this phemionienon appears to occur ( Ictr im ig
in vitro studies [861.

Still another possibilits wherebs lipid peToxi(ICS might occur in associ-
ation with platelets cotmld be with f~ rmat iciti of lipid per~ xi(les ~
peroxidase [931. The finding of peroxiclase uctivit s is a protiotimlC&’(I
histochemical f’eatuie of tnegakarsocvte c leri sat ises [ 9- i l .  Ihic a(lsorptioml
of materials such as thrombin, po lvstvrei ie- latex part icles , or hc ’meroloi—
gous antibods onto platelets results in the prodt ictmom i ( If increased
amounts of’ lipid peroxidles , presumahls resulting from I)Iate let l)t ’ IoX—
idase [95]. It has been shown that endotoxin has a marked af I im i imv for
adsorption onto platelets [96—97] . Platelet peroxi(lase migh t  be activated
by the adsorption of endotoxin, which had been absorbed I iomti the
intestine as a restilt ofenteric inflammation. With t h e  release’ ami an us a—
tion of platelet t)eroxid~tse, arac hidonic acid—present in h u g h (oliceu )ur~i—
tion in platelet lipids [98)—would be one of the I)riticil)~il lipid c omi—
stituents peroxidiied as a hy-pmodi.tct .

Samue lsson has re ported die f o r t i i a t ion  0 ) 1 1 2-h y d r o p e r o x v
arachidonic acid fm -omi i platelet l i pox s-get ias e and the fo ) rm tiat it ) t i  t~f t h e

• endoperoxide and 1 5—hs-dropei-ox ide of amacli idoiiic acid d si rimi g I u t o is _
taglandimi h rntat iomi imi j~ ate k~ [99—100). Flie ef fect  ( I f  12—Its d i t i 1ic- t ox s
arachidonic acid ott platelet aggreg~ition has non as em bceui ~t i~ lk’d
Mickel & I loirbar have reported vi gorous platelet aggiegatiom i resti ltimi g
from 1 5—hsdroperoxs arachidhotl Ic aCi(l.

Some ohservatioins t h at su ggest this seqi met to e o i  es cu t s ai r as ~ti l.thilc’
In perimi~tt~t l telenc -e l)hialic leukoemie-ep lt it lopat his . ss f iime ’ i i i amt em damt i.tgc mit
t he neon ata l inham t t is strong is- corre lated wit h the f um id im ig oil h lo stt i mi ) t  t t ’ im i
gram — negat ise h~n tcremn ia 1 11 ) 1 1 .  Fu mi th ic i mitom e . I i i t ma lx ’m ito uie• i l imm ~e tu t u
of endo toximi in t ime neomiatal kitten results in si git i h i c am u t w lm i te—n mu tte i
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damage (102— l0~1, As in nitulti ple sclerosis . so in im miaui ts (Isilig s t im li
j x ’ m ium ata l telencephahic lecukoeuicep hi~ilo ipat lmv . a (let least’ iii pols t i u lsa ut i —
rated l.t ttv acid s is found in ut hm ite m ima tt e m ’ [ I f)- !], aim o bser v at ioim i t hi .im ca m m
be exp laim med by lipid! pci’oixi dati~ ti [ 17) .

The unam-ked adsom’pt ion (If em id o t ( ix i m i onto > p lat e lets amid t ime it iarked
peroxidasc acti s its iii platelets suggests that Platelets serve a scasengeu-
function within the circulat iomi [97]. Wit h atm us erwhiehum iing ; i umm o t int  oil
endotoximi, t h ere is d lese lo pmt ment of eutdotoxk- sh oc k. pussibls m’e su m lti ui g
from widespi’ead t)eroxich~itise damage. Oui the other h i aim d . w ith lesser
amiiounts of’ endotoxin or other m aterials adsoihed onto platelets wit h
resulting lipid peroxidatiun as a bs —puoduct oil the h)l~tte 1et peroxidase .
sme can ex l)lain boss affected platelets ((1111(1 t i ;uss uhm u n t ig hi u lie ltim mgs :
pcroxidatiotm of’ l)l~1te let ai’ac hidomiie aei(I would occur to )  a gieater extem it
intraarterially , since a higher ~O2 occurs t h em -c. F’urt herniore, since
mveloperoxidase and t iterine pcm’oxid~se h ave beemi shown to he cmi —
hanced b estrogens [105— 106). it is po)ssil)le that platelet pem’oxidase is as
well. The greater incidence of multiple sclei-os is iii fc’miiales might be
exp lained in th is matiner,

Enhanced platelet aggregation associated with adsorbed peioxid lizo -’d
arachidonic acid might be critical iui time pat hmogem me sis of u mm u m l t i phe
sclerosis. If platelets tend to adh ere to each other , t hes ate umiost likely to )
do so in those sites wher’e thiere is gieatest stas is , suc h as postcapillarv
s-enules. Aggr’egation 0) 1 platelets thiei’e cot u ld i’esuht iii the release od the
peroxidized lipid. Wit h adherence of platelets to die post capillar t enu—
far wall, the lipid pet’oxide might damage endothehial cells and adjacent
ohigodeuidroghial cells. Platelet thiromnbi as such i umeed lion occur , The
obsersed perivenular dlistrihutioum (if demnv e hit iat imig plaques iii multi ple
sclerosis nmight be the result of lipid peioxidative attack omi stusce pti l) lc’
suhfhsdrs-i groups of uiiemhratie proteins associated wit h emidlothielial amid
oligodendroghial cells,

The selective da m age to st hite m atter in tniilt ip le sc lei’osis might be
the consequmence of its susceptibilit.v to ) P&’r’ t ) X i( l

~
t t i 5  e attac k, S imi se ins cliii

does not contain much j x l~unsatetrate d I any acid 107), ohigoclendm-uglia
might umot reqtuime h i gh it itm - ace lltmla r ’ t o i mmc ’em mtr a t io iu ms of am m t ioxid a mmt s to
protect against t h e  randotu endoigem iotis fo rmam iomi of lipid pc’roxide’s.
White ummatter niiglmt base little eut is mimati c c a p ahi h i ts  ( If ( Ie ’s tt o)S itig lipiol
perox idc s . sluice little lipid peroxide shiotuld be b rimmed ss i th i im i m i m s cliii
itself . A ppreciable peroxid ase a c t i s i t s  hi~s beeum loumid iii perise’uit ri rml ~im-
glia atmd epends-nmods ucs . hut mmmi niemmtion is iiiade ’ of pemoxid as e at t i v i ts
in (iligmidendu-mig hia [ 105— 109). Sie hio . Cichm o I c k i . ami ( l (;ood ti la stated. “.~ l—

• t h ough peroxidase activi t y iui the bu-aiti is locahi,ed to otiiI~ ouw or two
ts pes of ghial cells , it is uio mme thm e less -o nst aum t ls bo it i t id i t  th i , tu ae- te ’ i ist ic
si t es ,’’ namel y , l )eu ’is e n um ’i t - tu la r ls [ I  08) . W it Ii less pemox idase aumi s i ts ,
nligo k’ndi-oghia sh ou ld t int m’ equiie as uu iumc li prot(’ctiomi agaim ist uut tm’ ae e l—
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lular peroxi (Iat ioti . Wit h less protection against iu mt race ll u la r h em - oxid it —
don, cells mighut becoune mom-c s-uhmicrable to damage I m u m  expi st u m e to
extracellular lipid peroxides, as is proposed htem ’e. ‘l’hmc rarity o d i tmi ulti ple
sclerosis iii childh ood might he related to ) dil Iet’cuit e l m/ s m mm at i c ’ an t i s i tm es

of oligodcuidt-oglia insuRed in the sy nthesis of ms el iu m :  t h at is . olugode it—
drog hia might he less susceptible to exo gemious per oxidat us e attack t inder
these circ uunms uance s .

• Enchau’iced platelet aggregittiomi f ’roni pel’oxidi/c(l araChl i(Io)mmic acid
could exp laium the ahmmou’nmalit ies of small sent ilcs in nmtmhi ple sck’uosis
suggested by thie freq c me utt occurreuice of pen s eflOuS shieat hiimig of t Ime
ret ina imi the d isease [18], Roi,in, Abell, and Wit iu’i exatmi itmed blood flow
through small con jut icuval s-esse ls under direct mmiicrosco l)s iii mnuld ple
sclerosi s 1 utietits amid observed arm increased tem ideticv for cells to aggi’c—
gate in the niajorits’ of their cases [110] , Abm ior mahim ies iu m nail—bed capil—
lan es ss’ere demouistratedi iii mtuhti ple scleu-osis 

~~~~~~ 
by (;oiinir~itoi

[111]. Increased cap illars fragility . ss hiich mighmt be eXp laine(1 hs damage
to the cap illary endothehiuni, was m’e pom’ted by Shulmmiami cu al. [112] ,

It has been shoss’mi t hat ers’throcytes au-c also altered in th u s disease.
Laszlo reported a highil~ siguiificam it iticrease iti osmotic f i’agih itv of
ers’throcstes in mtmlti ple sclerosis [113), a f inding confir m ed bs Caspars .
Sesvell, arid Field [114] . Plum and Fog shiosseci that the meaum ervth iu’ox-vue
diameter was increased in multiple sclei’osis [115) . This phienottienoti
can be explained by pei’oxidation of com isti tc uents of t h e  erythirocyte
membrane: conditiomis resulting in lipid peroxidation . suc h as ex posure
of ervthrocvtes to a pure oxygen atmosp h ere at high h) ress t mu’es e it h er in
vitro or in vivo, result in increased osunotic frag ility amid appi’ecia ble
hemolysis [116- 117].

As ss’i t h the in t ra pen i toneal  inj ec tion of eui dl otoxiu i in ki t tens
[102— 103], so the intraperitoneal injection of f imioleate btvdi ’operoxide in
chicks , fed an antioxidant-dleuiciei it diet for 3—4 weeks com itai umi umg
suf~cient hinoleate to pm’oduce encep haloumiahacia . resu lts in cerebral
damage—incltmdhing hiemorrhage—auid even deat h [1181, It is possible
that this effect results from t h e  transport of linoleate hivdroperoxide to
brain from the peritoneal cavity on platelet surfaces [86].

Should a peroxidat ive mechanism be implicated 1m m mtilti ple sclerosis .
one m ight expect to see a decrease itt thie plasma lec ithmim i—ch mo lestero l
acvltransfcm-ase react ion (plasma LCAT reaction), s ince it has heeti re-
ported by us to he decreased by peroxidized leci thm im i in vi m m o am id hs

• conditions pu’e(lisposiuig to lipid peroxidation in s i So )  1119— 12 I).  \o ap-
preciable decrease ium t Ime i lasma 1.CA’F reaction is dem mmon strab le in until—

- tiple sclerosis [122 1, Also. ste Imas e uum1)uhlishied u’es tml ts shi owm umg ito ill)’
preciable eff ect of pet-oxidized arachuidon ic acid on the r>) .isui ma !.CA F
react ion. althiotigh peroxidized lecithin pm’ on ltis es a t ima rkeo b itt hi ihi t ioi im .
Thie proposal that peroxidizedb auachm idonic acid is iuiiphieated iii uuiulti ple
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sclerosis is not in conflict with the lack of ’ reduction of (lie plasumma LCAT
reaction in multiple sclerosis. Ouie ummig lmt pu’esume that pem’ o)xi d li/ed
lecithin is not imivolved in multiple sclerosis, Stated s im t m p lv . c linical mi iamm~
ifestations associated with lipid peu’oxidation might depend upon the
specific lipid peroxidized.

If peroxidized fatty acids ss’ere to attack sulflisdi’yl groups (If pr~(eimis
associated with endothiehial or oligodendu’oghial cells , there migh t  he de-
naturat ion of pu’oteins amid clestrtuct ion of enzy m es [3!], The deumatured
protein could serve as aui amit igeui for the inductiomi of an aut o in itmiu ne
process. An autoimmune response could result in t h e  es -olutio nm of damn-
age in the area of the demvelinating plaque, The infiltration of lvmnpho-
cytes could also be accounted for. The elevation of gamma globulin in
the cenebrospinal fluid in cases of chronic nitulti ple sclerosis amid the
frequent absence of elevation during the initial attack might we ll be
expected. In otheu words , there might be an iticiting cause of multi ple
sclerosis related to a peroxictative unechanism and a secondary respomise
related to auto immunity. Exacerbations in unulti ple sclerosis m i gh t  occur
as a result of recturrence of a peroxidative process or t h e  des etopnient of
autoimmunity or both, T he  pathogenesis (if chronic multi ple sclem’os is
might then be differemit from that of the initial attack , in that autoim-
munity could be predominant.

Another consequence of a peroxidative attac k on white matter might
be a decrease in the concesierat~on of 1)o ~ asrtrated iattv acids [47). A
si gnificant decrease in pol y unsaturated fatty acid s has heemi observed by
some in areas demyelinated and even in ai-eas 0)1 urn overt deimivehination
[25—28]. As one might expect in cases of ’ c hiroumic multi ple sclerosis . tm o
reduction in polyunsaturated fatts acids h as  been f ocuum d [29—30] .

The concept of lipid peroxidation amid the effect of peroxidlized
arachidonic acid on platelets pros ides a nieauis svhcrebt one caum account
for diverse observations known about multiple sclerosis, The liv pothesis
incorporates much of the dietars’, tox ic, infectious, and auto imm mmu ne
theories of the disease. The lipid peroxidhatis e niechauiisrns otut lined here
could account for the parallel in epiclemnioIog~ in Finlaimd hetweemi unti l—
ti ple sclerosis and nutritional muscular ds- stro pf m v . anot her  entitY imm
which a pet’oxidative mechanistn is prestmniahlv insolsed 1123).
In summary, a diet rich in fat is likely to be rich iii lipid peu’~xi(lcs. If

there were altered metabolism in t h e  intestinal tract , as with infection , it
is possible Omat there would he increased ahsom’pt iomm of t h e s e  l)crox i(he’s.
Peroxides ad sorbed onto pl~ite lets ts’ould immcr ease their te ,md cumt s t o )

aggregate. Alternatels’, absorption of euidoioximi 01 ! o t h e r  imiate’r ial ,ou id i t s
adsou’ptiomm onto platelets migh t  resu lt iui lipid ))CiOX i( h CS bs pcuuxud.usc
acti v ity. Aggregation of ’ platelets umii ghit occumr ium time postcapillau-s em um les
of the bm’aiui , wit h release of time adsorbed pcroxidi/e(l ar ac -h mido m i R at md .
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w hich, in turn, crosses the “blood-brain barrier.” White timamler ummi ghmt he
uniquels’ vulnerable to dauiiagc from pcm’oxidiied hutus acids . Etmt s umma uc
damage to endothehial cells and surrouumdliumg ohigodcndu-ogha coul(I re-
sult from peroxidative attack on sumlf lmvdrvl grotm ps aumd ot lien mu—
cleophiles. Denatured proteim is. resulting Front peroxidatis e attack .
might sers-e as an antigcui in the developnieiit of atm aut oi m i m l mmt mn e Pro-
cess, which,, in turn, coculci result in further damage to ) w h i t e  t imatter .

• possibly progressing to a chronic state of contiumuing damage to sshite
matter.
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SU1~1MARY

The present study compares choles tero l esterification ,

vitamin E levels, carotene levels , phospholipid levels , and
total cholesterol levels in sera of pat ients  wi th  cyst ic  f ibros is
and of unaffected individuals.

There is a reduction in the extent of esterification

of cholesterol by the plasma lecithin—cholestero l acyltrar.sferase
( LCAT ) reaction in pat ients with cyst ic fibrosis, compared ‘.;ith

unaffected controls. An unequivocal reduction in vitamin E

concentration as well as in caro tene concen tration was also
associated with the cystic fibrosis group . Both cholesterol

and phospholipid concentrations were reduced in the cystic

fibrosis group , although the extent of reduction was less marked

than the vitamin E and carotene levels.

The reduced LCAT esterificatiori could result from

poor absorption of tocopherol from the intestine and subsequent

peroxidative damage to the sulfhydryl groups associated with the

enzyme as well as from reduced substrate concentrations

resulting from poor absorption from the intestine .

~
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SPECULtTIOU

The observed reduced lecithin—cholesterol acyl—
tran si’erase e s t e r i f i cat ion  in cys t ic  f ib rosi s  coul i be t~ie
result of poor absorpt ion of vi t aw~in E ~rom the in te~~t in~
arid subsequent peroxidative damage to the sulfhydryi. L~’o~~~
associated ‘.‘.‘ith the enzyme as well as be the result of reducec
substrate  conc t r~~t icz~~ , also re~ ult i :~1: ~~‘o:.. t.~eir ,:c.~~
absorj tion fron the ir:testine.

INTRODUCTION

The reduction in plasma ~~—tocopherol concentrations ,

which has been reported in cystic fibrosis (8), has been

attributed to poor absorption of fat-~soluble materials from

the intestine (10). Reduced cholesterol esterification by

the plasma lecithin—cholesterol acyltransferase reaction is

associated with vitamin E deficiency in the monkey (6,7) and

in the rat (11). The present study compares cholesterol

esterification , vitamin E levels , carotene levels , phospholipid

levels , and total cholesterol levels in sera of patients with
cystic fibrosis and of unaffected individuals.

L _________



MATERIALS AND !.IETHODS

Sera from eight patients with cystic fibrosis and
from four unaffected controls were assayed for cholesterol
esterification by the lecithin—cholesterol acyltransferase

(LCAT) reaction . The increase in concentration of cholesterol
esters in serum was determined after a 24 hour incubation at
37 C. Lipids were extracted from the serum samples before

and after incubation with chloroform : methanol (2:1, v/v).
Chromatograohic separation of cholesterol and cholesterol

esters was accomplished with 1 gram silica gel columns , using

the method of Hirsch and Ahrens (3). Cholesterol concentration

was determined by the method of Rosenthal , Pfluke , and

Busacaglia (:9i). Vitamin E and carotene levels were determined

by the fluorometric method of Hansen and \‘Jarwick (2). Phospho-

lipid levels were determined by the method of Bartlett (1).

RE SULT S

There is a reduction in the extent of esterification

of cholesterol by the plasma lecithin—cholesterol acyltransferase

(LCAT) reaction in patients with cystic fibrosis , compared with

unaffected controls. An unequivocal reduction in vitamin E

concentration as well as in carotene concentration ‘.-;as also —

associated ~‘iith , the cystic fibrosis group . ~oth  choles te ro l
and phospholipid concentrations were reduced in the cystic

fibrosis group , altnough the extent of reduction was icus

marked than were the vi tamin  B and carotene levels.
Refer to the Table.
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DISCUSSION

Since decreased cholesterol esterification has been

demonstrated in vitamin E deficiency (6,7,k1-), the reduct ion
in cholesterol e s t e r i f i ca t i on  in sera from patients with
cystic fibrosis may also be related to the observed decreased

levels of vitamin E. The reduction in cholesterol esterification

might be related to a reduction in the activity of the enzyme

itself.

Plasma leci th in—choles te rol  acyltransferase
esterification is sensitive to conditions predisposing to

lipid peroxidation. LCAT esterification is decreased on in vivo

exposure to a pure oxygen atmosphere in humans (4), and the

sulfhydryl groups of the enzyme are susceptible to peroxidative

attack in vitro (5). If vitamin E protects against in vivo

lipid peroxidation , then a reduction in vitamin E levels would

predispose to a reduction in activity of those enzymes which

are susceptible to such damage .

Reduction in phospholipid levels and cholesterol

levels in cystic fibrosis offers an alternative explanation for

the observed reduction in cholesterol esterification in sera.

A reduction in substrate concentration s will result in a

reduction in the amount of cholesterol esterified .

The role of lipid peroxidation in vitamin E deficiency

has not been fully established, so that additional information

is required before one can categorically attribute observed
reductions in cholesterol esterification in cystic fibrosis

to observed reductions in vitamin E levels , especially in the

presence of reduced substrate levels.

- - -
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Ab stract

Decreased percen tage  of l~ no 1eic acId and arachidonlc acId

was found in the total fatty acids of’ the ~:hi~ e~a:ter~~-Ipids in

perinatal telencephalic leukoencephalopathy , ~ -I~~h Is a cor~non

abnormality in white matter in neonatal humans . pathogenetic

mc del is proposed for these c~ serva tions-

~



I ~::~oDucT ION

Damage in deve lopIng  whI te  mat ter  In ~,n fan t s  f ree  of

dIseases considered neur otoxlc  was descr ib ed  as co n s I st i n g  of

hy pertroph lc astrccy~ es , arnphophillc globules , n ecro tic foc i,

and acutely damaged glia in white matter (Gil es a.d :•:-~~phy,

l9~ 9). Because of clustering of histologic features , the

mcr phologic def inition was subsequently narrowe d ~o the cluster

of hypertrophic astrocytes and amphophilic globules (Levi ton  and

G!lles , 1971). The entity is called perinatal te en~ ephalic

-leukoencephalopathy . :-~ypertrophic astrocytes are oe ,ls with

pale vesicular nuclei and eosinophilic irregular h:.’al±ne

cy:oplasm . Such cells do not occur in normal human iyelinating

whIte matter (Nickel and Gilles , 1970). Arnthophllic globules

are PAS pos itive , proosln—rich , mineralized deposios located in

or near capil laries or venules .

Terminal gram—negative bacter’em ia is associa ted  wi th

perinatal telencephalic leukoencephalopathy by secular trends

and high r isk ra t Io  (Leviton  and Gilles , 1973) .  F u rth e r ,

exzosure to endotoxln In the newborn kitten Induces a

leukoencephalo pathy wh ich is ch~r1acterized by cellular

as:rogliosis with hypertroohic astrocytes , focal areas of cy stic

ne:rosis , and deposIts of globular debri , either nineralized or

eosinophliic (Gilles et al., 1977).

Endotoxin has been postulated as invclved In the

pathogenesis of damage to myellnatei white matter in multiple

~o erosis, by inciting platelets to prdduce peroxldloed

arachidonic acid , whIch , in turn , results in p ’rc’xldative damage

:~ ei dothel ium and to perivenu lar oligodendroglia (:-ickel ,

k
4~
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lj-75). In this model , polyunsaturated fatty aCIds  woul d  be

consumed by a peroxidative process (Parteshko et al , 1972) and

w:uld account for the decrease In polyunsaturated fatty acids In

unInvolved white matter In multiple sclerosIs ~~aker~~. l963;

3ersti et a l . ,  1965; Cumings et a l . ,  1965; ~ rn e t o li  et a l . ,

1 -S 9 ) .  A decrease in po lyunsa tu ra ted  f a t t y  acIds  in white

matter  of In fan ts  dying  wIth per inatal  t e len c eo nal ic

leukoencephalopathy would be compatible with an analogous lipid

;eroxidative model.

:•:~:ERIALs AND METHODS

Three cases of per inatal  t e l e n c e p h al i c  l euk oencepha lop a thy

wI th total ages (gesoaticnal age plus survival age) of 314 , i 5 ,

and 126 weeks were comp ared w i t h  four  con t ro l s  w i t h  t o t a l  ages of

3 3 ,  3 5 ,  2 4 5 ,  and 48 weeks . ‘he mean age for the oases with

per lnata l  t elencephal i c  eu k o e n c e p h al op a th y  was  — . 3 weeks and

for  the con trol grou p was ~40.3 weeks .

The frontal pole of each brain was removed at the time of

autopsy and f rozen  at -
~~~~~~~~ C w i t h o u t  f i x a t i o n .  ‘.:hen s t u d i e d , the

