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Three taeaUd tapeworas were shown to be capable of 11atheatalag

lipid. tr.. radioactive acetate.

lIlJ11tCl cIII U11Hlt11ll .ad 1. 811UoI,1.IU sla••ed higher rate,

of ..ta~.llc ••'lYity tkaa did t'"ltiXil,lq",. T~• .-.bran•• ot 1.
h~'lll!!l, ••parated tro. their sc~lic.a,were the .Olt a'tlve tl.s••s

ot tIII.spe,.e. in tile syotheds of tJte Don-aaponiti..l. lipids.

Preper.Un. of U.e enUre .,.Uourel g• .,. tke highest. ,yield. i •

•aponltlable lipid synthesis, altllough tkey tailed In till. respect to

equal tohe 'OIIbi••d acUY1U., of .....r••8. aad IcoUee. wh.. Ute.8 dr.

llcabated .8parately.

Cllole.terol was proven Rot to .t "nthesized from radioacti,.

acetate In tile tiara. WOl'llS. Collttrlult!ye .!A 1!D. exper1J1enta were ••e

OD two albino 8ice Intected second.rily witb &. qElaUlol!J. When radio

aotlv8 cbotesterel WI' g1••n OfIll, to tb••• _iee. 1t wa5 concentrated

In tbe kydatid o,*ts proying it. tree paa.al.·froM tke hOlt's tlsiue.

to 'he "sh.
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1• .fiIIIIIl.IUbL
~ ••.., •• , .. ...,..• •1 tbe brdItld 0'" It.'lf .'Irted

.t' c.e,.. (926). I.a, ... othe.....,.••• I.alld lip••'

.leI oatda••• In hldettd .,.t U"""•• but tM ..,dlUd .,.t fldd

•• f.u. pno1.10111, Inert. II "II"' to t .........,..••

aopn (941) .trlct,ct Up••• I.e.ten•• II'OlI ,AI,-rl'

J!!!!I!rl02jdeJ I-BnlUl,. "B,y'u,. u. f •••d , .... I.S,..'
to , 1ft 1. _clla 1.'1•• • 1 Ill..d lid U•••

ex, u of '.1, ho.". , S. Medii fftll .'be' IOUI"OI.. Up•••

•• ,lae de.t.d b, 1M U9S8) , .... ..1.1& ,,".'0,1!1I. ,
aeat.otte ~n.l'l 18 ...t......... I t to III.. 18IXl..

l.llyU, ., pB.T. lIadl0.'• .!l.ll. (1960> .t_led tM ,.Uy.u.,
.f Up••••1d ,-ptl.... ex'...otM .tne 'Ile .,",..1...f

aM!!!!!!! M••,aj. Trive1.UI, ," wi"" tbe•••..,.••

cu..,d 'I'0Il .puntdal .lap.....plcale. lad plaq.....leb _re

.110. to ... p.I.1Uo Hid.

Bl.t lo.1 vlluaIS..'l•• • f .1'•• • t lip••' ,etlYlt, 1.

tl rll1ed .., ~rl U946> .114 tbl. ,eob.lqae Ii••

..... lI..d brlau.ek U948. 1"') '0 d.'ect Up,.. S....1 ' ....

I,Uo.k ...ed to. Go.,1 te,.lq.. to 100'" Upa., 11 .1UIltrblllbll!

-1-



.uregtJ1,. f!!phorhlJlCMS bglbaooill. J!0echl..rhZ;JlCligl 21118d"\91

and J. !Vdl••

SChwabe .!!.11. (1%1) delllOJlltrated Icetyl cholinesterase i.

hydatid til'U8. Ind .ugge.ted that thl. enzyme regulated the

permeability of the hydatid oy.t Will. A qUlternlry ammonium

cOMpound was detected too Ind could po.sibly be a choline-rellted

co.pouad .ucll I' l801tllla.

Two c08tradictlolS In the .tudy .f tbe enzymes .f

~thl..ooocus ara.glo,ul IarTII at.,. were see. in the resultl of

DeLey 811d Vereruyue (1955), and A,'lin and Araye..1 (960). Tbe

first group of workers oould •• t flad the two enzymes, ,luoo.&-6

phosphIte debydroge.lse and gluo0810 101d-6-phosphate dehydrogeftl.e.

1. the llrYll stale of!. ira.ulos~ while Agosift and ArayeR. fo.ad

all the enzywe. of pentose phosphate pathway In the•• tl•••e••

Co.,idering the che.ioal pha.e of the Ilterltare, Fl',saer

(925) deteoted In hydltld cy,t flutd Ilycogen p1ll' Ylleric 101d

II tbe 0.11 fatty acid. Cmeltk (1952) worked 01 the chemioal.
eomposltton of the gerMinal Ind l.minated membranes of the hydatid

cy,t. Be feuld fat In the ether extrlct of these membrlnes; the

a.laponlfiable lipid WI' cholesterel, the .aponifiable tatty aclds



were 11kel, to be Glele acleftS'll t.o tlte locll...'-1'. TIle fir.'

work publ1.hed •• the _ta.ll. of J. "Dltdo,., •• _4fo,S•

.!lJ1. (1..1). It ........, tile ....nl ,Ia.leal o.-po.ltl•• altd

rel,lntGI7 "lot.I.... 0&1... •o.,Qllptt•• IDd COIp""'.'l••

_n detend.d. bu.t. ,It. .."ne, ., till. CO2 _n Mt .,....11•••d.

