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ABSTRACT

In an att.empt to determine the viability of

Eoh1nooooous sra.n:lllosus ova. various enzymes and other

substanoes were tested for their hatohing and aotivatins

effects.

Ova were obtained from the intestines of experiment­

al17 and naturally infeoted dogs. Experiments were oondnc­

ted. in a constant tempEtratur, water bath at 37°0, using

small Wasseraan tubes for th$ inoubation of experimental

solutions annoy...

Aoid pepsin was found to have no effeot on ha.tohing

of ova or aotivation of oncospheres. NaHC03 01' NH40H at

pH 10 removed shells of !o. !!8X1t.tloeus ova and the enzymes

pancreatin and trypsin both cau.ad some degree of activation

of the onoospher&s. Bile, bile salts and cholesterol were

found to enhanoe the aotivating effeot of the enzymes.

Fresh sheep bile was a more e:tfeotive synergist than the

several bile salt. tested. After preliminary experiments,

a hatohing-aotivating solution (HAS) was selected and used

for the remainder of the work.1'he hatohabillty of ova

inoubated in HAS was high, i.e. 95...99Jh, and som.e 20 ... ;0% of

hatohed onooephe:r•• were activated. Percentage aotiva:tion

was taken as an bldGX of viability_

The seoond portion of this study was an attempt to

tind an effeotive ovio1de _ Several oommon disinfeotants ...~

_&re tested ana the effect of moist heat upon the ova, was

studied·.a-lso.
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ova expo••4 to 1, 5. 10 and 20~" toru.1tn tor 5, 10

and '0 minute. mat. tor 1 f 6 and 24 hottra "mined nabl.

0=8,t 1;hoge in the 20~~, 24 hour group. In th1sla.tter

case. wld.lo whole onoospherfJs wore Pftaant~j no aot1v1t7

ns ob.ervel.
Ova exposed to 2.· 5 and 1&)~ 11'801 tor hom 5 to 24­

h.ours, hatched n0%"mt1117 and. the onooaphe:d8 weftv1ab1e.

lb:;poS'a.Te to 20?~ 1"801 tor f'ftm 5 to '0 mmu:t;e. 1"e~luoed the

rate of ha'bohing but oncoBpb:ens 'rithin unhatohed ova

ftma1ned viable • Exposmre to 20~~ lyaol :tor 6 or 24 hQurtl

p)1'Qwn'tied hatohing a1tOi~.th.r t and t when shells of suoh ova

wen "moved in 8od1umtqpoeh1.or1te f no onoosphere. were

found to bYe survived..

Eth;y1aloohol at oonoeat1.'ati.o».$ of 50. 70 a.:nd 95/:.

for hom 5 to 60 m..taute. did not interfere 'tith the ao-tiTa­

't1on of onoosphere••

Ova 'b'eated \l'ith 1".d.gh oonoent:rat:lons of 'III Roooal" •

"'~1d.." and "Oloro%- also re:ma1ned viable &8 evidenoed by

t1w high t1Oroen~ ac:t ivation obtained after 5 to '0

!'~o1st heat at 5000 for 5 m1nU.toa did n,crt kill all

on.coap]:'U:.rea f but p"1"oet'11;age aot1vationwaa low (6.8~\~) II

Mo1at hell" at 5000 for 10 mbut.. a.nd '0 min:utQsBt~:V"$ <lwbi•

.fu1 ~lttults in as muoh as itttn(J'~ Ol:1cosphe:res \terG u1I111

preilElld; j but moist heat at GOoO for 5, 10 01" '0 m.Ulute13 antI

100°0 for 1 01' 5 minutesoompletel;r prevented hatohing.
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When o11ells of th••• latter lfer'e l'emoV'ed insod.ium hlPO·

ehlor1te Dolution, no onool',phereB were foun4, to haft

survived.
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INTRODUCTION

!he importance of hydatid disease as apublio

hea.lth and eoonomic 'P2"oblem has been recognized in manY'

area$ of the world where the raajor industry is sheep and

cattl. raising. The disease beoome. widespread when

slaugh'be:r1ns of aId.mala for human oon.u~ption is oa.relellul17

handled, thus infeoting the local dog$ which serve as the main

reservoir for the parasite.

Hydat1dd1seas. or ech1noooooam is defined as the

infeotion of man and a wide variety of mammals by the

larva.l stages ot EoMnoeooclls :Rudolphi .18IC. There &1".

several speoiesrecognized. bo Of whioh a%'e ourrently

considered asoapable of' Weotin& man. Eohinoooocus

ganu.loll$Us (Batoh, 1186). is the single IIpeoie. enoountered

111 the Middle Ea.st.

Dogs havil1l aooess to disoarded visoera of

slaughtered animals beoome infeoted with the adult form of

the worm and pass the ittfective ova in their stools. The

frequenoy with whioh dogs are infeoted in any given area

depend.s upon ease of acoess to infeoted vi$oera ot the

several intermediate hosts. The Wecrt,ion of man and. his

domestio animals in tm7 oountry beus a direot relation to

the rate of tn:tection in the dog. Distribution of the dog

and its olose 8.1IiU:looiation with man, and other intermediate

host a.n1mal$, is the most important Bingle faotor in the

dessim1nation of' h7dat1d dis$ase. other tactors of imporl ...



.... 2 ....

ance t however, are the eoono.mic. status of the people and

the level of eduoation 1n matters of hygiene.

OVa pasBedby the dog are disseminated in a variety

of ways. The oommon and usual method of infeotion 01 food

animals 18 by ingesting grass oonte.m1ne:ted with dog feoes.

Water and fresh vegetables have been oonsidered as vehioles

for 1nf'eoti·on in huma.ns (Rausch 1951) f although more

emphasis has been laid on direot oontaot wi.th thf' dog or

its environment. Close assooiation with dogs in an endemio

area is a souroe of danger. Infeotion. ooour :trequent17

d.urinl ohildhood. Dew (19'7), X'emarked that hydatid oysts

in man mB..":f often be n8ar11 &s old as the patient harborinl

it. Sohwabe!!!!. (1959) have demonstrated h1ghsusoept1..

hility to infeotion in white mice 48 days of tile or yotu'lger

and relatively high resistanoe in mioe 71 days of ag_ or

older" Whether similar age resietan,ee is evidenoed by man

is not known.

!he removal of worms from the intestinal traots of

dogl has hither'toreceived a good deal of attention and has

oonstituted a major step in efforts to oontrol the disease.

