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ABS'fHACT

Tbe obj.ot or this Invest1.gatlon was to maintain

vIable aoolice. of Eohinocoocus eXtanulgau. out.i(hll of th.l~

hoat for extended periods, and to determne physical and

chemioal condi tiona favorable to their !!! vi tr2 8urv',val and

developlHnt.

The presence of baoter1.a was found to be markedly

deleterious to the existenoe of hydat1.d scol ices ll! vI tro.

Sco11c•• maintained .!!! vltrSh in non-nutrient balanced

salt lolutlt)ns, were found to tolerate temperature range. of

5°.,37.0. Maximum survival, i8 dB78, was obtained at reh'1­

gerator temperature (5°.g00.).

Solutions of double .trengtb., 1/4 strength, and 1/2

strength Kr.b• ...Ring.r's "educ.d the, surv1val time of 8coll0••

oonsiderably.

ODd••ion of HaCl from Kreb-Rlnger's solutIon had a

profound influence upon the !.n 1'1tr2 .urvival of Icol:1e•••

The effect v.s 1es8 drastic When 02'0. or MgSO. wa. oml tted.

On the other hand omilslon of CaC12 or Itel did not app.ar

to have auf' marked effect.

Survival or scollc8. of !. czanu12.ul in a non­

nutrient med1um at 30°0. dld nots8em to be favored by

conditions of reduoed oxygen tenslon.

In butter mdxtupe. of difterent salt compositlon.,



'.0110.. __1'. found to tolerate a pH range ote.1 \ill th the

optlm.wrl 111nl bet..e. 7.0 and? 6. In cultupe me"!. the,.

were found tctolerate a pi u loW' u 3.6.

Addition of glucos., .alto•• , galacto•• , valine. and

nicotinic aBid to ltpeb••Rlng_r" solution reduced the 1\\1''9'1''&1

time or .0011c.8 .1!. vi trQ. Phe rrrlala.n1ne. lyaine, desorb!•

..id, th1amln••HC1, CBB, and lIver extraot hadl1G efteet,

and bydatld fluid and .b••p .erum derl,nl tel,. prolonged their

survival.

MaxImum per10d of aurv1val, 70 day., was obtdned

w1.th .heep ••rum 1nou'bat.d at 30·0.

EvaginatIon and v.a1oulat1on, though extremely

varS,abl., v.refound to take plaoe in almost all media tried.
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II'l'ftODtlO'fIOI

Illte••• t 1n 1!h!P9totCI!£a,.n\11R.u~(Dateen, 1'81),

,be I.all.at int••t1nal ••• tod. parulte of dogs has b••n

atlaulated by the lmow1edS8 of itl relation to DUIl811 die.ue.

SID.' itl dl••o....rr an4 identifioation, the 1arY&1 torm of

!. 1£19..,"11 hU b.en ob••rYed in the til.ne. of a wide

range ot .",allan hoatl, lnolud1ns man, in whioh 1t 1. known

to be the ••u.eot hrdatid di......

The .... with "hioh experimental 1nv•• t1gatlon8 concern­

ing p-Ollth. nutrition, I"••pl.ratlont and other upeat. ot phf-to­

1011 .an be eocduoted wlth tre. living animale 1. not ,o••lbl.

111 the e..e of p ....1t•••uoh u 1_ Ran•••-,,!- Th1. p....lt.

eumot b. ob•••••d oont1nuou.l,. within ita hoat nor oan it b.

kept all•• outlle1. of ita hoat-. bod,. tor More than a rew

hours. liven la tl» mG8t favorable art~,r101al medla it. 11~.

1_, u a ~ul., brier and ebnormal, partlcnlar17 10 becau••

it 18 8U8o.pt1bl. to attaek: b7 oe.ta1.n baoteriaand fungI.

aelat!.....l,. lIttle attention hub.en directed to overo••1re

th.e.e ex,e'plmental dlffioultie., and u a con••Quen•• the

pa,a101og and metabolism of thl. ,ar.alt., 11ke that or other

ee.tod••• ~.c.:Joor17 UDderatood.

'!be Alte.teat 81ns1. ob.tacle ooDtx-ol1t1nl the inve.tigate.

of the pb,yalo1o.Q and metabo118JDot !_ vanulo8u!.tberetore,

1



1. thlalnab111tyto keep the p.....:1t. allv. and healt}:q' t ..

prolonged period. apart trom :1ta boat.
and

ParMite. vhleh l1ormal11 re.14e in/derive suat.nanoe

h_ d1tt.pent organ. ot d1tteHr.tt hoats during thelr 00ur".

of 4.".lopMnt undoubtedl,. encounter mur chang:1ftg nutri.

tional aDd phraioal eondltlon.a wMon mar etrect grOWth and

de.,.elopment. Dupll,oatlng tbe•• tutora in their oorr••t

••quenoG and 11'1 tl.. ls, perhaps f n.o••aar,. tor lucee.aflll

.a yltJlo oulttYatloa. The problem tbenor keeping paraslt1.

helMintha all•• 1! !It!''1 appear....a.entlal17 on. ot

Imitating the natural oonditions .. 010••1, .. posslble,

although 1t is 11kel, that some 'UD.tanc•• present 1n the

norllal envlroDMnt not n ll.,. favorable.

The pre.ent expert_nt. were designed to stud,. the

erte.ta or certain ,!Valeal and cnemical environmental tactor.

upon the larval .0011c.. of I.. srang12ful1 with the ob .1••t or
ultimatel., aubatlt\ltlng a m.ore or 1••• derlned ..diu tor

the normal p...1tl0 habitat. With even limited suooe.a, a.
vita oondltiou that would pepmlt JI...onable survival or

partlal cJe.elop_nt would faoilitate Di&n7 tn>e. or Inv••t1g..t1..

on the l'lutl'1tl01l, _taboll••, and emb:l701C?u ot this important

pvult. of .IIan and do.stl. anim.ala. Flna1171: the ift ylRI

cnlttYatloD of 1l1'y.l sool10•• ot !. ar!!!prl0IQ~ might further

re••aroh al_d at the medical treatment ot a.hinocNooai•

. D1 permltting JJ! litE! ••:r••ning ofpotentlall,. u••rul druga.

The ,tJ1'1)o•• or this investigation then lias to mainta1n

vlabl. a.o110•• at!• .l£.yu19sua outside of their hoat for



extended pel'ioda and to dete:rmlneph781cal anc:! ebemleal

.OftcU tien. whioh ml,ght 1'..,,0. their 1e 11tr, .,","'.iva! and

de",elopmeat.



· ".

!haP. 1. no doubt that b.ydat1d d, ••••• hU existe"

and haa b••n not•• 1n hu.an being. 81nce the earll•• t time••

'or a long time, how.,.!", hTdatld cyBta were It.garded a•

• anlt••tation8 otother morbid proc...... TM7 were thought

to 1>- degenerated glands, coll••tiona of pUI or mucus or

• .-n distended 11mph .pa••••

Tn. taet that the h;J4at1.d oyst waa or animal origln

waa first "cognized b'1 Prallo.sco nedi (1626.941) and BdwlPd

"'.on "'u the tlrst to glve a aatistactOFJ llGcount of 1t.

paraa1tle nature. The Mxt important advance occurred 1n

1'81 wben 0..1''' Mcuatel., ••••rlbed tbe ~datld cylt,

reoognized ita larval 80011c•• as tapewe...m bead. anClHga:rded

the p....1t..... torm diatinot trom thAlt wl1 known 0.,8t108ro118,

In 180', Rudolph! gay. tbe n_ ·echinocoocu." to the c_

ve.fouler n,dati4.

Ven Sl.bold(l8U) val the fIrst to Itudy the llt.

Clo1. of par.ite experimentalll'_ He touad that adult .atUN

taenl!d ••stO'd•• were produoed 1n 27dqs by inrecting dOIS

wi th • .,01i08. obta.lned from t1P1c•.l h7datid cysts. In this

WRy he proved the relationship between the "y.t!.c larYal

. form and the adult tap.wop••

It remained tor Leu.kart (186'7) _ hewever, to tlr.t

'oompletelyand aoourateI7 desoribe the 11to hi.torT and

morphology of the parulte. He e.xper1.mentod with ..t.1t1ei~11

inte.ted pig. and by _ani of dlreot ob.ervation.and b1



.. IS ..

analol1 with the .eftlop_nt of the otl~l' ••• tod•• cleee4

u.p man,. of tM uncI'.ided polttt••

!!A\Sfttt'. fEIDl11!. belongs to the OJ'tcler

Oyoloph7l1i111•• or •••tod... Aa an adult, it inhabits t~

.mall lntestine or the dog, wolt or "aokal. The tox,

hove".", 1s an unlU! tahle cI,tin! tin host U hu been ahow

by the work or Matott and Jut••~tt (191') and or BI"onz1ftl

and .el'tol1M (1904:). D6.6 (1904) with s._ difficult,.

lnt.cte4tbe domeatl0 .at expet-lmentally although sub••quent

worker. na"••hown that .e:xu.a1 maturlt,. i. Dot reached 1n

tbat hoat.

MOJl}>b.ologlo.11y the adult paraaite consIsts of a

bead or ••ole•• a neek and thre. '.aments. Th$ bead 1•

••all, 1. armed wIth a double row ot ohitinous hooklet••

po.terior to whioh aPe to~ luokerl. The o"erall length 1.

3.' _. ('1g.1). The -'\\It tape"om attaCbel :tt.elt to

tbe int'i.tinal m.ueo.a or the ,.t1nlt1.. holt.

Theo...a er••mall, :me_urine ae ub7 39 u. They

haft a radlally atr-lated shell whieh aurround. the oncO.pheM

OJ" n.S&eMth emb1'70. (PIg_ a). As the terminal egg-fllle.

prollottld matur•• , it 18 .bed and pUI•• out with tha te"•••.
It the 0"'. aN then Ing•• 'ed Dr a au1 table Intermed1ate bo.'
the 1&n'a1 .tapa! development tak•• pl....

The natv.l IntermecUate hoata ot gre.te.t .,,1dell1.1081•

.coue,uence are the 8Mep, the ox and the p1g. MUf other

animal., howv..., _ay'8n8 .. IUltu1"al hoat•• and, exper1.mentally,

.. 'large number ot .peel•• have b.en inreot41d. This wid. rcs.



.......
ot 11ltePMdiate hoate' plul the ublqu1t7 ot the dog ucoW'lta

tor the eOI.pol1tlU'l dl.trlbutlon ot the d1.....e. In 10

tar "I the epldemlo1ogJot b;rdatld di..... 11 concerned,

human inte.tiona repre••nt a dead end. Upcn be1.ng !n••ted

br ...u1tab1. hoat, the Itrlated, .hell of the OVWI 18 d~".cI.

Tba 'hexua.nth ._t7e. thul liberat.d, pa.8ea through the wall

01 the 8mall lntoltlneand, f'rom tb.erad1cle. of the portal

.01.a, 1. carried to tbe 11••1'. The liver 1s tM mo.t oo..n

.1 toot inte.ti_. 10.... larval peru!te. b,. pua or p...

through the hapatie oapi111U'J bed, hovaver, and l1ake tbeir

w8i1 into the interior vena cav.whence the,. are oarried via

the rlghthaurcrt to the l_g_, which 1, tbe ••oond moat

tl'o,_nt lo••tic. ot .,..ta. 000..810n&111 1....,.. Pl.•• through

tba pul_on.,. .&pillar., bed and are filt,epod out in- ot't::laJ"

organa.

