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The objector th1~lnve$t1gatlf.)n'WeH~ to eXtJmtne

,
,~

certain btOCJ1EU'l1.1ot~1 conet!tuents f)f the 1te tllrl) Ligh dll

i tt3 Stt1gS5 and to demonstrate the relation or these su.be1~unoee

to the C).rffO,one bnd cel1ulur eleLn.ents in '''thton tnt'lY OOOI,,lr, tiS V\'G'11

las to olarlt"~t tb.estructure ot tl.lfi, hy'd.etld.

TIle ce.n1entlngB"4b~t~,nce betll'Je(~n tht':: f':Et.l~.nllnt11 t.~nd

l~;it'ilneted laJter 01' th~~ hJrdlltia CyBt v;(:;11 vrf:lsfound to (lls~olve

r~~)ld1.y in aoetic acrid,t oarnoyf$ rlx~ltl"re. lind tOlil le8~:lie:r'

degree in alooholE5. It v'ttS best .t"lxed by for:wulln

:fluid ..

nslnp v~:\rious staining proOedUref!. the geri.ttlnul

~:~ankerts

mem.brane. aport f'ro:Y). tjr1.~111 ee lIe- f t1hO'flfH~1 tIle pre sence ot an

extensive .exoretc)ry- eY$tet'1cortlpoeed. of ofjnals, ctln~l;11o;.~les.

and tltlme cells.

'l:he hydatid cyat and.sco11oe~ v,rere fOtUld to he devoid

ot actd andnlkallnephos~.1bat<2tse~.,~{.hl1f: the ad:.11:ttlh()"Vii'6o, a

strone, f,tlka1.1ne '1)h(J~phatune In,ttfj t'H1tlcle

celle.

Slol nett tleu l~,~r

The re·tj,otlon lttlth aallva d lflJste o()ntl"ols.
, "0

In<tlcut{".td t,.hatthe rerri1in~:;,tl ,!:xl01nbrane<.Hld. larvtJl e1(}ol.loer::, l',;'en

rioh in glyoogerl .v,"hile th~ ltnniflated luyer (iid nott:H~Hnil to

contfctn any. Vel-iatlon in the araou.nt of glyoo€~en "n::l~ observe<1

betVl.1gen adult worms ooming trl)t~l dlfterent hosts. It \\r&S

dEml0ru~trtlt.ed tlUJt thf~ ,~ror~:::u'll t3tor~d lbrRe amol.lntr:! ofr:l~rcog.n

in. tiH9 puronch~rrl1l~. espe c ltllly in themedullal"Y region ao.t1t~oent

V



to o ff.raOregu l&t~ry ottn& is l~n(1the N produotlve ore~n$ .. t.t~e

-,

!~eture .~ i'e rr,\l,S ~tla oV'o t~ 1~o t:stlV~ E:t 1t Ivereu(} t lon • 1f;;;::(Cf.tl:tt

the vtte.J.lorl'l, the repro(1~1ctJ..ve '\'!~re l~.re~) 0 f •
'J.\he ltl1'13.1nated la~re-r ot th~ oyat ,~nlll ':'tiS :f.'ree

of 1 f'!, ltril:tle thfi' re~\~lnttl lt~.

Fe\iv al?'()",,'\le1.;..~ of fat'\lt"eJ~ t~lRO SfJe.n 'in the e:xc:ret\or~r c,unti le It

",rhree typer, ot nttole1 oont&1ning dirferent ot

v;rON obsel~e(1 on the germinal })'l:(}rnl,rt::u1,e I "jhlle th~ ,f~ed

lttye:r :;ttlovsed no Fel,llpen l)QsltlVEt ftlt\terlnl. 'l~he ntlcle 1 (')t

botb tlOD ltoea lUnd tl('lul t \"i'Or);')I,I gave sp'"U) 1t1ve retaotJJ)f\ll'

the cyst 'IDll. 11k'. DNl1. rlttoe,enuole1c 6cl(,1 tiileo 'tfrut:l confined

to the oells or th$ ~erm1n(jl !ll.~ml~l·on$. In the $(.1:Jlt \'lo:r·,~

t,he parenchym~l 'NfJ~ poor1n ~~."Jl"rl1e t·he ~ubOtit,lctllt\r oells,

~A '!'t,"¥"f""ri~ ! Qt.,:, i V~ ~, ~rtd tIle (')va flth.o'V!e<.l t!;.tlr ~,''''V''''U •

f.rhe 018t wtlll dld not any connective tl1iu1ue

1"1be'rs • I.n the tidt~It WO:rnl the btl S~~men,t rn~mbrf:~ne ot the CHi;.tlole

11nlnt~ jM~nbrt;;;net~ ()f* the (.)vt:.i.):'1r, 'te~:tte,:ilolk r:,,:,:luI1d.,

c 1rru. f~ sao 1 sperm au at {,,~ave u <ltl\rk l)lue reactlc)n \~ilth

MQlloX1r f 5 trlpl~ ettt1n. su~.gee,tlrt/~ t: oollu(~noua nttture.
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DtrfHOIlJ C·'rION

Eoh1nocoocu.s grenulosus Batch 1786 is the smel1est
¥ ?' " •

rn$dlc{~lly 11<,i1portGnt oestodeparas1te ot cunine3.' It 1s

bette,r k:nov~n tor 1ts larvaltorm J the hyd~lti6, f that oootrrs

ina \vide range of !Ruxnutallan hoste find CUUSEH3 hydatid d1sE'ulae

in man. In spite of lte ~dloal and eoonorn.1c importunce in

many parts or the world t rneny ot the eesent:l&l tt~ots abou t

the ph:{siology of this parasite remain l1romov.,n.

Of the t?;ftverttl rl'1ethodn tlvbilQble for th(~1 stua:l or

physlo1of;~,lc(jl prooesseB in ce~tode5 t t.he histochemleul ;uetll0d

has htH~n ohosen tor t.hls study. iillthoag,h. thiti'l lt1etliOt\ l.t1t1J,'" .not

be as precise or qlla.ntltut1ve bS ober1'11CcJ,1 ones. it does perrl:tt

(lrLl0rO exuct looul1zti1tion 01" t.ht~ chemloul 8;ubf3tances involved

lrlphyslo1og108.1 prooesses. In addltlo11 to deterxn.1ntng the

che:m.lee! oomposition of thf~ stL~dled tissues. histoohemistry

aleo reveals their structu.ral details lJ Sinoe the h1stolol7O~ or
thE.~ hydatid 1f3 not very VMll defined. this Jnethod beoolQfjsrrJ.ore

advantageous 1n correlatlnfsstructure with 1\lnctllon.

AS the brotid defln1tlon ot parfi sltlflm implies t the

habitat of a parasite 18 some part of tne body of another

living organism. ttlt~t bus its own physlo1og,lo&1 propert.1eel tind

1s in eonstant lnt(~reotlon "J1 th the par~site., 'l'he need for

an intermediate host for the OO~Jll)lE¥tion of the development ot

the pC:;lrusite mesne 0 bue1.c ol:iunr:e in 1ts physiologicul requlre-

11lenta. IrherefoN~ t etllstugE.iE~ of t;heoll~tng1ng I)Uras1te nltUJt

-1-
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be considered if we are to understend the metabolism of the

total orgtinistn.

T'he object ot this investigation, then t 18 to examine

certain biochemical constituents of the parasite on fi oompara

tiVEt basis f trom the prlrnordlal ovunl to the tully nlHture adult.

and to d.e:monstrute the relttt:1on of these substanoes to the

orgtlne and cellular elements in v..rhich they oocur.
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Lite Cycle

As so otten happens in the discovery and description

or ptll.rusitee. tLle larval form of Echinococcus granulosusW6S

noticed and named be:t'ore the tldul t worm. Referenoe to large

flwt1ter bladders" both in hu,mans and animals V\i'er(~.ma.do from

ancient t!n1eS. HO\tVever, the first aoeu.rete doscript:1.t)n of" the

hydtttld oyst 'was [lade by Georze in. 1782 who named it i 1aenla

visceralis 8001u118 e,ranu,losa. The eldl.11t for:in \Vas recorded

later 6S Taenia echinococcus by Siebold, ancl varlo~l8 aspeots

of the life oycle y,rert") subsequentlY eluboroted by Siebold,

Leuokart, and Haubner (neve, 1949).

The lite c:role of" !. e;;rEinLLlosllS 1s a. relativelyslmple

one Involvine.; 0111:{ two hosts • The 8du,1 t worra OOOU1"S .in the

small intestine of dogs t v'i'olve£, jackals. coyott?,R t and .1aguars

(Dcive. 194,9; Dew, 1928; Rausch, 1956 ). The dog 18 the most

common definitive host ond the chief reservoir of the Infecti.on

tOl" man and domestic bn.tmals. Although the fox has very often.

been. mentioned as U definitive hoet (we,rclle und McLeod, 19;2).

it has been shovln expe:rimentally that it is an unsu,1ta,ble host;

the lite span of E. grttnuloaus in this host 1s ver3T short t u.n,}.
most of the worms do not In.sture (Matott and Juntschet'f, 1954;

Bronzlnl and Bertolino, 1954). Contrury :t'indings were reported

because it was not realized that there exists a second speoies,

Eohinocooous mllltilocularls t wbIch Cbuses alveolar h:{datld

disease and fc r v:h:tch the fox is a natural definitive host>

(RGiUBch.195E>'). For many YEH.1rS the identity or the cestode

,
.L
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causing alveolar hydatid disease had been a m.atter of contro

vers,., (Dew, 195)). Some investif\ators have had the opinion

that under certain conditions the larva ot!. granu10sus

develops abnormally ond produ ces the alveolar form; o·tJhera

h.ave believed that a distinct species of Echinocoocus is

involved. The truth of the latter view has been proved by the

works of Rausoh (1953, 1956). Rausoh and Schiller (1954 t 1956),
/'

and Vogel (1955) t and the difference in h05f\ specie~ occurence

and in the morphology of the adult and larval form.s ot the

tvro species has been olarified.

Similar to the osse of foxes, reports of immature

worms in oats have given rise to dispute abO\lt the Buita.billty

of the domestic eat as 8 deflinitlve host of !. srbnulosus.

There 1.8 enough experimental ev.idence to show that the cat

is an abnormal host (~v6, 1949; Berberian, 1936). Berberian

(1936) has tried unsuccessfully to intect kittens, rats, and

rbbbitsby feeding them with large quantities of scolices.

After trying the action or gastric and intestinal juices of

various animals on soolices, he conoluded that those animals

which have an intestinal juice capable of' dig,,-;s.tlng scolices

are immune to infeotion with ]:e grantlloaus and those whioh

have un inaotive intestinul juice are either susceptible. as

the do€,:. or abnormal bosts perm!tting only ga.rtial development

of the wonn, as the cat.