However, one of the weak points in suoh oommun1ty.wldeanthel-.
minthic oontrol prolrams 18 the laok of a known ovicidal agent

for disinfeoting the hair of dogs and oontaminated premises,

as well asot rendering ova, "hioh may oontam1na:te food or

watersuppl1es, non.viable. Knowledge of suitable ohemioal

ov1oide" and their oonditions of use would make present
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ooninrOlmea8llft1 moreoffeoti". and .d••

Ezperia8Dta d••Gri_e! .h1 this papelr ,,.:re1m4trlaken

t~ the 11'Q.)fpO.. ot flvalue.tingthe ovlo14Al enect.· of

V~iOll8 oh8l1eais ourrently usea as 4isinteetan:te. Before

UlT such a1rb.llpt ooll1d be made, howeve:.r, it wa.seleu thai:

an .m ntze _ttult!, tor 4ettenIJtrath1g the vlabillt7 of

~o"29:_~O_.,g8 wa. n••ssU7.

Bel'8to:tore tbeon17 available te.t tor viahillty ot

I. grarJ.\l.QIJUli egg1 .. 'to t ••t treated '.O'Y& to clean

su80eptible natural hoet an:1.1l8,la. whieh. were the!:! kept to%'

lo:r"t 1,)e2rioda un4.rOonbolle4oon41i;ioD,s. fh.:te n.s botb.

time o,o~1nB'tu:l4 u.r~e,0011om1ea1beoa\t..all lr.n0l111 »...e:t1.l:ta!

fJ(l1re1'tDediAte hoats Of!_ ~!&r! .~ large an.a expensive

'to main.ta1ft. IJ':, a4tifj;1on. 1nhlghl)'" endem1e areas it ie

.rt·~r81y ditrtOttlt to )l'tl,le Ot~,ta..~.4en:tal 1ntectlons

(Datham,1951).. .A1t1lo•.•leo U'e em....pt1b1e to i11f••t1on

b7 tntaperltoneal 1n~..·tiOBS of 8001i..8 (fJeoetr14tury eob,l.
'" ,,-

noeocoos1a)(new. 1"'. OO\1.1;.1$n •• &1.19'9, sehwabe Eft ~

1959) f 'tr101' UJA1' aotz-etAd111 be inteete4 b7 in3eotlon o~

.ggll (natbam, 1957). Be.,.. the first part of thea,.

cib••rvai:1one was r;ir1mar11:r conoe=e4W1th. the d,evelopmctni
,

of an· ea,q and economioal .&t\ n,ia. method '101- l'u;,:bohl11g and

~(rh J~Yri.tinsl.GIlE~19.;U1'. ova.~1'~.4 thu.$ dot,ernd.niJ:16 theu

vl4bi111;7-. T.b«I s.oont!par-~ \te.s <l.evote4 tot~4 ttt"Ud~r 0'1:' ....

exposed to wJtnous d.is'!-'r1feotants, with til vie" 01' d.w~n1r!:~

~ the ov:fJti4al eftf10,ienoy o1t the lat1ie:r:.



Life 0701.

Hydatid d1s.a•• , 0))8$"49<1 olinioally sinoe

Hippoora'e., beoam.e well known only toward the and of the

19th century. A.no:1ent texts frequently refe%red to

"hydatids" o~ "enoysted hydropsie. ft in sheep and oattle

(neve. 1949). Red1 (1684), Hartmann (16S5) and ~8on (1691)

all suspected the animal nature of these -saos ot' water­

(Gradwohl and Kou.:ri. 1948. neve.. 1949). Pallas, in 1766,

even noted the similarity be~en hydatids and cystioerci,
,

and described hydat:lds :trom sheep livers as"une pe1l1oule

interne parsemee e.e granu1<9,tions" (neve, 1949). Goeze (1782)

determined these gr'anulations to be soo11098 and oalled thllt

parasite Taenie.visoeralis sooia-1ie Bra;nuloe8. (neve, 1949).

Datsoh (1786) renamed it Hzdaticena sanulosa, in accordanoe

with the binomial system; Gmel1n, in 1790. ohanged it to

Taenia granulosa (Wudle and Mo1eod, 1952) and Rudolph1,in

1801, plaoed it in the newlY' esta.blished genue. Eoh1no..

oooous.

Experimental work on jl. sranulOsus was started by

Siebold in 1853. He obtained. the adnit form of the parasite

by feeding scolioes from sheep cysts to'12 dogs and one

you.:ng fox:. Five of these animals were sucoessfully
, ,1,'.0''''-

infeoted. His results wereoonf1:rmad. by Kuohenmaster, 11Qn

Benedan and. Leuokart (DGTe 1949). Later Naunyn, in 186'.

and Krabbe and Fins$n, in 1863. obtained similar ..e8ult8 by

feeding oyst oontents from h~tns to dogs (Gradwohl & Kouri,
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1948) •

!he ad.ult )}oh1noooooa, is remarkably small (Fig. 1).

It measures :from , to 6 nun. in length and ooneistsof a

scolex and , to 4 .egments. rhe $oolex 1. provided with 4

suekers and an eversible rostellum armed with a double row

of hooks ('0.'6 in number). A shon,slender neok is

followed bl a ••gment whioh. although not well differentia.

ted, does contain dev81op1l1B reproduotive organs.. The

ttrminal segment oont~illS only a «rav1d. uterus swollen with

eggs (Fig. 2). i'he number of eggs in one gravid proglottid

haa been estimated to be 500.800 (neve. 1949, Dew, 1937).

!he life oyole involve. two hosts, the definitive host

whioh harbors the a4U1t'puAB1'" and the intermediate host

which harbors the hydatide3r1a.rv'a1 at..,.. The usual

habitat of the adult form is the upper part of the' small

intestine of a variety of Canidae, although, in heavy

infeotions _ the WQirtU may b,. found e~:r'1ng nearl)" the

entire muooaal aurt'••• down to the vioinity of the reotum

(Fig.'). In Natura~y infectea dogs worm. U8not often

that numer,ouB, however.

In.orne parts of the world :relinean.imals also have.
been reported to harbor Eohinoco,ocus U8J1uloaus (Raus.h,

1952), although there 1s considerable doubt as to whether

they oan attain maturity in suoh hosts (Wardle and MoLeod.