'rhe hydatid o,..t, whioh thetl de...elops, CODs18t80t

an outel' 1...1nate<l _.brane. or eotoc,..t, which 1. non­

11",11'18, _d .. thin innel" living germinal membrane or endoc)".t.

In thelllllltUftO,..t dell.ate lao. or brood oapsule. arl•• h-oa

the nu.le.tedge1'mlnal lllJ.x-. Within tha.e brood o."lul••

the ••0110•• or· f'uttU'"e tapewora beach. develop. As ma.t1'J ...

torty ••oli••• mar be pr••ent 11'1 a 81~1"brood caplule,

(PIg. 3).

In addj tion- to bealtl'q', normal Icol10•• , It i. common

to f1nd w1th1.n. brood capaule. degenerated "eol1c••, whioh

are characterIzed by their dark brown color and .hrunken

appearance, ("l~h '). It ruptUNd, the thin brood oapaule



· , ..
me,mb:r84e tend. to turn inslde out;, with the e.olio•• on ttw

out. ide (Flg. ').

Due to th81nvag1natloa ot t.he 'booklet. $J1d 'UCke:Pl,

the lar-t'al .colex. 1t ••lt, 18 ovoid in Ihape.The protoplasm

1. olear and the "ealoUt.aul eorpu,aole." and Duclei ..e

dl.tinetl,. v1s1ble. lomedlftel'ent1atlon or atrl1ct'lU-e 1.

apparent. A lingle ,.OW of booklet., averaging 36 1n, nUllb••,

and the tour .uckor.ma7 be distInguished ~adl1T, (PfS. 6).

'Pl....el18 in the invagInated 8001.x, are •••n orll'1 wlth

41f,fi,oultT. Th.e av••age scolex meaIllUP•• 160 \l b7 120.

and 1abear1l vislble to tM naked .,.... The brood oap.u1e,

w1.th lt8 oontaIned 10011c.', ••'1 measure up to 1.1 _. 1n

diameter and 18 :readl1r visible. It liberated within the

'body of the intermediate host, ••hlaoi.x hal the o..putt,.

tode••lop Into another complete b:ydat1d 07",.
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Although the utetu.lne.s of teohnl.u.ea tor the 111
litE' o\llt1v.ti;oA of tap8lrtOrJa1 in the eluclchttlon or thew

oomplex para.i te.holt relatIonshIp. 18 obvIous, re18t1:ve1l

little .u••••• hU b••n aobieft. by pr."loua lnveatlgat.a.

A numb.. ot attempts have b••n made to ...lnta1n tape.or..

all•• aput iPom their holtS.

All ••17 .. 1'3. Pl'leoh had kept pleroceHo1.da ot

,S,S'9l.tHflhalla!. .!llSlN all.,. for moretban 2 4..,.. in rl'9'ft'

water 1fh1le Fabrlclu (1780) reported the .urvlval of

f£lt!poepbl4!! ;e£lll In lea water tor 14 day.. Abl1d£aard

(1'1'*3) ...lntalned pterooereold. ofSehl.t.oOG;haly.1 !olldU

tor 8 dav' 1n ht••h tap water. Knock (1862) found that hold.

ruts of bothr100epbal1d tap.word from fish•• l1ve 8 c!a:yl

11) ,,_OWl IGlutlon of "Ig album:in.i'lnt.Mr (1880) aimilarly

toun. that m&nJ' tape"'o." he ...lne f:l8b.e8 11.,.4 I to •

d.,. 1n ••• water plue .. true of egg wl'dte. Z.ohokke (1888)

l"8popte.'\U"Ylyal ot t..,.wwaa trOll ••1a.ch1an tiahe. t •

• 4 hourI 1n lea vat•• plua ho.t pt .\1OU.. Loennb.... (leta)

tOdd that tr1MIftll9EU tr:10',ullt&da'_ lived 18 • ..,.. 1n a.
• lightly ..14 pep.in-peptone lolu.tloDGt laCl at 10·0. 1.8

total dwkn••• , 14 day. W~l'l gluf)o.. ,.61 ad4.4, tuld " day.

in peptone alone. TOWl" (1900) obtaiMd .u:rv.5:"al perloda of

5 d.,.. with !tahUI !DUl', 1n 1~ all:nua1n, plul • be.t

extraet and .. 11\100'. in tap water. OrturdChonbuh (1911)

kept Oalllo'bothr1. oGronat.. alive for" (lays in laline plus



Jlonolaccharidel. I.e Baa (1924) tound that plerooercold. of

D1RBtll2both£1y!! latum lived , day. in Rlnger-Locke .olution.

Coutelen (1929) luoceeded In ke.pin, individual 0~nu1"1d.

of Multi.,e;.' ••rlall. &11 ...e for 20 day. w1 th 1no1"o9..e in

volume in Iterile HaCl lolution, plus freah hor.. a.rum re­

newed daily, at3'oC. Cook and Sharman (1930) :report,ed the

aurvival time of ~onlezla trl.onoRhoraat 37·0. as 2 days In

eli.tilled water, 12 day. in M/10,OOO laOH in carbonate.tree

Rinser',aolution, with their immediate death in tap water.

WaPdle (1932) obaerved that the plerooercolda ot

Dlrdp'1:1obothr1y lat\1!! and Triaensmhorul and adult. or
a,thrlooepb'lUI .00r»i81, tolerate Wenoed .alines better

than low molecular ooncentration. of the component .a1ta.

Vardle (1934) in a range of aa11ne and nutrient media. pH ".5

at 18.2400.., obtained mulmwa longevity value. tOt' plerocerooida

of II'b,11q&, in aterilized double Locke t. aolution (456 hou1"l) J

the longevity in lerum aa11ne gel waa 192 houriS in .te~111zed

Locke.bouillon, 200 hourI, !n Locke-glucos. aolution 408 houra.

The moat promiaing ••dia wera nutrient gels used under ••eptic

condition.. There was little or no indioation of larval

;rowth, howe",er. in an,- of the•• earl,. experiment.. :'Prolonged

svy!val time. were. for the llolt part, 11~1 ted to 1ar.,.•• ot

p.eudophyllldean tapewor•••

Mendelaobn (1931) kept laPvae of TaanlJ cra•• ioollie,

all.,e tor 36 «I.a in a eterila nutri.nt tluid of '7 drops

of balaneed a.11ne, &: drope ofch1cken embrro extract, and

3 dropl of tiltered hor.e ••rum at 3'7.&°0. and reported the
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invagination of the head vittl no evidence of sucker formation.

Marko. (19&8) obtalned max1m.. survival of pleroeercoida ot

D,lRbtl1ob9thrl~lata in 1'lsb. bpoth 63 d.,.s and 1n gluco.e

w1th added .1tUlin8 6t dqa.ln glueo•• wIthout vitamins

they 11••d cUlly 30 days. Young pleroc.rco1da 1-2 mm. 11ved

only halt AI long .. more mature one.. von Brand (1933)

peport.' the 8U1'vlval of.' !!Iil!s!. eHyaa tor halt a da, in

R1nppt.aolution alone, ....M1. Munoz Fernandez and Saucedo

Arand. (1146) maintained th4i. a.. paraa1 te tor 6...24 hours

1n Typode'a aolution at 37...,8·0. Hoepp11, jt.'.ng and Chu

(1938) tound that cyst10erci of.' Taenia taenl!!torm~. and

pleroeeroold.ot Dllntll:obgtbrium er11'1ac81 lived in various

nutrlent ••l"W11 101utioDa at 57·0 tor a maximum period of

18 days without undergoing any de"elopment. Wilmoth (1938­

19") obtaiMd l117v1v&1 of lar.ae or Teni! t ••n1"..f.orml~

in T1?o4." Ilodltle ..tlon of Ringer-Leoke solution tor a

period of 14 day. at ~'7·C., under oligoe.pti. eondl tion.,

the Mdia being ehanged at SO bour intervale, and for periode

of 1', 11, and It da" in modified Ringer" and Tyl"ode"

solution.. In more oomplleated media, with or without amino

rdtrogen louro•• lurvival time va. oon81derably leaa. Survival.
tiM, longe,t inlimple media (87. houri), v.. ahortened by

anurob1...!a, \lhieh led to Imall cleore••e, itl the pH of the

_dl_. TbI* larv.. were able to vI tha tand gradual pH

ohangel from 9.3 to ,.& and abrupt change• .from. 6.5.8. a ..

well as a temperature rlUlge of 1t to 37°C. Reid and Bole.

(It•• ) ke,t!J!!n,\ep!1 RIB! and !.dlmln~t. a11ve for 10
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days in Looke'••olut1on wlth lis atrengthof a nutr1ent

medium. oOD.slstlng of 10 amlno aoid. and 23 other oonatltuent••

Sm1th(1964) repcn-ted survival or RI1111etlaa •••tlo111i.

tor IObour. 1n liquid .olution ot Rinser" gluco•• oo:rn

ataPch at 40°0.

In the experiments not·.d above, the long....i t7 of the

worma in art1flclalmed1a was a mere traction ot thelr

lon.gevlty 1nth. host. and in no c.... did normal growth and

act1v1ty take place. Stunkard (19S2), however, obtained

.omeevidenoe or growth with apec1.mens of Orep1dqbgthr1um

12'I1Jib."'11 in aterile Saotonie sal t-gltte·o•• solution. ",1 th

Hottinger brotbadded, at pH 7.1 and :room temperatura, media

being changed eV8!7 12 hOuri, In one experiment. young

.peoimens 11.8d more than 32 day. and increased 3 to ..

tlmes 1n length. The terminal portion ot the body became

••gmented, but the proglottid. 'Were abnormal and at.rlle.

Add1 't1on to tJhe medium of salt .xtraets of 1nte·atf,nal muco8a,

pano:reaa and liver ot .!,tP£Y~' ate,,111zed byr11tratlon,

did not &'ppreclabl:r alter the r-ate or growth 01' the time of

8urvival. Exclusion ot tr•• oX18en by anaerob10 culture

Method did not attect the r ••ult8. 're.h ••rum from

lecturua waa definitel,. toxio to the worma.

G'X'••n and Wardle (i.ell) were able to ke.p !!%!!!ftolepl.

tl'atern.. trom rats alive andactlve for 20 daya,. (conaiderably

.xo••dlng the n.ornulllongev1t., of 11 <la". in the rat hoat)

in a dilution of Baker" tIssue culture medium (10 drop. to

S ce. of T)?ode t. aolnt10n) •
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I.,eu and Bur (ltle, 194.) obtained part!...l deyelop­

.eDt of pi.roc.roo1d. ot~!I!Jlf 1ntfs1;1eall! In •. varlet,. or

..d1a i.eluding ...11ne wIth aloltic fluid, with hora••erum,

andw1th ...1tic tluld and hor••••rum' but develop.ent wu

abnormal 1tl tbat. although some larvae under'went OVlpOlit1oD,

the , •• t •• tailed to undergo .permatogeneall. The addi tie.

ot yaJlloua extra.ts trom. t.at•• or pI tu.1 tary,or from the

tl••u•• ot a normal ~lSHl~ It.elt, allo tailed to promote

.p8?m.tolen••la.