Unlike the adult worm. the larval E. f;reni.llosuS 1s

neither very host specific nor orgun specifio. It OUD occur

in a wide range of mEuumals and is able to develop al1llost in

,
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llny part of the host body- JLrtlodaotyla end perlssoauctyls

:form the t~ln groups of lnt$rmed1nte host (Ht,HJ.sch, 195)).

Hov:J8ver, the cyst has alBo been reported trom. rodents t .1'!1(.)nk'ej,ts.

and oanines (Brum1,t, 19 36) ..M~n 1e onl~l on accldent.~}l host and

Ei dead end tor the lite oycle or the parae! te f,lnoe }1:1tr1aD

()81"'casses are not normtllly aVt411tlble to ctirIl1voree. The sheep

occuPies the er.UjlfJ 1mportont placE) in thf~ 11]t{1rf~dlbto host grou,J)

a.s does the do@: u::nong the definitive 110sts. ~t.rLd fc)r thle reuson

hjrdotld d1setu!.~e 1s mo~~t eO'.nlnlonlytHH:'i'oclfA,t(:~(lv.'lth sllf1ep-ruls1ng

areas ae Australit;t .~tev,' Zeeland. Ioel::J n(l. sou.th Ar1erio~~ and
..,
"-

parts or north and south itfrlcfl (Pipkin. Rll!k. tlncl B~;l1.:1.klan, 1951.-,

tIthe ad~).l t :ptl!l~J.sl te 1s r~1'!t6rkably t'!;:!J1ul1 when cotupared

'vltll the larval etaf,",;€:; 1t~ length rna:\, ran~e trom one: and a halt

'\"

1

to six rum. The body cons 1st~ o.! t>eoolex aoa. to fCY.1r

segments (:Plate I). 'J.1he 5001ex i.e provided -writh on eversible

rostellum. armed lIv1th u dot1blfl ro\~; of hooks, .32-40 in nU.niberand

v8r)~lng in shupe depenc11ngon geog::raph1oal dJ.strtb~Jt1on an.clthe

a~;e of the perfu~lte. The first one or two eegnlents .following

t,he .scolex. &re not ¥Jell tllff'erf,nt'ioted but ct.,ntui.n n(H,;l~l

developing sex orgbna. The noxt ~,ef~ment oont~ins on.1;; a gravid
,

uteru.s filled 'with e!llbr}fo:phore~~ or eggs (Ruusch, 1953).

Egg production by the 1 t 'V,torm b$gioe sl.xt,fJ seven

'weeks ~rter the infection of the :fln~l host. i\e the terminal

Se[~J't1eHlts beoome gr(~Y1d. 1~hejr tiTe shed aIld. ezcrE:t~~d \\11 th the

l'eoee of "the bost. The BeFsm.€.lrxte then dielntegrat(~ ld.ly tlnd

tree thAd eggs that ara the ao:rr'Ct' ot tnfect10n f'or the ve.rlo118

.,j
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l.ntcl""nledlate hoet rrpecles. The eggs e01181st or an onchoephere

or hEf)'J5(Hill til el1l0rj'''o poesee:eings1x hooks tind 8U.rrOtUlded by

e.I rtHl luted ~:h€ll (:r."late II, F'ig. 2.)

'i)~l'H';Hl the e~l!.s are lngea·ted by' & Sq ita1)le 111tl;!:!"ll1edltit.

host, t...he egg-ehell ru.ptul"fJS und.er the influence of the

dll~er.Jtlv(;~ processes of the host. 11beretin:r:, t,b.e OI'lC}OS.i\)!1ere.

~'he tree ant' aotlvel;?' motl ile onohosphere Qnt(~rs the blood

etre.;':~t.cl throu.gh the lI1testlnt:tl w&ll. Bec-a.lse of the ttrrutlf;eme nt,

ot the visoeral elrcu~latlon,the ono!lospheN~e ~re tlrat o~rrled

to tho liver ,,,?herE, :nost or them aettle. If an onolH..1€:pliftz-.

pa8BeE~ throIJ:~h the liver, it develol)S in the lungl~, th~ next

lUOSt f'X'fHruently dlr~EHjSecl organ. onohol'cph"res tihi1t sucoeed tn

r$turnlnf~~ to the htH:trt trom the lungs PUSg into tIle $;'\,I'steruio

c1ro 7l1at.lon,# and thsee tlonC)Unt for CystB ,ocotJ!'lnR itl such

x~,mote parte of the boel,y (}s brti1.n, kidne~r, spleen,peritoneu1l1.

bone !;t1urrov;'. beart. etc.

After the onohosphere loo~llzeB in a glv{~n Ol·\~;t:!n, .it

€~rows rt:l.pld.ly ~ln(l develops into the larvul hydatid cyst. A

tnlly (leveloped hydatid cyst 1s as}:herloal stjo filled with ~.

olear l1qtlld. the hyde.tld fltlld. It is attao:t.le<:l to the host

by t;;in adventltlousmeml'Jrane. the t~perlo'Y'st.f' vvhlc11 is an

lnflafJJJlle.tory prOduot or host lrrlt~t1()n. The O)'st wt:Jl1 proper

is oonlposed ot tli\1) ltlyer's: an outer "ectooyst" or li:.A~r.i.1niite4

lU~ler Illnd. an inner '*endoo:'l8tN or ~ern1inu.l membrane toh is the

vltbl port of the cyst (:Plate II. Figt.tre )). In::f'1osst cy'sts t

utt(;~Jr upf.;rl{)d dt~"elopen.(,nt t,he rmlnJ;'~l J'I"1€dl'lbrt1ne gIves rise

to ~~bro()d cu:rpsules. tf -rhese oriae bS a mafH1 off cells :i.n l\lhioh

•

~
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e oavity develops transtorninr:. them into hollow spheres that

~re attuched to the germinal membrane by a stalk (Plate II.

Figure L)-). The ""'ellot the brood. oapsule is formed of u

slngle layer of celIe (:.ind is t.hOllg.ht to be ot the same natU:t"9

Hsthe germlnalmembrane (Ooutelen» 19J1a). Brood. oErpsules do

not develop evenly over the whole germinal menlbrane but tend

to aggregate in partioular areas. Rarely, cysts fall to

produoe any brood capsules; Dew (1928) thinks the major cause

of such sterility 18 some abnormal local condition rather than

inherent inability of the cyst to re,produoe. The brood oapsules

give rise to thesoolioes whioh are thoul:!llt to be unable to

arise directly from the germinbl raembrane (Dew, 1928). The

number of soolioes inside s single broodoepsu,lema;;f ra.nge

froIll 2 to 60 or even 120 (D~;vC:. 1949). Ripe brood oapsules

readily beoomedetaehed and tall into the hydatid fltlld ,and

some of thEWl ru.pture freeinR the soolices.

The soo11ces are the souroe ot infeotion for the

a.eflnltl've host; on ingestion by a suitable host, they-pass

to the small intestine where they develop 1ntothe adult tape

worm (Plate II. Figure 1).

Apart trom the ability to develop into adults. the

soolioes have another 'Very interesting potential.ity; namely,

they oan develop into ,miniature replioas of the Iilother cyst.

thus fonning "endogenous daughter cysts." Like the m,other oy'st,

these oan give rise to brood. eupslllee ,scolioes, and even grand,

dtm.ghter cysts. still another element of' the hydHtld is the

"e:X'og~!tnous dau@:hter cyst.·, The origin of this type of d6 11ghter

•
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cyst 1s quite different trom that of the endogenousd<Ju.ghter

cyst; they arise from islets of ge~ulnal tissue imprisoned

between the lamellae ot the mother cyst wall. These germinal

lneluslons develop their own la.mellae and .progressively mOTe

to the outside surface of the m.other oyst.

When a oyst ruptures in the intermediate host and the

scolioes are dispersed into the surrounding host tissue, eaoh

develops into an individual cyst. thus m111t!pl~,in~~ in a

geometrical fashion the severity ot the infeotion. This aspeot

ot the lite cyole was clarified. by the work of Dev'e (194.6) who

termed it 'seoondary eohlnocoenosls.' Experimentally. secondary

eohinoooccosis has been prod.lloed ".n .mice and rats (v\luele and

'1

Oooman. 19)8; Ooutelen at. al •• 1939).- -
Very 'few attempts hove been mad.etowardEl culturing

:me grflnuloeu..!.!.E vitro. D8ve (1926, 1928) fJDd OO:J.telen (19276.

1927b) ~vere the onl~" vV'orkers ,tlho tried to on!ture the scolices.

Sucoessfttl cfJltu.res 'would olarity the metabolio requireme.nts

of the para.s! te and the fttotors that determine ·whether tl scolex

llrtll PTodlJ.ce an adalt or a oyst.

I
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!t!.!. Chem,letry and Ph;n~lo1ogy E.! ..!.h!paraslte

Due to its very small size oO!llpa.ratively Taw stud,fee

hnve been reported on the adtll t !. ~ra.nulosus• Brault and

Loeper (190hb) stttdled the d1stributlonof i.-at. T,heir repol't

\~

1
I

of fat I.n the excretor:;;' eystie.nl of ·the cestoae \-JUS sted by von

Br~!ld (1952) to be an end prodl1ct o:t cLlrbohydrete raet;abolism.

The hydflt1d fl:lid has been studied by Bever-til workers.

It Is thouf!,ht to be t.he result of ·the metabolio end produots of

the vBrlol15 oyst elements and the OSnloregular ItJ;' oup&c1t~r ot the

germinal rnembrane (Sehvv-abe. 1959). Published duta rE~fer mainly

to the ohemioal cornposition of the cyst fluid withoa t 11luOh

referenoe to the signifioance 0-: the se canst!tuents. FIY'dbtld

fluid 1s a olear, oolorlees liquid t generally all-;:aline to litmus.

with. a speoific grtivttyot 1,108-1.005 ~ It hljS round to

contain K, Mg-. Ca, 01. S, P. traoes of Fe una Si, lactio,

su.ccinio and hig,her totty acide t leclthin. urea. ario acid t

creatinine t betaine t slIgar. gljtcogen, and very' little protein

(Mazzooco. 192,3; Lemaire anaHlbere. 1935; rlor~sner; 1924, 1925;

Cod()unls Hnd polydorides. 1936; Wenicker and Suvino t 192)).

Lalif and E1 Kordy (1946), studying the vi tarnin content of the ..
cyst fluid, found thiamin. nicotinic aold, and ascorbio ocl~ to

be present.

In spite or the several attldiea done on the cyst wEA11,

nel ther 1ts ortemlcal nature nor 1ts strllcture is ·we.ll defined.

'I'he whl1.1sb. elaAt1c, thick ItuntnGlted membrane is form.ad o~

sever~l regiJlar layers ot lamellae, that inorease in ncuuber

..



lam.in.!!jted layer acts pri.rrwril;-{ tiS a filter ·whlo.h l8 ~ble to

retain. Itrrg~? moleoules. It 1s the inner germinal me:mbru.ne that

Is ch1.efly resJ:~onslble for permeabilit.y oontrol and OS111()regu,lat1on •...
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and protective layer for thethat enebles it to act s a

thinnE~r, ItlOre de 110cite f,:er::nlnal membrune that linEH~ 1t.. ChtHltfard.

of the It';erminal membrane or scolices t acting as bntigens, una

Iacst l,H:,'ol:H,.lily b:;l' oertaln elements of the geu"mtnGil ,nelabrane.