1952; Br'Wnpt, 19'6, neve, 1949, Sou:thwell, 1927& Lorinos,

19"). .A.tiiempts to exp.r1msntally infect kittens by
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81' t ••4b.1« them hU«8 40....f ...11••• have been only

p8:l'tly IlUOO••Stul. !he d..gn.of tntee110n produoe4 baa

heen low and 1n nOlle of the animals d14 the womsatta1n

m.a1nn.-1t7 (BftrM,..1an, 1"6, Southwell, 1921). What , it anr,
rele.a'. p141 in the .p14••101ol7othy4atl.4olt818 not

entlrel,elellUt.

A. a1a1laz a:lmo.,.l host whtohhas d1:'awn JIlllOh att.n.

t10. bae lIeen t~ fox. Ma"tot.t and JaIlJIebet:t (1954),

int••ted. 10"" foxe. and. f~4 that the litelP&11otwo:tll8

wae ehort, (25." __), a.•.,.lopJleDt was almo:rmal, and eBBS

were !2eT8J.t pl'OdU.••4....a.... (1952). :tOttftd .0 1nf•••ed.

~oze. in t.l.:r.... Wh... 1-1811,1101l\1!, .e'eurred 1n wolves a.

oommonly ae in the 40«, lfa\UJoh (1956) ita not f!1n4 !. s;a­

nJAz0:1!1 in any!o._ .:mm1n.,4 altho. '9 of 94 wol......ana
; ot 50 dog. bOll the same loe'al1ty' harborea. th. pl:.n.a1te.

~1n1 !1 sJ.. (1954) ' •• fexe.with Moll••• and obtaine4

onl7 a few 1JIma'tnue WCJ'JJ18. He eonelwlea that the :t02 ......

&nU1UlU1ta\leho."- ter 1. ~oIM.
:r..... h,..velr. a;ft·1.mpertant host. tor !_~..

p~l! wh1ohtl:J..t't••, tl'01I!.. ,&lM:u.10.U' att. mo~holog,

dlab'1butt,n,aa. ho.1: .els.tiomJhlp.. ..1.E"1119!~!!

ooours as an adult intox.. and dog- a:nd 1.1, a luva, in

m1ol"ot1ne ~4ent. (BaU8Cth. 1952), and. ooeasional11 1D. un

(Rauaoh f 1956).

I. ~._, .. ·tlnto,her hand, oeours a.an atlult

in doge, ....1.,.,. 8114 0070.... and .a a lana in ungtt.lat..an4



.. '1 •

... (Ita1UJOh 19'2). flhcteP. Ift,ata, _iDe f 0'..1. ...... h....

ate, pe2ebap., the •••1; ooanoa17 1at",_4\mIUlate animal.

'b1 .-, ue.........t. »aftlr h••b.1' the pa:rall1;. (RaWlflb.

1954) J llQ'O",.~ w'U;I~lD1\nt.,wa11&bl•• an4, ~oo•

... ..,looa1fJ1'~bl_l.1teaa. Ia, •• mueh aa cto,.

de not on-. haTe ,obWlBll vs.....,tat.....lon maa
.on.ti 4 eat .. t_ .. the parae1tie lUe .,..Ie
i 4,.

:tqe8tioa Of 1a:I1141. fGrllll b7 the ,_tutti. hen,
ftflUlt. in the d....1.180... of a4Ul.1; tOnuJ within the

int.'l.rttNL1 1.... Aa tbe t.mtDal .,,...t. _0" !P'&vU

the,. al'esh.,4 ana, :rupture. thus l1be....'t1Dc the ova (1'1«. ,

an44). Mb:bara tiMftttllW4 tOI'_"8 te app 1a the

8zt121ttaot hoet uSma18 tollowi,!t4r tnt.n1en ,*,0 'WW7-

'ub~J: f0\m4Ofttn tbe r.... ot 4.g. 10 a.f'iew

expe.s.me.'al tr.ct_oi:l-.. whl1eLe1lttkarl. 1e:tU1Jr1. Bal.l11et

...4 B'•• ob,.Jrft4 w.... to _~ within a'bottt 1._ke ·and

.'Va te 4P1'''' Ul .tooll til .'b.., 47 4aFI (»8.. 1949).

I4wUt•• (19"), t0U1\4 ova tath••tool. o:fdOI1l ... e&'J:'1T ..

,. 4&71. ~.rW••tl0.. .~ .ere o)"1'ft4 in a,oola .!leu"
45 •• ~- the tun f ••'~ of ...~t..8 tn. thep.sent

stuq.

!he - ......asl*t ot a MlI.t!!!Jllllllm ~a!I:"

(1'11.6) .enele••a. with,ta aD ,.,UbIE Botb.t

the.. .tnetuft. ue ••ta1ae4 withba 1a1lr .":tria"ed

sheU .ampo..a Of "~a",.d. ...4. '.iJte4 with a ••meat



... e ...
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:tt. vesioulatioD. pro4ue••• 111 ttme. the mature oyst, enolosed

wi1;hina :t1br'oul a4'9"entltloulJ .apsul.oJ' "perl.o7st tt • !he

perlo;,." torm. a,. a result ottbe proliferation Qt host

oonneot1ve ti..sue and eonstltute. one host response to the

presence of the parasite.

!he. h7da11d 018" or tully d,velopedla.%'Taoons1ets

of .. double wa11ed bladder 1111ed with oleu,opalaa.en"t

fluid.. !he flu.1d J."esem'bl•• blood serr.un in ••rta1nrespeots

bu1Jltsna1nrre and oomposition a~e imperfeet17 u:ntlerstooa.

!he Qavit7 of the bladde:r is lined-with a single

laTer of nuoleated oel1s t the germinal membran.e or "endoe;ys"t",

which 18 1;he liT1DB part of the o)"st wall. l?:rollferat1ol\, of

germinal membran8,ells produce 80-0&11_4 broo4....'ap.ul.•• ,

ti"1nwalled II&OS ('ig.8)w11;hin whloh thea.olioss or

inva,1M.ted 1.apeworm head. artse. !h,e wall of the brood

oapsule. r.6embl..~he·prm1na1mtJltbrane 1n struoture • Brood

aapaule. uenct d1stribu1;ed ."en11 over the whole germinal

membrane of mC'B't 0Y81S but ",end to ari.8 only in partioular

areaR (Dew) 1928) • &'loll".. are 'budded off from the

d.8l10at. wall 01 brood oa-paul.,. towhleh they :remain a:ttaohed;

by a 1h:b1 stalk or pedunole, (]'1.«_ 9). . !be number ot

soo11... Within a single brood <lap$Ule mar range trom 2 to

70, Moordin! to Dlive (1949)... lb100d oa:psulea frequently

beoome detaehe4 1'%0121 the gen1nal membZ"an&.. Some 1Ba7'

ruptu.re. freein! the 800110... 5001io.. and brood oapsule.

floattng fWtel,.in 1:he !qdatld e71t fluid oonstitute what

1, known ae hJdat14 sand. Scol1e.8ar. the soltt'oe of



• 10 ..