tr ain  was allowed to warm , but while still fro:en , white matter

was di ssected free of grey mattçr, weighed , homcgeni:ed and

extracted according to the method of Foich—Pi a-id lees (1951).

::eohyl esters of the fatty acids ~were prepare d ~‘rom the  total

lipids using boron tr!fluc’r!de and methanol . ~as

c:-romatographic separaoicn ~:as carr ied out usin g columns of l0~

~~ othylene  glyco l  s uco l n a : e  on Anakr on  SD , SC’ - 13C mesh , w i t h

h~ lIu~ as carr ier gas , a: a temperature of 195 °C.  The

-er centages  were ca l cu l a ted  from the r e l a t i ve  areas of the peak.

using an In fo t ronics  Integrator . 

~~~~-~~~~~~ --~~~---- — — — -~~~~~~~~— -~~~~~~~~~~~ - -— -~~- -~~- - — - - —-
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F.E3’~JLTS

Perinata]. teler.cephallc leukoencephalopathy trains have

decreased levels of linclelc acId (18:2) and~~’achIdonio acId

(2C:14) in the white matter , com pared with unaffected controls of

comparable age range. Linolenlc acid (18:3) was not detected ifl

any of the white matter samples .

CO:;TROL LINOLEIC
ACID ACID

TC’AL AGE (Weeks )

a) 33 0.h2% 7.36%
b )  35 0 . 5 8 %  8 . 3 9 %
c) 145 1.27% 9 . 8 2 %
d) 148 1.52% 12. 24 3%

~~~~ ± S.D. 0.95% ± 0.53% 9.50% + 2 .2 0 %

FF~ INATAL
TE ENCEPHALI C
LE:?~OENCEPHAL0PATHY

Y ’AL AGE (W eeks)

e) 314 C.O0~ 9.67%
f~ 14~ 0 . 2 4 8% 8 .16%
g)  146 0 . C 0~ 0 . 6 0 %

:.:EAN + S.D. 0.16% + 0.27% 6.21% + 4.75%

Using the student ’s t tes~~~ the difference In percentage

between the two groups is sIgnIfIcant . For linoleic acid P~~

3. :35 and for ~rach id cnIc ac id , P ç 0.01.
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::scussio:~
Although decreased le-iels of po1yunsaturate~L fatty ac ids

ha-ie been demonstrated in white matter wIthout fc:al necroslo ,

these results must be in:eroreted with caution in view of the

re .atlvely small num ber cf cases. However , the ~_niing of

decreased leve ls of col yun satura ted fa tty ac ids In the wh ite

matter of brains with perinatal telencephalic

1eu koenceohalo~ athy supports the hypothesis that a peroxidatlve

mec han ism , Induced by endctoxin , is imp l i ca t ed .

Expcsure to endoto:.:In produces white matter damage In the

newborn k i t t en , the newborn rat , as well as the rewborn monkey .

:-:orphological findings in the neonatal mor .key consist acutely ,

of small diapedetic hemorrhages surrounding many of the small

vessels in the white matter , whereas other small .essels are

surrounded by pools of eosinophilic , presumably rrotelnaceous

mat er ia l  or small , e-osInc~ hI l Ic  gldbules (Gi l le s e a l . ,  1977) .

After 1—2 weeks fo l lowing exposure to the end ctcx in , th e lesions

were still pericapillary and perivenu lar in loca t ion .  —

A perivenular locat Ion occurs with  the small de my e l i na t in g

lesions of mul tip le sc leros is in1 adul t  human w h i t e  m a t t e r

(Putnam , 1933; Fog, 1950; Fog, -f96 14 ; Fog, 1965). Decreased
- 

:e;~eas of linoleic acId In the pl.asma (T hompson , ~~66; Baker et

a . . ,  1965 ;  PaRer et al., l96~ ; Baker , 1966; Tichy and Vymazal ,

l :— 3 )  and in the w h i t e  m a t t e r  (B ak er , 1963 ; 3 er s t .  et a l . ,  1965 ;

~‘.:::~ings et a l . ,  1965; A m n e c o l i  et a l . ,  1969) in p a t Ien t s  w i t h

ac ut e  m u l t I p l e  sclerosIs  suGgested t ha t  a p e r ox i d at i v e  mechan i sm

mIght be Invo lved In the ~athogenesis of mul:IpJ.e ~
;~~1 orosii~ 
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(:‘.Ickel , 1975). The absence of these decreases In

to.yunsaturated fatty acids In chronIc mui:Iple scler-02I3

(~~:2.Ing et a].., 1971; Karlsscn et al., 1972.) is ~~~ t

contradic tory, since a percx~ dative mechanIsm is ;rcp : sed only

as an Inciting event .

En dotox ln has a marked aff ini ty  for adsor ption on to

~1atelet surfaces elagayarna et al., 1971; Das et al., 1973) where

it , like a number of fore ign ma terials , might result in

Increasing amounts of lipid meroxides (Okuma et al., 1 69; Okuma

et a].., 1969; Okuma et al., 1971). Arachidonic acId Is most

lIkely to b e ~eroxidized in the  p l a t e l e t, s ince  it is presen t  in

the highest c o n c e n t r a t i o n  of any polyunsaturated fa:ty acId in

rlatelet phos~ hclIpids (~ ar cus et a l . ,  l96 ). Arachlicnic acid

Is the only fatty acId , which , when peroxidized , induces

platelet aggregation (Mickel and Horbar , 19 7 4 ) .

Endotoxln proposed as a possible agent to induce the

platelet to form peroxidized arachidonic acid , whi ch In turn ,

can be adsorbe.d onto human rlatelet in vitro w i t h o u t  destruction

cf the labile peroxyl group (::Ickel and Horbar , 1?7~~) .

Peroxidized lIpid might then be~~ arried or. the surface of

platelets to the brain, where , in capillaries and venules ,

aggregation of platelets would result in release of :he

~e:’oxidized liVId and damage the surrounding endo:helial and

cli~ odendroz 1ia1 ce lls.

Support ing t he  not icr i  tha t  - li p id perox ides  ~re involved in

the wh i t e  ma t t e r  damage Induced by endotoxln is the :~ sei’vation

of  Nishida et a].., (1960), in which the intraveitous injeCtion 

- _ _ _ _ _ _
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Ir.:o chicks of l inoleate hydrop erox ide  re3~~ .ted in ~t~~zIa arid

w hI te  mat te r  damage . :t is p oos lb le  tha t  the pero~:IdI:ed lIpid

was t ranspor ted  to the braIn  on the s u r f a c e s  of ç at elet s .

Our i nt e n t I o n  in de sc rIb Ing  these dec reases  In the

rela t ive amounts of po lyunsa tu ra t ed  f a t t y  acid in bra ins  0r

infant s wi th  perinatal telencephalic leukoencephalopathy is to

suggest  fu r the r  a possIble  mechanism of damage ~~ whI t e  mat te r

to this  disease of unmye linat ed  whi te  mat te r .



-~~~

REFERENcES -

Alling, C . ,  ~ .—T.  Vanler , and L. Svennerholm.  ‘1971): LIpid

al terat ions in apparently normal w h it e  ~~t t e r  In multiple

sclerosis .  BraIn yes . 35, 395—336.

Arnetoll , G . ,  A. PazzagJ.!, and L. Amaducc l .  ( 1 9 6 9 ) :  Fa t ty  acid

and aldehyde changes in choline— and ethanolamine—

containing phos~ ho .Ipids in white matter of multiple

sclerosis brains . J. Neurochem. 16,t/61—1463.

Ba:-:er, R . W . R . ,  R . H . S .  Thomp son , and K . J .  Zilkha. (1963): Fatty

acid composition of brain lecithins in multiple sclerosis .

Lancet 1, 26—27.

Baker , R.W .R., R.H.S. Thompson , and K.J. i1~±a. (19614): Serum

fatty acids in multiple sclerosis. J. N eurol .  :~euro sur g .

& Psychia t . 2 ’ , ~~S_l414.

Baker , R . W . R . ,  H. Sanders , F..H.S. Thompson , and K.J. Zilkha.

(1965): Serum cholesterol  l inoleate  levels  in multiple

sclerosis. J. ~eurol. Neurosurg. & ?sychiat . 28,

212—21 7.

Baker , R.W.R., R.H.S. Tho pson , and K.J. Zilkha. (1966): Changes

in the amounts of 2.inoleic~ ‘acid in the serum of patient s

with ~u 1tiple sc l e rosI s .  3. Neurol . :;eurosurg . &

Psy~hiat . 29, 95 — S.

~u— .Ings, J.~~., R . C .  ~hor:m an , and T. Skrbic. (1969): lipid

studIes in the blood and brain in nul:Iole sclerosis and

motor neuron a ls e ase .  J. d in .  Pa th o l .  18- , 6 4 1— 6 4 4 .

Da s , 3 . ,  A . A .  Schwar: , and 3. Folkrnan . (l~~T 3 ) :  Clearance  of

endotoxin by p l a t e l e t s :  Role in increasing the accuracy

- -

~

- _ _ _ _ _ _ _ _ _ _ _



~~~~~~~~~~~~~~ --- -~~~~ - - -- ~~~-

I — 9 —

sclerosis and other neurological diseaoes . Act~ ;eurol.

Scand . ~7,  1403~~~l2.

Lev i ton , A . ,  and F .h .  ~i 1les. ( 197 1) :  C lu s t e r i r ~~ of the

morphological component s of perinatal t e len c e p h al ic

leukoencephalcpathy . J. :ieuroi. Neurcsurg . & Ps:/chiat .

311, 64 2 — 6 4 5 .

Levi ton , A . ,  and F . H .  GI l le s . (1973) :  An ep I d em i o l o~~ic al st u dy

of per ina ta l  t e l e n c e ph a l i c  leukoencerhalcpathy in an

autopsy population. J. ~eurol .  S d .  ~~, 53-66.

~arcus , A.J., H.L. Clinan , an d L . B .  Saf ier.  ~1969): Lipid

composition of subcei lu la r  pa r t i c l e s  of human blood

p la te le ts .  J .  Lipid Bes. 10 , 108_ ilL ! .

YIcke l , H . S . ,  and F. -~. ~Illes . ( 1 9 7 0 ) :  Ch an ces  in g l i a l  cells

during human telencephalic myelinoger .esis. Brain 93,

337—3146.

~Ickel , H. S., and J. Horbar. (19714): The effect of peroxidized

arachidonic acid u~ on human pl~~~e1et a~~~rega t ion .  Lipids

9, 68— n..

~ Ioke 1, H . S .  (1975) :  ::ultiple sc le ros i s :  a new h y p o t h e s i s .

Perspect .  Biol .  & Med. ia,~ 363—374.

Na;ayama, N . ,  M.B. Zucker , and F.K. Beller. ( 197 1) :  E f f e c t s  of

a variety of endo toxins  on human and r abb i t  platelet

function . Thromb . Diath. Haemorrh . 2f , —~5 7 - 4 7 3 .

N l sh ld a , T . ,  H. T su ch iyama , . rioue , and P .~~. m~er ow . (1)60):

E f f e c t  of i n t r av en o us  i nj e c t i o n  of o::i~~~:ed me thy l  este r s

of unsaturated fatty acids on ch ick  en c e p h aloma l a cia .

Proc . Soc . Exp .  P iol .  & i’ied . 
~~~~~~~~~~~ 