The 1·f;~I,11nated layer h~8 6 certl'ciin degree of' rigidlt~l

entlbod le 9 produceD. by the host,.

be the res:llt of a precipitin reaction between metabolio produots

:i.art (1930) oon.std.ered thlsmembrene to be the re~htltof a

hyulino secretion of the developlnR vesiole. Coutelen (1938) t

1I'.he llated appearance was said to be due to tb(~ variation

1.n t~ne nurtl&rioal denelty 01" these granules. Schwabe (1959),

'w,;ith ago undaay ",8ch up to 8 'thiokness of b&lt it cent1m.eter.

pUShE,:F spher10tll granules of mitochondrial natu.,re extruded

en t1ieoth~)r hbnd. $'lgget1ted it to be formed by s'lcce8s1ve

unlil-re the previous 'V\t()rker~:. suggested the lid,minuted layer to

widal f3Itmpt, 1936) showed 1ts impermeability to microorg8nisrns.

From hio penneabl11ty stud.ies t Schvrabe (1959) concluded thbt

This thin nucleated membrane, 10-25' 1.1 in thicknees, 1s

the v'ital part of the ~yst. Brault and Loeper (190J~) 'Nere the

f'1rat Yr()r,~:er8 to notice the abundance of glycogen in this

membrane. The membrane has always been desoribed as a fine t

grenular protoplasmio tfy'ncytlum spr:l.n.kled with ntlo1e 1.. It was

Coutelen (19J~) \I\!ho showed that the m€~mbrane VoTIdS not fl synoytium

l
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but contained differentiated o,ellular tl1ements. He (1938)

described tbree d.lstlnot ty.pes of oells: young. smal1( 5-10 ui

po13rgonal. an.d glycogenated. cells; larger cells (10-30 u)

oonttilnlng fat and glyoogen; and bl-or trlpolar oe11e. Wa.tching

the development of these cells. Cout(;len has seen somE: of them

rounding up and falling into the b.jl"datld fluid or rilptu.rlng and

freeing their contents. These works of Ooutelen itir(~ the only

stUdies on the nature of the gerrn1nul :nembrana.

Studies on the chemIcal oomposition of the cyst wall

hU'<te shOVln it to cont~jln carbohydrates. fats. proteIns. as well

as inorgtlnlc; salta. schnusideberg(1920) has renorte(l the

laminated rl.1.eml)rane to consist mainly of' 'thyaloidin, '11 b obrbohjtdr~1te·

protein complex. Porzecenskl (1941) a1ao fou.nd the cyst wall to

b(j u glycoprotein. Crnellk (19528) lso1uted an antigenic poly-

sacohOIllde oonsisting mainly of aldohexoses and stunlne trom

cyst membranes. Glucosamlne in the oyst vJall has (;180 been

reported b;l Flt1ssner (1925) and Omelik and Briski. (1953). ilnother

antigenio polysucohbride was isolated by Pirosky at. a1. (1949)

Using hlstochemlcalmethods, Lorvll;: end, Mor!conl (1956) charao

terized tIte membrane as a neu.trel mucopolys8ccharlde til

Unlike the polysaccharide. the lipid' fractlonof the

c:tst wall has been found to be quantitave1y low.. CmE"~11k (1952b )

fO'J.nd the average :eat content to be 1.25% ot the dry weight of

the c:yst '\Null, of "vhlob 22.51; Vias cholesterol.

arena and Oehnineer (1944) isoltited ~n tr1so1L~ble protein

that provoked eos1.nopb.l11e in rabbits. A nucleoprotein, the

,~
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nueleic aoid of which oont~:.lined neither ribose nor desoxyrlbose

hut a hexose, Hlost l:tkely glucose or galactose. wee isolated

by Omelik and Briski (1953). Oameron (1923) unc} Cflmeron and

Fitzp~ltrlck (19~~5) have stu.died the chemistry of the cyst. wall

llBinrs histoohemical rnethods. They f'ound the It1!J11nated layer

rich tu K, Na t Ca t and poor in Fe. 12 t ph08ph~te8, and ehlor1d,e t

'lflll~ile; t.he germinal membrane sho'Wed vTell-marked renctiorla for

~~

6,11 ·:)f the above aubstanoe s. They tou.nd gljrcogen fat to

be d lf~t.rlbuted t.broLl.{:;hou t both meln.br~.netJ.. Contrary to th€lt~:·

find lng:3, Brault and Leoper (l~a) and Lor-wic ilnd. leoni (1956)

found the glyoogen 11m!ted. to the @::(1rtJ1111al nern.brane.

OtUJ1E~rOfj and Fitzpotri.ok (1925) observed thf1t {is tbe h~'rdatid

t"!rOWH oldElr t the No and K salts decrease whil(:: Oil salts ti.nd

:t"t.ttp increase. They found thet in genertll t.he e<rtocyst stains

wttb bcid dyee v,;'hl1E:.1 the endoc;:rst ShOWA tifftHt t~

(,:~ dyes.

In ':;111 their stu.dies thf:~ reaotion of the 6colicH3Ev/orc very

mu.ch like those of the germinal :raernbr&ne.

The scollc'es are oval in shape t contti.ln1ng t1. cel1tr~l

retrtJcted rostE7>llu,m with fOL1T suckers find acrrJ'Nn of b,ooke

(Plate II II Figure 4). The:Jr contain muny cnlcare OilS corpuscles.

som.e reoent studies have been reported on. the J:lt:;t·uboll~~rn ot

s col ice e. They have been found t.o contain lu.rge e!';lo,lnt,~~of

prate in. a em.all OJJ10llnt of 11p:1,c1. glyoogen an,d a poJ.~ysCi.coharide

cantu lning galactose bnd gl~lsosamlne. The aerobIc res ;:ii:r~ttion

WE18 tound to be cyanide-fAnd fluoroaoetate-sensittve but. was not

inhibited by malonate ( tn ~ .!!., 1957) .. ThE;; glyoogen
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wat3 f~ound. to disappear upon lncLlbation under both aerolite and

Hnd unaerobio oonditlons9'lving rise to a mixture of ll:\ctic,

Hoetic .. succinio. tina. pyruvic acids, and ethyl alcohol lxnder

aerobIc and to a mixture of laotic. sctcoinic and aoetic nelde

tlrld ethyl aloohol under anaerobio condit.ions (Agoein .. 1957) ..

Very little work has been done on the enzyme syete111fJ of

the h.ydbtld. III the examination of hydatid cysts aftJ.1d t

oameron (1926) fou.nd certain enzymes present w"hich 'vt€tre cc)n1?lned

to the cyst -wall. He found d.lustattlc .. stareJ.'r", una rlycogen

splitting enzymes to be rnost prottd.nent. Oertv,in. f~Jt-e,plltting

and proteolytic enz:{mes acting mostly on milk ancl ~;lLp·,:ht.ljl' on

gt~18tln werE~ also present. The rfHJ.ctions of o:x:1dtlSes \'l€'re V0ry

slight. De Ley and Vereruysse (1955) shovted the absence of

glucose-6-phosphati!'~ deh1td.I·og~Jn.an~A ond gl'Jconate-6-phosphate

dellydrogenase in born.ogenate s of' the c)''''st )\1(;111, (oj lir~lina t lng

the hexoee-monophosnhllte oxidative route.

From the foregoing brief review of the pttbl1st.ed data

OIl the chemistry antl phyeioloBY of hydfttld tiBSiJes. 1t is

olearly evident that nU:1.n:;r laollnCl exist in our knovlle of the

:metabol:tsm. of this part.~slte.

~~



I
M'JtTERIALS JUID ~"mTHODS

A. Qrigln ~ Preparation ££ Tissue~.

Since E. t!runulosus can not be c,-tltlvl1ted in vitro to
~~ ... .......... • ,.

provide till stag-eSt the materialtS tor this study h&ve been

obtained both frolu the ntlturbl detinl t:tve tJnd. Interme(li~,te

hosts; namel:y" t dogs and oattle. respeotively.

The adult E. gI'anulosus 'tHere obtained :from tILe :tnte~tlnes- .....w"'-" _

of eXiJ€'ri:rlentally and natJriSilljT infected doge soon uf'ter uu.t,opsy.

Since it wus ver:{ diff'ieal t to pick \1.p the whole worms witil a

pair of foroeps without bre~king a proglottid or the $oolex,

the H1LlCOStl of smt'lll pieces of Infect.(id intestines were soraped

o1:r. together 'with the worrns, into petri di.shef,h tr'o free them

trom intestinal debris f the v!orms v,'ere tr(~n81"erred through

severt11 d.ishes of tap wuter by' c:l Pt:.:steclr pipette. 'l'he olean

worms were fixed irnmed.lutely in the apPTe>prlato fixatives.

The hydatid oysts were obt<~lned from cuttle slal.iglltered

at tlH:~ Beirut Munioipolity SltHlghter House. The infected ll..lngs

end livers \~Jere brought to the laboratory wi thin a f'iH'; hO:,J,rs

after the slaughter of the tinlnHl1s. The hydatid fll1.1d was

dra\'llll from intaot cysts with a syringe, tIle cysts v!ere cut

open, and. the oyst wall unci, if present. d&llghter oysts rernoved.

Pieces of non-lnf'eetecl ,IJhi te mother and duu.ghter cyst membrunes

were \~lC1Sh6d in diet :tIled water (inG fixed ir.wedltlitely.

tIthe fluId drawn 1~rom fertile cysts was colleoted in

conicul eonoentr'6tV')n flasks to perlTl1 t settling ot the hydatid

stind. Th.E: scolioe8 6lnd brood CQps.J.l{~s Viera :r>loked from the

-14·-
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bottom of the flask with a wide mouthed pipette, placed in very

small etender dishes. washed y;ithd istilled v,ratfJr, ~nd fixed.

The various sol!ltlons throagh 'Nh1ch the ed.ul~B and brood

capen.lee 1~llth scolioes vve~e oarried dl.lr1ng dehydrbtlon and

clettring w'ere 8ddecl and. then pipettec. off" When thEJ tissues

\\,-ere reitidjT to be embedaec, the ent.ire d:tsh of porQffln oonttlining

the materials 'w'es e.mptleo into u puper boat. Be:1";)re the

pa!'eIrrin 501idlfled, rnost. of the worm,f) or scolices st'::;ttled to

the bottom.

The adult worms l;:rere sectioned long! tUdint111y to allow

fl graf~ted. variety of tlssu0e to be tested per scotior:. All

l)uraffln sections '~,'ere out at e thiokness of 7 u and fixed on

sll(h.E~S wit.h egg albumin.