1nf'eo't1en tor the l.tinlt1;,.. host.

!he NO. 1aJ'er of the opt wall le thick ud

tough an4 M-rftl ..... 8U»pOJrt' tor tbe 4.1108.t. 18ninal

meab~. It eoxu!l1ats 0'1 ,0••1'ltr10 8lan1e 1am1DU en«

ap~an to be permeable to 1.. and -.11 moleoul8.

(SOhwalJe. 19,9).

l.'laUghte" .pta. 8¢m1e1r1... .1I.e~a within b74at14

O7$.t·., an ••plet. ftpl.i.... of tbeerigiDal _tn... q ....

~h'.)! 07lR ttmlla'\ton 1JJ. at ,n••nt t 1Japerr••t17 undelf...

nood ..

Seollcee :auay·1>0 ••t tn. within 'the host, 0J1

Goeulone, by :rupt'tI.M of .,..t. tollO'Wi:ttg a t-.umatl0 ahock

01' by thetr "lea.. :b:lto the tla·sues 4ur:tJ1g au:rgi.Ml 1nter..

vention. Under SUO'h oiMUll*'81I.O•• , ...h doles: baa tlw

potential to de.1Op into anotMr oOQlAtte oJ'st. Experiment­

al irdeoi::.t.e &t this tntt (oal1e4eeOGn4a!7 .eh1nMMoesi.)

l'.lVQ" be preduO." b7 :tnj"tine'h7dattd .and tnto the til1hlCJa

or bad,. oa".1'1•• ot lu...pt1ble ard_l... In suoh an1aals

c,..n 4ewlop_n't..,· be t"..:t'ftl.



Cona:1.der!.Dg the 1aponet: role ova plq in the .p1­

dem.101og 01 hydatid. dt..... oompa.:ra't1ve171:Lttl. s:bl1et11:1e

.ems to bve "e11 g1veu to the Stu-elf of this .tage ot the

~.ld,1;.·.. life "7$1••

"the taet expel'1.me.t&l wOJ'k ·011. ova of 1• .G'!'!A!101J.\l.

wa.. that Of Deve' :bt 1908., :Be sh.owetl that .ggs nmlne4

V1ab1. fo~ a. 1«m« .a16 da7B (buino;; for 644qs) 111

wate:r, :tor 11 k78 tU1de% "dq 001141t100", tar 2 d.a7e -in

the ap:n'* (in NO:raM./1y), and fo~ 4 months at .1Q(h Clt.tn1•••

noss (192.9), kepi; ova, without 10•• o·! v1ability, for'

weeks in shallOW _ter orhl:tmidellU"ld. Rowe....r, he to'tXnd

that -«gs If'e%(ta.$stropd. af'ier , week. _481" ttUT conditt,..,

an! b1 IS week. in deep va.t.r"

.:ru.,. attempt. at de't.1"I'1iD.1t'lc the hatohing condi.

tions fO$ taeni1d ova alsow$" mad. by De'Ve.. UeconQlu.de4

that the aot1onof d1.weetlV\t juices wall nctneoessU1 t.

t~ hs:tah1n« of the I. ~o!y embryo (Deft 19(7). !hi.

he 8u1"miz·et fr&m the fact that. when mat1a'e segment. of the

yom. "wen' bl~~.t.d nb.Ol1t8.138oualy into ftbbits. 8mal1 crete

w:r& :!1:rt9seXl.t a:h,utoP87 9t3 dqa &;t'ter•. ·Ret.hewed also 1tS:th

a v1tiQ exPeriment" that ga.J'ti~1ojuloe did not ••ri emJ'

dissolv~ or softening effect upon the $hell. Ha POfJ=U'"

,.a. that h.a.tohing ooourrod 111 th.e alkaline env1r~ent of

the j e juno-iliac :resion wh.re the onoo$phere 8aoaped b7

rLtptUl'ing its $hell aa does a chick (Dew 1949).. Thi$ v1ew

... 1.1 ...



.. 12.

was later auppor,ed 1J7 B&r1'1et'i (1945) WhO maintained that

hatohing "book pla•• usua117 1n theema.ll tniiGus'bine unCl...

the influ.enoe 01' wanth. lIoi,stue and alka1in1t1. Living

egg., he notect. when 1n3e.ted tntJfaper1toneallyor,in taot,

aD.7Where1ntc the b041el otauaeep"tiele anb1a18 sometimes

hatohed and de,..10,.4 tntoh74at1d .ysta. :aeo.ntly these

v1tnf. reoal..« fu.rthea-.u.PPlri 111 thewoJ-k ot Batham (1957),

and a.sarra (1959). St«afta and his a.soeiat•• (1959)

showed that taenild (1_ taen1a:tQt1!:1s) .,se. when introduced

d.1.reotly into liver tl,8ue, 't':;l;re oapab.le Of living rise to

bladder worms wlthout :first .1:aa~O••d to the etfe.t ot

di.geetiTe ju1.... Bat,ham (195'-/) ~.port.d moderat. infeo­

tions of m,1•• lo11..1!1£ the 1n'iraperl:taneallnjeot1onof

eggs of l-Qanplo8u,!.,

Isobl (1'~2. 1926) .,.tema1;ioal17studied. the

hatohtn&requiraments of :1.n1!!¥1!:!t~ eggs. and sucoe.s­

fUlly obtained batohiJJg and &ctiva:tionof the hexacanth

embryos b1 trea.ting the egB,. with ari1t101al,astrlo ju1••

(aoid pepsin) and intesti:nal j_le. (alkaline panoreatin).

Combined aation of ~he.. ju.l••• r.movedthe .rtriated shell

but embr10s were no; aetlTat:e4 tuttil they were transfened.
into a solution oon1a.uiJJg ().5~~ BaCl, O.257h Na2C03and 1

drop of pi. bile pe.Jr al. His.onolll.ion 'Was that the .

orit1oal faotor in the hato:b.1n& medl\Url WAS the conoentration

ot ions.