TIle .8.,.111, 8ad •••nblog _"bl,bl, '8••1tl"•

.\0 lahlbit...a ., 1110011'.'. ae 1••10 1tlo• • f the _41,•

... ''''0. to lave. c•••.lderaltle l.f1 tbe N."iratOI7

rate till tlt Iald.tid e1.t 'laid .nd 11.,er- s ..lltl. '~I.t.I.11II , ..

re,plratloD belt. A. to the ctteldeal c_p.a.tl•••f tbe lCollc••1

it .s !ouad that tll.,eo."lned 181'98 ....ts otprotel•••d

..lIe. '_\tnt., of lipid.. Two poly••cclMrld•• w ... t011td to be

.tored~ 91100\1" aid I polys.ccla,rlde c01l,.lnllg ,alaote.e,

gitlool.lllae ••d po••lbly 01':1.00.0. Agolln 'ltd Repetto (1963> COI'S

aIled tbelr re•••rcb 01 tbe metabolt ... of j. Jlft.tll!~Y~. Ullng

1.otoI)lc tracera II 1...1_4 CO:a .lId .e.tete • 2 - clot, tbe, ct_l..

tnted the triclrlJoxyllo aold o,cle a.d detee,•• the .,..t....t. 01

lipid' aDd pholpMllj'.iid'J btlt .. atlCfltPt. _n -de to f'.l'tller

ldeat111 til•••,."1 a"'.flllCl. p",ent In til.....l.ul lipid Inctl•••

obtai_d.

KlleJl•• .!1J!. (1962) J tI.lag 1.'1'1 "d ",leetro,oot~1 lO

de'e.t the oll_lcll oCtllpOnent.••t h,datid cr" tl.......tea



-....

auorl.IUon baRd. characteristic of led thin 'lid cho1.,terol in

111)14 atr.ou of the 1.111.ated ...br••••

,\Botber won exten,!,ely expert.nted up•• tor t t. _tabollo

froeesses bal be-nA.carl! lumbrtcolde.. lo,e,••ndLaz.ru. (1'4')

extracted from itl tillue. lecithin••phl""1el!., .erl.. lad

ethaDol.elne coa,.lning phGspbollpld.. I ••quell.r .ad. 8Ille..e,

(1949) fou.d. 1. the ~!8.tl' extract......IT'10 ....,•••••f lipid

.at.lre 1. tile t ..oU"e Upidopl'Ot.ic .0.,lu fo,..,.81 U9S0)

••d Eliott (1914) de.cri~d. the r.lati•••hlp .f 1,11f. fOOd

, ••e,.e. aad infeeUyU, of .... a••artd llrva. wi ,It fat .....

e••traU•• I. the•• Ian... '.lrbalr. alld Pa••e, UCJ56), In tMlr

Uuell•••• the de,elop••t .t MOlrL. evO., fouad that. the .,,'.

fat WI' ••ad f.r t"e .'.......1••f car_hydra'e. wtdch WItre Idea'!f'led

II ,11.0ge. 'Dd trebalo.e, a a• .-reduclag ellaaooharlde. In I de"lll

ed ltu41 •• the lal......btrl .t il"lrta, 'Ilr.ln (1961) ide.Ufied

from lipids. yolatlle 8c1d. lId triglyceride.. The yolatl1e acid.

cOI.I.ted of acetic acid, propionic acid, C4 a.d C, acids that were

Dot Identified 18 detail, Cs acids of "',:,lerl0 Icld, dl... 0( ... ""h,1

butyric acid and cis- oc. methyl crotonic acid (UgUe). The IOn

,ola,ile acids fGUld t. trl-,lycerld•• were not Identified. He II••

found yho.pboU.ild. (Io.l thins t cephalin••8d .phtll9om,eU•• ). Ind
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.terol., beth IIhnt.daad unlltul'lted (includln, cHJ.,ten1).

Bird (951) .tadled tile cheal.al .CHlPoslU•• of .A- 19E1eolel••

• ,'1e18 'Id C.Uld it to c.I'al. lipid. II it. '.'GrID.t 1"'~.

sa. lad Yld~l.. U9$') 'o••d o..t tll.t _..ccl..te could ));I a vre

cu...... ., ... yo11tU_ tat.t, lotd. 1, J). 1.J'I,00t4••_

Von Brand (939) .eplrated quanUtaUyely tbe etll.r extracts

of "cl!e.n~btr~neb!S}tru~lnle.oul ('\e'ftt~epbal.) and fOMld It

to be ot phospholipid., cbtlelterol, saturated Ind un.aturated

fatty Icld._ Von Bnnd .!!.!l- UfI5l) fould that the .xenle lar"••

of !l'l~lttqeU'a!!,.l,h. oonyerted ,lyeo,e" uJtder aeroaie and

a.aeroblc condltiol•• to "11erlc Ictd. smaller 8mouat. of Ci' C4.

Cs Ind ~ ••1d, wer. allo 'otta.. 'rhe•• luth.r. {tlrth.r found that

lipid dtd net dIlIPI),ar t ...... llrne aad.r anaerobi. conditions.