Th.eonl,. rea80nably suoce.sful effort. ha.,.. b••n

tho•• or SJt11th (194' • 1161) with certain P••udopbyll1de.an

VO'r... SJII1th(1946) oultured pleroceroo1d. ot Sc!'!:t.t.o.phalua

lo11dul under Go.pi.tel,. ...ptic oonditlone in a variet,.

of "alanced .alin•• , gl'aoo•••••lln•• , and in nutrient

peptone broth. H. obtalnedmulmua survival and normal

behavior of plerocerco1dt 1n peptone broth at room temperature

(16e.l0· e). and induoed their development to ••xually

mature adulta,wltn the normal occurrenoe of spermatog.neail,

oOleM81',.1tellosenall, and shell for,.atlan by raising the

t,.mp.~tlU'. of cuit1" ..tiOD in peptone 'bz-oth to 40·0. Later

S.,.th (l,al. It'.)luoo••ded In Induo1ngtertl11••t1on !!
,

Ylt~l, 1n this apeel•• , with tNt production ot 7"" tertii.

elsa, oapable of hatchiftl into normal GOP.oidla. The••

latterexperim.enta were pepformed \181>ng cellulo•• tubing

auspended 1n tub•• ot horae ••rum at 40°0.

a.7th (1"'7b) a180 oultivated unidentifIed piero­

ca"oolda of the FUll1., DlpbJ'11o'botb1'1dM uoptioall,. at
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.Q-O in ..arlo\1. liqUid nutrient and .aline _dtaunder

.terlle condltiona, and obtained tbf mo.t .uce•••rul r ••utt.

w1 th peptone broth plus 1~ hor.. ,er_ In which larT"

remalned ...tl.... and beh.net Dormall,. for 10 day••

In exp.r1ments with the 11.1"." of ~!SUlt ~n~.atln.~~,

llQ'th (19."'.) obtained mU1JlUJll lurvlval and aet1v'lty, ...

well as IpCltl'matoge.al. oOlen.18, vitellogenala, and shell

fOJil.atlon in peptone broth at 40·C. UI1ngone l~,gulld

tarT. per tube of 60 ce. of undiluted hors••eruM, renewed

•••ry 24 houra, Smyth (19"0) IUGo••ded in rearing the larv.e

to adult ata.p with a production of 801'1$ fertile egg••

'ragment. ot lar..... similarly cultivated, developed and pro­

duced egg. u ettlclentl,. u complete larYae, but there wu

no res.neratlon of tl.aue in .1ther ant.r101" 01" pOlt8r101"

"slona.

In later .xperlmenta wi th ~~UJ.I, S.,.th (1M9) round

that oerta1n ..,..ter1a1 contaminationa of the media, aoeldentally

produced, had no apparent 111 erte.t upon the pleroce:reold

develop.ent!!! It~£2 In ftut1'1ent solutions. Alao part1al

d."6lopment ofJ'tisul! prooeeded 1n non-nutrient media luoh

u Look.'. solution, but complete de..,elopment as far ...
,

o.,!poa1 t!C>D apparently required infeoted _d1a, a. It SOM

buterial product were neoeasarr for normal worm development.

FragIHnta of larv... wi t11 or without. holdfuta Ullderwent

development to the atage ofovlpoaltion in nutr1entmedla

.s re.d111 AI complete plero08re01dl.

Inform.t10n about the !a! vttro aup..,!val and cultl..atlo11
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ot BOldltfSOOUIEyS1Q8,8 18 11m!ted. In 1906 I n6v6 (1026 )

t,-led un81lO<le••tul1., to Maintain 1.....&1 ",••101.8 of !o. E4!3'q­

lpaBl av1trt. n., later (1926) VaAl able to k••p hydatid

.col1c8' viable for a period of' fourt.en d.,., at 37-C., 11'1

baete~101oI1.ally sterlle h~datld _yet fluid plua tr••h

unbeatec1equltle ••PURl. In this medium he ob.ened v••leulatlon

of ••0110•• with con8ide..able inerea•• ln 81M.

Coutel.n (191') to\Uld -further that bJ'datid 800110••

lived for th!rt,.-one d..,.. in b'ydatld cyst fluid plus uolti.

tlu14, b••..- veaicular, and reached 81.a 2'-38 tim•• their

original Yolumea.

r>6,,6 (1928), partttleularly concerned wlth his failure

to obt.1. actual laalnatlon of the outiole 1n the small .eai-

el•• deri..Cl from aco110•• , dld finalll aucc••d in ma:1.ntain1nl

800110.. for tort1-three d..,.. in a mixture t>f equal parts

hydatid cyat fluid and buaum 880.1 tic fluid at .,'00. In this

_<11_, 1» ob.erv.d the formation of relatlyel,. th1ck, laminated

outicle. about lar-t"al ....iel... '1'1::118 work haa not b.en

oonfirmed b1 .ubae~uent inve.tigat1on.

In 'l'el1minarr experimenta, Sohwab. (unpubliShed data)

maintained viable bJdatid 8col1cel 1n n~lo "

for .. long as .7 day- in pn,alo1og1cal salt .olutiona alone.

V••lcu,lU"lfiatlon with imbibition or water and Ii. incr....

oocuM:"ed but there Val no ev1.denoe 01' out1cul&:l" lamination.
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1. Mltl1:1!11

... Soo11••• t The aeo11••' were obtained from. hrd.atid

.7ata found in lIver. and lQDI' of cattle and sheep alaught..."

at thAt Beirut Ktmicipal alaught•.,. hou... So.. Icol10e. we!'.

allo obtained 1'rom hUman lung and liver lWdatld cyatl Hmove.

by .ursioal operation at the American On1ve~slty Hospital.

J. Media'

1. Isotonic .olutloJU

The buio aa1.t solu.tion used was beba.Rlnger l •

(100 p..tl of O.~ _.,1 (O.l14M), • parte of 1.1. trol (O.lMM),

25 parts or 1.21_ Ca012 (0.1114), 1 paPt or 2.11$IltsPO. (O.154lM),

1 pet ot :s•• MslO•• 'Ba0 (O.lMM») prepared according to

P.,. Cohen (Umbreit !!.11., 1049).

2. ft.rperton18 and Hypotonic solutions.

The hfpotonlc and hypertonic aolutloaa weI'.

obtain.dby preparing ~eba-S1nger'. solutions in ORe halt.

one tourthand dOUble .tl"engtba.

$. Solutions w1th d1tterent bJdrogen ion c·onoent­

rationa. Solutions v1 th d:ltterent pH value. wert obta1ned

by ,repulng butter, according to the procedure of U.mb....e! t

Ii !1•• (1949)1 Hydrogen ion eoncentrations were oheCKGd with

• BecDan pH 1MMI'.

Tbe pH • and p.B & butter. contained 0.2M XBCaa.O, ed

a.2M B.OB, thoee ot pH value. 8.0, 7.0, 7.4, O.067M KBaPO.

• 11 ..
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and O.oe1HllaeHPO,. and tho.e ot pH valu•• of 8.0, 9.0, 10.0,

borate-KOl and a.IM I.OB.

4. ~b• ..ft1:ngert. flQlutlona wlthaitered aalt

oompositionl

lreba-Slnger'a .oltat1ona were alao 'Prepared

wlth the 0dl1••1oD of aingl. 1I'18redlent••

All of the abo"e medla were ate!"111•• '>,. autoel(l'tln,

at 121°0. anc!l 18 lb•• pn••u:re for 16 minute••

$. tcreb.-Rlnger'••olutiona contalning ct'ude tis••

preparations, biological mixture. and individual _tabeltt.a •

•... 6. Oh1ok ImbP10 Extract (OEB). 8 to t 4.,

old e.'b17o.",e:r-•••moved aseptically f'l"om the .",vashed

With Hok'. solutio. eut into thlr.t alle•• w1.th .018101". ancI

hoRlosen:t ... 1n a .t.ril....l.v.d .,ringe tor eO .••conda ia

1 00. of ohilled Hank'. 801~t1on (adjusted to,I'.2) pel'

~.. or ellbx-yo ti.sue. Atter standing at 5°0 t'o!" apprOx1Billtel,.

1 hour, tl:'W homogenate waa centrifuged at 2000 r.p.m. for if

lIl1nutea at room temperature. 'I'he supernatant extraot vu

r ••••d vith It. volWHtr1. pipette, without d1at\W'blngthe

••cUmeut, wu placed in rubber.atopp8red te. t tube. and • toped

at.'·C. All atep. were pertorraed with a.eptic preeauti._.
&nd;iha extract was te.ted for sterility_

,/) A final concentration of 2($ eEE w.a used Int".. experiments. This va. obt.',.ned by mixing .:5 81. of

~teril. Kreba.JU.nger t • solution w1 th i mi.er OEI.
/'i ,I

, /1./ b. U.,." Ixt"...t, P<>¥de" live.. ext,,",•
.. jilli, (Eli Lil!'y and Compan7, Indianapolia, U.S.*_) vas \1884

I ,/en v.. k1l>d17 euppl1e" by the DepU't...nt ot B"te"lo1ollJ.
;' Aaer1can Universi ty or aelrut.
I'

'I



in a tinal ooncentration of 2~. The lolvent was sterile

Krebs-Rlnger'. solution.

c. SerumI' Seits-tiltered aerum, derived from

a lingle sheep,. was obtained and stored 11'1 the frozen 8tat.~

Serum media were oompoaed of 1 co. of lerum to 4 eo. of

ater1le Kreba.Ringerls solut1on.

d. Hydatid fluidl The hydatid fluid was

obtained ..a.ptically from bovine cysts, diluted to a tinal

concentration ot 2~ with .terile Krebs...Ringer's solution

and atored 11'1 the treeseI'.
and disaccharides:

e. MonosacCharides! Solutions of O.O~ d(+)

malto.e, d(+) galactose, and glucose (Nutritional Biocnemical

Corporation, Cleveland Ohlo),were prepared sterilized by

autoclavlng at 121eo. and 15 lb•• pressure for 15 minutes

and were stored 11'1 the refrigerator until used.

t. VitaminsJ Vitamins used were ascorbic acid,

nicotinio aoid~ and thiamine Hel (Nutritional Biochemioal

Col'tporatlon, Oleveland Ohio). in concentrations of 0.62 mg.,
0.6 mg•• and 8.0 micrograms per 100 ml. of aterile Krebs­

Ringer's 801ution.~ respeoti••ly.

g. Amino acids t Solutions of 0.01_ phenylalanine,

o.022~ lysine, and O.024:~ Ysllne (Nutriti~n8.1 Biochemloal

Corporation, Cleveland Ohio) were prepared in Krebs-Ringer's

solution and stored in the freezer until used.

C. Antibiotios: The sodium aalt of crystalline peni­

cillin G and streptomycin sulfate B.P. (Glaxo Laboratori••

Ltd., Greenford, England) were dissolved 1n sterile Kreba.
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Ringer'••elution and otheJ- med1. in loncentratloJu, of 500

unit. and 0.1 age per milliliter, reapect!••ly.