30~ — L .  

~~~~~~~~- — -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~ --—~ -~~~~~~~~ .- . - - .--~~-- ~~ .--- -.-

— 1 0 —

~~ una , M . ,  M. S te iner , and 4. Baldini . ( 1 9 6 9 ) :  LIpId

peroxidat lon ifl b lood p l a t e l e ts .  Blood 34 , 5 2 3 — 5 2 4 .

Okum a , M . ,  :1. S te iner , and 14. B a l d i n i .  ( 1 9 6 9 ) :  l ip I d

peroxidat ion in aging p l at e l e t s .  Blood 3~4 , 7 12-716.

- kuzna, M . ,  4. Steiner , and N. BaldinI . (1971): Studies on lipid

peroxides in platelets II. Effect of aggregating agents

and platelet antibody . J. Lab . Clin. :1ed. 77, 728~ 7’42.

Parteshko , V.G., T~!.C. ?avlovskiai , and A.A. Lesiuls. (l9~ 2):

Decrease of po lyunsa tu ra t ed  f a t t y  acid level in the l iver

of animals as a consequence of the f r e e — r a d i c a l  process

intensification in biolipids under the e f f e c t  of exogenous

lipoperoxides . Dokl. Akad . Nauk . SSSR. 2G5, 1248—1250.

?u:nam , T.J. (1933): The pa thogenes is  of ro l l tip ’_ e s c l er osi s: a

possible vascular  fac tor . ~~ . Engl . J .  ~ei . 2 09 , 7 8 6 — 7 9 0 .

Thompson , R .H . S .  ( 19 6 6 ) :  A b iochemical  ar pr o -ach  to the  pr oblem

of multiple sclerosis. Proc . soy . Soc . ‘-~ei . 5Q , 269—276.

Tlchy , 3. ,  and J. Vymazal . (1973) :  Changes of some se rum fa tt y

acids and lipids In relation to the clinical course of

multiple sclerosIs . Acta Neurol. Scand . 4 9 ,  3~ 5— 3511.



Depression of Iecithin-chok~stero ! acy I~rcns fe rase
esterificat ion in vitamin E-deficient monkeys 1’ 2

h ubert .S~ ‘~fj i ’/ ~el ,3 M i) .. Penelop e I~. i / i l L 4  B. 5’i.. an d A - C. Ha t - es .’ D. I ‘ ‘ if. , Ph D.

AIlS ] R -\ C I it  - . n ii def~eie ncv in t~~o nec ic’. of Il, r l L e s s  c i p~i on~ :tnd c~~n iiti ’t~t i t ~~i re-
du1cd th e in I l l  et Ie~ ie io t e ’ .te r i l ic i t l ifl h~ pLi-sitit i Iei_’ t ihir i - Ji k sieri, i  ,i~_ \ I t i fi l-l~~~ l 1 ~~ re

du e t on o t ’ .  iire.lIc’i in the  miifli de l i - _ i c - i l l  ~peeie’. und in u n i m . t k  Id .1 diet rich in i :,ufl~~
i i i i C S i

f,ii ~-, i i t 1- ~- et ‘ I i  -s l r ip r~ d ii vd.t niin I~. 1 he he’,i ~- , i r~ i,ite i t  i - t i e - t c r i l f t . t I - - I -  th - _ r
c - t , - _ i t i i ! i l i  isi t e e  eli l- , t e r i  si t - _ l i  r ted he dc~~ree ol h ’ - 5 r ’ ’n , t l - : i n i - t .  h und to  lie ‘ic I C - i

in ea pi.chin~ led coconut it ~\ l o p i - _ i t  e \ t l . H l i n  I i  the dec resi -sed I C I JC1 - I I\  in
de i t ie nc~ siou ttt lie per \ I l  t i l e  d.ini, iee - ‘.,h- t r i l e  i l iC  Pt, -\ of lec i th in )  i - i  of ~u ttt t t .

on iecthi ’ l c hs de- ’ s i t r : i i tc i ~~r, se ii - _ elL t - s  - fle the ’ c,i’.e si ,i~ fuil’  - _ t i~’ lil t b’ th e t i i t .i

- se _ c -_ t i’ it t h I  1 ii iiii r i i , ii  in o c e r r i i r - li~~ r~ ’tu re oi the re _ ict i . . n rd  1-: u t

i s requirci . J~ ( l i ’  \ utr . 2~e ‘) - 4 ’i )’i .

t i t t i l l  I l i t - s  itceit ~i i t t - s tde r i ’d a ph~~ist- siii-:e i l- s iett ~ i t s  i- s l ost on e~ p - t t r e  i i I’ -

l i i ’ l l t j id ant i  s \ i d t i l i t  - s h i - _ - pr ied ’. ehl ir i t ic re u i iben ,t i ,iiu ( I ) .  t i ! lh- ~ i t i ie .

tie j f l I Ii)! : i iLi l, r:tnd i:i . free ;~~t~ i~~ i i - c . ~~ - LC. ’s ]  t l , iLi i il \ V : i - s  m a t  h e l l s  i~~ht h t t ~ d 5

ak/ I d l i p id 1 ’ ro \ tda l t i ( I .  P t e - 5 u n t : t h l ~ due hsdr i ipen pdri l\ l i l .. ir pe~~ -.i di5 ’e d c e l L o .

to tl ;c i ie ie , i - _ e i l  i l ie t - t ir:l t l tl of - k t in-  8) ~nd t ie t iv i t s  \~~ “. ‘p~~~
-s
~~

l t fl \ l I O  0 li e!!

st i tu ie d t : i t i ~ ,i~~u>’. t i P  1- \ i i l i tO i t , s u e  11 1ok ~~~~~~ 1 a pure i i \ \ - ’ c  II : l l i-. i i .- s ; Ler e .1

d o r m ’ l i i t i - s t tn t ~’ t i i i m  ol a Liii I~ I -\ d iet . a es s nt i i t t in i  ‘ etI l - s p Niti l  t i  I - i t >  1 -Ci s
~ 

i
~~~~ t 0

dir ei rc> i ’td ii j ’  bet”- ’: n dielL:\ L i t l :t l t i -  (9). -\ decr e t e in the pI i- st~ a I ( \ I

f, -I  and lie ud y i d l N C  of l i t t i t t l i  io~ been s iL c e j e i d in hunitin’ -sit L i l t ’ ‘ - t i !

L’ UiL~ .i~~ L l i -  NUll C ,ii l ci UU >~ - ) -  a1tc i l n pi~~i t t ! e l 1 t i . i  I l i t , a d o t  ,e’ I’
It lt I’. ak- i  ii C i t  ~ l~~~~iir-~ :11, 1 I i t lit l i l l  I f l I t~~ l t , l t L l , i iL ii N t b ION ~~c ul t t t int ’  i it t i l t i t

i t ! . t i O f l  i -s  ca i , i I s I t ~ L O t  0 the i f l t e t i i ! ’t l l -  iliCi ’ t i li ll iiL, tan Its ‘ uI i p t e~~ie In

i l l s  iii-:li’ h~ l t - s i t l  ii in,ti iehi nd ri ,m , i- IL- re t i i i ’. I I I .  Lt.
a iii 1 Of l t l  i t i t t l i e d l i l e  C i t - : 5  I (it! te l I l ! in . l l  1 IUS 5111 ,15 Si t ) ’ .  i tn d - rt~t i~ ’ t t  m i  de ’
rL”.~’ i i . t i i l i l t.  t i t ; c l . t t r J  lii C- flC ’ td t r 5 t i ~ e’ rip - ~ ie t i i e :  15 ,-r d ii i.’. t i ns  i - _ I C  t - e  In

h i m , t his CHIlI htii. heen &ie - s e i~ - .i :t the  -. ,o l i n of L- l i , I C ~ t :I .l in i - - s i n  is iL IC  \ I
,m f l t i m\ 1. 01 - s p i ! i -e i f  ‘.iii~~~di~~> ‘- l ie ’ .  ,ir
ot he r hi,ihi~ sefl- , i t t ie  Io. m i t en, S I c ’ , mdi- .- - - - -- l o i n  ill’ )e;..! I I’ - , it ol ci. H i c  s ( hr 5 1 :  i~ I~ -

j i l l  h ii) II I it ion ) Ii it 101111 1 
pIt I \t I I 1 I) ii N i t

i t d t ,ie i Cs t he : is a de~ reo i - si - ii t L -  i i l  i~ if It , i i sj rd  S i - - s t  i’ ui’ t ’ -_ t~~ . :1. . l I t ’
iii-: Cf l / S l i i C ’ .  i t  ‘.~ C l i I tC  Iii enerit i it ieta bt i  - --c i i ’.

i’ i i ’ . ,,itt ’ e - t i n t ~ OLi t  t I Cl I lIS t i )  i t Ii ~~ ii
t
~~~~- ’ ~~ iii ‘- i t ’- ‘i ~ t t n t , - :’ - . , - h, -tit ~~~~~~

I I - - N - _ I  I t - s e n  l) i~ ’ H  i~~ - i i  i j i~~ \ , i~~. Ni t  - S - s i ’.

t_ l i/ i IP i_ ” I l I 1 ii ii. tO S I il -_ I t i l l  I I i Ii It I I i
Iii i~~~r i  s i t - I c - , iii e n/ s t i l e in,i~t ii ,~t t . -tt b\ j iNfl,I l i t ,’ i i  R~~N- ’ - ’ Li .- N ‘ t i - n i t  lil ,i - i ,L~
li;iid ‘c r o . t t i , t ,in h o e  - s h u n  s i i I t l t , i i t ’ ~ h en— \ _ ) t t i  i li L i  j u t  t t i l _ i_I”~~j  i l l,  51 -~~- - i t t , >

/i ,i ie ire 111 15 1 itNd(’i ’il~~~C Ii  t hi’. t u t u  i i’ t~ • t h i u i ’ ~~, ~t t  - l ’~ ‘id F ,LI - I I i  O’~ Ii I I  l e s S

in t i  I t in 1 I I u t  i i i  ~~i 
ii I I i t  i i  1 1 1  ii I I t

- - - - s t i l l  O t t . I t .u lL i i ’ I  ~~ t i - ’ ’ I ,d I- eini ~ I OU! I t ,
tilt in Ii i  ~ 

I i ion ii ii h iii 
~ II 0 1 1 I S I I

j i Ii) tt f . t 5 1  in . idtiu , i ,’ ’. su ld i i d i s  1 ‘Pi l l ) -  u i  t i c  \ ii - , rie it i i i  c o- i ,  ~~, ‘ , l cn \pnl 211

ii C O / S I O C ’ - . t O C  niti!llt e’ . o - ,i a dee~e.i’ .e fl Ne” ‘ l u t - - i i -~

~~~~~~ L’~~ h~~ chole - i c r > .ies ii -n ’ .I’e r:i - sn’ 0~~~ ‘ ‘~~~~“‘  ~~~~‘ - i m r \ , ~ h !- i e~ I I .  — ‘ i
- - \ t -  - i i ( C C I  H e - e n- _ i t e l l - .’ I bi lL ie - i ’’. Ili pt-

I ( \ 1 1  ,i._ l i ’  Ii it Iii 111111 I I_ 11- i I L - l i t ne \ . - ,
— — - 1 - ii ( ti Lt S iii i s - ’ -,’’ ‘ ‘I N . - - iii, ii —

— I !  I ( \ I pienul’ . on suhl1i~ dr~ I c i t e ’, Ii 5 ,0) N ii. .

994 i/n, I’ ti n .  Ii / ‘ii ! i t  1 /111 .11’ \ t , i i i s ’i ~,t I I I  \ l Ill ‘i l,- ‘n ~~~ ‘ - l i  l ’ ’ t i t ,  i n S

-- -- -- ~~~~~~~~~~~ — ~~~_m_~~__i~~~~~~~~~~~~ _ _ _ __ -.~~~~~--~~~ ~~—- - --~~~~—--~~~~~--- —



~~~~- -

Rl - Dt, (  I I !-s~ i 0  l i  it  t~~ 5 1 1  \ \ t t N  151 i l(:it \ ‘~ 9 5

[C , te t iOf l  in niotikeis made nieh , i - ent tn vIa- fl i ‘ ‘ ,i, ~
) T i ’ - , i c b  ‘. lf l t i t I  o si t  c , ILl 1 1,5 t,Io

- — - 
— - ‘ iSUiI _ ‘ i t i t_ ’liI ‘i I l i tesict. u ie,1 ..‘td it’li, t . ,e i t  ,li.u k. _

11111 1 *11 I k i  (l e t et]f l i  iii Our I mi r 
l i i  1 I i ll I,  i I iii ‘in

1n i i hsun ’ . t i t u r a ted  I t t ’ . .  Re~h~i c t i i n  t n the ~~~~~~~~~~~~~ C s l i l f  i t ,  ‘ t n ~~Ii i It . - -s ’ - ’ I i . , let ,,I ‘ 
-

‘

pla - s i t l .m I (_ \ F re,mdi Iof l  in ‘:il1Imiti I d e f t —  I t ,  Ci nCh c-sLi t ‘ i lC i’  1 L( S i  o i —  c n t c u l .  - . I
cieiic\ uuou hd -su l ; i i u t t  the eott u :-:p i, tha t o t t - c ol i t ’ ’  ic ‘ic eli -I - — n t~ l es te ’. s i - -si t .is rne isiired -s ‘ i

- - , - - - t i le ’ 1 - - I’ it t .  I - - i  l~’~ ii 
- ih~ 0 - s i l t . 5” I,t s i l i i , 5 , i l ,  -t hu. ii t ‘ It  > I I l ie ‘, i n  I’, 

~ 
I 

I i i

t u t u  nil 1>11 ,’ t,e t in I t s  i t  the ‘ .u l lu i ’ .:i’ c h _ c i , i la in_  
ini~ it i ,  it,- i , 1 i ‘ i i i  si t t In- it -’, l ie n-  i — s  i t s  , i~ , k t  -

i lli! Cfl /~ t i leS by pre icut toi l  1 S t  I t j ’ tL! p-ero\ ud. i  C,tCr ,n i cc t i t n - : u” i i  it’s’. t ’  i t i, j i’.’ I i . - - I lie i i l u i e .
11011. i , ’ t ’ - - t  t i c  the -I n c as i u - .’ -n i l f i s t s  t i n t - c r  -s ince -

r i - l i  - - - ‘ t s ’ ~ - - - i _ t h u d  a - ‘rd c u - i ’ , ,  i- , lab: - 1

C i t - l I ,  - _ l 0 t i u s t  il l s ’ lc ’’ tc l It  Ce ,I I t t , ’  ‘ - -

i u i d t i i _ u _ i s  ,- i,~~,- - .01 - u, e s i c o t - -si I’ II~ S i i tc  l i l t 1  -

‘i - - - i  - cc rd  s uted i i i  it t , - - .i,-ii,I n,tic,- ‘ I t he il - -
i t  1 i,t ~“ 

( 1,1 cud ‘- c ’  Vi ‘il l itO n i t  t , t . s t i c  i t t ,  
‘I’ ~ - i us - - i  

~~~ 1 5 5 5  l i~ I i ~ 
- I,- , , r u i c  i l~ ’ .1 - -

i r s  s un t - k - .’. I’ . : ,  ‘i 5’ -. l ’ iu i l1~~te i t c h,,: r i ’ ;  c ra t ’  ‘t . s 1 se flleIIiniuI 7 ,  i I  ci t
O u t - t i’  ‘5 ’ il - C I ‘:tniit nliet- ’ ~ 1 ’ . it  ‘ - ‘tI ut tL II. - id I , _ S  I c — ’ . — s i  I i t s  ac i d — ‘ it - — i n  - s I t - -I , - i, 

1 I ’ m  I i s -  t i l t  .5 3 t . -  - t t . ’ . l~~t is  I I .’ , , ,  
Is le t ’  - crc t, i tt i l  ‘a - p’ . r -’ ’ - i c 3 i : s l i i i  ‘Li i  - -

/ , ‘ i i , ;n,’.i in) L “~L
5 ,  ( ‘ s i t ,  

c \ - i t ~~t~~ I - _ l i  e i t i , i~~~~ i t t . ,i, i. k u~ , - - I-c
- . “.i,’ ! C ’ t t  ‘ si t i s O  k s  ~~~~~~ it hai t i , ,n ; -t  t i ,eul  

~~~~~~ , ‘t i~s - t  iN: ’ -
- ‘ It ,i ,~~~c, I’ . -

it ii r I I ,_ r i  ii I 1 ‘it I is I I
l i i  i ll ii I r I i t  

t ( I  i i ’  1 I
i - s  p~ - 1r~~~ t . - - ’  iii t : t ,- u e l t e - : -c’: t n - - n t-  lien 

~~ ~l, 3 -P 0 1 , -I I,’’ _ k e i ‘ i ; t ti  I
a’,) ole,l ic - . e - ’ i  1 1 u s d ti l eilt o n e - I - ,, ‘c , ,  it , U. 5 ;  5’ . . t n 5 ’

5 ’  _ l~~~~~~ -s ’ l  s 11 i I - i i \ ~ 
- - - . . - - t ; ~~ ( i” s I l i t  

Is  i .r ,,l, I ~~~~ ii ,‘~~ is i t’ i\eO.IliC , l t  ir~~ ; -- -c - 0 
~~ 5 1 5 ” i - U  icr:, .1 u- ‘ .ici- i:id,Ie t . ,  -‘ ,t -

1 -I - - l _ ;iYiit I — ii! _ ‘ .i 0 - - 1’ I ‘.1:1 01 — i t t - ’ :  e~’ti u t ’ . it I s ; - . r, ’tc, , . 1 s t _ i t  i ,,te,i lci,il liii -
I t  c c i i  1~ ~ t . ‘ I t i ,  s t le l  

- l
. - t ~ - c -t t ’ r s s i - _ I s - _ 1 s - _ _ , I u t - . i  ( t i - . 0-s - ‘ .5 i ’ s  ~0’  — __ i _ a s _ - I , ,’ , — i s - s e  ‘ i -  !i,,l i,-,irc si ’—i ,u ’ - 1

n e t s t I n  4 l ‘:‘ ‘ ~ e I t ’ ’ ’ ’  - 1 t s r  C I I  lId C , ;  - ~~~, - ‘ t ’ su l : ’ - ’,’ i t ’  I , - ;  , ‘ : t l s . .c ’ t in  ,- -
i tt -a l’ ; I t  C ’ s’ , ;’ 5 Ii ,. ’ - ‘ si -so! sr c , - ., I . ! i n s - u i -s ’ ,, ’ - , an, ~ , s