Cluni•••Ross (1929) demonstrated the ..ot1Gnof
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,.st.:r10 jutee on the ova of ~..nia 21.1to~1. and !-e&nll­
108U,. jav1j:ro cd !! vAvo. H••howed thatov&. of both

worms oould paa. throU£h the .toMah o'L guinea pigs an.d be

reoovered :t:rom the uppeJt part otth. small intestine_ W'hea

however. he treated the GVe. with alkaline panoreatin he

Gbtamed d:1sintepati.n of the 8he11 but Gould not d..teot

mO".l1" ot the .mb~70. PentoN. and. hi. &'.0018."8. (19'7)

expo..' 1. Iy$Jlata .,g8 to pepe1n-panOreal:U1 and to Na­

h7'PoohloJ'1te., O1:too8pher.. ".2:. libe]!a'.' by both In)lu1;1one

lnlt showedne ao1::1:".11:1- f8.7101' (1926).tated in .. short note

thato.,.tod* onoosphefta, 1n Beneral, ....1'. not liberated

at ,700 b7 the ae1r1e:nef , ••trt. 3ul•• , 'bU. or duodenal

seoret:lone, but ..&th•• that the, tr••d thems.l...... b1 thea

own aot:l:vit7,·exoept when the.baT....... enolo.e" in a

.p.o:t.au,' 4.....10.,.4 ellbqophore .~ when th••hell .....'.

"hoaoC••ous· ,(Ie.til. (It)CS)iJ•••.".poned the ftt8ult. 01

.xp.~:baent. which. sb...4tba1f the .helt. o=t !. lISuloag

and ~. ~.,-" ..... were not .tt."ted b7 dip.t1n ;)u1••• '

but ,hat' the,. ;fre.1 thems.lve. b7 th.u ownao1iivitr-

Bulloek (19)4) ••ported. that, when. .,g ...pen.ions

01' !!!n1at...nla,foeil"ere 1JJ.bOdU••~ into tht .tomaohB

of :.rat. an4 their 1U10(1):i.111<8 ...iDeA). 5 .. 24ho\1.Z'JJ

la'ie:r t ,a.trie 3u1..1h....4no .ft••" j while lD:*••tblal

jul0. tr.... 1:h...ooapl!e"...He al•• ·1;~.at.4 .,p ~ pgo
wl1:haqu01l8 .an.d alooho118 _xiiaot,., ~..t pan.re•• , ana

atueoua 801u11on et panoreattn and V'a1'loue other .nz7JMllJ.
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J1U ltUlt. _.~ u etitleo1uttoa ~ the aheU 'b7

U,...., .. 'bF ..i4 ••lutitu. S1DrO».r .:Sb:J1.ae ••lu"1_
of Mf.l_~.... the ha4, oe.u.4 tl$ 1aeak4_

ot ....n. thU· uti_ 1'dla.... '" tbe ....cU.:tJl• ..,
,

abUe. 8u.Oh ..:tv.ts.-. h"""'JI, he _1i..,..4, ,1._.1dJJ.e4
..~ 'lbe vitali'" .tt. 1a.rv'u.

I,t et ~(lMO), WU'1d.J:W - JIIUa
~ that .......... 1a !fIJl",f.

aol11ti_ to Yhict.h 1$ 'tl7Pam, 0.,''''124...
nf'flot-.t IaCOJ t. d3Wlt ,.._ 'fl. ,.,-

BU. (1954). la_~.,.... to ten

the YiabWtT_ ,1•.~ .... up'" t- ftft.OU .....

~ta1 ....uti taM,. taM wt'ill the· all

Pft~ III thtl 18 et ut.... fit taaU4 ..,..aa.4 ...

eft1uat:1On ~ __hell' 'riald..l1'" JaZiMa' ..~..
'ttith both 11016-.... JllUaUlUII!!U tUtU.."

the me. t4 alb3me ,.....tta.• 'b7'P.tu. "bila alt ..

011018...-01 itlthe hatehiD«D4 ani_tie ~ 'M_"".

ue lll4H that ... _tobt...,ubte_n'. r4 1-~
41ft ,.. tbe,. *' 1- abifll!!U. .,1.11II&II.
fttY.d.n4 PM'bWt-.t nth ....io ju1cM (uU 1WP*1n),

MfOft tb. bltest1Ml 3td... (alkalm. .,.oftattn. and 'btl,)

.-.u en.ldd.1_:•.~ hat••• ad ..."tva'b." .la

.3ka3_ ,.....tia at... He de.-i... th-. "it.ria

fa T1ald.l1V. 1.e. ..t.111., apptuan.. of: .....,.n.

an4 waft1_ te vital .taiu.
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)~ (1"') _ponea a e1apl••GObi..- rb:tba:tOh­

in, .. ut:l..,..."..~ II1i!IJIM911~. _ l1UMJ<1,

two ••1u:timuJ. tbe 'tint tit wbleh ••taintu! u14 "pam e.n4

Ba3 J~04 t amtthe od "b7Pab .. WaeR'PO.t !he _.b1U4

ani_ Ofth lv.t1...:p~1J' _aue4hatoh.tDg

(418.tn_pat1on.t tbe ••U) an« uti:....1. of tblt .D1U70

wtth1.n 10 aiato••

_.~ (1'''' .:pftt.d up. a ••~1•• of

e:ap.:ru-nt, ....!&'U4 "'. 1tu47 1;. .tf••ts of the dtg••t 1ft

3u,1ctee Of 'ft.1'"1... animal••,.. _li....t I-~.
In. All Jil.....Q. AollM... p1...4 1a 41pri1...

~u.i... td4H':h-.nt antall at ,.,00. Ia .&I.. liT! .xptt:r1me.te.