II. Met,d,!

A. Recoverr of aool10e.. The surface of tbe tt.rdati4

0J.t .M .8..ed with a hot spatula, thehTdatld Gr.t fluid,

wIth su.pended brood oap.u.le. and 80011ce., va. uplpated

w1 th ••terile 'Nterinery ',-rinse end oolleoted in a .terile

flask. The .upernatent fluid was remo••d w.1 th a .tex-i1.

Puteur pipette, and the .collo•• were ",uhed three time. b)"

au.pen.len in .terile lreb.~Rlng.rta .olution. The .0011•••

weft then tran.terred by .terl1e Puteut:' pipette. to oultU%'e

tube••

B. Inooulation of oulture medIa, Exc.pt to," the ex­

jMtrimenta on anaerobj.u18 where low 02 tension was :requi.reCS,

12.1 0•• x 1.2 om••orew oap tub•• were used fop oulture.

routInel,..

C. Culture method'. Two different culture method. Wfn"'e

ut1l1led routinel,..

1. Aerobic culture.. A au..pen.ion of u.ptloall1

oollected ••0110e. were placed in a ••ri•• of cultur. tube•

• ach eonta1.nlng & .ntl. of the _dll.uf1 under inve.t igatieR.

Antibiotics "1"8 routinely added (a•• above).

i. An_rob1. oulture.. Suapen.lona of' ..eptioall,

coll•• ted 80011ce. were inoculated into at a.r18' of Thunberl

tube. e.eh ot whtoh contained 5 ml. ot Kreba.Ringer'. solution.

Antibiotio.' were routinely added (••• above). Thunberg tube.

are p!"ovlde" wi th a~.dev. atoppera arranged to hold m.aterials
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to 'be added to the main tube after • .,....n.tIon. Two 11n.a

of .ter11.Veaae were put on the ground 111..1 joint. TM

0" va. then pl'*huled flrmly into place and the joint rotate•

.. te" degrees. In tbi. manner no a1r was trapped In the

11"..... The aide outlet ·was attaohed to I. faeuUlft. p.,. The

.1d..... cap was turned so that the hole drilled in 1ta

ground gla.1 joint co!ncided with the evacuation ou.tlet.

The tub•• were evacuated tor ;5 to 5 .minute., the tube being

oonltantly tapped to rele ...e di.solved gu, and lnellned at

a low ansle tomln1mlze -bumping". Arter evacuation, tbl

tube wu eloled orf by turning thAt ald• .-m.

An alternate method for anaerobic culture conslet••

of' c ...:ru1l:r layering ,terile para/tin 011 on top of tcolex

Bu.penslons In acrew cap tub.s. ,~. 8uBpend1.ng fluid ...

ltrebl.lU.nger'l solution.

SUlpenslona ~r. routinely incubated at 30·0.

Ex,er1.monts to determine pOlsible erfecta of temperature

upon soolex Iwv1val were PUn using bactel'iologlcal In­

cubators at 3'1·0. and 3000., room tempftl"ature (14.S10e.)

and reh-egerato:p temperature (5.g00.).

The pH or all ~dla was measured at. the begInning and.
end of eaoh experiment vi th: a '!e.Olcman plImeter.

D. Sterl1lt'1 Teata The components of all media WtU".

1.n1 tlally tested for aterili ty by InoculatIon into th1og1ycol.

late broth at 37·0. At the tel"ll'.l1natlon of an experiment

culture. were a:1.m11ar1l inoculated into th1og1:rcollate broth,

and ooca.alonally were checked by Gram stain. A8 scolex

cultures were e.u.lnad mloro.aeop1call,., they were routinel,.
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checked for presenc. of poe. b40torial or mold contamj nation.

E. Exam.lnat1onof Culture.. All cultu•• were examiMd

at regular intervals, usually once every four da,... An

aliquot was takenwlth .. aterile Put.v pipette and put on

a ,lide under Ii ooverallp and examined wlth low power m.1.~o­

soope tor IlOtlv1t1 and morphological appearance. Routine

count. were Made of the Ilvlng, dead, invaginated, evaginated,

normal, and swollen 8celle•• 1n each '''.p&ration. 000 ...lon&111

h1gh power micro.oopy wa. us.d to det••t the b••t1 ng of' the

flaae oel1••

'. Evaluation of Cultur... The criteria us.dfor the

.vatuation otcultures were the lttulaum perl.ad of survIval

of an, .col108', and the percentage surVival, peroentage

evagInation and percentage vesiculation at an,. given tl11'l4"
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.na art'I" .1£ 'I1LUIIl !.D.!JrrQU!ata. Futor! &.ibt!a !&Jir,
8E"&"" J.t~MIII'1! S!tUIl~I.U !lIl1U.l.
... Tellp8.ature.

Tn. relul tl of ., expepl.menta pre.ented (!able I)

demOJ'lltrated that ,uJI'vlYal of 1:09&9212°°11 IEMulal'- _.011c••

JIltaintalned 11 .1tEl in noa-autplent balanced 8alt ,olutloaa

wu t&'1-.db., low tempepature'. The raulmam survival tl_,

88 .q., wu obtained at .,tJtlsepatc.. t,~p..ture (&-9°0.),

v.re... at ''100. IcolS,," taIled to lun1.,. beyond the 20th

dAJ of 1rtOubat.1on, .xcept Sn OM 'Prellm1nU7 experi.ment,

not Inoluded with thil goup, in WhIch OM ot 4. tub•• oont.alned

.. tew .lab18 8001.1••• on the 31th dq.

koli.e. ma1ntalnad at room temperature (1'.21°C.)

and at 30-0. did not cUtre.. t1'a one another appreciably

1. thalr ,v,,!.al t1.... In both. the .collo•• e:xhlb1 ted

normal contraot:11. mo.,e..nt. a. well aa regular beatIng or
fl.., .elll f81'" a m.ax1Jmll perlod of 4. cia,.••

W1th r ••,..t to p.r.entage aurv! ...al of .00110••, the

rt.ul tl obtahMd w! th all tour1neubat1on:', t'mperaturtle vera

q111 t •••tlerutoT7 up to the 4th ct. of 1nou'bst1on. BT the

8th dq a l_p JlOl1ber of IcollMa incubated at 37-0. had

died. All oul tu,..•• at the othe.. t.m~patu,-.8 eXlmined still

showed .. h1gh pe....nt Bury!"al, but on the followIng dq.,

the pero.nt,ame or 11...1q 10011..,., d.oreased graduall,. 1n euh

in.tano,••
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JUoJllo.oopl. examinationa 01" ••011ce. r8.eal.d the

pr•••noe of • major morphologio torml in ou1ture media.

Tbe•• vel'. 1) invaginated and normal in alM, 2) evaginate.

and normal In 81., 3 )1nvaa1nated and Iwollen, 4) .vaginat.d

and .woll.n. I) lnvaglnated and ve.ioulate., and I) ."ag1nat••

and v••toulate. (1'1.1. ", 8, ., 10, II, 12). Minor dlft.Nne••

were Ob••ned _ong the • .,.aglnat.d nollen and ....agin.t••

•••toulat.d ••011.... In some onl,. the anterior end " ...

avollen, in aOM tn. poater1,oJ' and ln .O~ both puta were

.wo1lan or ..... ioulat.d. Inaddltlon to the•• main t"••,
living 800110•• With outloulor bubble.like ....lling. we"
ob••r ....d, .......1'. d.ad aool1••• in var10ul .tag•• 01" deg...rat:1on

(Fill. 1'. 1').

Righel" incubation temp.ratUl"e8 vould appear tot....
and III

beth ....ag1nation and "••1cull.tien. ... ••en in Table IV, ••
of the leolie•• W" ....aglnat•• and 9~ e.ollen or •••loulated

by the 8th dq of inoubation at ''1ee. At r.hlgerator

t •.,.rature, no_ver, rare ••agina.ted .coll0•• we" ••an

be,lnning on the 8th dq, 'but awelling 01" .,•• loulatiGD

rarel." it ever, ooctlJ"edat that t.mper.tUM (Tlbl•• II.

and III). .
The initial pH of all tub•• wt:t!eh contained KNbl.

Itinge,.,••elution. .... ;.:~prox1m,at.l.,5. and, at tM termInation

ot meat ellpeS'll'lfUlta, approxlmatel., 6. Quali tat1•• t.sts with

.e ••18Pt. peqant at the eonelullon or e.erl.menta g.e

ev1den.. of the pH••noe ot ammonia 1n all of the tub••

examined.
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the•• experiment••

l>. Btdl"Gpn 10D con.entratlon.

Po_ exper1m.ent......J18 Jl'lUl wi th ,.01ex auspens10ns

.nap.netea at aoee. in 'bufter 'olution. at pB'. ot ., 5, I,

" '.-i, " 9, and 10.

At the lowor pH valU*' (4 and 5). all acol1••• W8pe

round to be degenerated, shedding hooklet, and dead on the

2nd day of inoUbation (F1g. 16). Higher pH le.,..l. (0 and 10)

were round to be equall,. unfavorable to survival. It should

be noted, however, that t~ suspending butters were often

meadl,. dlfte....nt in on-lldeal composItion. It ls, thel"er••,
,

11kely that the•••ft••,s <Ud not result tor pH aloM.

At pH a, $~ of .colle•• lftt~. llv1ng on the 4th

day at' incubation. On the ith daT, O.~ were onl.,. l1vhlg,

and on the 10tb d.,. or Incubation all 8001i08a "'.1'. de.ch

Up to the 8th day ot incubation, the per081'1tag.

Ivvlval ot 8001io•• at pH 7.0, '1.', ~d e.o waa h1gh.On

the 12th. da" ot incubation the peroentage of lIving 800110••

at pH Yalue.'.O and 7.4 were still high (92•• and ,a••,
re.p••ttYel,.) but that at pH 8.0 had rall.a to 68,,'''.

aY' t'he 18th da,.al1 .0011c•• ma1.ntal.ned at pH 8.0

were dead, whil. 80me of tho•• maintaIned at pH '1.0 and ".t
.urv1••dfol' another 4 da,.••

.lh'q:lnatlo:n 01' .00110t. appeared to be so.what

favored at higher bJdrosen lon oonc.nt••t1ons.

The pH'. did not chanp throughout the••, experimente,



. a. .
D01" wu there ••idence or but.rial eonta:mlnatlO11.

e. An.e",oblul••

SUrYival ot .00110•• ot ieb1n2209lg8 SE!DSlq.U8 1n

a noxa-nutrient med:1wa at 3000. did not seem to be favored

by conditione of reduoed oxygen tension. The maxll1lU:m period

of '1D'v1val ob.ened in the•• cultures wa. 16 days. whleh

vas much shorter than the maximum. au.:rvlval ttme of' 4.4 day.

in cuIiure.maintained under ..pohle condl tiona.

Value. given in Table nI indicated. a very high

aUJlv1val rate of 80011<:e. up to the $th dlQ' or incubation

(100-93.'.). The .urvlva1pel"oentages, howevera, had

decP$&••d markedly by the 12th and 16th day., and no 800110••

werae round to have .urvlved beyond t~ 18th dar of incubation.

Upon mleroecop1c examination invaginated norm.al and

invaginated swollen torma predomlnated.