Flut preparations of the germinel m.~;nbrtille v,;'ere made

subsequent to fixing and "trashi.ng the C)'st wall. 'l'1hen,e pieoes

of membrane VJcre mounted on slides \I'!r1'thout a.n:~r egfl b:lbumln unCi

1nmledlatel:r fitter drytng \vert! carried, throu€~h the various

procedure~3. \~hen cyst membranes were put in carnoy's flxutlve

(absolute aloohol, chloroform, acetic acrid - 6:3:1,) the germlntll

membrc,lne sepa.rtAted very ee811y. These Y!~re mounted on slides

wttLin 5 mtnutes before .membranes became britt.le. Tlte mounted

seotions dried in a fet"! min'~.ttes and \i\16re 1n:unecliutaly irnrnersed

in alcohol for at le~st half an hour to complete fixation.

~~
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B. Histochemical Prooedures

1. Acid and Alkaline Phosphutuse

For the study of acid and alkaline phoophat6S€IS,

m.aterlals were :t-lxed in 80~ elcoh,ol end acetone. dehydrated by

aloohols and acetone, respeotively, and cleared in petroleum

ether. All th.ree steps were performed a.t ioebox ttHrtperature (S 0 0).

Oleared materials Vliere oarried through two chungeaof paraffin.

fifteen minutes each, not exceeding b temperati.lr(:; of 58°0. The

second oh.ange of paraffin wasperforrned u.nder partinl v'aCtH.un

usIng a vaouum oven. pur~tffln Beetlons 1Nere dried at room

temperuture for 24 hourn. 'Flat preparations of fixed germinal

membranef'; and also some fixed soolices ,.~leretl~rdr8ted instead,

of dehydration and oarr1ed through the procedure. The scolioes

V\rer(~ corrled through the various sol'ttio:n~ in oentlrlfuge tubes t

using centrifugation at lov{ a,peed lind d.eeantution.

The hlstoohamicfll os lcl ....rm.-oobalt method of Gom-or! as

given in Glick (1949) was foll('n~d tor the alkaline phosphatase t

tlnd the lead method ot Gamori 8S given in Gom.orl (1952) for

the acid phosphatase-

The substrate used. 1n testing tor alkaline phosphatase

consisted ot soCl.lu.m glycero,phospha.t8sfl, ct\lcll.1m ohloride,

m(lgneslum sulphate as iEtn activator and sodium barbital; the

final pH of the solution was 9.2 1 1.

The phosphatase t whenpreeent J I1bertites phosphate lons

from the sotilu.,m glyoerophosphate whi.oh, in turn. react with the

eelclu.m :ions forming insoluble otilciuin phosphate. The site of
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p:boaphattlf;',e activ:lty 1.9 f.ina,lly revet/lea. after thE'; trOtltr.l'ient

'~tttil cobalt solution ant' tn:nmoniu;n s:.tlfide. as ti black pre(),:l.p1tute

or (~obalt ~~ulrid6. To prevent r!ilf1H'~ posit.1vee due to pre-

formea c£llclum salts, the seotions were treated with citrate

burfer of pH 4,-4.5 for 15 minutefJ previotls to lncu,btitlon In the

Stlbst~rate•

The acid phosphatase teehniqu.e difrere essentially

from the alkaline procedure by' the 8ubet1 tu.t1on of' lead nitrate

for calcium chloride a.nd subse(~.;,:tent converslon of leoti p.hosphate

to black lead sG.lfide. The pH of the ytled.i:,lril was 5 1 1.

Control sections for both phosphatases Vler€~ of two

ki.nc1~. In one the enzyme v,rag inactivbted by placing the slides

oerophosnhHte solutl()n had been replaoed by dietll1ed \I\rater.

2. Glyo0e!n

To determine the distribution of glycogen, materials

flxed at ice box t.e!nperoture in 80% tilcohol, alcohol-formalin

(a'beol!.lte alcohol, 40,% forma.ldehyde 9: 1) or Ot:trnoy' f3 f ixatl,,,e

were u.sed. Sections were st.a inea ~)y th.e perlodlc acld Schiff

m.ethod (PAS) using the "treoitiollt11't meth(f)(l. tiS given In Lillie

(1954). control sections w~re~ dig€:'Bted in several chL.nged of

saliva for one hour tit room. temperature or in filtered 17' malt

diastase aolut.ton for one hour at 37° o. These v~~')re carried

throu.gh the st.6ining j)rocedur(\~ alofif;, with tIle extra,ctf,d seotions

Ttl€ raethod is btlsed on the reaotion b(~tlv''eel1 the Schiff

eontrol

f?, in vlb.ioh the gly-consisted of sectionB inc~btited

:f.1ace dO't'tn on bo.tllng H..,.O for 10 :m.inutes. The sa
(.,
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reagent fI fuchs1n-fH:l.lfarotlsl(lo:ld t~Jn.j uldehyda pro"

d\10ed l:rsr tile oxid1t'jlng (j{~eDt t th€l pertocllc bold. ~f:hf$ J1U:1tchttnisrrt

or ttJ.e reaoti()n h(j~ 'been olert:!'ted byWlalund a.n.d (1921) •

In ant!tc1d. Aolutlon fuchsin latrenstol""t1ed b:,r un e'fCOetH3 of

su.lfide into t\ colorleRS lq--s'.Jlflnlc flOid '~':bleh roriJuJhl#~hly

oolorerJeddition corrlpl@xee Y-71th Et:ldebydes /I rtodle acld "'fill

prO(L.tOf~ uldehyde grO!lpS not only from glJTco~:~~n1 oI:polytlaccharideD

nett ~~leo trom any OOln.pound. J'ossossln.p: vic 1 ()r and

groups. 8ocord.ll1g to the follO'ftr1.115'l' soheInefS t

H-C~ H-O

T, ..•.!.' 0'\0'.:;1 ' '.' c'o..n..,.n - - •• .[ t "",!- - n

RaJ.n 0 0 hoJ-H
I , 0

E-O 1 \ - E-'J
H.C_ H-C

I ,
CH..,OH OII?OH

~ ~

+ nIoI~ -

n-Y==I\ H-~~
E· 0=0 I\B:-C..O

li-1J': 0 0 G\n_ ~--Jo0
H.C iI-a

H-J H-'~
) ,
CT'\" t1"'" '''''-i}' Qt.x.. l!2v.s.t \.11'12' ,(l

H
1

H-C- C-HI
1 1,i-

OM Of']

• BIO i;,-

Ii
/

.. u. H.O.. O +

H,
O::C-Hl + j + H20

Ii. n
I)

H-C-O-Rl
I ,
OH l~H2

... 1'11°4 --
:tI,

H-CwO +

H
f

O-O-Rl + ( )IO)

~jtJllva (11.p:e~"t1on d1.rfer"erft~l,rt;es ,glyoogen f:rom other }).t:a.S

poslttve eompound~. Some sallva treated ~Jf~Ct,j.OI1f} VlE.~r~ tUlso

fl.)r J Ht 370 C In l"Cit.:. D,O ~)liltlon in

CiIl' UuC1.. :?!
f V'h,,:;:1

'/t*" I,,,
+

'\'-; c· (:l.e t<.; ct tile

~
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presence of hyaluronio acid.

3- Nucleic Acids

The Fe'.llgen reaotlon using the "cold Bchi.:rf" reagent

~f;1 given in Lillie (1954.) WfiS used to determin~ 'the localizat.ion

()f desoxyribonuclel0 aelCl (DNA). The principle of the reaction

1s the same ~HJ that of the PAS- Hydrolysis or t;he; nttcle1c

fia1tl with N HOI at 60° C tor 12mlnutes I1berutes th0 purine

and pyrimidine trom the pentose phosphorio £1(J1d com.plex leaving

a re~:lctlv~: aldehyd,e group to form the oolored complex with the

Schiff rSoii.;,gent. Non-hydrolizetl sections eoncoIrlitantlystaine4

V171 th hyd.rolized ones ~'ere used t1S control~. Th.e materials used

were fixed in vflrloue :fixatives. such ElS neutr!!l 10% formalin.

80S a,loohol. or Zenkerts flxf;ltlve.

severnl bH131c stu:Lns 'tvere u8ed. to det.erm.in.ft the

distribution of riboef.tnuclelc aei(l (m:r.a.).. The thy!. green-

l"Yronin method HS given by Kurn1ck (1952) VitH! tollO\\ie. • using

(2)'& acqueous solu.ttons of chloroform-extracted st€l tns.~ Seotions

v.rere (.ileo stninecl overnight in 19' Toluidine blue 11 an(l 20-30

seconds in 0.1% Thionln in 0.05M oitrate buffer of pH 1+- Oontrol

sectiouB 'Nere extraoted by 0.1 N KOH solution tor one hou.r ae

suggested by Bulkin (1946).

4- !J.pldS

For the study of lipids • materials 1N'ere fll:ed in 10"

formalin containing 1% 08012- Frozen sections were cut on the

freezing microtome at 6 thickness of 20 u. They were floated on

distilled, ~v8ter on slidell wi thOllt any flx8.tlve £ind Hllovmd to

,~

~
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dry at room tempe:rctu.re. Th.ey "Jere etained in a freshly

filtered. saturated solution of Sudun Blaok B in 70%81001101

(Gomor!. 1952) t and mounted tn gl~tcerlne jelly. Thie !nethod

1sbaeedon a physical reaction rflther than e chern.ioel one; it

depends on the high solubility of the stain in lipids.

5. Fibrous Constitu.ent.!

To study the dlatri'bntton of vHrioil$ ty'pes of :fibers.

zenker-flxedmaterlals were sttilned with MtillorY'e TT'lnle stain.

tollo¥tlng the procedure f.:lven in GU.yer (1953). }t'eVJ seotions

of the hydatid membrane and flat gl~rmlnal raembr&.ne v.,ere also

stained vlith Oroein (lillie t 1954) tor elastic :fihers.

All the ohemicals used f(')r the vurlo:18 nrooerL::r@s were

ot reogent grade.