Id:tt_••_ -" ..a)bite __ t.4:l.4:rp qttan1l1tl•• tit

..o;u.... .a:a4 .all_a. At tateJl'V'818. lUd.Ml. "'.1'. 1.dJJ.e4

.. b....~. _tM4. .. f'cnl'Jl4 that tht~l.~oI_t_. «.,., OI.:i•• PHP D4 .""18 414 aott14ren

h7CatU .-oliAl... ... ......1. ,ui•• _a 'f.Doo=p2Ate

dip...1.... ute4~ __ ~".4 eeo11oea. b

:bt._t1:aal ~uiM. fit Ma, atll. ftbbl1ul, abHp and _tt1e
".. t01m4 te ell,..t ....1•• oo_18u17. _ ••al t,.
tn_niMl ~toe. f4 ....- ... _ta w:re iDaetiw. -. as•.en." aatua.1 ~1"a tlu..-ptibil:11l7 te adult

Eo:hmooeeous ,p.~ to t_ "peeitie a.tiona 0.1' the

41«e....t ... ~'Ql..·.f pari1ou1.a.Ji1y ~ tlw tnieuttMl 3u10•••

fho.u,tul. whtoh M4an tn-tt'''JtjM1, ju1" _pahleof

tt.ce.'iqMoltHa "we on tba1 ao...tftllt.t-"t 1;() UCf"H-
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t ion with the adult stage of .!. ganulc.Hlu!, and 'thos. which

had inaotive irtt••tinal 3ulQ. w.reeitbsrausc.u,.ptible or

partially 8usoeptible host••

During 19'5-19'6 Berberian 11.180 studied the eff.Clt.

of digestive ~u10.. hom ditferent animal: host. upon the

ova c~ I. aanulosu.s with the view ot expla1n1n« host

speo1f1oit7 to hyd.atid. 418ea... The•• result. un:tortunate17

were not published until 1957. however. Berberian (1957)

reported that the ,ast!'10 j111.'&8 of man. , sheep. aattl.. doge

and oat. failed to; 4isJn1ptthe Ih.l11 of !-Il&nYa!0sul o...a.

Int••tinal 3uic•• ot !Ian,sheep and oattle, and artifioial

pano~.atic 3ut.e. htIWever, rapidly disrupted the shells

libe2!atinge>!1.o••pher•• whioh we:reaotive17 motile.

I:u:testil1e.l ju10e. of dogs and oats had very 1ittl. effeot_

His result. 8ugg••ted a pos8ible relation between susoepti­

bility to the larval form. and the aotion of digestive
\-

~Ul~.8. Tho.. animals 'Whioh •••1'eted intestinal 3u1oes

cUlpable of rap1dl:rd1arttpi1ag the shella ot ova of

!_ Clan.!!,sU! and of aotivating the liberated onoospper8s

were susceptible to hydatid disea•• while those animals

whioh prodnoed intestinalju1oesrel.at.i...ely ineffeotive in

dlsrupt1n« the shells of the 0'9"•• 01' whioh inaotivated the

liberated. onoosphere., were no'i likely to be hosts to the

h7datid parasite.



MATERIALS AND ]l!ETHODS

A.. MA.!rERIALS
1 tis

1. Ova----
Ova Of!_ aanulQlu,8 were obtained mostly f:rom

e.xper1.mental11 iD.teote4. and rarel1 from naturally infeoted.

dogs.

'I0l.tD« puppies were ted .eol108. and brood oapsules

trom h7da1;ld 0781;" of sheep oroattle 11vere obtained from

the Beirut oity abattoir. Puppie. were housed in speoial

oages ttnder olose supeni8lon. Be,inning thirty days a:tter

1nf'ect1on stoolewere oheoked ever)' day for ova.1'wo methods

were used ~or oonoentrating ova from stools.

M.thod 1: stools were oollected and su.spended in t"p

water in oon10&1 sedimentation jar.. At the end of ten

minute.t after large feoal particle. had settled, the super.

natent mixtU%8 was transtered to another oonioal jar. !his

process was repeated .everal times. !he last suspension

was stored in distilled water at 400 until needed•

••thod 2 I In1eoted dogs were exsanguinated after the

administration of aneathetio andinte$tines removed and

opened. UsuallJr the entire muoo8a was found to be oovered

with the worms (Pig. 3). Seotions of intestines were plaoed

in a large beaker and. oovered with tap water. Gravid.

proglottidat loosened by- this treatment. were oolleoted tJ!om.

the ••dim.ent in the beaker. washed and stored at 40 0 in

distilled water. When ova tree ot debris were need.4 •

.... 17 •
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gravid p.roglott1d8 were p1.cked up with a pair of fine

foroepe, transfered 'to a small dish QQntaining water and

pressed to release the eggs.

The reotuD otdog. were W&ahedeeparately into a

beaker and. stored as reotal washings. These suspensions

oontained ova free from. proglottid tissue and vitelline

membranes. and did not requi:re further t:rtlatment before 11se.

O"'a from naturally infeot·ed dogs were obtained by

washing intestinal oontents into :Petri dishes and oolleot1!1&

gravid proglottids with foroepe. Proglo1rtids were sub,••,­

uent11 pressed to release egga. However. ovum suspension.

colleated by pressing gravid proglottids llsually were not

rioh enough for use in experiments. Benoe, more otten. the

progl.ottid suspensions were allowed to :remain at ro,om

temperature torf'rom. 8.10 days, washed several times at the

end of that period and resuspended in distilled water. This

treatment yielded eg8 suspension." :tree trom proglottid

debria as in ~eetal washings or stools.

2. Ha:toh:l.!J& and. .lot1Tai1y Sol~tions

Solutions used for hatehtng and aotlvating the ova

were prepared in concentrations a.s ind1eated on the tables.

The following ahemieals "er. u.sed: Pepsin, N.F. Powder,

Merck &: Co.. Inc., Rahway l~.J., Pano:reatini f lx USP t Mann

Assayed Bioohemicals, Maru1 Resea.roh Laboratories, New York 6,

N.Y., Tr:ypsin 2x C1781;. t 167&-50$t MgS04. Trypsin aotivity LO.

300 BABE, Prep.: K't1X1itz and Northrop, Mann Resea.roh Labors.-
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tortee 1no.:I"'%01'1:: 6, ]~.'I., So41um gl,..ooholat•• Nutritional

Bloohem1ea1aCorp.t 01.....1&114' Ohol••t.~l, U.S.I'.btr'1.

't·1onftl B1oohem1er.ls OOl'P., 804t. T.a....17•••holat. (hom

ox 'b11e),112'tt1ah nru,' B..... Ltd. J:resb "11••• 001leot,.4

hom sheep .Ial1 b,lad4era.bta1De4~ tbe Be1r1lt oity

abatiou. o.a~2r1h«*td and.toftd in 1he t ....eJl Until DlQd.,d.

A.11 hat,oh1D&..n1va.t~ .elution. we:re ,"pared in

distilled wateJ' ant..,. 1l:Ga,•• when net 1n lIS••

Bat.h~.Mti"':':iJ2I801utio•• aulfB••tea by S11verJU.lJ1

(1954) ant! liifre21a (1'57). alao weft Pftpared tJrem the aboTe

l~di.n1;. aoeo1'4_ 1;0 the 4tftotiou U1 their ".peot1...

pap.:ra.