The pH of the suspending .medium lncNued from 5

to 5.1. There was no evidence or bacterial contam.1natlcm

in an7 ~r the tube••

d. Ionle Env1ronment.

The omission ot BaCl tl'omKMba.Ringe:r'a isotonic

solution aeemed to have .. profound influence on the In v~>tl'O.
a'l.tt"v1val of I.. szan!a:!:oap.! aco11cea. The results or " experIment.

lndlcatedthat ,~ ot the .80011cea \Mre dead by the 4th d..,.

ot lneubatlon, with onl,. 2.~ living on the 8th. dq and all

.dead by th.9tb dq (Table X). Omf.1I1oD or laCl from Kreb...

Ringfu"'s se>lutloD. wi thout the .ub.tltutlen ot an equal

VQlu.me of water r ••ulted 11'1 lar~ relative l.ncreue. In the
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oono.ntratlon.Qi' the at-he%' lal til whlle at the aame time the

toxIc," t} ot t1» .olut1on wuuna.ltered.

Results obtlllned when either KH2.PO. or MgIO, was

om1 tteca wre lesl 4ll-aatlc. Maximum survlval t:tme of

8collc•• 1n t.he f'Qrm.er medium wae 1& d..,.•• wll11e the per••ntage

survival of Icollce. WU hIgh c!l.U'lftg the entire .urvlval period,

'fhe omissIon or CaOla or KOt fl'om ltreb.-R1nger"

.olutlon did not appeal' to have arq meleed erfect upon the

aur;r!."al ot Icolic... $00110•• remained v!.able tor a

maxImUM perlod or ~s daya, alt.hough tr-percentag8. for the

lut 8 day. "ere <I'll te low (Table X i-

No bltoter1..l contamination Will Qb••:r".4. During

the experlment. tlW pH in moat tub•• 1nor8.8.d from about

5.0 to about &.0.

e. Oamotic concentration.

WbDn the concentration of the component. or the

Kreba.rUnger'••olutlon were doubled, a marked reduction in

survival time of IOQ11c.s incubated at soeo.ooo\.1r'red. AI

Table XIII Ind1eat•• ,. survival t,lme of 4' d..,.. in normal

ltreba..rUnger'. lolution was shortened to 12 day. in the

double concentration solution.

BJpotonl0 801ut1oDS or one-half and one-fourth times

X~.bl...rHng.rt8 solution were 11kewi •• tound to be unfavorable

tor the Iu.t'vlval ot scollo••• although the maximum periods

of' survival (21 and 19 day. respectively) exceeded that

obtained ln double atrengt.h ltreba..R1.nger'a solu.tion.

Svag1nated swollen ana .vaginated vesiculated f'm-1Il8
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predomtnated wi th Icolie•• 8wel11r,g alm.o8t u read117 in the

h'rpertonlc solution as 1n 18oton10 .nd b.'Jpotonlc medla.

The final pH Yaried from :5 to 6. There was no

.vi,dena. of bacterlal contatnJnatlon.
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TABLa I

Anrage Percentage SurY1••1 ot Scolieea or
EcblnococcWI BI'anuloaU8 In

Krebs..ainger'a SolutIon at Dlrrerenl Temperature.

'1'em:perature +- A_"_r...,_ac_e__''''l''e_-rce__rl_t''''''l&:-g_e_-_S_UF,:",'Y_l_Y_al_:--O_f_Se_.~o_l_i_ce__s_a_t_d_a:_':'f_. to-_....._-+_-+_....

1 4,
tRe:rrlgerator 1.0QD" lOQU

5 - goC (6)it

ra oom lO<¥'> lOOD
14 - 2100 (6)

a 12 1. 20 •• 28 32 38 40 4. 48 52 5&
i~OQO w.o :Its• ., ~O.5 .6tS.2 76.0 :.-~.o 46.~ 142.0 "6.V "0.0 ~••-Z 1.6. J

99.0 98.0 94.5 82.8 74.5- 63.4 31.5 20.0 18.5 14.2

300C 1M gtp 96." 88.0 78.8 61.6 51.5 48.1 29.4 19.5 5.8 3.2
(16)

~'1OC 9&& 84D 21.1 23.0 16.S 9.2
(7)

+ Mean of experiments

Jt Number of experiments
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TABLE II

A...eJ>age Percentage Evagination o~ Sco11c.. td
Bcb,lnoeoecWI iranulo.ua In

Kreba..Ringe1"'. !oiutlon at !5frl.rant T.mperat.... ·

Temperature Ayerage Pereentage EvaginationiScolie•• at daya

Rerr.pratot'"
, •• gOC

1
.0.0'"
(&lX

t S 12 1& 20 24 26 32 36 40 .4 48 U &6
0.0 2.0 3.& 22.3 ~5.0 142.& 48.•3 54.'1 55.0 57.2 59.6 60.0 ~O.S •.2.5

93.0 00.7 as.4 92.0 98.5 98.7 100.0 100.0 !lOO.. O rlOOJ) LOO.o

98.7 100.0 100..0 100.0

+ Mean of experiments.

x .umber of experl..nta.



-.r'ABLE III

fTemperaturfJ·

Iletl-1gerator
5- ,oa

1
+ 00.0. o.

(6 )

AYeracePercentage V"1culat1on or Scolices at daya
S 12 16 202' 28 32 36 40 44 4.

0.0 0.0 0.00.00.0 0.0 0.0 0.0 0.0 0.0 0.0

52
0.0

Booa
1-&.21oe

+ Mean or experiment.

• .umber or experiment.
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Butte. Mixtur•• Ayer age Peroentage Surv1val of Scol1ce. at day_

1 .. S 12 16 20 24 28 32

pH 5.0 tB.e+ 30.0 O.t... *
pH 7.0 91 ,. t) ve.G ft • ., 92.1) "••7 20.2 6.5 14.' 1.0..
pH 7.' lYO.O 99.0 9&.2 93.4 17.0 28.1 a.a 11.7 fl.':,)
pH 8.0 ·r

g
•
2 98.4 M.I 6i.& 31.5 15.8 1.'. 41 . I

'l\ABLE V

~uft.r Mix'urel Average Feree ~tas. Evagination of SoolI0....' CIa,.
1. • 8 12 1" ao 2' S8 ;,a

pit 0.0 9.°. .,ts.O 100.0
C.)

pH '1.0 0.0 10.8 33.6 61.0 63.2 67.0 ~.a U.4 188.0
loll .

pH '.4 f'O 12.8 38.6 60.'1 18.5 80.0 ao.o 81.0 .1.3
" .1

pH &.0 0.0 21.8 ".2 48.0 67.8 83.' ee.,
W

+ Mean ot experiments

• Rumbel" of experiments
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TABLE VI

Burrer M1xtur••
A.verage Peroentage Vesiculation or Se0110•• at day,

1 j e 12 1. 20 a4 21 32

6~O
+ 4ehO 55.5pH o.ox

c.4l

pH 7.0 ?o 27.0 36.0 40.2 43.4 48.2 49.6 IL.3 53••
4}

pH 7.4 ~.o 28.2 31.4 40 ill a 41.5 46.1 47.3 50.4 5i.e
4,)

pH 8.0 0.0 20,0 23.S 40.0 $1.8 58.3 60.2
(4)

TABLE VII

Parattln 011
Method

--------,.-------------------------.......-rRedueed Ayerage Peroe.ntage Survival or Soo11c•• at days
Oxygen Tension t"---Y----...,---,.--..,.---.,--.,...--....--,...--......---+----:r-

1 4 8 12 16 20 24 28 ~2

Thunberg
Method

~ontrol

+ Mean or experiments
:It Number of expfJrl.ments
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TABLE VIII

Average Percentage Evag1nat1on of Scol1ce. of
iehlnocsoocu8 granulo.u. 1n

'Kr.b....JUng.rs Solu.tion 'Onder Condtions of Reduoed Oxygen
Ten.10n at 30GO.

Av.r.ge fIerce ntag. EVQg5. natlonof $col1c88 e tela".lReduced
Oxygen Tens10n 1 8 12 16 20 24 28 32 36 40

Paraffin 011
Method

'I'hunb.rg
Method

~ontrol 0.0 56.0 68.8 i10.2 73.092.3 87.6 93.9 ~a.7 ~OQP lOQ.O ..OOD

(16'

TABLi IX

Average Percentage V.81~u1atlon ot Sco11c•• of
SOh1n2cooqua B5anulo.~1 in

Krebs-Ringer'a !olutlon Un~er eon~ltlon8 of Reduced
OX7!en Tenl10n at ~OoO.

Reduc.d
Oxygen Tension

Paraftin 011
Method

Thunberg
Method

~v.ra • Pe ~centage Vesiculation of Sco11.oe. a

1 4 6 12 16 20 24 28 32 ~6 40

Control

+ Me an or experl.ments

x lJumber ot experiments
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TABLE X

Average Percentage Survival or 800110•• or
E9hinooooeua ~anU12a\1. in

Difterent sait !olY:ioDa at 30·0.

Kreb....Rlnge:r'a Ayerage Percentage Survival of Soolic•• at 4a,._
SolutiQn

1 4 a 12 16 20 24 28 32 :56 40 44

- KOt 100.0+ 98.0 86.0 76.0 67.0 .7.7 :50.2 5.8 3.0 1.0
(4)][

CaC12
100.0 96.5 89.0 86.0 84.0 60.5 20.5 3.9 2.1 O.i'- (4)

laOl 100., 2'7.0 2.5- (4 )

KB2P04
100.0 98.0 96.2 94.0 9:5.5- (4)

MgSO"
lOOJ) 97.0 89.0 54.0 46.0..

(4)

Jlormal Krebs- 99.8 99.0 95.7 8a.O 76.8 61.5 51.4 46.1 29.4 19.5 6.8 3.2
IUngexta (Contro (16 )

Solution

+ Mean or experiment.

x Number ot experiments
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TABLE XI

, '

\:

Average Percentage Evagtnat10n of a8011c•• of
ECh1nooiccua ~anUlo.u. in

Different '-alt 50ut1onaat 30 Q O.

Kreba-R1nge:r41 Average Percentage EvaF1nation of Scolices at day.
Solution

1 16 20 • 24 28 32 36 40 444: a 12

KOl
... 55.( 79.C M.l 91.0 96.4 100.0• l'~J(4)

OaC12
2,5 60.e 76.0 al.~ 87,5 94.5 98.0- (4)

laOl
i.O 80.( 100~- (4)

2.2 50.( 78.2 87.E 95.0
• KH2PO. (4 )

1.0 29.El 62.C 7a,.~ 90.5- MgSO. (4 )

lormal bebe.
~o .. O 56.0 as.8 70.~ 73.0 82.3 87.5 93.9 98.7 100.0 J)OJJ JOO.oR1nger'e (C ontl'tJ (le)

Solution

+ Me an of experiments

s Number ot' experiments
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TABLE XII'

A"8rage Percentage Ve.iculation of Scollees of
Eohinococous ';.ranulOIUcs 1n

DIr?erent Salt So-ufIon. at 30eC.

Kreba-Ring.~
Al"erage Percentage Veaiculation of Se011e8' at day.