He.."r uRder ••roble ••aditio»., 011 the e.atr.r1. ,tarYin, larva.

lo,t about 21% .f the Uplds f.,,,.d iniUally_ It til. lu.-ed till'

a relativeI, lar,e trlctlol .1 \he .0nIH..d oXYlen leryed to oxidile

tbe,e lipids. The I•• ,rollp .f .rker. (von Brand .!1.!l.. 1952)

found tltat tlte IftIIJor part of tbe oxygen uled •• for the oxidation

of lipids, and thh IlftO...., .. of flllportance tor the _tUity

ot tbe larvae.



far.... and Dlugbert, OtJ55. 1(}61) studied the lipid _taboU_

.t the rat tlll\'." JlD!D21ti>la sUI&!,!t.. 'rM1 ..e..-orted tbat. .tll

, ... typ. ot ....t lad itt cU........fleoti.. 1. de.._al111 toM

tetel let. •••, ••, .t tH para,U"j aa4 t." .........f the Upid

.'ed,lpN,eat.. 111. _11k, .f tbe .:rat .4 DO effect •• fe..

depo.1U... 'l'IIoIIp••I.I1.11. UCJ60) .....d .1 ..,neU" the 0

.apull.,III. lipid. 01 IlUll.u8.lIe.(t!!!dl 'lid ..lull. ,;\1'0"

Ape.tllo.,l•• a.d ext-neU•••itb etber. they 6111t.H tbelO..

•ap.alfiable perUanwUIl )sean.... j.:1e"relou ethere Cholesterol

.a47-ketocbOle.f.*nl _re tonad lIade.lt Ippe.wblle,I•

.\I'Il~~tu!I! hail chole.""l 0111,.

Bhtotbemleal deftlOft.traUOh of Hiildl of the byeatid cyst ••

ttr.t made by Cameron and Flta~J.trtk (1925) Ind Coutel1n (lQG1).

Cholesterol wstotntd t.o be Ut,nc:ant in tbe thid, ••d taint 1.

the 8Idocy,t. SCGUCIS aad the clJ.t nll. FrQ§JlHltt. of ""od

ca~.ul.. ,h••d the presence of fa" tl ,'.... ' ••0.. 1n tbe cytopla.m

.ad Ule lucl.U.

Cha1idlel' ..11.11- (14i\52) ,tudl&d tat deposi Uoa 1n _ItS!!

JIl"IIYU tak,. front ca.t.nt.ed ud iat.act .18 rat.,. Hi.toc......l

..lnaUons: of these wor...bowed a _ned lDCrel.e 1. the dep••l

t,101 .f nattlnl tat 111 t.bQ U .....e. of 'the wm. l'MOyed fro.

ca.tl'attd ho,U. 'ogo <1960> IppUed fit .t.llns 'to jlGft!t!. lad

hOllell ,elaU•••C'UOILI of the cystioenolcta of ,I_ JlJ.t!II!~.. ,..t



was detected in the peripheral tissue layer, the wall, the scolex,

and the cavity proper of the cystieercold. Different areas of the

cystleercoid showed positive stain reaotions t8 a cerebroilde aId

to cholesterol.

Bullock (1948, 1949) studied bistocbemically the fat distri

bution 1n the aC8Rthocepha18s j&hlnorblnchus coregon! •

..to!KborhYDClulS i)ulbocolli. lieoeehhoryncbyl c.1U,dratul aad J.

smIdt..!. Phospholipids, cholesterol. trl1e fat, tauy acids and

lipase were localized in the MlJscles aad the $IJ_OtltiCttle of these

species. Haley and Bullock (952) detected histochemically sull

amounts ot fatty materials in the cement glands of these same

aCIDthocephala.

HeDDaatba (195~) stadied the tat di.trib~tio. In the Mehlisr

gland and tb. egg sbell of '.sciol! bepatloa. He found. by

staining methods. both phospholipids aId neutral lat. One year

later the Sime author found that the Mehlis· gland of P9netr~

.s.epballJ.! "g,11l8eatU is pos! the to all the f.'bosphoUpid staln. aDd

is also strOBuly positive to the periodie acid - Schiff tecknlq~e.

The pigment in the digestive tube ot ,.\scaris bmbricoiqe~ was

fouRd to contain a lipoid complex aDd fatty acids as detected

histochemically by Carbonell and Apitz (1959).



tee (960) sbli.e. fob'" _etlons of JJ1!llltOtlt8 Jlgtblfe~l•

• ...to<ie of ...t ........, ....t.uq tile dl.t:rUmtloll .f 'at. 'l1IIe

eM.' .t...... 8nl. of tat ..,. t"'dO~"l, , ••tI'81 aad htenl

U.... \Ile la'••U.., ..,te., .....1. aM oft of ..lie .....

Gio....18 (936) fOUd ((at.• .., ..au ., SU•• III to be II tho••

• t .... • f tede. 'hit JJ pel'tod of le•• lI~trltlon .1' of

'QUill .. I 1.' U7 .'.lo~d .tapa.

2. Jla£'? .01. ,tlc! .lUI81\l,AIUU

l'M taonUd tapt.fts IIs.d In tlth .tuc.fy lWilre IOhl!f.!~ooo",!

JlIII~19IUt 1- l!lj,~Ut.~~li..tl•. J lind ..I1<!Bi! J1t~ltl"eu. It may •

recllhtd toilet tbe tvdatid 01.t 11 the larval itnge of tbe ...'iO.....

.i~td,MCi'iCl!!Jl[!g,AoW. It 11 l$cat.d in the Uver. lulli' lId

11 ot.ber trpD' of tbe bo41 of It. hlttrrudiato hcutJ(Olttl.,

......... M., tilte.). .:rbt ..tiul t!ve ho.t 1. thit dOlor wolf.'11Mt

e,.". _1c.11 Il"OWI coatllluaUy, .J' ."ejthersterUe or t...tll"

....di." o. to... abaone.. or l,nJ,eace .1 IcoUeo.. scoUce. torm

., Ihck11I11i1J INa brood oa.,lu1el which 11I1'1.e from t.he '~ftll..l

...... toM 1_"'1" ••t .lIbrane of the' Gylt Mill. 'Mte laydatld

01'" 11111 ba•• wilde. ·'Id. layill', /I blaU, llnd••ted 18'.1'

_.11'&.1111 111"1.11 01 • lIfIC.poly8ICGII'1•• OCUejla1l J11.1l. 1961,

1'62) t aIId .. oute.. tllanul la,., elabol"lUd by tbe bost.