~~
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RFiSJLTS

A. ObservHtion on the struoture ot the Gernl!nEl1 Melllbrane............ '. ........... ............... ....-- ....-.-

I~arly attem.pts at separat1..ng the germintllt!1EHllbrarle

from the lam.inated layer ot fresh pieces of hydatid oJ/st well

l\~rl#urH~uccessful.L8ter,1t 'V'1fJ5 notioed thatv!he.n a piece ot

cyst vlall was dropped in Oernoy's fixing fluid. a consider6ble

qu.antity· of lvh1tish cloudy substances diffused from the

membr'!1ne into the fixative. and in a rev! minutes thQ gerlllinal

me.nlbrane st(~rted forming little baloon-l1ke bubbles. W:Lth

very little effort the whole menbrHne oou,ld be peeled from the

l~Hllj.. nf.:tted lay'er like a (.;oat. This :t'lxatlve vr~s Ibter used as

a to(ill to S€ipurate the t,~I'O me.m.bl"~ules. '1\0 discover l\rhlah corn-

ponent of the fix(ltive ,~,fUS responsible :f'or th.l8 type of action,

pieces from fl. single cyst \'/all we!'e placed in acetic acid.

ohloroform and absolute aloohol, respectively. Acetio acid

l'~rae found to oct exactly like carnoy's fluid; ch.loroform flnd

absolute alcohol a1eo facilitated the separation, but to a

le~~8.r degree. In trying the effect ot other fixatives t it

was found that a lower ooncentration of alcc>hol t eu.ell as 7OCl:> t

favored the separation of the two membranes t vlh.l1e f'or:rnalin an.d

Zenker's fluid aoted us the best fixatives tor the ce;;nentlng

at.lostanoe bet\\'een the two rnerubranes. 'l'he older the c:vst t the

looser the attachment of the two membranes. seemed to be. In

veryy'oung daughtEi'r C)'t'sts t ho"rever t even carnoy'8 flo.id did not

elV\:'lrys cuuse seperat.ion", Also fertile germln<iil me.Tubrunes could

bep~jeled otf ~morE! fH~811Jr than nonfertile orteE:.,

-21
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Flat preparations of the germinal Jnfll1lbrane 't'lrere stained

',vith El variety of eta1ne with the mt~ln objeotiv(, ot locating

the various types of oells that Coutelen (1935) had tleseribed.

!to'\"9ver. none or hie large cells loaded 'with glyoop;en and tat

could be found. This conld be due to t.oe fact that. u11 Stlld1 es

"'lere (lone on fixed Iuernbr&nea and those cells which Cout.elen 8814;

have the ability of beooming tree OOL.l.ld hove been lost during

the fixing process. .Also Coutelents observations were done

mostly on fresh brood oapsule membranes; the cysts IJ.sad in this

study might be too old in relation to brood cepe'lies to retain

those cellular elements.

Hemetoxyl1n-eosin stained membrt.tnes shOV'ted 8 very :rt~int

eoalnophl11c ground substance sprinkled with ntmerous .nuclei

as the membrane has al\'\!tiYs been desorlbed in thepf.lst.They

showed also patchy pink staining ,materials sL.tpert:il.p0eed on' the

fainter background; these were later found to be metabolio

:products. The :majority of the nuclei ,vere perfectly round

ranging from 2 to 4.2 u in diameter; they showed a very con

spicuous mlcleolu5 and s6ver61 chromatin dots (Plate III, Figure~

In add.it1on to these usual nuclei. two other types of nucle1

were fileo observed which will be descrlberd later under Feulf::':8n

reaction.

One preparation of germinal m.embrane overstuin.ed with

F~eidenhalnts hematoxylin revealed a d.ense t~ra.meworkof branohing

"fibers" extending thrOtl~"f)lout the membrane (Plate III. Figure i2,~

They seemed muoh more rigid than what Coutelan (1938) had

,,~

~
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described as eytopla.smic extens.1oNs joining two cells. At

the edges ot parts ot the membrane they \\'9re seen sticking

out ot the oytoplasmic ground substance (Plate "'LV. Figure 1).

Several ot these "fibers" were observed running trom the wall

ot brood oapsules into the surrounding mother serrttinal

membrane (Plate IV, :rigure 2). On closer examination. the

thicker branohes that measure 1.2 u in diameter ShO\~ied fA

definite lumen; also SOJa. of them. v,"ere seen to tlrisa from

certain oells thttt eeenled to correspond to what Coutelen (19.38)

had described as bi or tripolar oells. The "fibers'" were

concluded to be excretory canals ana. oana11cules; and the

cells 1;0 which they were oonnected, flame cella. Similar flame

cella were also seen in the scolices and, brood capsule

membrane.

To tusks Sllre that all the fiber-like stri.1ctures of

va.rious thickness were part ot this exoretory systenl t the

mtHubranes were staln.ed tor various oonnective tissu.e fibers.

After .fortaalln fixative. oroein was llsed to deteot el\:;a~tlc

fibers; Wider stain. retioular fibers; Mallor:rts triple stain

attiar zenker's fixative. oollagen fibers. 1\.11 the steins gave

6 neg~tive reaction.

Coutelen (1931b). ettldylng the exoretor:;r syst.e.m ot

hydatlda. found the germ,inal m.embrane devoid of excretory

elera.ents. He 01ted three previous workers. nuxle~{ f Wt:1gener,

and Leuckart. who had reported some canals and nc:l11a n on the

gerrulnal membrane and wall of brood oapaale~. J'u(lg1ng from

their drawings and the very large rneltl8urements ()f "cilia"
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reported, Coutelen found their work llndepe.ndable. From. hi.

studies he conoluded that flame cells were lim!ted to 8co11aes.

and exoretory oanals were present both in scolices and brood

capsules. Only once did he see a i'lame cellon the wallo! a

fresh brood oapsule. a.nd be thought it was aD abnor:nallty. In

contrast, sohwabe and Bchlnazi (1958) saw several actively

contraoting flame cells on brood capsules that seem.ed to be in

010S8 association with, the excretoryeenals desoribed by

Cqutelen. They did not see any flarne oelle on the few' mother

cysts that th.ey examined.

The flame cells obeerved in the present study were

mostly eloIlgated and, sometimes spherical, rangln,g from S to

9.5 u in length including t,he flame (Plate V. Figures 1 and 2).

They consisted ot a cell 'body and ~l t'flame. U The cell body

oonsisted ot a nuoleus with a little bit of oytoplasm sur

rounding it. The nuelel were not any different from the other

typical nuolei of the m.embrane, Qxoept that of the elongated

cells Vlere more oval rather thnn spherical. '1'1119 spherlcal

flartlEl cells seemed to contain more cytoplaSUl around the tr nu.olel

and seem.ed to be placed at the junotion of three ce:inalicules.

Thoug-,h somet1.mel\ it wus very hard. to decide if the two pro

jections that were opposite the f'lame of the cell "!ere truly'

canallcules or ~1ust cyt.oplasmic tails. The elongtited flame

cells vJere at the junction of 2 canalicules. The uflamesttof

these oells appeared ae transparent oones, )-1..,.2 u in length.

They seemed to be attached to the nuclei of' the cellH at. their

•

~
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base by a darker staining basal plate and oont,lnued by' Ii

canallcule at their pointed end. The "flames" of the elongated

cells seemed more conspicuous and longer than those of the

round cells. Some ot the eanalleules showed nuclei in their

lumen or lying tangentially outsld.• their Vv1fill and attached to

the sIdes by small cytoplasmic projections. These could be

the oanalicular oells.

Apart trom these. there vmre some other cells in the

germinal In.embrane that oonsisted mostly of a typical nuoleus

with a very' little bito! oytoplasm around them either 1ne. ring

f'orm. or in little projeotions. A few cells with prominent

cytoplasmic extensions looked ~ery muoh like the round flame

cells except tor their laok or the flame. Sometimes it was very

hard. to decide if they were flame oells or not. It ''las

impossible to see any oonnection between these cells and the

flame cella or canalicu18s.

From the above observations it was concluded that besides

its bare nuolei the germinal me.mbrane did have some small oells.

It also has a very involved system. of exoretory canals and

canaliculea oonneoted with thoBe of the brood capsule, and that

apart from performing excretory tunction t '1t SeOr(18 to provide

e;. !;erfect frarllo'Work. for the other more delioate com.ponants of

the ::ncmbrane.

B. ~ pietr1bution of~ and Alkaline ~hosphdtases

Cyst - In spIte of repeated efforts, all at'tempi;s at the

....~.~----------_.......
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dem.onetration or both acid and alkallnephosphattts8S in the

gerillinal !4embrane. laminated ll::lyer and scolices were unenlcoeas

tul. In a fe", cases the oalcareous oorpuscles in unseetloned

8co11ces on flat preparations ot the @ermlnal membrane showed

SOItle black preoipitate. However. these were conoladed to be

due to the incomplete removal of preformed caloium by the

citrate buftereince some oontrol seotions also shoVlired a

si:rnilar reaction.

Ad,ult TaR!worm - Acid, phosphatase tests ware all negative

exoept for one worm that atter 20 hOll.re or lnCFlbatiol"'l showed 8.

patchy reaction 1n the inner l!lyer ot the cuticle of its mature

proglottid only. Qtherworms or- the same slide dtd not shoW'

any :reaction. Control sections ot the same \\rorm were a1ao

negative.

An intense alkaline phosphatase activlty V:rU8 observed

in the cuticle of tlle adult atter one hoar of' in.C:~lb,.. tion with 8

minor reaot1on in the subouticular muscle ftbcrs and8ubcatleular

cell nuclei (Plate VI, Figure 1). The rea.etlan 'was most pro

nounced in the outiole of the gravid proglottid, oim.in1sh1ng

gradually towards the scolex where only 6 ver;l alight reaction

wes evident.

The staining of the 5ubeutloula.r oellnuclel beObl!le

m.ore pronounoed with prolonged incubation (Plate VI, Figure 2).