Solution f I

1 " 8 I

12 16 , 20 24 28 32 36 40 44
i- 16.7 56.5 66.8 75~2 72.3 88.6 100.0-KCl o.~:x(4)

0.0 48.5 68.0 75.0 79.8 a~.o 100.0-CaClg (4)

... laC 1 0.0 32.6 100.0
(4)

t(B2:PO"
0.0 53.2 69.0 72.6 77.'tJ... (4 )

0.0 11.2 33.6 52.4 76.0.' MIS0. (4 )

'Normal Kreb.- 0.0 41.0 59.3 63.4 87.8 82.5 88.0 92.7 99.3 100.0 100.0 100.0
Rlng.rt.{Contr~ I)( 16)

SolutIon

+ Me an of experiments

x lumber or experiments
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TABLE XIII

Average Percentage Survival of Soolices ot
Echonoooooua ~ranUlO.U8 ln

Difterent eQneen ratIons or Krebs­
Rlnger'. Solution at 30·0.

Xr.b.~Rlnger'l Averag. Percentage Survival ot 500120•• at day.
Solution

1 4 a 12 16 I 29 f 24 ae 32 a6 40 ••
Double 94.3+ 84.7 51.2 9.0

Strength (6)][

-
1/2 Strength 95.3 94.1 Sl.O 76.6 21.6 3'0

(6)
f

1/4 Strength 90.7 90.0 80.? . 48.~ 11.3
(8 )

lorma1 Krebl-
l){~e~

99.( 96. 'i 88.C 75. £ 61. 5 51.6 46.1 29.4 19.5 5.8 3.2
IHng.l'~(Contro

Solution

+ Mean ot experiments

X Number of experlm.enta
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TABLB XIV

Aver... :Percentage B't'aglnatloD ot Scollce. ot
IcblnooQCOU8 sr&n»loaul 1S

Different aonoentpatlon 01 Krebs.
Ringer's Solution at 30°0,

OD

Krebe-R1nger's A"erag. Fercentage Evaglnatlon. of Sco110.' at day.
Solution 1 " a 12 16 20 24- 2S 32 36 40 44

Double 31.1+ a8•• ,e.8 ".8
Strength (6)31

1/2 Stl'engt:h 14.1 '''.''1 76.9 81.5 91.1i 100.0
(6 )

1/4 Strengtl\ 20.' n.?' 83.9 99.0 1OO~
(6 )

]formal beb•• 0.0 56.0 68.8 '10.2 73,0 82.3 87.5 93.t 98.7 DO.O 1>0.0 10
RlngertJ(Contro ,

(16 )Solution I
I

+ Mean of experiment.

s Humber of experiments

..
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A••rage Percentage Ve.jculatlon of Scol1ce. of
EChlnocooc~. S£.nulo.us in

Different Ooncentrat!ona or Kreb$.
Rlnger'. Solutlon at ~OOC.

lCreba.aInger' •
Solution

Double
Stl'engt.'h.

1/2 StNngth

1/4: Strength

lormal Oontrol

Average 'erc.entage Ve.loulation ot Soou.••t 4a1'

a.5 40.1 54.4 55.2 fl.' WO.O
(6)

4.0 4••7 57.9 79.9 9S.C
(6 )

0.0 41.0 59.3 63.4 67.& 82.6 86,0 92,'1 9~.a 100..0 100.0 lDOD
(16 )

+ Mean or experiment.

x lumber of experiments



48 .52 66 60 64 68N 408 12 1& 20 24 281

Aver e Percent. Sur~lval ot Scollc••

Average Percentage Survival of Scolices ot
EclUnococcus granllJaul in

Dirterent Nutrient :. la' at 30°0.

Ascorbic

Valine

CD

JIl8dla

Ie.!
5000

- 3t _

TABLE XVI

Phenyla1a-n ,

Tbiamine
BCl

Maltoa.

Hydatid
'luid

Nicotinic
Acid

LiveI'" extr

Galaoto••

Serum

Gluco.e

+ Mean of' .~rlmenta

a N~~b.r of experIments

L
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TABLE XVII

68

100.0

..

6460

•
Aver e Percent Ev 1natlon of 8colice.

1 4: 8 1.2 16 20 24 28 32 .11

8.0 70.6 80.3 85.3 88.6
(4)

2.0 4:8.1 89.0 9'7.0 99 •.0
(4)

0.0 36 •.4 1.9 86.9 89.,2 97.2 300.0 1IJO.'1OO~

(4'

As·corbic
Acid

Valine

Media

CD

Average Percentage Evagination of 3colic•• or
EChinococcus ,ranulo.us 1n

Different Butrient keala at 30°0 •

Malto••

Nicotinic 1.0 5••5 71.4 88.5 100.0
"cid (4)

Liver
Extract

Pheny1&lani

Galactose

Lysine

Glucose

Serum.

Hydat14
Fluid

+ Mean of eXperiments

x Number of experiments

Thiamine
HCl

)



6860152

100.0 00.0 100.0 00.0

100.0 100,0 100.0 100.0 100.0 00.0

90.0

8 12 16 20 24 28 &2 It'S

Average Percentage Vesiculation or Soo11••• at

'lASts XVIII

1

0.0 39~e 79.8
(4)

Media

- 41.

Malto••

Valine

Ascorbic 0.0 42.6 el.6 64.5 6.9 78.0
Acid (4)

N1cot1nic 0.0 62.0 68.8 71.5
Acid (4)

Thiamine 0.0 41.1 77.0 85.0 7.0 lOOJj lOO..o
Hel (4) ;

I

CD 0.0 39.0 60.8 63.4 73.4 84.0
(4)

iver 0.0 57.8 73.3 77.9 SO.o 89.3- 94.0
Extract (4)

.rum 0.0 3.2 48.6 67.5 4.4 73.5 91.6
(4)

Tc:!atid 36.6 73.2 94.6 97.3 7.9 98.0
Fluid

,..
41.0 59.3 63.4 7.8 82.5 S6.0It.R .v

30°0 (11)

+ Mean 01' experiment.

X H~~ber of experiments

Lysine

Oalaotose

GlucoS.
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.Dt Ia'.UU .at'D~'11d911.t!tlual&w.a 1bl SMEtJJIl .at
!Ul1U2C'!I G1"IUAIIU 1111&0'1 11 G••-
a. MoI7....ccharld•• and disaccharides:

Up totbe 8th day or cui tlyat1oa. the J08'\11 ta ob1Ud..d

In • e:l:per1unta indicated a favorable ertect of glueo••

malto•• , and galacto.e UPGn the survival of' Icel1••• 11 J1l.£t.
'.lbe pel"o.fttaf~ survival In these mEld!.. VB 91.2. ea•., ...
'1.0, relpect1v.ly. The•• rat•• did not d1rrer appreot..l,
trOll thtl controll. On the 12th day values 1ncH.cat&d •

"duoatS viability in !luco•• (6&.";), whereaa in .alt,~•• u.cI

gllaotose the perceatage aur'Vlvll1 va atill h.1l!b (... tl.~).

By t1» 16th dar. how".r, there wa.e a sharp dttop

in the pfll'o.ntage or living ,.0110•• in f.aluto•• (31••),

ed on the 25th day all 8.011ce. Maintained in galaotM. and

.alto•• media ....re doad, while those in gluco•• had <u.••
bet••n the 16th and the 20th dq••

In all ...ea, the 1"esul t. obtained wlth Xreba.

RInger'. 'Iolut·'.on alone we" superior to tho.e wIth ltN'b••

111ngep*a solution wlth added raoflo8acoharlde••

A high percentqe of 10011c•• _1". round to N

.vaginated and 8,,011en or ".aloulated wIth conald.rabb,

incHa.e in .1. u early u the 4th day ot IncubatlOft ("'11.11).

The pH roa. fl-om an average of 4.& to &•• d\U"lD1

the•• experlment••

Culture _dla at tho termination ot expe:r1m",nta.wu

p08itive to lesller'. "agent 1ndleatlng the produet1oft of

I~ by t.h,e 8collc8••
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There was :no sign of ba.cter1al conta.m.1nat1on,

although. lns01'\Mt tubes, m'cl"oacoplc exandnation r.v.~.d

tho presenoe of molds and yeasts.

Q,uantlta.t1.v8 determinntions on glucose .. mal toe.,

and galactose. (Sc.uI08jy1...Nelson t"iethod) showed the disappearan(utO

of considerable amounts of thea. sugal'S from. the culture

••cUa during these exper:1.menta.

b. Amino uidl.

ot the essential amino acida, phenylalanine, l.ya1ae.

and valine in ooncentrations of 0.01%. O.02~, and 0.024':,

respeott..,.ly, (oorresponding to normal value. 1n huma.n b1...)

were cho.en becaUS8 they were fou.nd to be constituent. of'

the hydatid eyst wall (C.-11k and Briski, 1952).

Phenylalan.l.ne and lys1ne, in the ooncentration.

ua.d, produced a alight temporary 8tl.mu].ating effect on the

Burv!yal of .oellc8. 1n vitti_ As Table XVI indicat•• ; a

hIgh per-oentage or loolice. were viable up to thB 20th dq

wi th the peroentage falling off g,radu.al11 untIl t.he day­

vhe.n the experiments were terminated.

In no CU., however, did added amino acida mail~:tdn

lite !! y-1tra longer than Kreba..Ringerta aelutlon alone, nor

..,aa there a.ny additIonal evidence of development.

Ammonia productlQn b1 8colloe8 in the presence of

th••• amlno aoids was confIrmed by theirpos1 tiv. reaction

to .essler's.

The pH roa. from ••1 to 6.5 in 1,..1ne medium and

to $.S ln phenylalanine and va11ne.



Suteri a weir. absent trom the culture .edla. Tbtx-e

were, however, signs ot mold growth 1n some tub•••

e" Vi t amins •

ThJt.e vitamins. thiamine H01, ascorbio aoid, and

nicotinic acid, were chosen for addition to ICreba..Rlnger'.

lolutlon beeaule they were reported frO.M hydatid cyst t1u:ld

by Latif and el Kord,., 1946.

In both ascorbic acid and thiamine HOI, some 8colice.

lurvlved for a maximum period of 42 days and, therefore,

resembled the control. Up to the 12th day ot incubation the

peroentage 01' livIng 8colices in both wal very high (Tabl. XVI).

Nicotinic acid, however, had an apparently untavorabl.

effect upon scolex survival. Only?; 01' Icolice. were

I1Ting on the 16th day, and on t~ 20th day of incubation

a11lco11088 were dead"

The ri•• In pH obtained with thiamine Hel and ascorbic

acid was from an initial of 4.75 to 5.8 at the termination

of the experiments. With nicotlnic aoid the pH rise was

from 3.6 to 4.e.

All culture. were negative tor bacteria, but lome

were heavily contaminat.d with molds and 1ealts.



,.f'I' '6-
!h!ltt.otl 2! CrM' T!'.v~r.pqat&oM and B101o~1c8.1

Mixture• .2S the 'urv1ya. st.. I. GranuloauaSoo11c•• !1J V1trg.

itxper1.m.enta were '.et up to asoertain whether chick

embryo .xt~aot (OBE) would prolong the .urvlval of !.

IF'anul08u8 ;80'0110•• !!! vi tr2 and promote their development.