UaUko ,i. Jli!lu:t!!!l' which iJrod,tees 1artla silgie cysts,

J!bllJ!~~c,~~a.!1I1 ~l J.QC\11'!.til fom. In 80grf!lga to ot 1n"'''l'lb}.



·,.
_11 ."ta. TIle•• pnUlenw _ ......11....elilli. Till. 11,..111'

",.Ud II"" '~"'I" I' _11, 1""1'1181" ca,1U.. wi t.1l tllt. lad

' ......1.' II,yaU....r..... c.'.I'I..........1 ."raM. The lanaI

,t..- of Jl!Il! .irM'h!II t. a 0,.\lC."8. t ••1'4 ....11, on tile

-.t.. of .....p. It. ••••C01_•• .-ok ud I Itlacldft .1I1"ft....cl

.., • tnul•••, ..... 61",__11 ., ••t. ...t,ta.

The .,.tiel o)'.t.. , ... al,eolal' .,... aDd tbe c,.llceNfJ' of , .....

,-.e. \epewtrMI III eon"lla tlnl4. 'bI' Ivpe.r I. ,~oll c~o.i

Uoa to ...1"'111" to ..... 0" .erebl'Ol.ilnll thtld. 1.1le1 "pn,••t a

.at,," 01 _t.IIo110 ..J'CMltlet., .f "M pen.I '0 In • 1.1"."". ., tile

bo.t', 11041 fluI4••

1.,1•• of the 1/,..... of Upld. latbe.. the que.Un

1..1.0, _ ..he. tile•••".tao•• I'" .,.'••1.... .., to pan.lte. 0"

.......... tne to t. • ......,. I. ,Iae .,.....1., pr.eu loJ'

llplcll, la.•• I" t.ed t.o ta.'t.lp'o ..... 1'018 of ..Id, 001I in

t .....IIIU.. ., .I- .IOUl!!!!I, .I• .IBl!U.t.U1!dI IM..I. JIIfJIUftI!.

I. acWJ.tl•• ,he '1 Ipui.., .f ,al..'lM•.



1. fin'. 'e IIt'''l!l
ro.. .ItJ!l.'!!!11 .II11.10!1I. ,1.&Jl. II.U••••• kood .ap.ale.

"171.. 1••I,tI.. I .... t. to f _ .....llect.d t .... Md••

IIJdaUd oy.... olttalaM fJ'OtI 1 1 ' 1... wittda • te. M.r• • t

.1...ln.or .t '''el.. ......, _ 1lecI .......1 ti w1tit

pla,do1ogl.,l ..U 1.U•• .., •••pe••l•••••edt utl... , ....

•••• t... t.1le _"MU, pro....... ..,......, 1,oplll11..d .cello••

• t,hlat 0.300 .... O.SCll p ••• 1.861 pl. r••pectin!, .... ".ed

.110.

'0.. J!!!l!!~to.C!.lI! l!!lt.!I~!'!'!lIJ ... to .tx , ... of 18,UC8,

IRd '-noel clj".u1ol were olnahaed troll .eUt.H m.l!•• I!rt!1!!I

lrl!~!W'Ji!D1U'1.l!rJlU!!! ,.d .1ltl. al" willett wel'e i.fected

...e....ll, 1. ttat 1.......to..,. TM .rlgS..1 .t I. WI' reoelved

fro- Dr.Ha.. Vog.I. Tnpeal••t.lt.ut.......... 0. 1.

'.r _ala JIIga~ll!l!h ttle ".tl••rel ...e .0Uect.ed tftll ..Ile

•••ta ot .beep .tt_gllt..red 1. l.c.l alNaa.tolr. witlat•• te. M.r•

• , 'hell' •••• TIle•• cJ.tI.,rei .ro treed fnat tM t.1 ..........

T1Ielr .bladclel'••n elipUed .acl the plr••1te. we" d ••'.r.l
'1•• wUh plt,Il010\lie81 ••U el.U... 'or 'Ile _"lboUe

p U•• 10 ,a.•f le c,.Uceni _" ••ed, aad ..

, , ••1, 2 to 6 , •• of the l.ollc.1 ••11. II other exper....t.,
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, ............ uel Mek......,ed .U,ed 01' ...U.... Dltt '

........d. i. wip.. I~ 6 .. 20... ..•••te••f .00U .

.... aad r. al•••Ull.... -.-."....... ,..,.nc1
1•• t.,l 1••• _tor carl '1"". ,d••, at. 1. IMU .....1'1-

,u•• fte·IIt41••• 1m-al I'" ....,.,. Mll.r (1J'eba Ud

...leU.l912>.