This could be purtly the result ot diffuelonsincf} "Norms that

had lost their cu.ticle dlJ,ring the vartans e prooedures

showed very slight activ'!ty in these. cells_

~~~ J
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:None of tile internal organs gave any post t1ve reaction.

cIliary region of' the vag1rlti ShOV',1fH':l Borne brown:tng; this

hallL)eneO also in the control seotion. A ver}'" fe~ri ,mat,;.lre ova in

E;ome ot' the grE!v1d proglottlds shovred. an intense hlfick pre

cIpitate; the8edld not seem to contain healthy eIlbryos.

c. The Distribution 2! Glyc0!5en

Qyst - The laminated la'j'"sr g~~ve a very strong J i.ll..8 reaction

'hhlch wos not el':treotable by s~liva. .r'l.fter sblivd. treatment
\

wlth lr~ialuronldase also d.id l1ot' d~minlsh the Intans tt:y- or the

reaction. The germinal me,rnbrane both in cross s€~ction ttnd in

fl!it pre,~H~rat1ons shovITed gl:yoogeIl in globules of vl)rlous sizes

distributed. irregu,larly'. The clropleta did not S~h:~m to be

flrrunger.~ in any part1cl.l1Hr order in reltJtio.n to th(~ 11u.elel.

In flat me.m.branes. at the junotion of brood. CCpt::l'.,lles 8110. the

membrane. there seemed to be.more gl-;{oogen present. This

effeot oould be the reault of the super1ln.posed. brood capsHl1e

m,ombrane that also has some glycogon •

There llltH:; no noticeable const£lnt difference in the

a.lilount of glyoogen in membran€s from lung or liver cjrste. Some
.

variat,ion in sttiining oooured in membranes from yerious cysts

deriv6Q, iroJJ! either lULgs or liverli, and even in the different

portlo.na of the B£nnE~ In.embrane.

Scolioes and Brood oapsules - The parench.Yf,V~l ot healthy

soo11cHfi and the musoles of their suckers d he tiT.! depos1 ts

of gl;lcogerJ, (I;l(~te VII t FigJre 1). .After 881i.,r.a extre.otion. the

cuticle or the scollcee, frpecially at the btHH? of' the hooks.

ren1tllnec1 Pz.\S posltiTe. Inouhation 1,J1rith HyeluronidiUse did not



-28-

alter the reaction. A s111111ar positive reaction €tfter both

saliva and hJrluluronidaee d1ge,stlon was given by BOrtle smaller
':

unhealthy looking scolioes, which Deve (1949) oalls "ortho"

scolices,and also by the em.betance found in bet'ween th.e

scolioes in intact brood capsules (Plate VII,Figure 2). This

oould only be the brood oapsule fluid that had been fixed. The

brood 08 p8tl1e walls also showed the presence of glycogen;

because of their thinness, no idea could be obtulned tiS to

the ir precise localization.

Adult Tapeworm - There was oonsid.erable variation :In the

amount of g.l:~roogenpre8ent in the worm.s collected fro.n! different

clogs • The worm.s collected from the same host $f)emed. to have

nearly equal amounts of glyoogen. The pattern or distribution

of glycogen seemed to be the same irrespeotive of so~e var18tlo~'

in amount t except tor the one interesting dtf:ferenCt~ t.hat was

observed in worms that had greatly reduoed amonnts of glyoogen

in the gravid and mature ,proglott1ds. The scolex and the neck

region did not seem to have lost their glycogen (Plate VIII,

Figure 1). The tollow:lng res'11ts Vfflre observed in worms that

had a fairly good amount or glycogen: .
Glyoogen was scattered throu€Shout the vlhole scolex with

heavier depos:J.ts oceuru.lg in the sU.oker-cups, espeoially at the

bose of the rad'lul muscles (Plate VIII, Figclre 2). In the

immature proglottid, posterior to the soolex. heavy deposits ot

glycogen oeoured in themedullflry reglonll The aret) traIn the

cuticle to the base ot the subcutioular oells contained little

\ ..
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glycogen and in flner droplets. This ;pattern WbS the SEliHlle

througnou,t the ~,.hole worm t becomtngm.ore emphasiZ€':d l.n the mature

find grav1.a proglottld8 where the glyoogen VlJ'8S most concentrt:ited

around the reproductive orgtlDs t.':\nd osmoregula,tory cc.:nals.

\~

In the immature proglottid, the prtmordlb r(~ prOductlV'.

organs d 1d not show any glyoogen t while the .pHI'eHlcIl:i.D1b around

them luulj, heav:y deposits (Plate IX. Fieu,ra 1). In the clfJture

proglottid (Plate DC. Fiel.lre 2) the testes, the o,rary, and

]~[ehllg gland contu 1ne~o no glycogen; ho,·.'(-:;ver t the ':';i;~ 11e eur-

rounding the testes €lnd ovary' and eoxae parench:Vma bE~t'wee.n the

lobes ot the ovary gOVt~ 'positive reactlone. P.l...3 .positlve

material that ·"rea not E:~xtract8.'ble by saliva r€HLl~ined in the wall

of th.e oot:v:pe !ind in be tVleen the celIs of the !dehlis gl;.;{nd.

Some glyoogen waB preE~ent in the terrninal Q;:)11edportlon of the

sperm duct end, also in the aerlinal receptaole. Very probt:bly

this gl~loogen ,vas in the sperms.but it oould. not be definitely

aeen. Heav~r depoe!ts of glycogen Vlore observed in \,,ihat were

thought to be vitelline glands.

Some glycogen was also present in the uterus contblning
\

imJ:na tUN ova, m.ost of which fHlH~lrled to be extrtice llalar (PIataX.
~

Figure 1). Apart trom glyoogen globules. there 'Nere several

pl.nl<: staining round bodies in the uterue th.ut d.id not show a

nucleus olearly and remained pink atter saliva extraction. Well

differentiated ova that had not Y'et tor~1led a complete 011e11

f;1hOWf}d V'ery 11ttle glycogen. but there Y!fere henvjt dr:: its in

the tiBf~ue surrounding the.m.. In the gra,"id utercl.s the mature
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ova cont':llnec. m.ore glj'cogen th.an the y'()u.ng one a, while the

tissues around th6:n1 had very little (Plate X, FigUTf!. 2).

.Ao.

A'part trom glYGogen. the mature ova alS\Jshowed the $fZi;HCe

01' a. seeond polysaocharide. non-extrilotable l\~itil 881 iva '"

D. 1'11'& DIstribution of tipids

Cyst - The laminated layer was found to be fre(:~ of 8ud.aIH)*'

ph1.11o;ruHl,eriul, l'lrhlle t.he germi.nal me:nbrc:.\ne VtUf~ verjr 1'1011

eJ:"lat(\;> XI ,Figures 1 end ~:) <to No d l:ff'e rence SEl el'1e<l. to occur

bet,veen cysts of 1,r8!'ious aeet~ or bet'l;lifeel1 CyBtS COi'lltnp J'ro.1!1

lung, or liver. AS Wt.18 e;e€,n in the disti:rlbi.ltion of

d.ifferent area~ on the ser:te oe of geH:ra.ina 1 sn Ol'!ed

(1 ttf'erer.l t oonof2:ntratlr)ns of ::rat. The fatsocc:).r In irregular

shu,pes matrix of 1 rae.mbro nf.:~ tn perfeotly

snhericnl globules of various sizes on It.~1 8'lri'noe ,.. Thf!Be

globule~ ttre ver'y loose becanea both in fresh. m.embr':'Ul€S and in

gtained preparat.t.one. several of them floated. off the m:embral1$

into th's sLlrrounding fluid rued-1um. 'lheexoret<)r7l tubu.letl

appeaI'ecl as colorless tubes.. In f~.()me or them a tew fat droplets

V,rere £!;een.

The v'alls of the br(lOd oapsules s.hovled very St'llUll dro:plets

of fat fl.S comparee vr1 tl!, the large 01188 of the gerrninl.2il Jnambrune.

:tlec~aJ.lse of their tillnute size no 811008681\11 thin frozen

sectlons could be .Glade 01ther of the scol:1oes or the o.d.l...l.lts it



i",llot the chro.matin granules of thi? n~lclei tn t.he

examined. Most of their nuclei "vere of the snlttll ve£.~lcu.lar

~

•

much

veslCltlar

ttl

Adul~ - The nuclei of the fuiklt did, not <liffer in shape

deyelo]:'.>lng ova contained only oom.paot n~lcl€ t in large nlunbers.

nuele i lining the outiole f lib.lle the organ prl:uord 1<.4 Elnd

sho~~d a few nuclei oontulning DNA.

and vtlrloue organs. There was a distinot row of vesfc'il1ar

or in DNA content trom. those of the cyst. Both small va 8 iClJ.lar

and oompaot nuclei '\A1ere widely distributed in the purenchyma

typo (ind 1.1. few of the oompaot tj"pe. The northo'· scol1ces also
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1. neBoclrlbonu~~!.!!:.Aoid

Cyst - As ma.Jr hove been expeoted from its stuini:ng

Scolicee ~nd Brood capsules - No large nu.clel vrert~ found

in anj~ of the seotions at soo11ceB and brood capSflle membranes

larger in size. TheynuH.leu.red 9-12 tl in length tHHl 1~,. 5-7 u in

positive Feulgen reaotion.

normal nuole1., 2-5 u il1 dia:metel~. but vms ptlckecl

be observeo. The other typs was roun(1. and fJ s large as the

anypos.lt:tve reaction. Aside from the typical ve f.;.11Llr nuclei

ref.l:ctlon l.~;"ltb acld stEt1n, the laminated lu.yer d.i.d not Give a.ny

of the germinal me};)lbrHUe, two other types of" 1'.J:,Lclei ,<;ere observed

germlnul membrane proved to be DNA. Tb.E~ .nucleoli dtd .not show

vl1th scattered chromatin grelnules but oval in sha~e

?11dth. In spite of their large size, tl0 m!totic f1e~u..re8 could,

E. The Distribution 9.! !'fu.cleic~

(Plate XII. ~l{t!lros 1 and 2). The flrst tYT>e y,rBfj

r
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the

l)E.'poor in

otthe RNA of' ecolioes wus localized in eel1s lining

nho:'wed very small amount.r.i of cytopla,eta; tlHs,refore, tile

t:I'lct.n~,~J.IDr mass at the opposi'te slde of' tho

•

',Fha aperra.8 t both in the sperm duct and in the seminal

remnincf.! on the mother germ.inal rnenlbru,ne showed s€.~verul oells

E!2,011oe.s ~ ,Br()od capsules .... In rnetl1yl green-pjlrollln

ehi:H)EHJ c::rtoplasm1c extensions g.uve 0 posl tive reaotion.

va t there v.rere ootJlpact dots and ~va.vy threacl~l of Dl~.t\.

pJlVH a r10aitlve reaction thu.sactually outlining tl:t.e v~:hole eell.

basal plate. the tl,p of the flame J and a few dots on its sIdes

c;y s.nl of' the cells on the gerrninalmambrane '\i'IYtiB i.'ound to 'be

tho flame eells showed. a considerable tunount of RN.li.. III tillE)

2. 'Ribose.nu.cleic Acid.........._-_._---

not nosslble to dE:~elde tiS to ~ltlat made part of u sln~:',le nucleus,

reCf~ptacle. showed tIn lntereH~tlng ditil'trlbu'tlon of DNi-\. It\"'ftls

RNAcoutent was underatanda.bly low. III cOlrlpurisol1 to these oel18,

gIst - The laminated. layer seemed to 'be c.tnn.,)ld of this

nU(~leIe acid also • The basoJ)hilla of tIle lltlcleol.i b.nd t,he

close together' 1Nith muol1m.ore cytopluem than tnose of the

elongated flcme cells the gretltest amount of R'N'l~ was localized

RNA.•

one to UNA. As disct.tssed previously, the oells of the gerntinal

Flp:urn 1).

tbe eu. t iele • The 1110re eentrRl parenchyma

germlrtul membrane; thus t brood espBu.les seemed to oontain f.l10re

In the round flam.a cells again tlle busvl plttte and till the star-