The 100110•• in Kreb.8-Blnger" solution plu8 eEB

were v1&r';l. tor a ,maximum periodot 44 day. w:1th no 818ft

of deYelopment beyond v.sIculation. However, cultm-••

exam.lned up to the 31nd dar or incubation showed unu8u.all.,.

high aurvlval rates when compared to the other m.d1aand to

the control., Figure. given in 'fable XVI indicated a supvlval

or86.~ 1n OKE med1um on the 32nd day or Incubat1.,on wberea

in all other medIa the percentag•• were very low except 1n

ahaep ••rum which allo ahowed a hlgh percentage of 69.1.

In the control, the corp••ponding va.lue w•• only 29,4~.

By the 40th day, however, the percentage survival had fallen

to 6. Upon exam.lnat1on under the microscope and wl th Gram'.

Sta1n culture. shoved evldenc. of heayy contamlnatlon with

mold••

The p11 remained constant at a value ot about 8

throughout the•• experiment••
,

Evagination and ve.iculatlon did not ••em to be

particularly favored in. the pre••noe of CEE in vie.... ottbe

low percentage obtained up to the 12th day of cul t1YaticD.

S'tlr'Y1val of 80011e•• in the pre.enee of 11"er extract

did not differ app:reci&bly from the controls. Result. presented

in. Table XVI indicated ...urvival period of 44 days 1n liver

extraot medium wIth the percentage lurvival falling orf
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gradually ts-om the 11th da,.._

.M.loro,.ooplo ex,am!natlon or ,eolIa.. 1n th18'.d1ua

pe.e.led t,he pre.ence of many biazare ,morpbQlog!o torms In

addition to the usual type. o'b$er".d 1n other modia. Moat

or tn. evag1..n,ated Icol1.o•• ""ere v•• lcu.lated,w1 th a eonalderable

inora... 1n al. at their anterlop end, leaving a very Darrow

Italk In the poater1or e,nd oontaining t~l. ·oatoareOU8 00pp'11l01••"

(It'!._ 17>. There wer. also lom••vqlnated, "e.iculated

Ico1lo•• oon.1derel,. 1ncre..ed 1,t1 aiM aJ1d w1th a kao'b at

the posterior end (F1C_ 18). Furthermore, upon cu-.rul

ob.ervatlon, 10m,. 8001.10•• !ntr••• media, were t'oundwlth

2 .. 3< oonatr1otlona almulatlng proglottl...tlofl (Pi&8 .'11~J 20).

The pH flt "he tarmIllation of the .xperlm~nt. had

lnot'e•••d tJaom 4.8 to 5.'.

'l'h.... va. DO sign otbaot,."lal or fungal growth 1ft

the•• Gulture••

The utilization of h1datld fluid and sheep ••rum in

cu,]. tt1'Mt mettlaprolonged the 8'ury1val time of 100110". be,.ODd

that of the oontrola. The•• were the most 8ucoe.atul med1.

to~ .col.x survival. In hydatid fluid, 100110•• ""'1'0 ma1nta1aed

tor a peplod or 64 day. and In ah8ep ••rUJIf'or a, period of,

70 daya. V:•• ioulatloft with ImbS,b1t1onof water occUJlted and

although tbeJ't. 1IU 81. increase, there".. no evidence ot

out aula!' lamInation.



DISOUSIIOI

The conditIons Which had to be met in attempting to

mainta1n the 8oo11ee.of'EohlpOCQgcua s:anyl,ulul 1l! vi tl'R

prlm"11r concerned bacterial .terl11ty,nutrltlonal

reql.1.1rementa and ph,.s1.cal factors such a.temperature, pH,

oXJgentena1on, ionic cOftlpoe1 tion of the_ella and os,moti.

oonoentratlon.

Obtaining baeter1a.treecond1,t1ona va an im.portant

concern initially and one that had hampered moat earlie!'

lnv•• t1,gatl&n8. Gro.s bae'terlal contamination appeared to

be deleterious to the ex,1stence of hydatid .0011e•• !Iv!tI'l

po.I1b1.,. becau•• of the altered environmental condlt1t:Jna

produoed 07 their cOD8U1J.ptlon of Rutrlenta and exoretion of

metabolic end pl"Oducts. Although most seolice, seemed to

succumb more quickly in the pre.enee of bacteria. Sehwabe

(UJ1pub118hed obeenationa )wal 8ucoessful .1.n ma1ntaln!ng

.col1c•• underanurob10 conditions in grossly Gontarnlnated

h.7dat! d crst fluid at room temperature tor aa long as t day••

The add1 tioD of antib10tics to ates-l1e med.1a aided

oonsiderably In maintain1ng baoter1a-:tr•• conditions, although

'feast end moldeont..:1nat1on of culture. otnutp1.ntmed1a

trequentlJ ocourred.

The ••tahllahment ot 1. srp.nUl.O.U8 8collc•• 1n

cultur•• tree trom. mioroGrgani•.•• repre.ent. the ImpoTttant
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tirat atep toward the developmento!' a phy.loally and

chemleal17 derined medium.

It oe.tode. are to be :reared throughout their lit.

hl.torr or maintained aparttrom. thell' hoat. tor long periods

It 1. o'b"lol.le that the,. Iluet be supplied with su.itable

Dourlehraent, for they oannot l1v8 Indetlnltel,. upon their

ownre•••••••

Ver., 11 ttl. 18 knOW'D concerning the nutritIonal

require.ent, of c•• tod•• , .1 advar1o•• in th1atleld ape

ne••••ar11., llnked with the technique or !s !ltrt oultiYation.

'Howey.r, there 11 eon.i.d.rable evidence avaIlable 1,ndioatillS

that .everal .pec!e. or cestode. utilize gluco•• (Hopkins,

1912, Merleo., 1939, Read, 19&1, Wapdle, l'~'). The ...17

.xp.rlmfu~t. Jt von Brand (1953) and Wattdl. (193') lugg•• tet!

that glu40•• played an important part in cestode metaboll'••

Arab1no•• , galacto.e, ,luoo.amine, tructos., and ,mal tos. did

not appear to be oonverted into pol'1. aceharlde by Ktn!!!!,
-!PUll', where.a gluoo•• Wd (Wardle 1937). Markov (1939),

in hi. experiments on t·he glycogen oontent of the strobil...

ot lu:b"tbrulmruso8um and 'l'E1MnoRhoruanodult'u, and of

plerocercolda ofL1sula int••tinal1. and D!phy}.labothr1ua
,

latUII, found under .tarvatiOD condition. (1... atter cultivation

1n nOlI-nutrient ...l1.n•• ) a marked and s1gnifioant 108. in

slyoogen and. in nutr! ttv.med1 a, a ri, •• in glycogen with a

. Cor1"8 .pond!ng 1... ot glucose from thAtmedlUJR. Thi.' Gonet! tu~ ld

evidence that glUico•• wua Boure. of energy tor some c••tod•••

Under ataz-vatlon oonditione glyoogenr•••rve. were almost
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oompletei, eonaumed wltbin a rev d.,••

The .colloe. or "ohlDgetOfua IElDu19!11! 11k••l ••

appeared to utilIze .sinea•• a. evidenoed by t'be d1'8pp...anae

of me.sur.able amount. or gluco•• trom the medlum at the

end ot each experiment, al though Agolln 11.!.l. (19"), 111

a tewexper1me.nta, pr••ent.d evldenceto the contraPY'.

Similar d1sappearance of measurable amounts or FP:~1.cto8.

and maltose from. the culture medIa. save further evidenoe that

thea. sugar. were allo be1ng utl1l zed by the lIoolle8.. The

po••lb111ty, howev.r, that a oertain amount of thea••usus

could beloat 1n the prac... of autoei.vin.,; mu.t not bo

ove:rlooked.

The utilization of thes8 mono.accharid•• , andw1th

j t lncre••ed metabolism of 8col1oe. lead tog to eXhaustion of

the1:r .ner81r.8.rv••,m1~ht perhaps explain the reduced

8urvl"al time of 80011oe8 J.D Y! tE2 upon add! t1 on of 0.0'­

gluoo•• ,malto•• , and galaeto.e to .aline media. 's081n

!! Al:.. (It&'1), however, tailed to ob••rve 8.ft7 Itlmulat,1on ot

oxygen upta~ by 80011c•• upon addtt1onot I;luoo.. to the

R1ncert. solution. Ammonia product1o:n by Icolle•• upon.

add! tj,OD of 0.0__ glucose, mal tOI. or galacto.8 1.n the
r

present studtes wa. not.1gn1f1eantly increased. Smy'th

(194'), in hi. work. with Sohl.t,ooeRhalu., (unpub11.hed observatione)

a180 su.gge.te,d a d.trimental ette.t of O.l~ gluoo•• , upon

.J.n vitrl survival of this wor...

Qu.antltatlve "eterm1nat1ona on total amino nitrogen

in <tnl tur8aeont a1nlng phen11alan1.neand lys1ne, at the
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termination of exper1.m.et1ts • showed a higher concentration

or am1no acids than wu orlg1.nall.., pre••nt.. Po••lbly .001lo••

were liberating amIno acId. into the culture medIum or the

Incr.... _ted reeul ted from the di8integration of 4e.d

There i. lome evidence to suggest that vitamlns ..e

e.,ential tor normal development in cestode.. Hapr (lN1)

noted that lack of vitamln () (B2) 1n the hoat'. dlet cauae.

pra.otloal1y complete ces,ation or egg production 11'1 Bmnt'!ll.

dlsIpnt.. Chandler (1043) and Chandler and Add1' (It•• )

l1kewl•• fottrld that laok of vitamin G produced marked stunting

1n the lame Ipeole,_ Smyth (1948) b.lieved that vitamIns

pre.ent 1n the :Pftptone broth were the eS.fdlti.al factor.

reapon8ibl. for aperrnatog&n.a1.• 11'1 !,is\ll.. !!l v1tr2 and that

thelr abaenee In the media u••ct by Joyeu:x and Bur accounted

tort hIs fallure.

Additioft or lingle Vitamin, to Krebs-IUnger t •

aolution did not a.em to alter the survival time ot Icolio••

of l' S:aDulol)l.

HIgh .&'ttly mortality and Ihort survival tl~ of

,00110e. In the niootinic acld medium, may bave resulted t'ttom
1,-

the h1gb/..ldic condl t10ne (pH 3_ 8) rather than to the pres.nee

of the v1 tamlrh

The addition of hydatid cyat fluid and sheep serum

to l(Nba.Rl.nger t , solution prOVided an emix-c..at whicb

wo reuonably similar to that to W'hioh the,. werEt aoe\1sto~.

In these medla they surv1 ve" for longer per! ods than 1n an,.



of tbe oth.tlr media. &1 though no further development vaa

ob••r ....d.