2. M.M !!e! ...
11. J1a ..,. ,••,. na III , .. albl.. Ill.. tat..,•• t.r

..." .......'II. wi,.. I.• •Ii.''' U....It'alated tl'Oll ••

..... '"Ud .,.u. n ... Ill ted tor a wet .. ,.11".
lOll_ wlU radloa.U..lll..l.. "la.tAn1 (26 .. Cl " .f o.a
p .10 .t..ll.' ... tift .nu ,. per •••,.) .hId....'11

.......r••latal 1 peUett t.r t.- .,. aad t.Ma

•••lttced. til. 0I,ta were cantull, I.,.,.,.d aad ••Iled .ltJ,

••u... 11M ••Iltat added \0 ..... U.... t Ina .,.,.. T_

.,.,. t..- 1 GO fill. aid .... •,.,.1: rau

If III. II tM _ , ...s ..ltMtI 22.5 a. ·tIae .,.,.

tne ....' al.S ta•

... ,.ru... t.... ',IU Ud \h'•••• .ere lrood

.a,an\011 tor 11 .'.'0' 1•• - ..lilt 81 1' .del' COOl ooadt......

fte .I.peacllag .011t.l•••• 1~ 108 1. TOJ· .Uu.l. n., we" u.
Ml!N •.,..n'el1 to.. tlh.- al T ,notAd wi'"

• all .t.hr •• 25 a1. por"... tile elM, ext.r••" II ..



wa,lIed a. de.cl'1lJed aMye and tlte total claolelterol determined. The

dlgltODlde WI. f.rmed. weighed, .n.pe.ded and counted aad the .peci

tie actiylty .t each was caloulated.

3. llcuHUo.

The appal'ltRle. M,ed tor Incubating the tl ••uel were dlfferen\

1. de,lgn in different group. of experiment. but of Ie" principle.

The .first appar.tus con,hted .f a series of tightly closed telt

tubes coanected to eaoh other by ,lass tubing and rubber c.n.ectlou••

It was lupplled by a PWIP to foree in tile air (see Figure 1).

1N NaOH

40 ml

Empty Tissue Empty
with

incubation
mixture

IN NaOH
40 ml

Figure 1. InitIal Relction Apparatns.

The incubetion 1. thls apparatus was at room temperatare.



• The leeo. 'Vparatul u,ed •• a stn,l. e••tat••r tightly el.,ed

wi til I .crew ca.) pierced It the borde"., circalll' ptece ., l'!1bbe,

•• well ,eated ".ele, tbe cap to lilt. It IiI' UVlat. ·the hole h the

ely d, ••ed to I.trod.-•• tbe .ult_rlc acid at the end .ftlM hlcu

llati•• voriod.

I.alde the o••tat.or .a. bun, a ...11 belter •• a tripod. of

pol1ethylene ttt I.side the contat.el' a, .hown in 'lgure 2. rbi.

beaker eOlltal_ad the altalb.. 'rbe _I. compartll8J1t •• t., the

lncaMUon Mixture. Il'Icatletto. 1ft thls appal'l"'" WI' at 370 In an

autoaatle water bath .hake,.

f ------- Screw cap with a hole at it s border.
r;:::::=::;=:.:a

--------- Rubber seated under the screw cap .

... -- ---- Beaker containing the NaOH.
,~

~" ',:':;\\ +-- ---- ~olyethylene tripod ..

- - - Main compartment containing the parasite
tissue and the incubation mixture.

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

Flgare 2. 5&coa4 R8.ctlon~PPlratal.



TIM third IFP.rat-In .olllt.ted ot a dqle lide am Wal'burgtlask

of 125 ml. capacity. l1t. side 81'M ot the Ilalk •• closed by a rld._r

dlaphra,_ Clf tor introduotio••f the .vIlurio acid at the .nd ot t'.
iacublti•• period. The c.ater well of the Ilalk WI. filled with 1 .1.

NIOH to trlF' the ft.pired CO2.. The .le fIe,' wa. ' ..II••t.ed to tile

f~rb.rg ...... t .... tbe fll.t end of which WI' pllf'... The par••lte

\.1" ••, a.d 'Jae lacaNtl•• II1Xls... _ ... p.' 111 tile .... e~artlle.t.

no flask we. IlIlken In tile Warbllrg batll et a COlste.t tetll>er.tun of

SlOe. The period 0' IlOu"tl'8 WlI • to 5 heur. atter whteb the ,.1

t"ric acid was l.troduoed lat.e tbe side II'. and 'baUng WI' o••U...d

tor liye more alaute••

The side arm closed by rubber
4----

diaphragm

--------- Center well cOf1taining the NaOH.

The main compartment containing
the parasi te tissue and
the incubation mixture.

Figure 3. The Warburg i\pparatol.



I

rile JMu"'t,lll! 1I1!i'tJ~ d .f .ocIl- 80.'1 1-<:14 ba

......tou•• ftr,S., "twe_ O.S,v- IIOle t.o 1,...._1.8 (eqahal'.' to

1.2 -'111•• to 2.4 .tlliol co..,. per miD.te) deyeldlag .1 ~he

a..u.l .f 1'.1•••••••4. ,~d.d to It were 0.1 m1. of 0.01 ••041..

ace~\•••d 0.5 .1••f a.tUdot.lc loll,lUOn cOIsl.U., of SOO ••it.

of It••1.tUII a.O.1 av. of It.fttp401l1Cbh ·TJao &lufte... Il.od _"

dlaedt....h1dn1'. Jlbe.pta't. aa. pot.asd_ dl1174 , •• pH'VIla'e

'GhltS•• of pH 7.4 (Cia"'. 1910) aad fCreb-II....·' p p..t •

•oluti•• of pH 1.4 (Cre. and Bta.eleit, lt12). A t.lrd buft.1'

con.1s'o••f 100 al. .f at' .toolr: ..htlon (2.88% Na8af'O••ad 12••

-2'11:0.«) to. whlcla WI' added 0.81 p. NeCl. fie pH of this blttte..