8l;61nec pr'eparutione, sorne oella 011 'brood c~psule vlalls that had

RI~·A. frhe prirnordJ..a o:rscolioeE~ also were rich in RNtt (Plate XIII ,
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myelin.
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.Mullory's triple connective ti5Su.e staIn,

The Distribution 01: Conneotive '1l isBtte Flte:cG............... ........ .

also seen in the primordia of reproduotiv'e orgRIH?~ ..

surrounding the testes. the ovar:'l. l;l'le vite line

F.

staining collagen :f'lbers dark blue and elastic

yello1JV, also ste:.llna ml.lCUS amyloid tU1C! other

partlcult..rly the oe118 of the itllmaturtiJ unO. [:l.at',u"B i.);r~;l (f'late XIII.

distribution of RNA. Like the scolioes, the oe11s 1. the

Figure 2).
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cutlcle seemed to be rich in RNA. A hig.h concentratlCil1 vt-'Us

Adu.lt -Only 6f'EHi\J adult v.rormswere stu.died tor t11e

oylind.ers t ne:Jroglla und 1'1brogllu 1"'1ber;;:) eta

in various shades of blue. Nuclei, cy'toplasm, i

yellow. TholJgl1 the latter colors are not 8.pecifJ.c ':xr a single

eubstanoe. they glve an idea of the ge.nert41

~'he la:rnlnatecl layer etlovisdan

Oyst -The germinal .dleiJ.brarlt~, 'lid n,)t

ot any connective tis8uetibers '" ~tte vihole

materials.

be covered by n euperficicil luyer of red to

products" Only in certain areCiE! _ \v}lere

granule s that ''fere thought to be thE:: V:.G'

Fl1(~I''(~ 1). The excretorv t'Hll1alioulaastui.ned in

mlss.1ng: or lost, could. the basal l(J.Jrer be se(~n

shade and stood ou t prolninentl~Y'
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lnt;eref~tlng stalning reaction. The lemellae usu~:!lly stained

p"rey t,Cl vrrriouB light sl'iHcles 01' blue.. The layers nearer the

ftern1.n!fl1. i:lemhrane 'were more"h~rtlltne" and gre3r lah t.han the more

c1 tste;:) bln:lsh lEtyera.. Sometimes rOW8 of ~:mall vBc',7,oles were

~cen be't/';""reen variou8 lSj"era or lam~lltJe making a disttnot layer

thf;rrlr~E11ves. Sections from a fev? pieces of cyst r1embrane (and

.~

~,(Jt;::tet
8 on.ly one pf:lrt of' n seotion) f3ho'''Jed tills rov{ ot vacuoles

:fLlled 'irltb :p';:ran.;'lle:t::r substr:l.,.,OfH3 of" vHr1.o11s nEltl.lre ~ and staining

r:, IFF!, T'C d ()!' ye llow (Plate XIV, Fi{~"" re 1).. .l\.ll.othe:r. pe ci.lllftr

t Atood Oz:tt :fronlall the re~t b~T stbln elearly

or [) c1efln1te blLle trppeHred 1.n som~? ~ection8 'ft At certain

·tJ ,~~:: lr:~ hclnd ntHJnged itt::{ ~tretghtpath crosaed the other

1 obllquely or 1n ~l tlransverse line (Pl~:ite XIV. ,Figure 2).

Till:::::

other 1

l1E~ sh::.n't."€H3 t\ da:r.ker eoatnoDhlllc reuction than the

re ",v:hen pta Ined VJ1.th hematoxylin-eos in ..

Scol:tces and Brood CapSllles - The ~Ar~:llls qf the brood.......... ............. ..,

t;~lnS;llefl) dld .!1.otst61n anjr differentl:t fror"'J, the r~:r?~11nal

mt9}"ibrt1ne. In a fe1't! sections I?o.m.e red n.:lcle 1 on a patchy blue

'btic.k:gro'lnd v,rare notioed. The soolices did not ahol\'" any

lntng reaction typical of collagen or elf:H~tic 'flbers except

t,h,e d blil(:'! cuticle HncJ i tsb~)se?nent ,CQfHl'1trrnne us '\,6,11 as the

blue rlf.'7mhr(ine Itnlng the ftPJcker-cups 40 The C(.1 tlcle o:r the

glnated P€lI't of the Beale}" sI1o'+recl an addltio,n~Jl oater red

r. The muscle oe11s or the 8tte,kers etti tned v€~ry bright

I'€' Q; r€Elf5\t t'h.~3 parench:Y11lEl cellA 'V\'I'e:r~~ le bl uc "\!Jtth red

n_~. "-,J_ • P B 't)nf~ered 1101/; tn (.
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,H.dult 'fapeVlJOr:al .- The cu.ticle of the udJlt t sl.rl1ilar to

of thE: inv(Jgln~tea pOI'tiono:r the lurv.:.;l scole:x: .sho,lIted

cl thin ou terril-ost red and an inner d.u.l1 blue layer VIi a very

b£~S€H!lent :nlembrane. The outermost lCi';:rer of tho cuticle

ured to be serrated • .However, th.is QOIJld be an artifact.

It '\i~.l:? observed that ull basementmombrtjrlEH; 01' Cjtlcu.lar

linings ~1t}ch e~.l tho6e of the ovary t testes, yolk {::l~nd, and

cirrus sac, gave a similar dbrk blue reliction. As

"j 1'''''}.. 't· b1· '1 0 ." V"!...:::l t h·~0"I1' C'" "'-I") f '~b~ I'll! n ), ~I'" i ,.... h t re r~....... t:'~.f·,£· ,,' ~~ \.;.! ".i .... J.\J~, ) ....' ,,;. U""~.'",:i ~ {:, .,4. ' ~ ...? "::4;, .,...:,J;" , ,t~,.,.J,' . '\.:4"

the l.:~rv~l scolex t ot' It ined

the

:parench:fma. the cells of the varlo'J.9 , LiE: the ovar~r.

The•

chs1n.

, and

etDined with the red

The cell wiC~118 of th.e Mehlis gltHld stu:tned a dee.p

d this organ fram the

tee 5, and vitelline

shell of the mature ovum within the gravid r\l~~~ stained a

br:tght :{E:111ow. ,h'flereafJ the inn~r vltfJlllne J:1(j~rlbrci.n,e VJu:!{ red.

embryo 1tself oonte i.ned red 8nd bl'.18 ~z:r(':tl:i...... l€\ s.



DISCUSSION

A. P:t~osphata8es

Both. acid and Etlkaline phos nhatases have been reported

frout laMTal cestodes. ErasmUf~ (19578. 1957b) "vas unable to

demonstrate any phosphHtas8 aotivity in the cysticercus ot

Taenlu <lt~iBiformls and Cysticercus tenu.loo11is by Llsing .histo

chemistry.. However. by blochernical means J he demonstrated both

acld and very slight alkuline activity in both

cysticerci. Therefore, the negative renults in the hrClatid

cyat observed here may not necessarlly reflect the oOfrlplete

tLbsence of the enzyrne.. There ma~T be an initlally low enz:ttnti

concentration trlst did not survive fixation and dehydration

procedures, or the phosphatase nresent may have a different

pH optimum. tht;n tha t of the lncu[)8. tion l.:11xtn r(1 used.•

It is interesting to note that tIle larv-ul scoltces d td

not shav! ~..~ histochemioally demonstrable enzym.e act!vity while

the 800lioes of the adult tape'WOr:m. that do not eeemmuch

different in structure e;ove 8 positive alkaline phosphatt:lse

reaction. A ChiH1gf3 in the predominant phosphatase "with cha.nge

of stege ''''(IS observed in other ce etodes by EraSIl'lilS (19570., 1957b) •.
This indicates e change in the nhyslo1ogical requirements of

thE; orgunism as it grows end ch<1nge s 1ts host.

Alkalin.e phosphatase '\'V1:i8 demonstrated in the cuticle at'

Moniezia expans8 both by Rogers (1947) and EraSmtlS (1957b).

Erasmus (19578) Blso demonstr~lted enzyl11e aotivity in the cutiole

-36-
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of Taenia pis iform~~. It is eip:nificullt that tl ELln.lilar

cuticul&r location of alkaline nhosDhatase h~B been demon-

strated in several species of .l\.canthooaphala (Bullock t I9J~9.

1958) t that. like tapeworms, laok month and enus as vilell as an

alL~entary canal. Therefore, all metabolites of the worm

pass through the alkaline phosohatase-rich cuticle. Inter-

estingly enough. Asoaris, which does have an a.li!:n.entary cenel.

did. not show any enzyme in its c·J.tiole but was s.ho'wn to

contain phosphatase in its intestlnCil cells throi.lgh lJIl'hlch the

metabolites poss (Bullock, 19l•.9). Severol f'unotlons have been

suggested for the alkaline phosphatase in vertebrtites. 111118

enzyme has usually been cssoclated with processes or absorption

and secretion, formation of fibrous proteins, and culcificotlon.

In add!tion, a close t~880ci8tion bet'\TeH~n alkaline phosphata.se

and nuoleio aeide has frequently been observed. in vertebrates

.. ~

animals. ( Roche , 1950). Because of its cuticular position,

the alkaline phosphatase of helminths, as the intestinal

phosphatase of vertebrates, has been associated by all workers

with the first of these possible functions. Trla p.hosp.hatss6

may help the phosphorylated pHssage ot food substances,
.

especially sugt:lrs t either bY' providing the nhospbate ion from

other esters or by dephosphorylatinE incoming phosphorylated

substances. The subcuticular cells in the adult E. e;ranulosus.

upart from ahov71ng phosrphattH3e activ1ty t """"ere also t"Otltld. to be

strongly pyroninophillo, or rich in ribose nucleic acid. The

presence of phosphate red.ic61s in RNA. st either tbeir

<.•;,~~
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hydrolysis by alkalIne phosphatase or contribution to their

syntheses by providing phosphate groups (Borghese. 19;7).

The site of enzyme activity has been one of the

important factors leading to the conolusion thut elkuline

phOBPhatHse is important in absorptive prooesses. The

cuticnlar phosphatase activity' reported in the present study

tor !. granulosus gives tLtrtber supporting evid.enca for

this assumption.

B. GlyooGen

Glycogen is the most commonly found polysaccharide

in u11 paras.!tic helmintbs. Its distribution ha.s been st'Jdlect

in eeverallarval and adult te.pewOrtl1s (von Brand, 1952).

IIeynam.an and Voge (1957). studying three hymenolepidld cyst1

cercoids. found glycogen localized prLl1arily in the parenchyma

of their tail. smyth (1949) also found glycogen in the paren

ohyrne of the plerocercold. of Ligula intestinalis. The germina.l

membrane of the hydatid oyst seems to :ftllfl11 the :functlon

performed by the parenchyma of these other types 01." oestode

larvae. Ctlmeron (1923) and Cumeron and Fitzpatrick (1925)

found el.ycogen not only in the ge rmlnal ·membrane bU.t a180 in

the laminated layer. The results obtalned in this stud:Cl agree

~,~1th those of Brnult and Loeper (19048) and Dor",lk and

Morloon! (1956) who elsa fou.nd glycogen 11m! ted. to the ~ermil1al

membr6oe.

Agostn !.!.!!_ (1957), usiUfT cbemical und electrophoretic

---------------- 11
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methods, found the hydatid scolices to contain, In addition

to glyoogen t another polysaccharide oom.posed at" gl:"icose;!:1mine

and galactose. In the present study only the cuticle of' the

hea.lthy scolices showed the presence of PAS positive material

after saliva digestion. In 8cld.ltlon f the "ortho" scolices

and the fluid. in the intact brood oapsules eonta.ined fl non-

saliva digestible pol:'ts a cc.ht1ride V>.rhich upart from the cut:J..cle.

could he the source of Agosln'8 second co.mpou.nd.

Hedriok and Daugllerty (1957) studied the distribution

of elyoogen in the udrtl t Rttillietina cestlcillus and

HynlSnolevls dimlnuta and found heaviest der)osi ts in the