Wilm.oth. (1946) found that larvae of Taenia taeplaefgtma8

could tolerate temperature. over a considerable range (14-3'1°0.),

while Smyth (194&) reported that t.he development of ple:ro••rcoids

of Sohi.tooe2halB8 solidus into sexually mature adult. occurred

when the temperature of cultlvatlonwaa raised to 4:0·C. Vo.e

and aeTnemann (196') reported t;he no:r-mal development ot

olst1c_rcoids of Hm-ptl,-ala .es! at environmental temperature.

as high .. 4000. Scolioe. of Eoh1n29pcQua granu1q8ua, in

1.otonlol(rabs-R1n.ger t ••olution were able to tolerate a

eona1.derable range ot temperature. 5°-3'°0. 'l'he prolonged

period of survival at low temperatures (SB day.) and sho:rtalled

aurvival at higher te.m.peratUI"es (20 days) could probably

be explained on the buia of their different MetabolIc rat•••

At temperatures ranging ;t'rom 5°.9°0. actiVit)" of

Icolloe. saemed to 8loW' downu evidenced by o••••tion of

normal contraotile movementa and pUlaationa of the 1'1...

eel18. Upon stimul.tion D7 wavmth normal movementa were

resumed. At high temperatures 80011oe. exhibited normal

oontraot!.le movements and rapid beating of, their flame cell.

suggesting that they were using up energy re.erves at ..

greater rate.

AoooJl'd:!ng to Hob.on (1948). there ja little evidence

that parasitic worms are ben.fited !a vltrg by anaerob10

oond1tloDIJ. In fact, Wilmoth (1946) Qo.erved a marked reduction



in the aurvival period of larvae of Tynla taent.tormia in

Tyrodeta aolution under anaerobic conditione.

Resultl limilar to those reported by Wilmoth (1945)

",are round with the soo11ces of Echinoo02cua E8Ilulosua. The

fact. however, that acollce. were able to 11ve for a. long

.a 20 day_ in the abaence or oxygen lugg.at.it that these

organiad are facultative anaerobes. Farhan!!.!! (1959) have

shown that the acollce. of !o. sranul08uI! are et'ficient, however,

in the utilization of oxygen even under loW' environmental

oxygen tensions.

8colices of Echinocgcous granu12su8 suspended in

various buffers tolerated pH extremes ot 3.6 to 9 although

survival waa markedl,. in the neighborhood ot pH 7.. Thia

tolerance is not suprising in view of the fact that the

soo11 eel are exposed to Quite variable hydrogen ion ooncentrations

during transfer to their normal habitat in the definitive

hoat. The posaible ertects of butters of varying chemical

compos1tiol'.l has not been 8 tud1e d.

It has been assumed by moat worker, that the osmotio

pressure of an internal parasite resemble. to that ot its

environment (Hobson, 1945).. Little w&rk haa been done,

however, on the effect of variations of external osmotic

pressure on the length of time for Which a cestode can lurvive

under artificial oondi tiona. Wardle (1932) found that

.plerocercoida of D1RBil12botm:i\JII. latW1l and T£lae!1ORhorua and

adults of BothriooeRhalu8 .ootpi tolerated balanoed saline.

better than low molecular concentrations of the oomponent
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salta. Oa the other hand maxlmWl lonaev1t,. value. tor

plerooercoJda of Ilbe,1na vere obta1,ned 1,n double st.ength

Loolee'. solutton (Wardle , 19!4) , and for 80me P,.uC]op:h:)"111dean

tapevop... by 3/4 .trength Locke'. solution. (Smy-tn, 1946).

Tbasco11cea or ECb.!·g2f29Clal sraQulo,,!! d1d not a$••

to be v• ..,.,. ••nalttve to change. in osmotic proI8ux-e. They

withstood tor prolongedpel'1ods coneentratlonsof balanced

a.lt solution. or between 0.308 M· and O.oa8S M. Howeve!'. it

loould be pointed out that in both hypotonlc IUle! hY'Perton1,o

801ut1t1na, part',cularly in the latter where the ooneent:rat1on

of the compoMnts of Krebl-Rlnger'l lolut1oftwU dQubled,

the lurvlval t1tne or 8001'088 was conalderablyredueed. or
conslderable interest vas the ob.ervation t,hat 80011e•• In-
vi ttl wer••ble to 1mblbe water against .. lubatQn.tlal

Gamot1. dltt.rentlal. 1\'he mechanlalft involved 1. oerta1n17

a "ub .1e.ttor further a tud,...

The .colic•• ot E~!h1n9cQlc2' {)rlBu~9IU! .eemed to ".

Ind1fferent to the abaenee ot Oa01S and KCl from Kreb••

Ring.JII solution. NeJ,th.er d1d the,. ,eem to be very .enaltt".

to the ab••nee of KHaP04 and MgSO, although survival· tlme

wu reduoed conelderably 1n 'the•• latter c•••••

Tbema:rlced reduction 1n peroentag••urvlval &• .,.11

u of' eurv1.val time .1n the ab••noe ot NaCl aeemed to po~.nt

to the 1.mportanoftof 1&+ in the environment of the 8col10•••

A number of che ltd cal and phya1.c -1 luba t tlne.,8 wtttre

found to stimulate evaglnat.1on in cesti'.)de••
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Cleenberg (1932) obtained ao t1v. evagination ot

the hold fast. of CI.tieerous, bivi. with bile, panoreatin

extract, trypsinogen, sodium taurocholate, or sodium glyco­

oholate solutions at 40°0. Smith (1954) observed evagination

or oystio.rot/i,:H, ,or Rail-lieotin. oestioll1y. under meohamoa1

pressure 1n chioken bile or a detergent In water, Ringer'.

solution, sodium taurooholate or iron bile satls. Butning

(1927), de W.ele (1934) and Edgar (1940, 1941) reported very

effective evagination of Clstioerous Riaiform!! In a bile salts

solution. Sawada (1959) obtained best reBul ts for the

oyatlcercolds of iallelteotln. kasrdwarensis with O.l~ panoreatin,

at pH 7 and at temperatures of 40_42°C. De Wae1e (1935)

considered evag:1.natlon of hydatid scolioes to be a function

of temperature and not of pH and bile salts.

In the present studies, evagination of Echlnoo200u~

p;ranu12sua Ico11ces oultured 1n different media, though

extremely variable, suggested that soolloes cultured In

certa1n medIa .. or under certain physical conditions were

perhaps potentially oapa'.;le of a high degree of evaginat5.on.

In the great m.ajor1 ty of cases, the marked variation ob.erved

In percentage .vaginated from scolices oul tured under apparently.
identical oonditions further suggested a natu~~l variation

in the 80011088 used in each e:xper:tment.

It has been found that tapeworms beoome flacoid and

expanded In hypotonic media, and flaccid and contracted in

hypertonio ooe8 (Wardle and McLeod, 1952).

The swelling or vesiculation of the 30011c88 of



!!.bAD!!.IM! ... "199\1811 diei not •••• to be ~ov.:rned b,. the

1_ of OI..sla. Thi. pheD0Ift8noD WM ob"".d alMoat 1ft all

mtdla ud•• In"ltlgatlOD. MOM".!' lwollen or v••leut.ted

••011c....r....n .. 1"••c111, InhJ'pe:rton10 lolut~lon...

In {Iotoat. aM l'lDotorde _dla.

Qnitl I.MM. gs.-rust
Many 1001ice. appeared to emit bubble ltke obj••'.

tpom e1th.eJf th8 anterIor end OP poaterior. 01' both. The••

....ording to Ro•• (1927) were the "spberule. bull.ua••-

d••..,rlbed by Chtllte1An, the exaot .nature of whioh vu not

el._. Cou"e1en (191'0) conal••••" them to be .1thWtbrovn

out u a "Iultot the change trOll the high Intraol.t!.

p....UJ18 ot t1M 8.0110e•••r to be an Indioation of the

......iDl dE'S.I':lft'atlon or the loolex.

1t. appearance or bubbl.. I••med to Ind1cate a

NlpO..8 by the aooll0•• to anuntavorable stimulus, !,ft

qree.1'J:b to the tlndingsot Ros. (1007) who similarly rteporte•

•••1ft1 their occurrence mOlt numerously ahortl,. beto!'. their

d.ath.

In 'OM ..... tn.•• bubble. vere ve.,.., muoh emph..l •••

The)' were 01.a%' andatruoturel... u R0.. .C 192'1) had found.

In aorae nutrl.nt media, however. 1t W88 poa.ibl. to .e. the

tine pllftUlatlona which Cout.len (192'.) had at tIm•• 1'ou.,

of the ... natu.re .. that of the 1001ex.

In one •• t of experiments v:S.th phenylalanin., a.oorbi.

&Old. thiamine.Rel and va11ne, 1. t waa intere.atlngto find the



appearanoe of "twin-.colices" on the 21lllt clay of lnoubatio.a

(Fig. fil).It wu thought that the•• media had the potentla11tr

to induce the deV'elopment ot new 8col1e.8, but ..s long u

this phenomenon did not appear in subsequent expezwlment. It

suggested an abnormallt,. ott that partIcular batoh of '00110•• ,

Although the faet that it appeared only 1n those media may

have lome sIgnificance which n••d. further elucldation.



COHOLUSIOB

The obje.t of tbi. in•••tigation waa to ••inta1n

viable.eoli••• of ~chin9cqocu. SE,nulq8u, outsid. of the!.".

ho.t tor extended periods. and to determine phy81.cal ame!

ahem!••l conditions whichmlght favor tn.ir 10 y~tr2,u"iYa1

and develop_nt.

The ellJlinatlon of bacteria was an important eonee-s-n

prim.arily for t;helr deleterious eftect upon the lool!.e., ••

well &a tor l'ender1ng the medium undefined.

Sco11c•• maintained in vitr~, In non-nutrient,

balanced salt solutions, at different temperatures •••med

to be tavor"ed at low temperature••

0X7sen tension wu found to be an impOl-tent contpol.

ling tutor. Survival ot 800110••.,u! vi tt-$! were lavox-••

by ae.r0bic oonditions, although survival for a considerabl.

period ot ttlue under conditions of low oX1gen tenslona IUlleate'

their be1.ng facultative anaerob•••

Behavior and maximum survival of soo110.' cultured

in normal, double strength. 1/2 strength,'and 1/4 strength

Krebs-R1nger t s appeared to be quite different, which suggest••

that wIthin these lind ta osmotic pressure must be controlled •

• pH or about 7.4 va. found to be optimum. Hydrogen

ion con••ntratlona be10v pH 6 and above pH 8 could not be

tolerated by the aool1oe.. The rosul ta, however, v.rEt not

• 87 ~
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o01201ua1ve in "ie" of the tact that the 8u.~nd1ng burfe~.

weH often markedl,. d1tter.ntln ohemical oompost tlon and

molar! ty. and therefore the .rreots produced were not

nec•••ar117 due to pH.

'the Icoll0•• were indIfferent to the ab••nce of

CaCli or ltel, they were lomehow .en.it!•• to the absence ot

KBaPO. or MeSO,. Howe.,.el'. they could not tolerate the

oml,sion of NaCl from the medIum.

'PM stimuli cau..1ng evaginat.ion and v••1.cula.t1on

•••med to 'be many and varIed, not t.ba leaat ofwhlch vaa ..

natural YfU'1atlon otthe 8col10•••

'HydatId fluid 811t'5 sheep ••rum wape the mOlt success­

ful medla. tor 8co18x .urv1val.

The tallure to obtain g:r-owth and prolonged survival

In ,r•••noe of CIE, 1.1v8r extract, amlno aold., vitamin_, the

ahortened survIval in lugar., .a well as liberation of amino

acid. by the 8col1c8S into t.he medium are qU8stlol1s wt'..1ch

po.sibl)" oan be an.werect in the light o,f 1~urther In.,estigationa.
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