•• T. The ....ltt- .t t.u IlUff... \'lIed .ach Ume .,...led fro:m two t..

ttye .1. dependl.g 01 the aMOuat .t tissue used•

.!! ~~'J.,l the re'p.ln. l~~l.d ~. 2 Ill. of 3N HaSO. were llt«,-e

d"eed lnto tIM lacIIMUo"tdxhna..d 1-2 mI. of 2M NaOR _I'e 11''''

4. !~Olat1o" .0.1 ..~..£.pi.(l'''l ...1t.!!!:5IR~~1.fl""!._L:1l1.4!I The tissue.
alono .'ter 1»81111 Hpara"od trem lhe lUt"II'!Oft _inu" .1' both t.he

tl.... aact tile lRC.III"•• "Jet...e _" sapo.ltted with 10% NICS 1.

7<* ..".....1 .....,. ntlu to.,. .. to 5 htu!". TIteR the MIl-.apo.1

11a.le lipid ,•• extracted with 100 to 150 m1. of dlethyl et.hel' II

porUo•• fit 25 mI. 'fills ether extract was thea washed several U••
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drated witk dried powder of IgS04- On. M1. of the wished ether ex

traot ••• p1at.d oa a Itainl.ls 8t.el planchet, dried uDder Intra

red litht. and cou.ted for itl radloactiYit, in an II0top...ter

(Nucl.ar • Chicago Model 151 A)_

Th.n tile .ther extract ••• conce.trated to about 10 .1. aDd

0.5% digitonin solution (500 _g. digitonin 1.100 Ill. of 50% etbyl

'lCObOI~ added 1a sufficient amount to precipitate all tbe choles-

terol as digitonide. The superaatant ether portiol was saved tor

colwaa chromatography. The digitanid. was centrifuged, washed with

distilled water, aDsolut.e ethyl alcohol. and acetone-etber (1:1'>.

After it was dri.d, it was weighed and 0.5 mg. was suspended 1.

ab.olute alcohol, plated on a stainl ••s steel planchet and counted

for Itl radioacti,ity.

Tbe etller cbol.st.r.~-free portio•••• eluted t.hrough an ahl

.ia•• hydroxide dried powder washed successlvel, wit.h 2% acetic

acid, aceto•• aad petrol... ettler ,ad packed III 8 burette to I

1l81gbt of 15 CD •• with pieoes of Ila.s wool It the 0.t18t and on

the top. ORee tile ether laok oo.pletell 18to ttle colup, elution·

started with 200 Ill. petrol... ether collected In SO Ill. portlo.l.

tb.a with 200 81. of acetoae ether (1:.1) collected alao in 50 al.
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portion.. 0.8 ml. of .ach portion .a. plated aDd couRted for radio

activity.

To holate tbe saponifiable lipid., t.be iBcllbat10B .lxture (atter

it was extracted with etber) wu saade acidic with 3N HaSO,f to pH 2..3.

This was the. extracted with 100 to 150 .1. of .o~.l heptaae In

portioRI of 25 Ill. HeptaDe isa 10DU cllain tany acid lolve..l. Tile

heptane extracted we. wa.hed with watar, the. 1 mi. was plated aDd

couated tor Itl radioRctlYity.

5. "ltE9l,

~ control wu run for each of the above experillents. Parad tie

thille was boHed for 15 _iautes Ind handled as in the test suple.
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~LTS MD DISCUSSION

1. "!SIU1!•• 91 6ftl.I.I I. tJa, 1Ig114 11"'1£11 :- Several slQdies Oft

I_ S)rlIIIIIMI bay••1l0WA t.he presence of g11001781s and energ, yield

ilg patlawI,' (Agosinand rtepetto. 1963). Howeyer eoaparatlve studies

.t t.ie biOly.tbe.ia of lipids la this celtode and others hay, .ot

beell report.d. ConsequentlY we sought to outline the leneral met.8

bolie pattern of .i.- grapylo'MI, !- gl\&lclSUllaEl, and I- "Xga\i'IBI-

Dat.a pres.lted in Table ! show tbat tbe fresb scolices ot ~.

SllaDulgsy••ad i..•11.1190'1111, catalyzed the oxidation of acetate

into C02- Furthermore acetate W81 incorporated into both the

saponifiable and aon-saponifiable lipids of these eestode~,. Similar

results, to be reported later, were obtained with I. bY4ltlgeDI.
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t.bl. 1

<&e••Its are e"pjeiS~d 11 CO"." pi" ain...e per '1''' 01
ti.s•• lacuba..ed)

r,pe .t Ti.... CO2 Non.....,..ln.»l. sapo.itlable
Ll,ld. L.lpld.

i- IE'I,!ll!l! 33,000 2000 9000

'rei. Seollee. 34.000 2120 200

80,000 1000 3000

82.000 6000 1500

')fV} tW'\ 2000 .soo

~ l!!l\iloIM~ltll

'1'••11 .scoU••• 53.000 1000 300
aad brood . J ..

cap••ll' 101,000 2225 13000

lat' 11.. r.pn••, ... I .e.,.rlte •.,.rl....t tiM" 10'" Ico11."
and 1>ro.\1 eapsdeawere incubated",r 4 't.o 5 Mun with radio
aeU,.. ,.eUte. CO2 '.d Upt•• 1I011tod. see t ... teat tOI' eletaU••



2. SbldUf.X ., SCAUill:- 18 ,,1ft vi t.tl. U.it.ed a.d lrl'egulal' .u,,11

of trl.aa leollee• •1 i. AlIIllt'll i\ beG... of 1.~.r.$t. to 41t.er

111.1 ••, ...1' tr.......UP, ooald be 110pblUaed ••d .t.ored lor .0

.4tq1l'.' UI. 're.b 1.0Ucel ••••••U.ble were ....di.t.el1 ly.