- ~~~~ ~‘t ~, i u n - ‘ .1 ‘I , -  ‘ ‘ t I , - ., ‘~ 0- ~~
,.sa ,- u l  I, ~‘ _ i ’, l. ,l’ , c t, - 1 Is ~t l -  ,~ 

-

C ~ 
- - ~i i t 5 ~ -~ If i t ,  t i  I I S , ,, i u ’ ’ ’. t  i lid ,i s t ’ .  - iC i’

11 o ,- icr - “ - ,, ‘ Ii t~ ,- -.t. ’:t 5 Il 1’ ‘ I- i  - ‘ - s ~ iii, ,i~~,- ,~1 
-

i t  - ‘ t  us ’~ is e s  I - — ‘ci t - - ‘ - 1 , - _ _ I t _ i  I ._ s -s ii ii, ’’ I

iIi: i,t.’d r , - s i i , l t n , i : i n ~~; _ : t ~~~~_’ - i i i  t’ - s t - - s -  -1-
t1 C - e ” t ~ ~~~~ ‘ ‘ “~~ ‘ - _  l b

-\ I(~~l’ ’  1 U. - u :  i- , - . ’ -s _ In t l -s .- -s _ t n - . ’.’ ni I t  - - : -  l ie 
-

[5’, lt .t t Li  l i t  t ,  i i !  5 is I,, ’ ‘ 1 - 1,1, -0 , 0 ,l, I ri ‘ i t  t -
- dl )ii I ‘ ‘‘ I > - ~ (~~ 5 ,~ c-~ P - - r -t

Il- ,, 1 
~~~~~~~ 

- . iis ’ u , i t t  ‘I hen; , - : , ~ - - liii ‘ I  
, Ii i ~t t ’  - - t i N  li lt i c I ’ili  I I ‘

~ I a~’I i .  u -
I I I i t

1 
i i 

I ’ l l ) i l l  I I I i  i l i i i
i i i  i t s I 

I
p _ s - isa I C \ I ‘‘‘ ‘ ‘‘ ic l it  - Ii S e c  I , -. ‘ ‘ ‘ - - , ,i ’:’,, ,, -

~~ ‘. I’ . c l - 1

I - i  - - , , i. i1i -~ .‘ ‘-s ; ‘ Ii S t  e s ’  IL, -,, -: iti ,u ii :,,’ \ , t e , , c - - . !:ll, uu. ’t - i s t n ’ ,- I , I : ’ L I L - r l  -

ii H’’ C’ _ 1, 1 . 11 1 ‘,,tl i ~~~ , I - i t  ol 
~~~~~~~~~~~~ - ‘~~ ~~~

- 
~~~~ -_- _~~~~~~~~ _ ~~~~~~~~ 

-

I , :  ~~~~~~~~~~~ it -‘O i l’  
- ~ t i l l !  t i > ’ .  i :hs ’ t t t ,t - i  ili: ‘ . i l t h - l ’,e n

Ii - ,. - :~ .~~ i I  , — — -  — - _ , . - ) e,. I in , - , I - _ -
I I i  I i i ~ I I ‘i i  I I Ii I / L I

lii i, - \ ,  I t s  ‘ , 5 ’~~~ ~5 I ‘ s Ot - 0- . . , , I _ l _ I .  ~~~~~~~~~~ ~t , f  ‘_ t u i’, i e ~~~‘ , ) _  t ,~_ 1 )  - t ~~~) i~m l ’. I’! I —

c a l l ’ .  ~ ‘, t ’, - - ‘S r’- ~c, tI, :~ ‘ I Slii ’ i - ~ e ru s u > ’  I - c t >  ‘.,; l , l S t c t  iii \k t ’ i iil l l i i  o i .1 i i iu  -
1 )  s ’ I i ~ l . ‘-

~~.C s  -
, 

‘ 
5 \ i i t i i L t ’ I  I s  ‘ a> - i  c t I I u ei i’.i. h i t  t I c ’ I -

in ’ ItS i l. II I , ’’ . ’ l i s t ,  I’ i l L  ‘ ‘, ‘ , , t ,  i s l - , - - - - - - , _   -I i lull I ih t I I I I Ili t , ‘ _ i h _ , - - ‘ ‘ d i i  II i t  ‘ —t ’ ,l ‘ - , s i l t i c t ’ ;  Ii — - — 
- -

/ Ii / I n t e  i I i t l t i  II ii I I
- 0  t- ~~ ‘ -_ U ’ ~ ‘ 

- ‘ c  - ‘~~~~‘ ‘ ‘ - 
‘i ’  a - - ‘ 1  n I t - ’ .  to i d c i > n m i s ’i i’.l , td I’ rus t i t . ’  d l i ’

,rt t  ~~~~ ~~~ Ii ,n~~d s’ - ‘ I - - ii, ‘ u - t - ~~~~~~~~~~
, , ’ t i n  - 1 -~ ci i i i ; , , > 0 1 —  to i l  ~ 

C - - p i t .  n u t  -
Li I I Ii i

~~~ i I n~ \ t i  l~ I i ii m i 1 1  0 C i i_o,d tu,’ ’ ’ i_’ l _ , Iss ’ - I Ill - ,t t i t t ’ - ~t S I C  T i l t  - I) - - 
‘ 

-

—tO I I I I I Ii I I ill I 5 ‘. I t i  I I Ii
s . c  od d - ’ .- i i i  ,,, - , ,‘ ‘i I  I t , ’ - I  c i  H i t s  - I l I l i l l ; - : > )  S i t ; ‘ i t  I. L i ~~~ i i l l u l ,ii,Y
- ii~st  ii’. ‘ 5 1  t i  - - i s . 

- - - ‘~ ~~~~~~~~~~~~~~~~ I n s  I~ 1 i, it - 
- I’ ,’ ; r - 

-

- a t - I I . i u l  -s - ‘  t in! C -

i l - s  I II i~ - ,,r- , Ii .I,’ i ’ .l ‘ ci I ’  - ‘ i t t s  - I. 
L i ’  t I t i t _ _ I l l  ‘. ‘ I !  Ii, itli ‘IN I 15 ’ s ~~\ ‘,‘lH t t , 1 l i

I , i Ii Ii i I 
i i I L I ]  II, 1 u i  I t t ,  ii I I

5 ’  i i ,  s l l u u i st  - ill  Is _ t i - c u l l  ~iI -
- I -

‘.111 t i t i , ’ u,i, - ‘, , , I  - i 1 5:1 ,11:1 ’ 1 c u b  Is  - ‘l i i I-  s i t  j il i’.iil,i I l i i -  Ii I 1i lT I i e f l H ,i I!, i i ,’ . \S IL ) , , o  It

~ 

_ _ _  _ _ _ _ _  _ _ _



996 MI( ’kI I I I  ‘ i t

t he un’.upplcir tc -~tt ed itot i kes ‘. -se\  c m l  In cek ’~ rel leclitili of the d ie t t t r s  Itit COIlsUIl)dd - On
prior to th u ,t u i \  - St i t ’c re .m’ . ~ii 1)ICiit ’s (I cni~~t,ki mii i ’  t he 1 ( ~\i act s i t s  in te rm ’m t I  t >1

aflhlilti l’. reeei’ ‘ :0 -  111 1 ;t i u t/ kr  siLl ,It the ole >‘ t t tCe ’u i t t it  free ci t . ]c - ’ .tcrul c ’.i r i t i enl  in 2-4
of the ~ -s’.,iI t t t e  Ii s - _ I Ii ’ h-c ttn lequ.i.s .0 t u t u - s . it he,tanie ,~p-p .tr c i it  tha t there I’. I~ t i ll

~t tb ’ .cnj t t ,o t  ti ’ c i l . I l - s  ( s i t ut l , ’hr ’ t t - s i i loi i r, .\ \  t~ iC l a t \  s I t e l  smn l unt ’ the csnar t tohc u~ I I I

had hi ’ — c r  v it .i lnin I e o t t e - s t r l r , t l u l i \  t i ;it es te r i l~esi about 3u 
~ . h It ch ’:’ -s the e , t I i  ,:]; ins

eaj ’ ud>tu : l ’ .  l i - c data s in t he t t ’ I . I i I i t I  ‘ i ’ >  t -:ui Ci i ,s)ni l t t i ]  s I c - s  nital i l in I- d -s t~~,j tot ~ s ’ I e s ~
pitis ita ‘, i t , u u i l l n _  Is - , s ’t,- c i m i i s u t s ’ t i ’ .  It c ie  b sit ,III e i t i i : t t t , c d  pe r e s l u l  ec lL ’ t i It , I I u i l t S  (0 I i~~~
r us ’.st t -_ ’ l  e- I- -co - hcre I Hi, r i s i i u ’ i c i \  d iSt i lL’ l>nil m t  :111% “h Ut l’i - L P  of

-\ ‘.i1’ : c i l I c c u t - : red n ie t t a i t  > 1 11 . 11 ! > >  1 t~ h I ’ iitniul. c~ r’ .
a i u i t i I J ! t t Ill c 5- i s - s t e- r I ec i e r : l ie d  bs ,~ - ‘ t ia  \ m t - s u n  It nIc ’ l iciui ic\ 1-c - I c - i  Iii ncr

I C \ I  iiti t ’ . ’ C i \ C ’ l  iii III: v i t : l I l it f l  I - - Jm -  i - t m ]  p I. n ’ .u; ta e’ i l i i lC’ - l c t I ’ ]  ~,duc I t t  l,, ’dt

cLot ii l u LLS ’- hs ,i t ~ , t he cso to I t i u l t ’ u - s .stud e .u ’ i : a t t i t _ t  c , s I i ] s ’ ,s~~r m u  d ic - i , I i :  1 l u l l  l i t  1 > 1 1 1 - s

d . tp i ie ’ it i t l’ ., I : 1-s  rec ] : ,eu i’ Ih l  i lLs t i 1 , t , 1  ‘ l i i -  I s >  c .’ i l iI t s i t >  I t , i - - i> ess ~~,i’.t \ \ sL C~~ t ’ 1 t I U t i -

n,uu ’ ice I ti t i — c : i t i ac ti ’ . Cii u h cd t . t t en t I .: t u- Joe - I. ’ fl ue - s i ’ u i i l t t , , , i i t  dsse l , n ’ c  in 1r ’ e  s ’ i] c ’ .-

i ts  ‘,,i I : ! , s ner  ul th a- ’ t i’s ect ’ i ichiti’ .  c t] ft - m i c- , i l , c c i l l r , t h i l - l , ‘ h ’ > uc t , i I ; ’ ’  cl .1 . s I s s I s i ” i

d L0i,iS oth h. ,.: o’ irc ’ h:ui i 1- S Os  l I e  e - stcr  L-  t,’ ’ f trc  I , -  f t - c- c’ I : u l l ,’ -s l d r u l I  I\ si~ it t  i i  ‘ ‘ , t  s - _ I
l i t  :i,i’,e C ] itLO t i’ .  1 s i  s t i l l ,  - ‘- - r  f ’ s tIi -s’ c i i  t A I l  ~~~ IS ihi t t  t d i l s I - t t s \  HIP

oil , l~ ‘. e ,c ,  t i P i l u t  - 1 l e S t  i t t ’ .  iN l’ s ] i  S - - s  r ,t l i , i ’  a; dc l le i, - i I -s r t k t t i !~’ 2).
i u  - t i t , - s  ii’ s - t  iii, ,- , I t , i t , ’I :’ll~ I I - ~~l. I ) . ~~~ t i - i l ;‘Ii’nll.i eh s l e s ’ . c r i’ I  e , i t t c s - I i r r , - t u

c u l ls ~~l Ie, ’ ’’’: C, P’t ICI I l  , l e ’ I  e s s s s s I i  1 ! S I t ,  t ’ - i ~~~’ ‘ is  i t c hO C O ] l l t L ’ l1 ili~ n t , ]

~
.
~~li’. ( i s , , t , l I i l  I , ] , - i i i t n n _ ’ i t t t ,’d Ii,,- e’. . s F i  ‘ t f l ’ ’ c i  s s .I e ] t e i  ‘ i l l,  0 t, I u i l > i .i iCJ It s

1 , 1 , 111 . d I \ v ~ ui ~ t p t ’ t ’ . tPIe d ,i i,i i’ i t ’ . ’ t  c I l u i t , c \ -  H ’)  t . 1 - f l1ih ‘ 1 It~i ’, tI le (i. ’:~ 
-c0 / I t ~ s I) o: Cc l e’ i i t l ’ S : i t t . ’ t t  ‘C I ’ - t e Ol a s h  iii tt)L5I  t ! t n ’ ~ 

1 ,111,1 dO ] ‘ ‘ t d t i ’ l  - 7 1 c C ’ ’ ’
Ii ’ s  10, ’ s ] O e -  ci i  Ii , ,: Illilli l -_ ‘. - s  I , >  ‘ . , t I I ’  - S - e r  i r s I t - - i t  tO t he . : \ i t .iii’ s s I ~~Ii’ ~I I: ”c ( h i f t c i c ’CC ’
i i !  - - h- -cc, .  I I I  p l u , m c t  “‘.. < i t t  ,iit ‘ - i c c ] > - ‘i u t - Ic . ,~ d 5s’ Jiu:tI ’ H tuc , ‘ chs t s i e r’ ’ l  e- -I ’ - r

t I e  I ( \ I  ,t t -  iS ‘ . _, ‘.i’J ’ ] , ’ s c , t  t~~’ - i t ’ sd  s h i t ,i iu l t i e ’;’ s l t - I i c - ,li _ , - ]  i i i  t In’ ~~~~~~~~ 1 ]

t i l e’ e i u r . c - i m Ii. - , - ‘ u i  III ;51:lsit i :l  ftc. t,’ ] i u II’ ~ i , t I  e - , t -,nI i l  -.i~lIi c - - l ’ l i , ] > \  u i  CII: ill-c i

(r t i n :  .1 ’] t~ t t i l t. ,SI L’ - l e r , u I ~~ 
il , (ss , - tel l ’~nI C , t t , i i , t l i I 1 1 ’ .. l i t  0 - :  ii’. - s U I ’ t ’_t” l i  - It

ILL’. ~i, ’ t . ’ i c t u i ’ t I i  hiil]. dli ,’! - - - t - ~rs i  C ’ . 1 1 1  - - ‘ Ili l’.r.’ i l I - I \  i L ” , I i , C s t  i ’ -  , t t s ~
I p - I ] i  c t t s ’11’ -s. t e i .  I, I t , ) t  V ,c~Ii_ ,  t i l  t - t ’ . - i  I

oIl S - I t  - 0  t i .: ‘ l  I-sc , ‘ t t] I - s , , t r \  i ,il ii -sc ] f

1 ‘ IT t I t t in ~I.i- sm i t o h ’  ~‘ I Is - . t i  .0’> ‘ ‘ 5
i l l  I I I I i j  m 0 I i i  c I ii, ii ‘. s i  I I

- l, ’_~~ ’- ’,, l’t,’l — ‘~i I t_  — t .sl, - IC’ ,It —

l (  S I  i ~ C i s C i s L’ I I’ ’l ,iI ‘‘l- .’ t’  ~ t l i t  5 . t , u t I t I t ~~ l~
t : ’i’

Iti . 1 ’ ’ —  t i c ’ s. i t _at i i , IsN ,- s t t ’_’ , ) ie l , t r  ‘._, IIi~nu’ I
- - 

- ,- t l  rc ’ .ut ’ i .1 in - : 1,51 151 13 In R a t ,’ in
I,. ,,sI ~-s imi s It ,I~ ,II i. I — 5 -

5 - _ u i  — - _ s , , , t l t : i ’ L- I I ~‘ .~ i um b ’ - s i l t  -s 1 e ’~ 
, ‘._ I — t i  I I I —

it 
- 

_ 
_ , , - ~ - .t 5 -sd is 1 ,s ’ i~~~ ’ 1 i’ I ’ ~~I1 il ‘ ‘ I  I - 3  ,- ‘

II 
- I t  -

~ 
,i- i n n i i t c  .‘ ; l t , ) i ~ I C c ’  ,iII~ \ - I ‘:c ii. ’ i t t - el - ii c

- ‘I flu , is- n ‘Ss tC t  I’ - ~”> iii t I e  ‘ i s t s I l t . I  I ’

I - - - ‘ ‘ I  ii 
~‘.I ‘u t  ,‘ t ’ i ’ .  I-cs> i i c , l i  5 ,, , 1 1’ ‘‘ ‘‘C I t  - ‘ ,  ‘.1 - - II