,. ~&.1e1utml

!'he ovioidal pnel1'ttalttles of the follwing d.1a1nteo.,

tan1is&ld otberohe.1oala, were tested

a) ji'ormalin (JlO~48b74. solu:t1on, G:P11 Hopkins and

Willlau, '1.41:;$ W/W.. )

b) Lpol (ord~oomme":lalL,.lII01) ..

Q) Eihyl alechol (dilatea trom 95}{. or absolute

&100:1101).

d) Itliecoaltt (W1m:ttoro1>-stear.n8 , eonta:lrJs 10%,

'Beualkenitml Oh1or1.d.) •

• ) "01....• (Cle~ox 0••• P:roetter an4Gamble. 5.257;'

'" w1g~ $041_ Jt1Fpoehlorite)

f)-Tid.· (P2:oeiJeJ' and Gamhle).
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B. D.fiIODS

1. HatohW and Activation

A volume of 0.5 ml. (10 drops)ot hatohing and

aotivating solution (HAS) was plaoed in a small Wassermattn

tube kept at 37°·38°0. in a oonstant temperature water bath.

:rollowing a fe. m1D.utes, temperature eflul11brat1on , 2 ,

drops of a hea'YJ $u8pension of ova (approximately 200 500

ova per drot) "ere addea. and the tube w&sshaken gent1r. At

'0 mtnute 1nt.ryala 2 drops were J-emoved with a Pasteu:r

pipette. plaoed en a slide and ooverea with a oover slip.

!he cover slip wa.s supported with broken pieoes of' oover

glass to prevent oom.pression ot the eggs. .All eggs, motile

onoosphere., and non-motile oncosphere., were oounted and

tabu1ated b7 asystematic m1aroseop1oexam1nation of the

preparation. Pe:roenthatched onooaphere. of tota.l eggs

ooun.ted and peroent aotivated oneospheres of total hatohed

onoosphe:res oounted. were oom:puted as hatohing and activation

rates relpeetive17* The aot1va:tion rate was taken as an

index :for assessing viabilli,.

2. ±!eatment with Chemio.ls

The ohemioal to be tested was prepared in double the

required strength. A know:n quantity (10.1; drops) was

plaoed. in a tube kept in a water bath at 37°.,800, FollC1fing

temperature equilibration, an equal volume of a heavy

su.spension ot ova was added. !be tubes 'Were shaken and the

t1:me :reoorded. Ova were treated. :for ;, 10 and 30 minutes
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'tOlf moet 011811:1,0&11. When oonaldere« bporlant treatment

til1e was extended to aslfmg as 24 hou:rs •

.At '1heen<l of treatment period. tube. were imtned1,a"be17

nmovedtriom tho "aterbath &!1.d tilled VittI di.til1edw(J~,t.rt

efteotivelydil.utlng the ell_=ioa1 ~t.14. !abes were

w"b••quent17 ••nt:rl,:tu,gel at 10\*1 sp••4 tor three minut•• ,

the lU,p·e:rnatent was plpetted offU1Cl th,e .ediment nsuspen,ded

in ili.til18a water. !hil :!?JtooGas was Jttpeatod 4 t1l1JBs.

At":." the fouth washi'al' f the tube. were retu.rned toth.

water bath and IllS a4tIe4 j

3._:,0$11 0: !lmitlJLtlD

Oya. su.spens1onfJ·(appl'·ox. 1 ml. lin \~a·.a.ma!W. tube.

wore sub~.o'.d to tempere:tu,ftlof SO(). 600. 100 and 100°0

in a o'onstant _m;perl~iuJ!. wateJil bath fer VArying peri.oda of

time. At the end ot the ueatmentperi.o4 the tubeD 'Wet-'.

:,removed to a '10.,,°0 water bath CUll! lIAS added.



RESULTS PART I

A. lx;Eeritn€ntal Weo1';ion with ~QS9Q2Is grPi*osy.P in

AOs.!
Fo~e.n dogs were fed brood oapsules and soo110es

during these experiments (fable 1). Of thelS. four failed

to show any infeotion lIlfter 3.5 monthtih !he other ten dogs

shOWQd ~ar1able d.g~es of infeotion. Two yielded only a

few poorly developed woms at aa:tops,. and three onl,. a few

-.ture 'Worms. fhe other :fiVEt dogs were heavily :1n:feoted;

wo~s ~overedthe entire intestinal muoosa trom the duodenum

to the reotum (Fig. J).
A num'ber of dog intestines, trom stray dogs oolleoted

b1 munioipal!t,. authorities from. the oity of Beirut and its

environs. were opened :I.n our laboratory during th$ years

1958...1960. 01 a total of 1;6 intestines examined. 17 showttd

varying degrees of 1n.f'eotion with 1._ llanu.losus for a

prevalence of 10.9%. The prevalenoe rate :trom the same

locality reported by Berberian (1957) waS 20;b :for the year

19'6. and by Turner 11 !! (19'6), 20-25% ~or the years

19'5-19'6 (from a survey of 500 dogs). Pipkin!!.!! (1951).
reported a pnvalenoG 01 11.7;-'2.9~b for ,.ears 1948-1949.

while W1tenberg (1934) found a 20~b inf'eot1cm. rate in dogs

and l07~ in jaokals :tor Pale.tine.

B. meets of' Distilled Wat.r and FhZsiolo81oas saline upon

~Q99qSm. RIGid-P'Y' hoglo,"1dsand Qva at ;7°0.
It was oonsidered desirable to observe the effects

.... 22 •



TABLE 1. .

1

1,)&\. ted

6

'1

8

9

Kay 1'1 and Sept. 17, 1959

June 11 aDd 18, 1959

October 10 and 25, 1959

October 10 and 25, 1959

April 11, 1959

++++

++++

+

++++

....

...

++

+

++++

++

...

++

++++

*' Worm burderu ++++ he..". intectiona, ++ 11ght 1ntecUone,
... z-ature w....J ... no WOJ'JIl8.
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of water a.nd physiologioal .aline alene upon proglottids

and eggs inoubated at 31°C.

Proglottid Gttlt101es,vi'tel11ne membranes and 9gg

shells remained intaot in distilled water and physiologioal

saline at '7°0 for up to 24 bra. (Ta.ble 2). :Between 24 and

48 hours, however, p2'oglottld outicles and vitelline

membranes broke down although egg shells remained intaot.