phUl.ed 1. the Ylrt.h _cal•• (Mod.l 145 LoP"k .ad 145 Ia-ao> aad

.t.ored at -ZOOt. Witla.. a ,.dod of oat 1IO.t.&I. 0.' grn of ly.

plal11lee1 ,coUel......Ulet."'. It., 1M aoted June tJaat •••

trM 01 dried 11.,laUl.ttI 500U••• 1.....lnll.t to 14.5 gr... • t

.et. Ire.1l sooU.... _e. '11••• 110,..111••4 acoUe•• were l•••bat.ed

witll C14......t8t. udll' tile ItaRetard e••dltloll. ot 81$&1. tbe radio...

aeU"It.y h ~ po.lfl.b1. lipids aad .8poal118ble lipldl

WlI: f;6O,OOO. 2.200 .ad 1,188 co.au per 1Il••t,per gr.. of dry

Un.1 r••,pecU.Ily. Ia. dltpUca'e uperi.at t.lle yal.e. wen

542.000. 4.l:t5 aad 330 res,"tl,e11.

3. St.udi•••D 1I!!i! .~!\I!!!!:- Iacubatloa of cysticerci wi'. C14_

a.et.,. ladicated tbat tlab cestode was a180 capable 01 .labo

li&1bl acetat~ lIto C02 .ad lipids (Tebl. 2). Slace it was

,.••1_1e to •.,.ra'e tbe 'colex .f tills oro..l •• II" It• ..-

bra••, It wa. ot ilt.r.st to deter.i.8 til...'allolto aetlylt1 of

.ao tiUH .....'.".ly. Tabl.:2 abow. t.llat the __,.a.e, were 11...

ca,able of If.tbe.lal., ••,..ltlaol. I1p1d.. Appare.tly thl.



Clplclty WI' U.1t.ed 81111 to tile .coU.... Howey.r, It is tlterest.

lag to lot. that 11tllough tile rl1atl,••fflel18.y of eaell fraetiol

'a.ried, nl,ertheleu the collblned actl'iticu of t.he scoU,•••ad

Acetate alt.aboU•• of I.aIBU,ul

(hsu.lt1 are e'Gpr.essed in eoD'U per 1l1.ute pel grail of tiss••
18eubltecl) •

fucperllleJit flu.e CO2 Non-saponifiable Saponifiable
Lipid Lipid

Cyoticerd 1000 00 250

1 ScoUces 3000 153 150

..1101. IleUr••es 2100 1200 0.

',IUcerd 31()(j 450 465

2 ;';0011'81 4500 300 250

~hol. lleabrane. 10833 356 0

The wetgk\. of the cy.ticeret Ine",bated it equal '0 the 'UIl .t
..lgllU .f .,ollce. pl•••un.... eoactltl... tor hKU.IMtt.......
the .ame •• r.blt 1.
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4.~••••t'l ..t ,1. l\!iJ'lg.tll:- 1I0IlOi.1l8t•• ol scoUees aDd .....

bra••,wer. s.parat.ll prepar.d as described la "Mat.r1al$ aad

Method,". W~~r~~1 tbe incorporation or acetate 1at. lipids by

tbe .hOMO,e.ate of ...brane, was of the $'" order of .alnitud.

" tbat for \be Illced ....raaes. tbe rate ot CO2 production was

macb lower tban 'b.t of tbe Sliced ...braDes. 0. tbe other haad

tbe hOMOgenat•• of tbe .eol1oe. were practical11 Inactive. Tbe.e

r.sld ts 8·r.e shown 1n Table 3.

Table 3

AU"" I'\I.I1M of "'8.1'" 'Ii Sli!!!! "'[I&'! of t.
MlelaSII!!!'

(ie.alt. are expressed Is COURt. per ~DQt. per gr...f tlas••
!Doubeted)

T,,. of Tis'•• CC>-J Non-Saponifiable :iaponlflable
l...iptds Lipids

Sliced .embrall•• 23,690 200 111

..
I1ORlOg008 tea of 300 N.gU{I-ible NegUgible

ScoUc.a

iionaoqenates of 1.500 200 100
Iwr••el



5. 1'. ",tyre If lbl Ngn-S'Rqnlt1lble L1ald!:- Tbe preaenee of cho

lesterol in 1. graDyAgly! has been known tor a long tIme. 1u vlew

of the fact that aeetate was incorporated Into oon-sapoDl11able

lipids, It became of interest to deterRdne whether IGae of thl'

radloact!yity was assocla\ed with cholesterol. In our studt."

colorl..tric determination of cholesterol iadicated that tbe con

ceRtraUoR of cholesterol "•• b the order ot 3111. per gr.. of

incubated tl.sue. Precipitation of cholesterol by digitonin Irea

the Don-saponifiable traeUOD, and analysis of the precipitat.. ,

indicated that cholesterol was Dot labeled. Tbis was funker COft

tl~d by 11 !!!i experi.ents, the relult. of whicb are ahow. in

Table 4. The tact that tbe cholesterol fr~ the CYltl was labeled

only when radioactive cholesterol was iRgested by tbe lIiee,

Indicated that the cysts derived their sterol from the cbolesterol

food of the bost. The difference in the spec1ft activity of the

Isolated ebole5terol i,.. hOlts and parasites probably reflected

difference In the sl.es of the re.pectlve pools or 'low eqaillbrl..

acron the cyst wall. In addt tion tbe specific .cUyl ty of the

cholesterol isolated from the til&~'1 of tbe hOlt we, not neeeSSI

rily a measure of the specific actiYity 01 the chol.sterol pool

wbich was io equilibrlua "lth that of the ey.ts.