( I  1015 ,  t s in i  l I P  t t _ I I 0 l u , ’~ III -
- - ‘ -

I I H ,u ii’” ‘ In_ eu ‘ I t , - .’ ‘ ‘i I i  L S ‘-a ‘c t 1 C - 1 s t  ~ . i ’ - I  -

‘~~
-
~ 5, ,~~.n , 

~~ 
I 5 d i  4 ’ ~ - ‘ 1  ‘~ 

an C\ ~~~ui l’ ’ I i t  i L ’ .t’ l l ’ ’ ’ b’ Hi~ - t l  ~ t ’ s c h ’ ’ - i  l i t - -

)i di r e t ’  - U i I, ‘ 
~‘ t > t t 

- c l i ’] - ’.’ - S I i t :’  c sel l ) ’  I t

( i t ’ ’ ’’  ‘~~- I s - ’  t I do - I l  , :ll ’~ I >  ‘ S ‘ ‘ ‘ l ’ S : .i’.t _ t , - ’ C i s i ! i i l
I ss c ’ - ~~n I  ‘i d  - s l  ~i s I I 2 - ’ -

I S 
- - I 

i s i  I 
~

u - ‘i., lids ’ - .1 ‘I I . ‘ I , ,  1 , ’ s t ’ -,~ i i  - Pc

‘ m l  d l  i t  t - - I .1 2’. ‘ i t t , ’ , i t t iii In - : ill - eS r s l l l I - i I S i m ’ , l i P  ‘ r - I - .
s l i mt i l s ! ’ ,i t i l t ,- “ , ‘f l ’e , ’ c i t  ‘ I t  - i t ’~~.I L ’ Ui It

— -  t i n- - u c  - a It Il l’ t i 0i~ c t  i t - c e’ ill I ,s I ‘

‘ i _ i .  • n p - s t .  in ,,, ,! ‘ i s  N . , l _ i . , s , ~ t’r ’ ot ’ , ‘ I ‘ ‘ ,
p i_ Ic I l i t ,, i’ ’ -s ’ ’.t e ’ i ’ - i  ‘t m ’ ’ i t t .  ‘ ‘ ‘ : i s t ’ t l m . t L (

il - l i  t : t  - n , ,  I i - u n — I , ; - ’ u i t i s-
~ I - . ’ s_ , t t , ,: ’ s - _ i s  - -

i t t  I I : .  ‘i f ’ ;- ’ I s  . t , - cs ‘II. I iu ,i~ ‘i~~~” ids i l :I’ 10, ’ ’  I i  ‘ - ‘ ‘s a l  I

I I’ - I nIP - , - s j ’ t,~~~~~i L II il l  I i’ ;I. e - i - ‘ I t ’  i ii - 
- Ii I u. i t s - s i  -I , t ,’ t i  ‘ t u t u  - ill I i i’ . 

=•t 
~~~~~~ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~ — . e J~~~ — _, , _

~~~,



1111)1 ( IIII\ UI I( \ i t ’ s’ S t I ’ i \ t I \  I I)I I I(II ’s ( V  997

I SR I 1 2
I c _ u m l  l i l a t t i t ’  I dcis .  - ‘ ‘ c ’ . ‘t I  s’.’,’r I l , ,-t . l rtte . ‘ I t ’  ol s’’ ’ s r ~l 5 - t
t rs -~ _ - ‘ ii t i ’ I _, t 7I_ i ’iiI _i , t , i l iss t is i , ’I iii I s l ’ .~

,5’cI-,- , ‘ I m o l t _ e s - s

. i t _ . .ni~i,.i_ 0 5  ml)

N5,., 5 . ,.Il l , t .  ~
-‘ - - - -‘

~ 
— - - 

1 I nI-s ( I It  n - t I . ’ i,.t it

C ‘ ill ‘il’

( is -i nut
( ,~~c - , l ) t ,  2’) , 4 3 3 , 3  3. ’,il 1,7 , is

til l 127 ‘1 ~~“ ,.i 3 ‘1’
5 ‘ ‘ u - 

~~~~ tflI
( - - t o l lS  Ii ’ ,- ‘ i  2 0 ± 2  1 5)5 , t4 4~ 12

- ‘17 , n - 17 7 711 1 14  1

“c_ I’ 1: _
s ’ ~~’ ~u t t i ,t
( ,s’ ‘ - 155 It-’ . -~ ‘.2 , Id I 5’, 2 37 -

21-I , , c7 4 I  , I’’ 4 ’ - ’ .  2t ~ll ,

s - -’ - .~ , -
tn, , 1 51, si _ I - ‘ 27 ,l ~1 s —  I ’ I  dl’

I I I  ‘ ‘ ‘ - I’’ ..~~~ _i I ’ l l  l .1 ,

\ _ n ’ es l’ s Int ’’ ’~~
. ‘_ : ‘  “.5:  s - ’ - _ — u ’ s ~~~ — s t l - - — , ’ .  Sill, ‘5 ,1,1 1 , ‘ , - I ,- u - :t’ ’ I— ,. 1 -a i_ s i t - I - l i. ’ 1

‘,, s n l s - - ’ , ’ sL ~‘ t, ’ s, t , l l~~t , u l I / ’  1 : 5 1 s t , - _ - c - , u/ - ’ - s , . t t I . ti t . . I l  s d ’ ‘ i ’ l l , , , , i t t - -s

c l. a . , . ‘ ,‘ ,I l  - e’ , i t, , in lI, 1 5 , 1 ~~ 1 , 1 ’ - - I t t ’  I S - i  t 51 I5  I .~ - - 1 1 1 1 1 5 . ~- 5 ,, u t ’ It i lt , I, ,,;t ,l t~.t 
~~~~~~

ill u s .1 i - - I  ‘ ‘ ‘i ll — ,,‘,‘ l _ i _ i s  II’ ‘I I ‘ I I  I. -s l . _ - C’ . I Iii I I  _ I t I - j  I- l i  - , ~~~~~~~~~~~ I’ II Sci l I.

I hIll 1
- II 5 1 ’  “ l ii, i ,. , ,t ’ t,tt t o  t h u s 11,1 - ‘ It o s , - ’ - ; ‘F I ‘lo t us . .o . .I1,:1,. , ; i ’ C .

ci is t ’ -  - c  U’! i s - I t’’ ’- - ‘ t ” t i ’’,’c, Cl’ 511 I - t i cs’s s

- , S ‘ - -  t ’ ,. ,.tc / It ’ — I

5 - . - - u I . ! - - -  - - - -  - - -

s -  dl -

- ‘ I i4 
-

.52 11 , ”,’ S~~: I 5 , - I _ il 4 ”  I d  i~~~ ‘ I’

- “ 1 3 1  35 - 2  ~~l s , I I ’  t i - li ’ h i  5’,

H- , I t , - - ’ - ’s-i 11: I - -

C I - , l  I .’ - II . 4 - I I- I I P I ‘ ‘ I I ,~ - I 2” ‘ H

I ’  ,lt , ’ s t t  I l.~ ‘s ,, I I I-I ‘ SI - - ‘ 115 2 I — ii I I ts  m l — ‘ , I -

C •,, s ‘ s l ( t _ 5

C ‘ - a i I m - 0 1 , 2 . 7 ‘ ‘ 1  I I I  4 3 , 1. 1 5 1 1 , 1 .5 1 , 1 , 1, I I I ’ ?

ii , .,-.lsu I - l ’ s  -n 3 . 11 I. - 5 0’’  -t I- - Ii i  ‘ s t t ., I ~ i--I I I _Si

S III - . it , r i i . t
( ‘ ‘ i s ’  l I d s  - - - 5 7 72 ‘ -‘ I I I  ‘ - 2 5 t I m  - I I  - “ s 2-i

I’  - - c t t t  I I I’ 5 ‘ c ‘.1’ ‘ , I, ’ 2 ‘ in - I - I I’ - I 2 2’ ‘1 2’. 1

5 , 1  _ RI’ is ’  I i i tC , ,t - 5, ’ “iti i ’,t, ~5 5 , , u t s -- - i , s - ,,- , -a f t .  . t .  ‘u ’ l’,: i s - I  ,,. s , l ’ n , I t -  I ‘i 5 1 s t _ t i !  I5 - s O t _ s . - -

‘ ‘ c l i t , _ 5 i ’l t, , .5S i l ’ i l i~~
5 i i . u / ’  ,, l i , ’ s  ‘, , l l ’ ’ i I I l ’ l ,  ii’ ; , . t ,  ‘I _ i _ ic,L - i’~~’ I I  ,i’L ’ , i i

t i l l ’ ) 5 ,0  .i ’ t ,  ,l~! I - 7is ,c’ :t .510, - -I ii,’ . i l ’  - iH~~~,, - , t t s ’ . I I - S i I t . l I i  1 , , - ’;: III  - ‘ ‘I I
t i t , :  1 0, ‘ u ’s,  ‘s i  - lIii i,’ .It, - s l it I - 5 ‘tlI I lI, - , ! ‘ S I  i t  - - - - I- is 0 - i’ll ‘.1 i t_ t_~~ -s I I ’  - t l ’ l t l  t , s , ’ . s  : . ,  is

F - Ic r it t’ . iii ” ~I’l’cc ’ :1  15 S  Il l;, is I l l  I Ic chi t ~’. Ii ’ s >  l i t - ’ -s - I l ’ S  cm miii ‘ I t - , t ( 1 t u b> - : 1 ) lu
1. if ’ m t m ‘I’. I’ - t i i I i O - i  ;i s : ’ t i t l ic  - 1 1 > 1  I.. . c i  - s m i i i i l  :1 1 ,~ ~l l I i - ’l. Il -c I ’ C l s e i t i,tt  c Lt ib t i

p s i i - i  iP t l r , I - . .1 ,t U, 11e t ] L ’ I i  mi l d Ii:s -c u ’  - l i - ] ~ ~ - i i u ~~~~’. I t , -. h l n  Ii s i t  . i t s t c : tu , I i i l I , i t ,s c u i - n l t ’ t , - , \ I  5 ’ . -

C ’ ; ,  1 , 1 ’ .  \IL’Fe ’ 115 ’ ] ’- i e ’ ’ .ccl ui ~
It,’ dc t , ~ k’’it i i  ‘ t i t ’ t ’ I

‘5,11 t~.Ii’, ‘ s n l III,’ 1 , 1 1 1 5  , , , ,uI  m S  111 s O I tS  t o ’ .  t ’ t p .e t  - ) t , i C l i i i, ) t \ j ’ t ’ i _ I  l I S t  mc t , ut

j ’ t t i ’ . u i t  s I , , ! - , - : t s l ‘ - c i ’ s  re ’ SC . i l s ’  l R n ’>  - Il L ’S ‘s n ,, - I s I ’ I I I t - t  s -~I C t ’ .  s e t s  l i t  . i I I s t , s

i i  S d  t i t o n  I ‘ i t t  s~~
- -s~ 

n , ,  m ] - ’t.- t e  ‘ 5 > 1 - i s  , ;i~ h u t . , i t l , I t  I ‘.1 s t i m ~ ut tI~’ t , i ;s ut , i t i i i - s . Iii e’ ’ t c c I .

e - s t e m - s. I r lt ,  ,, ,; u i ’  m s u i t u t k , i ] ’ I c  - h u t , ’ .,,~‘ m i 11 1, 1 1 ,  ‘1 I J c ] i - . t e u l t u  i s m m ] t c s l  ii ,i



99S MI( Kt  I L I  S t

Ilt crtu.iSC in the i’c~~’ cn t t t t ’e of “othe r - c’hlo’ ph ‘i t t i ~ le ’li’ ‘ line ttppe: imed to h5- more St ; i I l b e’
le pe rS I es ic t ’ .  ( ( t i > ’ , ,i > -  t i tan ih~t~c ,‘ i i l , ; t u t ; u i t ’  i e ’ : i c t m ’ c t u i t l m i h n  t ur nIp ,

Ott the ’ s if ter ht i l te l . IlL Cslu lcc ’li  i_il ‘s uh ’ . t mt  Ic
t t e ç i i e s uim s i  I’S ‘ C i t  t t t h t t l  I- tiu’ l ic ’ i ’t~~s 5 5 : 1 - s  lo t

I Iic”,t d:ui:i ‘.11” - “ .1 t ht t t  v il, ’tI l1 fl I dcli- 5U~~~”. ’iic,! h~ I11L),l t c c s  led t I e ’  e n c is i t u l  , , mI

c c l l c’  dsp i s’’ r.> 
~ ‘ ‘.1 - - I C \ I est c’ru t j c.I - 

0 u t i - ‘ t o  u C u l l  7 1 - s i _ lee  i i 0-t I - I f rom I lucuc
(l oll, t luc  c l I s , ’l hclu ,: t ’re, t I,’P 10 l i i( l .-,t,’ !uiilll- 

it ,on ‘1 1- t I  l i-c c’:I st:C>.’ lIuS. hi l., ’ :.s H’

kess ted the’ di et r i 5 . 7 ‘1 p n I i t u i i ’ . 1, t r t l l t , - j  p u s bl , I \ c  t i s i u r t ’ — - s r J  I C , “, I ,u t, ’ l Sit\

aC Ie> ’- .a ’,t, > L’ 1 > 5  . st ’ ’. I t s o l  i I s cU i i ’ ’ .”I ~~~ 
t I  i ’.~~~ i~ I~L’ i \ ‘ ru or P . c  d l i - !

j ib -s t C S C t ’e dc hc t c. ’ u  I I) . I m .t l ,t,,l I lt , -c t i e  Li l t i , m t l t i t t , . 5 l s ’C,l ’ 0 0 . 5  i i i’ , .L e ,  ~~~~~

re ’ s i u ; ;  t , ‘l I e’S OI I - ‘ s t I l t  I is iCb,t ic&l  l ’ s  t ile I t t ,  ~ d 1 r c  -511 I ( \ I .,d~m u IS t i i i ,  1, 11

t Ill! nt tul r It it o i t his I t I i  Ii tI I I 
~~ I 

1 L i  S I I I 1 5 1 it Ut L t I II I I

1 n - -s lot ‘s t, i ’m i - ~. 1 :11 5 - ,,. ‘. , I ~~~~~ 
I r.tc dc- I’ m ,  ‘I, ‘a , Ld t i c -  - t il l :  mn U i t’ , - - , 

-

s I I t I ’ dl s: ,, :’ i - s ’ ,u , t m 1 I L ’ !  Ii .e : p
t a l i t’ )  H, t I .

~~~~
ti I - S iii s I t i I t : . t e ’ r , - ’ t , t , i t .  II ’ , et i t s  i ! t_  -

i ite _
i’; ’ t t c _ u  ol s ,fit !c , u e > \’, - s I s ’ i t ’ ,l’.t s c - e cu 

1~~~~t c - s R: ‘
:

1 i s i ’ c! ’ - ’ - . - t . :~ ct I 1 : 11,1 ’S ,’. t t ’ ’ . t m

,, I I I u , , - 

‘ i] . . . 1 c i i  I t ;  I t  -: 11 ,’ ]  i - i 5 , i i  I , ’ -s I’ ’ su - ‘- ] t r s u \  lIS t IS

I t O i l, c I ( \ t ,  i i  I )  I i  I l  I ~ ! c 1 1 5 1

P1, 1. 1  ‘- ‘‘0 ’.’ Su e  t o i l  IS  Iil i -1171 ’ l i  
Ii i -  ~‘t 5 \ 5  i ’ u \ . ’ \ S S , t d I 1hIc ~ I’ - c i l I ; I t ’  I i i

ei us i t .  - ‘ .1 d” >i~ - . t  d l i t ’  I t ’  SI ‘ u .1 I , J ’ 5 1 I  I , ~- O ’ ~ 5” ‘1 r lc , I” ; r t -J ill ~!‘. t t i  i I t

mc ]~’:,’ ’ - s I t ] ’  1 ,11 ,’ t,’ I ee’t l I r ; ; t ,Iili , 1151 It - - f l - - s  
‘, t u ’ ,’ II’ - I e’\ t  ‘ , t ’ a l i u l u i  i’ l l  I’ S IlL

I I ’ i ~~~~~; 5 i l \ I t \ I \ ” S > 5 I i l t ..5 . ’! 
i u ’~T~~~- . ’ d - ’- \‘ ; u ! - . ’ i - -t ’ t i’ 1it t . ]-s . ii

‘l i s t  I I I I 1 1 1 1 >  t I I I  s i l l ‘ I t  s I l u t  I I n

d l  s e I L  Lilt i ‘I s , t  ‘ 
“ i ‘ ci  1 ‘. t

It  i , e l i e  
I I i / i  mc

P >~~- ’~~L (‘ m i t t ,’ : l t i i S t t  - 1 5 1 1  I rci’ ct !-,‘s ,,- , , - :-~~-, I t t  
l l l 5 ~~~ t t  c i t  ~~ > 1 i s i s _i I I S ’

55 ’ - 1 1 , 10 , - ‘ ‘ I’ , l t t ’ .~ t I’. I; ul~~: ’  ,~~~,> 
c i ,  c’ P c t s ’ I  i t i i c t  . I, i ‘It s ’ , t t c ’ , - ’ I i m , I t I . I l s  i ’ ] ~ H - u

s s i > : C ’  - ,‘d I2~I HI I ,~~ 1 - 51 ~~~ 
c ’~~ .

‘ I -c r s ’~ ‘ .1 ’ ,‘.‘ O h t  i u l , I na t 1  n c s  l it

I 1 5 I I’ m e  I I “ S l i t , !  5 )  t 1 ~i

5’, ~‘5 IS! - ~~~~~~~ r 
•
‘ ‘ ‘ - t i ’  - ‘~~‘ - ,l It t  S 1,~ .1’- Si 

- - 
- 