is' t " t;_.._-, ",--- . ~- - - ~ .- - t

medullatry parenchjrma. The vitellaria, sperm, and ova \l\rere ,also

found to contain Borne glyoogen. The adult E. s:ranulosus

sho'Vlred generally similar results. The t"10st :important storage

place for glyoogen woe the .med'..lllary parenchyrYl8. No other

organ exoept the mature vitellaria seemed to contain any

de:m.onstrable polysaccharide. Like H;ymenopel1s. E. granulos,J.s

differed trom Ral1liet~na in lacking other non-glycogen

polysaccharides in the parenohyma and rnusoulature. The

glJToogen stores of the sperm are probably used in the pro-
.

dtlction of energy for its rnotlon. It vrCiS intere s:~tlng to note

that with the development of the ova their glycogen reserves

increased; Ellso t the fllily mature eggs showed some other

polysa ccharide. This ma~r be a prepa.r~ltioll of the ovum for

the independent tree life that will follow until its settle

ment ill b. suitable intermediate host.

~
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The type of host diet uno the time of' re 1:noval of' the

J)araslte after feeding of the host has been found to .b.ave 6

definite effeot on the glycogen content of ceetodea (Heia.~

1942; Read. 1949, 1956). Therefore, the variation :in the

glycogen oontent ot the different b8tches of worms is expeoted..

No eomtn.ent can be made on the nutritional condition of the

host since most of the worrl'lS Vlere trOJl nattlrally infected

stray d.oge and were killed at d 1f:eerent tlnes o:t the duY'.

The W()rrtlS obtained froIl & labort'4tory·... infeoted dog showed very

Iittle glycogen. ThIs could have been due to trle great

number of worms present in this anl.mal which extended from

du.odeHlt.UD. to the large :intestine. It w'Ould be lnterestlng

to check in such extensive infections it the glycogen content

of the sm.all intestlne, where 'most of the f'ood absorbtlon

occurs t d Iffers from that of ,'\~orms at the end of the inte stine.

So.me ",,Torma that aho-"ved negligible 8tlounts of glycogen

in the last two proglottids v,Jere found to have a f11oder~te

deposit in the scolex and the following proglottid. Daugherty

and Tfl~rlor (1956) stud:yin{:; the regional dlstrlb:ltion of

gly'cogan in Hymenolepis dimlnu.ta fJoLlnd the highest con-
.

centrat10n in the f.irst 10 crn. section of the wor:n. However,

after thestarvatio.n of thf!~ host this same region ~)hOV!;EHl the

iJ.1elximu::n. drop in the anl0unt of glycogen. On the other hand,

Reid (1942) reported. that, in the case of nai11ietina

co atit1111us worras removed trom thE.: host. at the end of feeding- "

per:tod sholveda }Yigher glycogen level ~.lt the tlnter.tor end than

..~
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in the posterior. The above mentioned E. f)Tunuloslls adults

could hCtve been collected at the end. of the feeding .period

of) a previously starved host.

c. l1i.pid

Sudan Black B does not stain all kinds of' lipid. It

1s primarily salable in neutrf~l fate and phospholipids

(Gornori t 1952). The germinal membrane sho'V~d an extens.1ve

sudanophilic reaction. Using chemical methods, Omel1k (1950

:rouno. the oyst ro.er.n.brane poor in lipids. However t the gerrrlinal

membrane represents onlJr a smull frClction in the total c:yst

me.mbrane.

In oestodee3. lipids have very often been considered

HS 1.l1etabolic end products r,:ither than reserve :food (von Brand t

1952). Smyth (191,..9) observed thut theplerocercoid larva

of LlgLl.la Intsstinalis produces large mou.nts or oytoplasmic

fat Gt1rlng starvation und.er aseptio oond1tiona. Re id (1942)

noted th{'lt the :fat content of He ill1etlna cesticillue was

the sametrom worms taken fronl fed and starved cb.lckens

81thou.gh the .parasites ocouring in the latter had lost most.
of their glycogen. In this connection. the fat deposits

observed in the excretory system of the adult E. granu.losus- ......._----
are of interest (Brault and Leoper t 1904b). .A similf)r

result hae been observed in Moniezia expanse (von Brand, 1933
Illl

Some droplets of fat 'were also seen in the extensiVEa ex-

oratory system of the hydatid germinfJl me,mbrane in this

a
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study. The rest of the tat deposits of the germinal membrane

that are so easily detached may be metabolic wastes un

excreted through the exoretory system but treed directly

into tbe hydatid :fluidwhlch has beensho~tn t.o contain some

fat (Mazzocoo. 192); Lemaire ~ltld Ribera t 1935).

D. Nucleic Acids.
Omelik and. Briski (1953) stud:yine' the protein fractlon

of the hydatid cyst wall reported the absence of both rlbose-

and. desoxyribose nucleic acids from. the cyst membranes.

ITowever t in the present study t the germinnl membrane showed

the presence of both nucleic acids t.bough in very srtlal1

amounts. when stained with the Feulgen and ]lethyl green-

pyronin stains. The negative ohemical resu.lt.s are not sur

prising when 'we consider the minute amollnts of the S'.lbstunees

seen on the germinal membrane. and \vhen we reoall that the

'·thole p:erminal me.mbranf~ .1tself is only a small fraction of

the complete cyst vIall. If chemlcul l::1etllods are to be used t

the germinal membro.ne Illust be collected in eutt'lalent

Quantity to make !lCcura.te determinations. The dlfflc1.l1ty in
.

collecting this material, ho~rever, makes this method un-

practical.

It 'Vv"'86 interesting to see different t~rpes of nuclei

on the germlnbl membrane. Since the compact nuclei aid not

show much difference in size frow the ordinary ves"lcu,lar

lLlclel t they mtght be of those same nuclei in 8 different

....
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physiologic~~l state - containing a large Cluantity of DN.l1..

Ho,~evert the large nuclei seem to be of a different nature.

The fact that they are fevlrer in number and found only in

groups on oertain areas of the germinal 111embrane sugl::'OBts very

strongly their being germinal nuclei that will give rise to

the brood capsules. The brood. capsules, like these naclei,

tend. to aggregate in certain areas of the germinal membrane.

No studies seem to have been done on the nucleic

8.oids ot other edttl t tapeViTOrms. The m.esenchyme be ing rnore

of a storHge tissue seems to be free or RNJ.\. except in the

innnature proglottid where the reproductive org8n prirl1.ordia

a.re deyeloping.

A high concentration of RNA haa been observed in

embryonic tissue of vertebrates (Burghese t 1957). S1.L11ilarl~rt

the ova of !. granulosus showed a high pyroninophl11a. The

subcuticular cells which are always associated wtth the

secretion of the cuticle shO\\teci a oonsiderable e.:m.ou.nt ot

RNA. The true nature of cestode cut:tcle 1s not ~ret known.

However t Mallory t 8 triple stain sho"tA'ed a dark blu.a base:n.e nt

membrane that could be collagel10uB in nature. This association

seems interesting because both in vertebrates and invertel)rates

RNA has been found to be plentiful in cells associated v\rlth

protein seoretion (Davidson, 1949).

E. Oonnective Tissue

In spite ot the tact tl1Eit Mullory's triple stain did

~
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not contribute uppreclably in clarifying the chemical

of' the parbslte t' It was ve,ry helJ)f"...ll in underst.anding; the

v;tLrious strctotu.res of the \vorr:J.. Ver~r 1it~tle v70rk l)een

don~~ on th~~ connective tlSStle of ot.her flatworms. Smorodincen

PfJ'wlowa (1936) rel)Orted thel)resenoe of collagen. elaatin.

reticulin 111 Taenia l~flginata. In E. granulo8us tbe only

structures that could be oollagenous in nature are the base

ment mE~mbrane of the cuticle of hoth gcollces and the It,

the lining, of t.he OV61"Y t testes, yolk gland, cerrus sac and

sperm duct. Though the la:.ninuted layer of the c~rst wall showed

sonle yellow la.mellae and grunules. when tE~sted 'wtth orce in

elastic fibera" no posl.tive resLll ts were obtained. The

different kinds of staining reactions given by the vuriou!~

laye'rs of the laminated .membrune at; thtdt t:tl€1Y mayt.t.ot

be eX6.ctly of the sanle chemicr.~1 nature, and 11UY reflect the

variation lnmetabolic products excreted by the p~J:'{Jsite tlB

its physiologioal state changes.

~1
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COl>fCDJ aION

fhe object of thie lnvlH::tlgtltion Vl8~ to ex.::.nulIle certtd.Jl

bl0chtH1'110t,il conatituents orE. granulosue through (.111 its 8't~::HZ€H;~__ '1', " ,I .

of development and to ilemortatrbte the relation of thtH1~~ flUb-

stunoes to the orgtlns and cellule:.l:t" elem.enta .:tn tih1ch tl'U}~l OCOUI~.

ae '\F,~ll ~lS to make obaervt~tlons \~rh1ch may contrlbtlte to our

knoviledge concerning the Ht,ruct',tre of t.he h:'rd.at1rl cyst.

The t\VO la~rers of the hjrd~t1d cyst ,'y-all sho"lted d1s-

s1nl11ar resul tt!l for all the canst!tuents studled, ''\I'1t,t~ the

germlns'l membrtine:?l"'oving to lHE1 theprohabl€? t~ite of till ttl.eta-

bolla aotiviv!tIes. Unlike the Ifitxn.lnatec1 lU3rer. the~ gerci11nal

rnel!1br(~ne showed heavy deposi t~~ of glycogen .~nd fat. D1!'terent

t'j'PQe of Dtlclel oontB1n1ng DNA. ana the small cells rioh 1n

vmre uleo 11m!ted to the germlnulmembrt1ne. '1'heee etoI·es of

atlbstfuloea int1Jl1utely oonoernec ''t/;'lth met€1bolic prooesses offer

presumptlve evidence of 60 actively meta.bolizing tissue ..

'1'he observations reported in this study rf.1veul lllore

clearly the nature of the excretory system in the rmlnal

membrane t the pre~Je.n.ce 01' vrhlch. '\iV-uS, reported by some fHlrly

","or.kers una refuted lilt(~r by others. Th.le extenEliveexoretory

systera eons1f3ting or tlu21e cells itnd .1nterco:nnectec. Q<:Innf:;;tli

cules that J in turn t ~lre cont1nu.OU5 vir! tIl the oxeretory canalR

of the 'brood oapsules. would SEH,m to h~J an lmpDrti,A,nt oorrola:r:r

to our concept O!~ the germlno.l membrane as the tiite of phys:lo-

logioal £:tctlv!ty in. the hydatid Ojrst wall.

'I'h0 18rYttl soolex r~'3sem"blef:: tlu~ 1t V7o:rln in nlost

of the reactions studied here. The parenohyvlt4, like that or

-45-
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