Table ..

I{I~t2iQU!J C),olilterci 'pqul0Q. 'U.ly ,£!!!! flis, lion.!! lIJIdtlid

'):$111 $0 AIlW!Q Iii!

11. .li.u. ~d.at.. I\td,llt Toti.\l (;holel' terol
in in DIgtI

(iraJ

Cysts 4.2

Specific ActiYlt,1.
Couts per 11,,,,,\* per
Gr. 01 uti! tOllide

1st .use I----+--.......oj!--------+-----------+
87.1

1 .)••

86.4

940.100

972.225

see tH text ttl" detail••
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6. ~l. QrwtgauehY of ttl!, Non-S'R.2nUlabl!L.1Qlds: ChrOllUlto

graphy ot Don-saponifiable lipids on algal•• Indicated that at

least two .aJar C.()lIponel'lts were present. Tills is shown in Table 5.

Identitleedoll of these fraetion, was precluded by the extremely

.ull UlOUU present.
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Table 5

Biological Total Noa- 'etrolewa hther Aceto.e t::tller
Source, .>apoDtfl.ble Ifractton* .~raet1oll*

Lipids

!. Q£IPulg!! $ 2000 600 400

'reMl :letUe•• 2120 1050 950

~, ,r',nll!!!".
~1ophUtzed 2200 1400 100
SeeUces ·«125 2850 1ZOO

I· hUIUg,n!
Cysticerci ao 55 35

250 165 55

~OOUC.8 153 134 68
360 186 100

'hole MeMbrl."s 1200 700 400
350 200 125.

Sliced Ml'!IIIbnnes 150 GO 63
250 153 50

-
;;j< ~h traction •• coUeetecl In 20C ml. ,ohent in 4 i;ortl41a••t

au .d....tl. Stetle Ifttfo1' ....t.U••
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CONCLUSION

Alt~ough quantl,ati,e comparison of the metabolic acti,ities of

tJle three ........ Dot poUlbl& because of biological variations

aad the 11.1t8d inforMat!o. available. n8,ertb.l.,S certain trends

.r. eShceoaJ:de. 'or ex••ple. the leneral lIetabolic actidt1 of l:i,.

VUMlOII' DeS I. EI\·Uoqlltdl as .enured b1 CO2 prodlletion and

Upld 11.thesh n. higller tbaft tbat of I. 'USltia.eal. Tbe extent

of acetate IDcorp.rated Into lipids was much lower than that of

ac.tate oxydi••d into CO2'

The CO:! produced by 1 p. of !. aan,1l10s!H fresh scoUces b

eubated for four bours It standard condi dORS. accounted for 1% of the

added 808__,e. On Ite other hand 0.4% of the acetate was incorporated

IDto total lipids of tbl. organl~. In 1. ,*It&121118 [1' tbe ~4

prOduced per g,.. of fresb scolices and brood capSUle. iaeubated tor

tour bOllrs at. staadard coad!UOH. acco.ated tor 6% of tlao addedac.

t.ate. AId t.he acetate incorporated into t.otal lipidl of this orgaaislIl
,

_. 0.7;1.

In t. 'ldl\iQlAi the 002 produced per gram of c1.tloerci incu

bated for four bours at standard COIld! Uons. wal O. 2~. The t.otal

Uplda 1,.........1.84 fr_ tbe aMtate •• 0.04%. The c.ll1ed activiti••



of scolices and ...branes of I. "datiglpa (when these were Incubated

separately) sllowed 81.ervlatlc result.. Tlte C02 preduced per gr.. of

collbilled Icollce. aad .8111>1'••" buuabated tor tOIU' bours at staaderd

cORditloRs, accounted tor 0.8% while the tetal lipids s18tieslzed

Iro. the acetate was 0.09%.

Al tbough , acetate W86 i.corpor.ted lato Doa-sapoaillable lipidl,

cholesterol was appar••tly Dot blo.yntheslzed from aeetate by these

cestodes. !!I!!l experi_ents indicated tbat cyst cholesterol was

derived froa the host.

Columa chrOMatography Indicated the potentiality of this techaique

for separation of the !'ariGus components of the nOR-saponifiable lipids.

Identification of these Ca.p'.'DtS will require large scale experimeats

tor further lnvestigetio.. Studie. on the metabolic aetivity of the

various parts of I. hYdatiqega raised so•• interesting problems. e.g.

tile failure of intact _.branes to sllow siglific8nt syJlthesls of

saponifiable lipids while their ability to oxidise aeetate or i.cor

porate it to Doft-saponifiable lipids W88 a.iden,. ftlrthe~ore. the

sy.ertistic effect .r scolices and merlbranes requ.lre. turther 1nvesti

gatioB.

These studie. also sho.ed tbat hOMgeBates of ! .. ' It,datigeR'

and probably of others can be prepared and used tor the detailed studies



of ..... aDD" pre,,10...1y Matloaed ..'abolle patllw.,•.

The fladia, "'a, 'tte ly.plllUaH seoUcelS .f 1. AUIII!ltSMI relala..

edrea•••abl•••tl,lt1 pro,14e. a ellalce tor lIa,lng a coDy.aleat souree

tel' tlla 8.eof tlds ,arasit.e la futun _taboUe studie...
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