~~~~~ ‘ , 
- 

I’  - 1 ’ ’  1 1’ ‘‘  - 
- P i t  is i s ’ . -c

;‘eresu t :t t ’ is ‘I’ 1’ - ,tc It, cs Ii 1 > 1 1 :, - ‘I~i 
f l - s I c , s I l t  i, - ‘iii, -cV ~ , ,‘ iL-i j u te ~s, I t o ,  - II  -

‘.t)iO t , - u- I S” - 
- 5 1  i sis - I I t l I t i  I I’ u : t i i 1,I t t_ t i , s - ,s r i ’,1 I ( ‘, t s I l l  I I’ - S i l l III I - - - ‘  ,

Rt t i !Cch  u S  ,. iu !~ i , s n t i S’r

‘ ‘ t o m c i l t  ,
~ h I  — t 4 ~ _~ ~‘ l t d  5 ,1’ ’ ~~ 

,, c’ ’ - I ‘ . , , , , r  o-I ._ 1111,1 1 l t , 1 It l i t ,  ‘ I )

51 ‘ s I  - ci :‘‘~ P t _ I 1. ,_ ‘ : I  . ,~~~ - 
~~~~~~~~~ 

i t  c ’ i ll  . I t i’,,’Pi , 5 !  s’> i - . l i i s i cu ’l ’ s  e s .’

I t t  S l , ’ . i s t t ,li at I-el - 1  t S t i ,  t i u s c u t t  -~~i. t i a  s ’ .t c i  1 ,~~ i ‘ i 5 51ti~~~t I iu ’ t ’S ,i I S

. 1 1  ~~~~~~~~~~~~~~ 
- ,:sl i l . t - - ’-ui s ii - 1i’~ - PlI e:~~’ ‘‘.IL . - ,u “C Oil ( H — I ,  ‘5 ’ . Li ’ , , .  - ‘

I n  , I i  I i  S 1, 1 I ‘s i  i i i  I i t

I i  I r l ,  I l  I L I I  I 
I i  I s s ,  i l_ i S s \ I  I i

Ii I I i  S I !  c i  i l i s t  i 
1 5 1 1  I S , II I, h Ill s l i d n ,, il

I c - t  , t t , 1 u 1 , “ i . ’.’:, e - i I t ’ C t s ,  I ~ l , I’ n l t ; I>L I  
‘ ‘ ‘ ~~~~~~~~ U

‘P i’ ; m ’ c’ ., t t c c  ! t , ’S ,’ ’ ’ 5 , 11

I ’  2 t - - -1 211 ! I ’m ~~ d .
i~~

s s - s  , ‘~ 5 t t  I i >  ~~~~~~~~~~~

l iS t, 
~~i 

1 II I I , lii l i i i  S S i  I i i  I i  I
I i t  I 1111 S i l t ,  I t t i l I I  i i i i  \ i i i  II I C I

e I t I m l S 
I Id I — I’ Il l I i I) ‘ I I  I I

l i m i t  i - i  l i l t . : s ’. i> ’H s l i t , t -  - t i  Ole’ s : i t t 3 ,~s’ s 
, , ,  - 1. c l i  1 h i s ’ O ic . t  -I fl,’i,ll t - I I I ; , , , ’  I ‘ ‘ 5

,il , c i  ( t I  ‘ . 11 t t , l ‘. i ~~ 
I i s  C I I l l  rs

- ‘ 
- - ‘ - - ~~~~~ I ‘.1 :  I C I,1, “_ - - ‘ i I ‘ - - 1°

l , n s e t  I i  1 ,,>~~~l 1 I ‘ I I “ i i  c~~ I- I S i s  I ‘, 1
Si l l ,  t l t ,  mt _ I t ,  - - l  

~ s tl,llit u ’ ’ ‘ m m ’ .  ,‘ .ili s s i t -  .I. i, i n ; ’ - ‘-t I l  , t ,- ,l, , ’ s . I t t - ,I,- - ,- ‘- i’ ’ I ‘ -

- rs , ’ -  1 ,m - i u i i i ,t ’ Is m ’ - c i c , m ’ se .i ‘ ‘ I s  0 1 : 0 - ,’ 
,‘ c’ I .’ ’ , i l l  ‘ U il l,  t, i .1 ’C ‘ ‘I 10 ‘il ’ ” ’ ’’

Iii ‘1,1 ‘ l , md , ’ ’ ,I c t ’ ’., .  i I l l’. ‘ 1 5 IC l i t - 
I t s  Ii., I ii - - ‘ ls I- Is ’ S ,l,s t t n I , c . I , uc , l  - II

- 5 - - ‘ 
h i s  s i ) ’ ., ~, 5 i ’ , ‘S t , ’ S

‘.1 m I I I i I I l l’s I I s m_ Ii ‘ t iii t I I

i i’  s I t m ’  e’ -~ ‘, t 1 ,,~~~~ t i , , ! . i l m l i i l t i ’  I bin.- -t ( “ i i, ~~

‘
. 

~~~~~ S I a - I l l

* 1



- ‘ ‘ ‘ ‘~~~~~~“

1(1.1)1 (‘ I ION (.)l I,( 51 IN V 11.551 1 ‘-s I 1)11 1(1 I. N( 5 9 .5 i)

rih s,nue’Ica’ic .ini] molter e i ’ , u s tn e -s  It~ I ‘‘ ‘ t , s . ,u , i i / i n ls’ liIm!r,5 II’. J ,  II - I C h i t _ i t  2 S~ i t t , I’IttS

1,10,1-s .51st1 1’, nj 4 Imi i t sS lc ls ss Ic  t$ i iscI ie i i ia tr ~ s 2.s21 , 17 , Ri,’., ‘sb -ti , I f .  I - -  ‘.1 - I - I’ m i t  m . i  % \ i ’  ~

1i~~~t) [te st 0 ,115 , 5 ‘i,ihls’ i s - ’ ‘ I . ’ . ’ ’ , -I ilt ,’ is - t I n II I l  -li

i~ 
(‘ O hm , , 1st S -s”.l’ -\ 1.. I -s i’ i’ l t S’ . t ’ t h ic ’ -t ,  ~pi] sI ,- Il- ’ tc- sucIs ’ i .1 . I il, ( I t’ \k,~ i S h h  l’s”

dIi.,! - mCls r I / , ’ t I s l f l  s It  P t ,’ flu ,’si’s Ill ‘n . -~ ,, :. ,i t,. t I S s . tI IS (,,~~I S , , I I k C - f l  - ‘- , hI . I), ’ ,uR 55 11 I)  ‘-I

I r s - t i n  t t , . t I , s ; i , u l , ts t i \ , I s  . ‘oI ,tiiitii,’ .1,1.5 Ii - -S t I t ,’ , ’,t at rt l I l t ’ i l l n  C s - t ’ ,s I , t t l l c  - t  il ns - ‘0’,’ ’ ’  1

5 2521  t~II ’t lnl,iis’ Si n ’ s- iso t s ’ U I i l t i b \  ,t, ’t_ t t ’ i i .ini] s t i r s  t-

Cs ( m i  s u s l ~, t , J \ IS-: PI - s t , ,  IsdI t I ,’ ’ : - ,I , s s  , ~ic n , n1 di,,tc \ ihis’i,’’ _ , ,t ,’O’ . 1t )  I I” . 1
,

4

,IdS It n ’ e r ’ ’.,’ re - m t _ l u  ‘ ‘1 J t , ; . l .i ’tt,l ‘I I ’ , I’,’ I’) f i t s , ’ - , ~~ , ( ‘ ,uI~ ’ i ’ i . - ’ .I ‘ist ~‘ , s , l , i t i , i t ;  I

7 , S lt , u , i , II S , s - . - - i - I . t i o ! -’ . I ’ ,, et ~~ , I m I ~ 
t_ . - t’t . ,~ in III ’ ’ . ’ ’ St  Nnir . 2 - ’ 1 , , - ’ ,

I i \s l r , u l l t _ t i  ‘ . t s  su . I s  it Ss ’ t , i I ;l  Is , i i h u i  t , . s ,t,,5 , t , iI I ’ ;

. Ic,!I I,I1I,teF ,ISSI’ , It i  I ,;, I’. 55 ~~~5 , l~ i -
_
li 21 1. S ’ t I I s , l , I S - t , t I t ’  \S, I 15 i ‘ ‘ s  S Cl I tt

S St I ,  I I I  Ii ‘s I I a; It ’ ’ .  \\ l i  II \ I 5 isO,, Ss’tui in d I l s I t s  ; S i ’t s’ t  i . i I 1 5 1’. .t I ’ i l t t , I i t . Si 

- ill lbs pt - i  Ice’ iIi s , i . ,li, ,I~
. - t ’ , I  , t t,~~I 

t,s ’i ‘ ‘ u n ’  L lu -se . . ~ s S I , ,  I’ i l . ’’ I’ ’ , l9~~

lr, , u t s ’ - - , s r s’ l S l i ,l S “s l i - i s - o h  5 5 i - ’ ’ - t, IiI ISt_ - ~I. 1 ,1.1 , 5. 1, 11 I IC’ - \ imi i t i ’ ’ s - ’ ’ I - ”  S ot

r rm ’slsI I , s-d l- - , iui , ;n I - - . 1 2 1 , - ‘lu . I-’- l i ~ Ii ’, , I I s l I S ~~1 ~I c-i t, - - , t , . ’ u -  ‘ _ e ’~ ’ s I ’ , S i s . ; ’  S

‘) ‘t h u s  ‘ u i . 11, ~,. f~, 1  } - , t  i i’~~, II ~, ( i ii, ,‘s t ,  I 1~t • h  -sl ‘~ u 7 ’  I” I )  , , i t . . s -  ~,Ict’ i’  S i r,, - ,

‘C I \ 5 : 5 5 \  I t I e s - ’. , s-It p i;  it_ SI ’. t, t i l t  , ‘ t . i t _  Ill 5’ 2’ ’ I t -i

S i l s  i i  I t t , I t i t i  I -es ’ s  ‘ i l - s i 5 C ‘it _ i l ’ t  I t _ i t t  ,.ii’ ‘ - - ei , , .,e 22 .  C ‘ - , ‘ ‘ i , J I ‘ ‘ .1 ’  k .  ( It i s l  I ‘ ,..t iS 2,.

i s’ - ’ . - - - - ; - L ir , l’. 1 1 4 ’  I ‘I’ I l st’ - t ~ - i -  I lIt ’ - ‘O i l . ’ 1  I~
. ‘s In s t - -

. .55 110’ . ’ - t ,c - -

tl) . ( ’ ’ ’ s ; ,’ , IC ‘, .  u- s ’ s  I I ) , 5 -. i , 5 t ’ . ’ ’. ’ ’ s I S :  ‘ . I s - . r l s u l . i ., i , ,sIs t l.t, - ’ \ I, , a . , I s l ” - s t s lb 5 - ,

rt , I . - t j , - i’ ,li;~’ lu- ,t - i - si - -ss I- l it  i ,j -~ i ‘t O e’ ,, ‘ . - !  ‘ - I s - c l . t ’ ~
1 1 1 1  1,0 li,Ilit, ’ iii ‘ ‘ ‘CI t :

’11 1 - s i l s I s-’ s t t 5 t , I s , 5  t , . i,’i.’u t , ’ m  i 25  S, ’ ’ l s S l l , I t  5- t ’ , , i ’ s i l t , ‘ Cs ’ ,l’ - - t i~~I, ,I’ I

I cs - l I l , , a , ’ . 1 , 1  ‘ S i !  • I 1t ,iit t,I ,’- sSI . l I , , .i I ,t l  i.I! S t i ;  S in ,t t . i i o’t ra ts ’ 
- i- I l l - ’ . 1 1 , 1 , ’ , h , s -  —~~

‘. 1. 1 , 50- 32. ’ l’i ’I ,l~5 , t i t . l i 0 l - l, , i, S ’ ..~t 0 ‘ S Ic ,  I ts~, I t s ’ s - I  i t ’

l l ,  1, ’ RI , .1 1, . ‘II IC , I,. II I”” s , s s ,  50,1 c.C e,,nt - 0’.7’ I ” I~~t , I s - . l’I ’4

ts i’ , ’I ’ ii’,, t ; t ,  i. I. i,ti, ’ lt I i ,I,iii , I I ’ t , , t  i i ’ -  ,t~ 
:1 .  I s O  I t , I’, i .  ‘S I’ . ‘, ‘, I I ’ l I ’  - ‘ 1 ’~ I’, ( I I I

h is ’ I’. ’,’ III ,tli ’t ‘ ‘ u ~. - l  t i p ,  I , ‘ ‘, ,!51 .’n i, I - t o n .  ‘ t i - - I l ’ s ’ , ’ .5,1,’ .’ , I ‘ - ‘ -  0 I i 5 t t  ‘ I t  i t  - I

/ ~ S I n  , l,,~~st U- I I. I~i i s ill Ill ~~: I  ~t . ( u s ’  I I - - n .’ 3”

12 k u ~~. ’ ‘, H ‘ I - ‘ ;10 t , , t e ’  ‘i_ i ,  ‘,I , -S l u ’  t t t , ’ . \ Is ’d, [‘7 , Is -I

‘ 1 ’S ’ , 1 0 ’  2 ’ , l l t t i u -1, 5, ’,’- p , ~~~’ i \ [ l u l l’  I ii,’ ’ ’:

Ii \ s ’ . ,- u - -s b ’ - l . . It C l b - s  I ’ , . ’,. I ts. ’ - ‘,;~~I) ‘ t  5 ~~~~~~~~~ ‘ ‘ ‘5 ’ Si 5 ’ l~~~~~~~ t t l ’ . t l . l i ’ l s .  -

I I i - -
~ 

‘s5~~ ‘

0 ,i~~. ~~~~~~~~ 
I, \ , i , : ( - e ’ , ”t~

”. 21’ \ k 0 I ’ t t l . I s u i ( i  H t i t ’ ’ t  ~~~~~~~~~~~~~~~~ - i

I’Ll’ I,c~iIii’t .11 , 1 ’ ,, - - 0 ’  ‘ - - i t _ I, - . s - s ’  i ’ s

i t  s , ’ ’ u” . 1 “ 1 .  ‘~~. ‘ P I I ’ ~~~ , V ” ,, - , 1  I I t - - c , t i - c i l  t I t _ . . s’ i. ‘o-

il . ’ - ,, ‘ i - ~’ ; i t , , u  0, OH - ‘ ,! C - ‘, ‘5 - t I  i s - ’ ‘ s n ,s -  ‘ I - ‘ t , n.-’s ’ -~ 
- .1 , s t u t ;s - ‘ s t  ‘ - - ‘ s eL-s s t  - ‘

- 
515  ,I I t , ’I “.,. .I ‘ I I.t t ‘ ‘I -i d ,’ ’,” ,- t s - - ,u, I-,- , I u 5 i- ‘I

5 - l Iiis . 0 1  ~~~~~~~~ H s ’ i . i - ’I s” 2 ”l’, - t s ’ t , S - I - 
\ s h n (  i i i ’ s s  1 - Ott-i ~~~ - , .

. 1 5 ‘ ‘ I  I -i  ‘ is s- ‘_ . t 3 ’ ’ ’ ~ ’ ” ~
! , ,‘ t ’  - t  et _ ’ ‘ . - ‘I I . , ; - , - ‘ -t,, ‘‘I

I _l’~_ , I ’ l l- ’ - 
t ,n  — ‘ I t ’ , S - I I h-I, ,  , ,ttt,l iii _ - _ t , _ ‘ SI Ii 0 -i ll  - ‘ t _ ’ - . - -

5~ I ! , ,’si , t , I ., ’,’, ln l . ’ t  5 , 1 ” .’,, Ho ,s’ - t -  s t s ’ I rt,- i s - t u s li 5 - i ”  1 ( 1 1 , ’ , h I t   . i~~~. ; ,

s- I 5 -s I l ls. , . 11,01115’ I,’ I l - e n t  - s S - e ’ t t’ ,,. , , ; ‘ u ’,i , 0, i - - 



2~i

~~~~~~~~~~ ~~~~~~~~~ ~.S, 
~~
, 
~~~~~~~~ 

~~~~~~~~~~ 
s :~ .0~ 

, “J- .. . -s ~~~~~ ~~~~~~ —- - •_ _ ‘ ,-~~~~~~~~~~~~~ s —~~~~~~~ ..

THE 12th WORLD CONGRESS 
THE 12th WO~~~~~?~~~~ E~~~~~~~~

OF THE 
OF THE

INTERNATIONAL SOCIET Y 
INTE RN A T I O N A L  SOCIET Y

FOR FAT RESEARCH . I 
FOR FAT RESEARCH

MILAN (Ita ly ) • 2-7 September 1974

MILAN (Ital y) 2-7 September 1974

A3ST~ ACTS CF PA~~~~S
~~~~~LIST OF PA~ TI C I P L\ [~!TS

SCIENTIFIC PROGRAMME

THE CONGRESS IS UNDER THE HIGH PATRONAGE Società Ita liana per to Studio
OF THE PRESIDENT OF THE REPUBLIC OF ITALY delle Sostanze Grasse
ORGANIZED BY SOCIETA ITAL IANA PER LO STUDIO
DELLE SOSTANZE GRASSE OF MILAN (ITALY) Italian Oi l Chemists Society)

- ~~~~‘‘~~~‘~~~~~~ 
~~ T~~~7~~~~~

_ _
’ ’

~~ t~~ ’ S t ~ . 
____________________________________________

L -
~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~ -“--~~~~~~~~~~~~~ ‘ - ‘ -



I •
~~~

— —, •••—•
~~ 

—— —— —‘ ‘.‘ — ‘

a
s 81

September 4. 1974 DEPRESSION OF THE PLASMA LECITHIN-CHOLESTEROL
Afternoon - 3.00-6.15 p.m. - ACYLTRANSFERASE REACTION IN VITAMIN E DEFI-

Section 4 - Room D CIENCY .

H.S. Mickel, L. Hill aad XC . Hayes,

HUMAN PATHOLOGY ‘ Children’s Hospital Medical Center & Harvard School of Public
Health Bos ton , Massachusetts , U.S.A.

Chairmen: Mickel H. S.. Tettamant i G.
Vitamin E deficiency was studied in two species of monkeys; a
reduction in t he extent of esteri li cas ion by the plasma kctt h in
cholesterol acyl t rans le rase react ion occurred in both species- The

.00-3.15 p.m. Baits N.. Mesinger V. and Cirja N, (Romania) reduction was gre at cs t in animals led a dies rich in polyunsatura-
Disc electropho res is of serum li poproteins in ted fat and stripp ed of vi t amin E con t ent . A decr ease in the
some internal diseases , concentration of circulating polyunsaturated fatty acid cholesteryl

esters occurred in the vitamin E deficient animals . Since the pla-
- I S  - 3.30 p.m. Böhm B.. Gabor S.. Zugravu E. and Kovats A,

(Romania) ama leci t hin-chokst erol acy lt ransl e ras e reaction has been shown
Lung and alveo lar lipids in exper imental  sill ’ 

~ ~~~~~~ upo n sullhydrv l sites on the enzyme , it is propo.cos is , sed t hat the obse rv ed reduct ion in es ic rif icat ion of cholesterol is
due to alt e ration of these su lf hvdry l sites . A reduction in the1,30 - 3,45 p.m. Bait a N., Metz L.. Capãlna S.. Giola G and Cru- plasma Iccithin’cholestcrol acvlt ransk rasc reacti on has been repor-ceanu I. (Romania)

Lipemia and serum lipid fractions in atherosc le’ - ted by us to occur dur ing exposure in V IV O to a pure oxygen
ros is. Pathophys io log ic imp lications , atmosp here , a con dition known to predisp ose to li pid pcroxida ’

tt Ofl ,
3,45 - 4,00 p.m. Cipollina Mangiarneli G. (italy)

The conditionings in the d ismetabo l ic etiopa- 82
thogenesis of fats.

PEROXIDIZED ARACHIDONIC ACID EFFECT ON H I,).
4.00 - 4.15 pm. James J. A.. Bolt on C~ H. and Read A, E. (U K.) MAN PLATELET AG GREGATION ,

Experimental productio n of I ipoprotein X (LPX)
in the absence of obstructive jau ndice. H.S. Mickel, IL, Horbar and J, Stamegs,

Children ’s Hospital Medica l Center , Boston , Massa t huse irs4.30 -4 , 45 pm. Miclcel H, S., Hill P. L. and Hayes K, C. (USA) U.S.A.Depression of t he plasma Iec ith in ’cho leste ro l
acy itrans ferase reaction in vitamin E deficiency. Tht addition of peroxidi zed arachidonic aci d to suspension of ho

4.45 - 5.00 p.m. Mickel H. S.. Horbar J. L, and Stamets J, (USA) man platelets in buffer or to plalelet.rich plasma resul ts in a•
Peroxidized arachidonic acid effect on human brupt platelet aggregation. Unper oxid ized arachido n ic acid efiects

a much slower rate of aggregation, comparable so that described
— 

platelet aggregation. for saturated fatty acids,
500 - 5.15 p.m. Hausdörfer J,, Heller W~~Junger H, and Olden- High concentrations of adenosi ne and pros tag landin E, blocke d

kott P. (W, Germany) the effect of peroxidi zed arac hidoni c acid-induced p l in iele t ag~r rcga .
Modification of fat metabolism following expe- tion in platelet-rich plasma. Similar , prior treat m ent in ; z.’ivo wit h
rimental head injury , high doses of aspirin inh ibited the in vitro platelet aggrc

response to peroxidized arach idonic acid.
5. 15-5.30 p,m. Junger H.. Heller W. and Hausdörfer I. (W. Peroxid ized arachido nic acid can be adsorbed onto platelet aggre-Germany) gates IC Vitro wIthout desctruction of the lipid percside.

Studies of fat metabolism in banked blood , Perox id’ zed eicos atrienoi c acid and peroxid ized li no le ic acid had r530 - 5.45 p.m. Gass G. H., Allaben W. T., Brown H. J,. LIu S. L. .,, no apprec iable effect on p lat elet aggregation,
and Ben tley M. J. 

_______________The endocrine role of die tary lip ids in mam- . —
~~~~~~~~~ 

. ... 

_________

mary tumor formatio n.

5.4 5 -600  p.m. Van den Berg D (Nethqrlands)
Problems in initiating n-3 Deficiency in rat brain.

600 .6 .15 pm, Karageosian C. G. (USSR) ‘

Enzymatic systems involved in initial ste ps of ,
phosphat idogenesis in normal arid pathological I
states.

23
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September 5, 1974 AUTOXIDA T ION OF POLYUNSATURATED FATI’Y ACID
ME THYL ESTERS IN OXYGEN M IX ’I U R E  A’l’MOSMIERES.Afternoon - 3.00.6.45 p.m.

Section 14 - Room o U.S. Mwkel, J.L. Horba, and M. Gcwi,tz,
Children ’s Hospital Medica l Center , Boston , Massachusetts ,
U.S.A.
Ausox idation of methyl linoleate in vitro by exp osure at 50 C to

AUTOXIDATION AND ANTI-OXYDANTS oxygen mixture atmos pheres is greater iii a 80% helium- 20% o-
zyge n (vo l. %) atmosphere than in an 80% argon- 20% o-

Chairmen: Graille J,, Fukuzumi K, zygen atmosp here. In turn , autoxidation is Qrr atrr in an ~ fl~~m

argon- 20% oxygen atmosp here than in an 80% nit rc )~en- 2O9~- o-
xygen atmosp here. Comparabl e findin gs occurred with perox ida-
t ion of methyl linole nate , It is prop osed t } ial the obsersed rhs’no-

,3.00-3.15 p.m. Fukuzumi K,. ikeda N. and Egawa M. (Japan) menon is attributable to a quench ing gas effect or to physi ca l
New ant ioxidants and synergi s ts for the auto- interaction of the inert gas with the unsaturated lip id.
x idat ion of fatty acid esters.

3.15-3.30 p.m. Fromberz P. (W. Germany) 181
Lipo id pH- indicator in mo nolayers of lipids
and proteins. UTOXIDATJVE BROWNING OF PHOSPHOLIPIDS.

3i0 - 3,45 p.m. Fricker A. (W. Germany) J . okorn~, P. Tài and G. Jani~ek.

Influence of thermal treatment on the lipid corn- Dep of Food Chemistry , Prague Institute of Chemical Techno-
pounds of spinach , logy , rague , Czechoslovakia.

3.45 .4.00 p.m. Tirzit G. D. and Dubur G. Ya. (URSS) Phosphat yl ethanolanine and phosphatidvl choline isolated from

• 1.4 dihydropyridine derivatives .. A new class egg yolk ~ e oxidized in thin films at 20 - 100 C in dark and

of lipid antioxid ants , under excess I oxygen. At the same degree of ox s -ge n absorption
phosphatityl c inc became on ly slightly coioure’d but phospha-

4.00.4,15 p.m. Allen J. C.. Crook E. M. and Farog n. S. (U.K.) t idy l et hanolamin turned dark brown. Brown products were for ’
The meta l-catalysed oxidation of I i  i d s in med through colou ess intermediates by decomposit ion of pcroxt .
aqueous emulsion and t he inf luence of specific des. The brown pr ucts were fractionated by chrnmatcngia phv
phospholipids on the reaction. , on DECAE-cellulose a on Sephadcx LH-20 and sp ec t ral chara -

cter istics of the fractions were det ermined, One fraction was rich
4.15-4.30 p.m. El-Zeany P. A . and Pokorny .1. (Czechoslovakia) rn nitrogen , on contrar y , s ic fract ions were n ttro l~en free- Brown

Brown products of oxidized fish oil esters - Pro- products were saponified a d the acidic fraction separated b~’
te in int eraction. TLC on si li cic acid. Less r products were light in colour ,

conta ined only traces of nitro n , a carbonvi and a h~ dro xv i

4.45 - 5.00 p.m. Meara M. 1.. and Weir G. s. D (U.K.) group. The brown less mobile fr ‘m on w as ric h in nitrcgcn and
The effect of 13-carotene on the stability of oxygen and contained arm imino gr up. The ic et v l at io o or trea-
pa lm oi l. tment w ith phihalic anhydride of p~ s phatidvl et l anol3rnirie d~dnot prevent ox idat iv e browning but mh formaldehyde tr eated pro.

5.00.5.15 p.m. Graille I.. Guillaumin R. and Naudet M. (France) duct did not turn brown. Mitures of hvl i;nolcaie and ecia

Comparison of various chromatogra phic me- decyl amine became yellow only slowly ing aum ox idation All
thods in the field of isolation and study of oxi - fr actions of brown products were bleach by treatment w ith
dative and thermal alteration products of fats . hydrogen peroxide.

5.15- 5.30 p.m. Paled M. and- Letan A. (Israel) 182
Studies of cottonseed oil exposed to condi-
tion s of frying. ORAGE OF CEREAL PRODUCTS AND OXIDATION OF

FL R LIPIDS .
~~5.30 - 5.45 p.m. Mickel H. S., Horbar J. L. and Gerwitz M. (USA)

Autoxidation of pol yunsaturated fatty acid me- ~‘ Sche id:.
th yl esters in oxygen mixture at mospheres. Agriku lt ur ~m. Inst itut ETHZ, Zurich , Switzerland

, 5.45 - 6.00 p.m. Pokorny J., Tal P., and Janicek G. (Czecho- During the sto e of certain cereal products l i e  hahvl”ods , bre-
slovakia) ad) the developm t of oft-flavor is observ ed. This nnft f l? .or  is
Autoxidatives browning of phospho l ipids. pro bably formed by e oxidation of flour l ipids. 5X’h ite wheat

- flour contaias only abo 1.5% lipids. However thi s ~r~’~ll quan-
tity can be responsible for s e deterioration of a numbe r of pro.

3 ceased cereals.
Storage exp e riments were carrie out on wh eat flour , ro ller dried
w heat f lour and bread bs’ fol low irm the changes in lipid sj -mpe’si.
tion ( t Ic .  and g l c .) .  Wheat flour - owed an mnr nr.ice in free
fat t y acids and a decrease in str ro lr’ste while th~ other l;pid

— - - -  — __________ — 
components showed practically no chan ges roller dried w i r a ’

flour and bread a decrease in free fat ty  ac n - was the m c i  o-
bv ious change while new bands appe ared in t It w as  bc-en
shown by GRAVELAND that the free fa t ty  act t r te an lnlv
ox i dised in heat flour /water systems by flour liposI, nase to

— tub —
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v~.~i ~~~~ per le industrie degli oli e del Grassi

[
~~~~~T~L ~~~~~____________________________ 20133 MILANO 29.12.1976

F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I VIA GIUSE,~pE COLOMB O.
• ‘_..___‘ s ~~~~~~~~~~~~~~~~~~~~~~ I I

k: .~.. ~~~~~~~~~~~~~~~~~~~~~ -.- . r~~~ ’t’n~J TELEFONO 23.61.051/2 / 3 / 4

/ip Mr. HUBERT S. MICKEL , M.D.
Depart ment of Neurology
Children t s Hosp ital Medica l Center

- BOST ON , Massach usetts 02115 USA

Dear Sir,

with rega rd to your kind letter of November 13 , 1976 we
infor m you that the cost for 200 additional reprint s of
your art icle “Eff ect of inert gases and nitrogen on the
autoxidati on of cis and trans polyunsaturated fatt y acid
methyl esters” will be 60.000 Liras + po stage .

Awa iting your rep ly we are ,

Yours sincerel y

T e Di rector

(In . C s4~
5
~ Ca rola) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~ _
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13-8-194 1HZ Op UREIaC pzprx Dz oN INSuLIN—s’rIin,— 13-8-195 THE PUYS tCAL , CHF)4ICAI, 1i~) I*tiNOLOCtcAL PROFER1 i~ 5 OF All
ADULT I&Ø4AN t il ihit PLA~~ItNOGE14 AC1’t VA lORL&TID Mg —APP... M~T1YIfl OP W3HA1~ £D1POCTT~8 Ma clea , P . • Pye , E. I, d lysng s r . If. 5.

1. Lutz 
— D.parta.nt of A.ni .al Rietogy , Laborator ie s of Iioche.is try .

Dsp.rtw.nt of 4.41cc Analytics, Inatitut. of ~c1,ooi of Vet erina ry Ma~lctn.. Univer sity of Penn sy lvania .
Internal M.d.tctn., 90_5.119 164.1 /Poland./ Phitsd.lphla , PA 19171 U.S.A . I

I
~

_
Psoc ur~m1C plasm a th.r. v.a iao lat.d a peptid. with A pia.atnog.n activator aas isol ated Eros the ti,su. cuitur. grouch

..di. of adult husan kIdney lAiiKl tissu . culture c .its . Purification ofstrong elkalin . prop.rt&.a , of which pr.e.nc . has not 
the plas .inogen acti v ator by eois tiisg affinity chrom atography method s

b..n fot~~d in plaa~.e of healthy man. Ihi e ur.miC pepti— resulted in specific acti vi t i es great er than 50,000 CTA units per mg
a., .46.4 to incubetivi medium containing ahadow. ~f 

protein. Get eoclu sion chro.atograp hp and St)S disc ge t e t sctro ph ore sia
studies show.d that the Alit pt.s.Inoge. act ivator  possesses a molecu-

human adipocyt.., in.bibi ted atl,mul.tiv s ef fect  of in” tar ceig ht of 55 ,000 dal ton s . Ainpholime di sc gel ei. ctrop ho reois of

•nlin on Mg~~—APPaa. activity . Inhl.bitory effect pro— the Alit p lasmi nogen acti v ator and ureSinase (Serano L...bora tortes) gene-
rated a. isoe lectric point of pH 9.75 for both enzy.es. Kin etic anal y -

duc.4 by the urew.tc peptide was great1.~ decreased af ter sin of the AL-I S pias ainogen act u ator asiag the Cm essay y i e l ded a I.e
introduction of albunin to incubative medium . me (CTh) value of 4 .5~ i0 ’4 and a V.(CTN) af 8 . t 1~ t 0 ’ lO  .01ev of p’nitro-

phenox ide rele a sed per second per CIA unit. Cospetitsve inhibition
.g’ujc p.ptid. had no direct influenc, on Mg +_~ g~~~$• kineti cs were observed wi th the ligan di 59.1, end IL-Jib . i nhibition con-

stants of l Oot S’ 4 and 3.8wio-~ Ii were obtained for SM and TASIE re-activity. 
. ap .ctively . Using the 0 ,5cm as s ay .  —e observ ed a pH eaoinc ue of 8.9

- for the Alit pt as aino g en activator. Rahb,t ant is eruas can prepared
against the purified Mt plasn uno gen act ivator snd upon doubl e ime so.
di ffusion, lines of identity acre observed between the .5.14K and hunan
urine ptas m inog en activators. Double i.’sunoduffus,on evperi .ents us :ng
antisena against uro ku nase also resu lted in line s of ide n tity between
the two human pl ssmu no g e n activators. The Alit pl asnsi no ge n act ivator I ‘
ass observed to be iw.iueologically similar but not ident i cal to a
p lasa lnogen activator purified froa the tissue culture growth media
of adult p ig kidney cells.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 13-8-197 V ERY I~~b 5fS5~ T Y 1lp D p~~Itls (VL ~~ ) CO~~0 Sl Tl0N IN
IN OXT~~.N Ai,’D I?~~T GAS IfIXTUL-tE AT)A)SPH~~.ES FAJf~LIAL eyp rRI~. i:;oJT(luEMl*

I.E. Ononopbu m d  B ies,itU.S. Nickel , 5. Anaari, and J. Horbar —

Children’. hospital Medical Canter, hoaton, MA 02115 U.S.A. Departvvvt - C~-e-’- cat  Patho logy , Roy al Postgraduate
Harvard Medical School, Boston, MA 02115 U.S .A. M edic a l  School • O~~~’e Mead . Eng land .
Wi-anti.... St-ate School, hrenthae, MA 02093 U.S.A . VhDl. concentr a ti on n a e i e s  5u ’ s t s r ~~iat l y lv the differ,nt inyper lipo-

protei naenvi c ttotec . lv t ie  i - w  entity tv T e : :m hy pe r l i - cp rv te lc -lutos-idatioo of methyl linoleate and methyl 1.inole idate were studied oen14 , VIII cor,00SitlOe Is k’ - i  to be i:’ -r- ’-al , but in ,,tnst for-cnn ofby coating a tM..n file of the methyl. eater onto tIn wait of a swirling hunnan lyperli r caen’- a t ’ ls ils --.1 bee- e ’tennlo e l y s t i d l e d .  ICflask, incubated at 50 C, and exponed to an atolospoer. of approin.jmataa.~y choleste,’o l and trn g l ycer Se cc~ tents of ~LC) L . isolated Dy c ’-eciplt-
2O~ oxygen with tn. balance an inert gss , carbon diooi.ta, or nitrogen. otion oi’~h s odi - .,n toUCcy l su~ :- v’.e w as e*osc re d iv 19 co’-~ rc ls and
Gases present in true at~~apinere other tr.an oxygen alter tie rate of ~ ~~~~~~~~~~ s t i  fo r- n m a 1  i,~ e r i f poprot,n~~ r — n a .  lv ro e ccvtrols.
the auto.nidation reaction wits fatty acids containing double bonds in clnoleste,—o l to tr ng l y cer de rut lo wa s 0 . 3 2 - C u ( 5 ( M ) .  The V LD L
the 

~ 
casufiguretion. c,e greatest autonldation ccciii’s Ii a helium. li pid rat io sun -it t n c - 1 a < o t ly dI’fe ’—v -n~ l v patients with raised

~~ g.o atwephere , lees occurs in art argoo—oxy4en atoOspi er., and toe density l1 p c~ t-~tei v (IlL, l e icis C.~ ? -C ~ O3 , v - h ) .  :r- tYp e 111
.tiil less in a nit rogen—oxygen atmosphere . Little differenc, is the ratio was covuler -e d to be v i ’ (0.St- ~ C’ 3 , v.4) (t(G . C~ l ). Inmeted in the anztaxidaticn reaction in ties . oxygen oixtm’e at.oapcarea 8 pot r ern tn aith raised l eve l s of ~~~ arid cL~~ (t i e 1 1 ) ,  VIOL.aith fatty acid. contairtia-,g double bonus In the trans confi.guratiott. con-cos i t l on nyu a l so a roy” .al ‘ . .  c .O .C2) (CCI ). n ose with
~~~ lay.r .tudi a. of autoxid.ation w ere carried out by incubating v ig i l fLO L levels (typ e Ii) fled a s gcrfica r.tl y (p(O C-l ) low ra tio
fatty acid . co.ted onto silica gel by the method Of i~.ea .5 end SgO .S.I. (0 ,2 4- 0 .02 , v.8). l v t” ns coi-l 1~ ’nv , e- ’a nced er,J~c r nous
~~.tfer.nces in mnzto.xi-uation 0! cii and tranS fatty acid . in oxygen t r ig l yc eride t ransp Or t  nay be ‘v-~ - a t e d  by n e c — c a s e d  t r V ’ v c e r desu ture atmosp here . were a€a.in ooser,ed. content of VhDL at wa i l  as ir n c reosed nasiber of ci r cal at oi g VL SIThe Obasroution, indicate an interaction between the inert gases a

~~ o~ lecale s .
ç~g double bond., but cot tra~a double bond.. Such an interaction
edght accowi t for the pr.ea’.ooenon of inert gas narcoeia, the high
prsaaure neurological ayn~ .rome , aa wail as other pnysiolog-ical
pbenos~~~ ob.ervad under hyperbaric condition..

“S

13-8-198 ~~ RELAT IO NSH IP BETWEEN THE CIT SLISCOMPONENT OF Cii APIS 13_ 8_ 199T~~ EPPtCT OP EARLY EJTRIPIOR ON LIPID METABO—
mYLOlo P.CO”°OMENT . LISM OP TilE A t~ LT R.1,TS
U. H. Painter, P . A. Tay lor , 5 1. Hofr’nann - I, Palk ovt ~ , N , ~got to,4DeparUnent ~F Bi och e nintr y , Un iversity of Toronto ,
Onta rio . MiS 191 , Canad a . 

• 
Ioetitu te of Exp eri nv r .tal Endocx- inolrgy lovak
Ac ademy of Scia~~~eo ,Brat ia lave , C z e c ~~cs~ o v a a t a

Cit Is a U.S S .1 g l ycosro tste Iiola ted fr~v inuvan ncr-u,’ by a f f i n i ty In order to de~ ons trxte tie possible late cc nve q ne’u e eadlegmetogeapiny cv I9G neavarose. It for-s rsr t of the t alcu m of early nutrition on lipid retabol i t ic  ir .  ty e ra~~n . *8lin ked ssac rono l eca lae Cl c:—rn iea . In c r olec u tar w eig h t Of C l t SCS n tudied Sri. level of bl~~cd lIpids / t r t  ~~yce r I  Lee ,’,: V A ,he., Slimet by tedf w. ee tatlov ecutlib riur” anal y s i s  to be 233 ,130 and c~ oles t erol ,pi ;o sp- oll ~~inn n and li ; p x -o te in e land O c t l n l t yto be ConD oned of 10 iden t i cal  s t a i l t s  o f rcl ec ula e o.i ns t 23 .100 of nel ic en :v ne / i,-o jumste :i~A O P c.cnu rtoxy latir.g c n l  ~~re-•“ Sflgad In the for, of 2 p eeta go v s ~o lned at one of th e i r fa c es. du c tes e , EC .1.1 .4 .’! ari d A TF ci t r-~~e lyon. /r.C 4 1 3  .6/UFOt els a?~ ear n in e lgct eoe r ’ i r r n ,- rs c ’ n  wi t s  ne n i at in e s t i i n ing  in tru e li ver of 5~ e n d _ l i  rat. ,- r t - c -  a z,ld/ f e c  t- .e un.a—51 Pentago na l f losee n 85 * in dl a— ’et er wvlch ss se -t te as rv3s ~~ .1 laboratory d iet  w it :  various co rmt—n t of ch o lee tero l‘S?y iiig length. The electro n ,,lce ’ote a Bha thou a stro m r e % e ’ n i a n c e  be t s ee n 18—to 30 poetnat a l  day., be did not ob s erved  any
~ tlIoe~ •f P.convpoven%, a 0.5 S ml p l anse  gl ycoproteln purl 4i~ d ~ ‘on’ metabolic d i s tu rb a nce under renting cond it ione . owes e r ,has.1 seyloid, In-Iced C it  and P .covrjo noe t lane be en 5Po.,fl to react  after expos i t i on  of t n ,e ee  old ftnl.-nca le to nigri c ’ o l e n t e —lI aIItic.ll y wit h eec1. otvee’s a’ t i n ,ra .  Bot h pri ma ry and s eco nda ry ro l diet , t ru e rate wi t.i ioa°r en r iy  intake of c r to l e .t .—?ls Id ray be St a In ed .ith o ’ t l t e v a  to Cl t .  TP~ a — i s o ac id rol red isigh er level of blood c ’ -c leote rol , Mgi-icr con —
~~~Peiti~~i and seQu ence Otad ips t v d i c a t ,  macbe d s f ’ - i t . r ’ i t i , t  ce nt rat io n of bet a l i p opr ot c in  c r io le st e r ’o l  n i-i d t n t — n c rCtt an d P-coeeov~nt •lt’ nu n b no~~ ~io,1f ic.v t diffe re nce s act i v i t y  of liver ent yme a , Th es e results •u ,piested t ins—1’hees.i Use Icquencet —eec evident, ‘e 9- t ~ ,v ’ irei a— ins ac id por ten t role of sar i~’ nutrition on lipid c e tabo l ino t .‘hWPnc• of Ctt  Sn out about 50$ ho vio’~y .4th tIne N .te’—’lna t
MeRPe4h~I If C reactive-proteIn . • BhnapPoryt.c PIotine biri dinO E’ntsinCli. CoaVe is,d of 23 ,000 ~~)sc a l.r weiqht subun itS . T h e  relation-

slid di?ferpnc ea betwee n th ese tB ree peetsins will be ditcwssed.

bp ~ c sc Case d.
_ _  ~~~~~~~~~ .,-~~~~~~.- - -~~~~ - - - -- -~~~~~~~~~~~ -- ---- ___



A M E R I C A N  S O C I E T Y  OF B I O L O G I C A L  C H E M I S T S
— INCO RPORA TE D —

Res isT A HaSTE , ExECUyuv t  Or rscCn
9050 ROCSvILLE PiKt C 4 1 6—406 Pno~ i.

Saxu tso c . M A R Y LA r i D  20014 r a 
A REA COOc 301

2 April 1976 53 0 -7 14 5

Dr. Hubert S. Mickel
Children ’s Hospital Medical Center
Boston, Massachusetts 02115

Dear Colleague :

It is a pleasure to advise you that the funds whose receipt was anticipated when you
were recently notified of the actions of the Travel Award Consnittee have materialized
and you are one of 201 awardees receiving travel grants in the amoun t of $500. Here-
with you will find the award to be used to facilitate your partici pation in the 10th
International Congress of Biochemistry , convening in Hamburg, Federal Republic of
Germ any , 25-31 Jul y 1976.

We hope that your participation in the Congress will help to make for effective U.S.
representation at the meeting , to advance biochemical science , and to contribute to
your personal and professional advancement as well.

You are reminded that the Federal Agencies as donors of the bulk of the funds being
distributed have specified that , wherever pos~ ib1e , individual awardees are expected
to use U.S. flag carriers , particularl y for tte transatlantic portions of their travel.

Please be sure to notify this office , as pro-iiptly as possible , in the event that
circumstances change so that you will not need or cannot use this travel award. We
have a substantial standby list of highl y qualified biochem lsts who would appreciate

- the opportunity to use funds released by any of the present  l i s t  of awardees .  Your
promp t return of the money awarded you , in the event your plans change , will be much
appreciated by the individuals on that standby list.

You will also find herewith a certification of attendance at the Congress , which you
are requested to complete and return as promptly as possible following the conclusion
of the Congress. Attempts will be made to correlate your answers in the hope that they
viii be useful in supporting future proposals for travel award funds. The responses of
the recipients of travel awards to the Stockholm Congress were of significant value in
obtaining funds for the present program .

All good wishes for a pleasant and profitable stay in Hamburg.

Your9’sincerely,

- 
_ _

Robert A. Harte

RAH/mak
Enclosures: 2

- -

~

—

~

- — -—— ---- - --

~

—- — __



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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INTERACTION OF LIPIDS WITH INERT GASES

Mi ckel and coworkers have observed remarkabl e differences in the

extent of autooxidation of cis and trans lipid mol ecules in various

oxygen-atmosphere mixtures . For the cis-lipid , autooxid ation for a

fixed vol ume percent of oxygen is greater for a helium -ox ygen at~-osphere

than an argon-atmosphere , which in turn is greater than in a nitrogen -

oxygen atmosphere . For the trans -lipid , the extent of aut -i~xidatio n is

not affected by the gas other than oxygen. The isomeric lip d mo~ecules

differ only in the configuration of a pair of double bonds. The

mol ecule referred to as “cis ” is cis-9 , cis- 12-octadecadieno ic acid and

the molecule referred to as “trans” is trans-9 , trans- 12-oxt ddc-c adi€ noic

acid. Thus the marked differences seen in the autooxidat ion strongly

suggest that there may be a speci fic interaction 0f the inert gas (heliui: ,

argon , or nitrogen) with the carbon-carbon double bonds . Such an

effect would have much fundamental interest and mi ght elucidate many

unexplained in vi vo phenomena involving autooxidation in the presence

of artificial atmospheres .

Discussions with Dr. Mickel have led us to propose a collaborative

study in which we seek to examine the interaction of these lip id

molecules and simpler model compounds with the rare gases and other

inert molecules to look for speci fi c binding at the double bonds . This

work would take advantage of molecular beam and mass soectrornetric

methods to examine the molecular interactions . Three experimental

programs are planned. (i) A gas flow kinetic apparatus would be

constructed to repeat under more controlled conditions the ori ginal

experiments of Mickel and coworkers , and to extend those to Xenon and
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other molecul es for which we suspect the effect mi ght be even more

pronounced. (2) A molecular beam study would be carried out in which

the lipid is mixed in a supersonic nozzle source wi th various inert

gases and the mass spectrum examined for evidence of complex formation.

(3) In another molecular beam apparatus , beams of the lip id or model

compounds would be coll ided with beams of the inert gases and the

scattering pattern analyzed to derive information about the potential

energy function for the interaction.

Our laboratory has been devoted to molecular beam studies for the

past seventeen years and has developed many of the basic methods which

allow direct observation of molecular interactions . The studies of the

lipid syste ms would be carried out by a postdoctoral fe llow , Dr. Wil l

lee , and by two graduate students , Mr. Kit Bowen and Mr. Jonathan Soko l.

All would be involved in the three stages of the work. Dr. Lee has

much experience wi th molecular beam methods appropria te to this study .

In particular , he has just concluded a major research investi gation of

the complex formation in supersonic beams of water , ammonia , and methanol ;

this involved the analysis of mass spectra patterns for clusters of these

molecules formed in the supersonic expansion. For example , he could

observe clusters of water or ammonia containing twenty or thirty molecules .

Messrs . Bowen and Sokol have also had much experimental expe ri e n c e  w i t h

beam techniques . -

We would expect the design and construction of the kinetic apparatus

for the stage (1) study would be completed wi thin 2 months and those

experiments woul d then be pursued under the-direct supervision of Dr. Mickel .

The fi rst step in the mol ecular beam stud{es (2) and (3) could be started
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ininediately. This will involve a study of the v a p o r i z a t i o n  p roper t i es

and the mass spectroscopic fragmentation pattern of the cis and trans

lipid molecules . Unless unforeseen difficul ties intervene , we would

expect that wi thin 6 months the beam studies would have progressed

far enough to demonstrate whether a specifi c interaction of the

inert gases with double bonds exists in these compounds .
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The kineti c apparatus has been constructed and three sets of preliminary

experiments have been carried out to check the oriainal results of Mickel and

coworkers . Several runs have been made for He102, Ar fO 2 and H2/02 m i xtures

interacting with the cis lipid. Satisfactory experimental reproducib ility

has not yet been achieved. However , we hope soon to obtain marked improv ement

by adding suitable normalization procedures and we have now almos t operational

a gas chromatograph y unit for this purpose.

A “solubility meter ” has been desiqned and constructed to determ ine

Henry’s law constants for interaction of gases with li p ids . These measurements

will be carried out within the next month .

Molecular beam studies of the interaction of Ar , Kr , and N2 with cis-and

trans-butene have been carried out. This simD le system was examined to provide

a reference model for conparison with the similar experiments beino prepa red

for the lipid systems . In these experimen ts with butene , the olefin vapo r

at a partial pressure of a few torr was mi xed wi th an excess o~ the inter actin a

gas at a pressure u~ to 1000 torr and expanded throuqh a pin-hole nozzle into

the high vacuum system. The composition of the resulting molecular beam was

examined by mass spectroscopy . The experiments were repeated for a ranci e of

source temperatures and mi xing ratios of the gases. The mass spectra show

that the butene molecules inte ract strongly to form substantial y ields of

buterie dimers and even hig her polyners but there is no evidence for significant

formation of complexes bet~-ieen the butene and Ar , Kr , or N2. Of course , buten e

differs drasticall y from the lipid molecules of interest , which have a pair of

double bonds separated by a CM 2 group. However , this resul t already serves to
establish that any hypothesis which attempts to explain the auto -oxidat ion
behavior of the lipids in terms of formation of a comolex wi th the inert
gas mus t consider more— than a possible complex with a single doubl e bond . 
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SUMMATION

A phenomenon was observed during the period of this contract
which has high potent ia l  use fu lness  for  the Navy in i ts unders tand ing  of
the effects of atmospheres on biolog ical systems . There appears to be an
in te rac t ion  between var ious gases and pol yunsa tura ted  l i p id s  having two
or more bonds in cis con f igu ra t i on , and a mothylene  carbon between the
double bonds , as in l inole ic  ac id .  There were l imi ta t ions  as to the kind
of information that might be proferred regarding a mechanism for this
interaction , should this investiga tion be kept within the lipid neuro-
chemistry laboratories at the Wrentham State School and Children ’s Hosp i ta l
Medical Center. For this reason , a collaborative undertaking was sought
and obtained wi th  Professor  Dudley Herschbach , of the Department of Chemis—
t ry  at Harvard University, where the technique of molecular  beam spec troscopy
was available to explore this topic . The contract  has been renewed through
the Department of Chemistry with a new contract  number , N 0001 4—77 --C—02 16 ,
e f f e c t i v e  March 15 , 1977. Def in i t ive  in format ion  regard ing  the na ture  of
the observation is expected by t r ans fe r r ing  the investiga t ion  to the Depart-
men t of Chemistry.

There are several top ics which papers are expected to be submit ted
for publ icat ion besides those listed in this report .  An a l t e ra t ion  of
arachidonic acid levels in the liver in children ’s dying with Reye ’s syn-
drome was observed and a manuscrip t on this top ic is being prepared with
speculation regarding the mechanism of the polyunsatura ted  f a t t y  acid
red uc tion and its role in the disease process. Fur ther observa tions on
the effects of various peroxidized polyunsaturated fatty acids on platelet
aggregation were made , reported at the International Society for Fat Research
Meetings in Milan , I taly,  in September , 1974, but not yet  prepared for
publication . On each of these, as well as other topics , when submitted for
publ ica t ion , acknowledgement will be made to the ONR and to this contract.

The biological aspects of peroxidized lipids are now being inves-
tigated in a collaborati”~ undertaking with Dr. K. C. Hayes of the Department
of N u t r i t i o n , Harvard School of Publ ic  Heal th , and the i n s t r u m e n t a t i o n  and
labora tory eq uipment not brought to the Department of Chemis t ry  have been
transferred to these laboratories. Funding for t h i s  aspect  of the work is
not cu r ren t ly supported by the O f f i c e  of Naval Research . 
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