Five experiments were run for theee results; ova and proglot­

tide were obtained from four different dogs.

c. Effeot of Digestive Enzpe. and ;pH u1!0n the :Proglottid..!

and Ova of ISb1A999@9»' 111I119'SI
When an OVQ.XI ot J. 'lg.nWOSU.1 is ingested by an

intermediate host animal it first pasfI.es through the stomaoh

where it is exposed to a.n acid pH and the aotion of gastrio

juioe. Later it passes into the alkaline environment of

the small intestine. Theeffeots of digestive enzy:mes and

pH upon proglottids a.nd Ova of !. Gal1nl08U~ ovum were

therefore investigated (Table 3).

A l~b pepsin. solution prepared in o. 4'~ Hel pH 1

(artificial ga..trio juioe) caused the dissolution of

proglottid cuticles and. vitelline membranes. A few egg

shells ruptured, resUlting in a '.5 ±. 4.6,; hatching rate

following go m1n~ inQuba'ion at '700. Of the 48 free

oncosphere. oounted in 5 experiment_,only one was aotivated.

Most eggs did not hatoh, however.

A O.4%801ution of Hel had no digesting effeot on

I
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'<t-••... ,,-'

k -'_

_ aheJ.la ) Intact

PFog1o'tt.1d. outscJ.ee ) diaaoJ.Ye4
vite1.11De ....... )

~101ogic

sa1iDla
+

Proglot101d aDd
0WJl aupuaion

"



-as- 1

0 0

(5) (5)

0 0

(4) (4)

15.5 :!:lO.O '1.8!7.6

(5 ) (5 )

0 2..2 t4.7

(7) (7)

0 0

(5) (5)

55.2 ~ 14.1 17.51: 8.1

(4) (4)

... ~-'.

~ ·~.~i~·'

~~..,~~.. ·80 min. 90 min.
•Bateb:1Dg

$0 min. 60 111ft. 90 mil.

1.91 $.2. S.U 5.7 I.S! 4.6

(5)iHHt (5) (5)

Q 0 0

(.) (4) (4)

51.5: 11d 56.8: 15-9 51d: 15.9

5 5 5

45.6t22d 14.J.! U.7 11.ot 26.2

(1) (7) (1)

66.1111.4 69.7t 2$.2 8l.st 11.2

(5) (I) (I)

1..o± 1(}.0 7.1± 7.7 n.o:!:s.s
(4) (4) (4)

ProglottW .cuUolee ~ D1ssolri.Qg
Vitelli.ne """rat188 )
Shalla ) D18nlpti.ng

Proglottid .\1clAJa )
V1\e11ine __ranee ) D1saoJ.rinI

SbIJJ.a ~tact.

(pH 10)

Peps1n 1$

tel. 0'-

1'aIIcU'aaUn 1'C

JII,IJ.lO& 1 .

1JJJ. 0.4$

(pH l)

it Ul _lues are ±standard deviation and repreaeDt ~ latched or total egg couata.
.. All 'f&1uee are !. standard clft1aU_ and repreeen\ ~ activated of total hatoher1 oaeoupherea. t
... F1glIrea 1n~ itJdioaw .... of~J approxi_:te1l' 200 ~o 400 Oft OftDted
iDeaoh·~.

"'fr~.-. "'

.~~;
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i}",loittid out1ollt. ,1"1_11:11\8 _ ..b~s or ellB shells

dur:1J3« 24 hour. tnou'ba1s1on at )TOC. lPW 1...... 1aeu'ba1d.•

P$J'iod,s proglettid eut101eus _....0 41.1Dt.pa.... .A. ...tal

ot 1110 eggs we" oounte4 in -4 expe2t:lmel1'tth

lanonm:t1n (1%) p"pt!~4 bt 1..,;:$ .dOO, (p:S 10)

cau..a. oompltte d:1a801u:tdon fd pl'oglcrt;t14 out10188 and

vit.ll1n. _m....... SheU. also Wft 4111ftpted :t:n this

solution. !he7 naJ"W4 bneJd,ng w1th1a 15 ~u~•• 8'1

expofNft ud at 60 1d.nu:t.. '1·0 '0 l1d:r'lute. incubation

57.tS t l~l, Of ..o.ph.~8 we):'$ heo. and 1'.' t 10.0;t, W1"8

aot1ft.

~.1n (O•.4~·~ in l.,~~r, WdOO,> also oaused tU.sru:p1d._

o:t the shell but not uet-t101.:nilr ,fl.' psnorea'ti:l1. !he

q,ohi.:nB rat. in "b7P-tn waa 11.0 ± '.5~. E£cMt....r. ~s:bl

was .. bettor acti.:trato.r of onoospheftfl' )'.5: 15.5;~ of 1;h.

hatcl:ulu!otlOospbee8 b~o~a.otive,

1'be effects or JaiCO, (1.", pH 10) odtm:40H (pH 10)

on the abell \ffiIre 1nteree1;1!:J:g to_.rn.fhe, both

~d the "boll (71.1: 2·th2% att4 81.' t '2% hatched 1'8......

peot1vely), btli: lAft proglottid 0111101•• an4 vitelline

m.m:~s tnt••t. 1!«BUl'.-ll "'bloon" and onee,phe". 00\114.
be Men .t1oa:'inB' withtn -the ocm:rwa 0" T1t.l1w_m~.

(J1ig. 10,11,12 ,1). Only a tfN (2.2 ~ 4117]b) O2loo.plu.tree

b()o:~ active. bow."VU, 1n I'aHCO,. It __ diftioult to

detect mot:!.l!tybeoauN onOOSpMftll weft tJl'appe4 wi~h1n

v1t.U1.ntt mtl)m.....
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D. RatohH;g @itld Activation Meohanism

When Ova are observed with high magnifioation the

hexaoanth embryo is seen olearly through the shell,. ·lihioh

consists of radially oriented reotangular blooks bound

together with a oement 8Ubstanoe (Fig. 5). Suoh ova exposed

to the aotion of hatohing solutions soon lose their trans­

parenoy and appear increasingly darker, probably due to

the prooess of digestion Of the cement substanoe and the

loosening of the joints between the blocks (Fig. 14 and 15).

At oompletion of the digestive prooess (10-15 minutes after

exposure at ;7(0). 'the individual blooks are seen floatUla

a:wa'1, leaving the onoospheres free (Fig. 16 and 17).

Once the ahell is removed and the fragile onoospheral

membrane 1s ruptured (Fig. 2'), the onoosphere becomes

SUbject to the aotion of -aotivators". Silveraan (1954).

working on 1- 81gtnata, believed aotivation to be assooiated

with fit cha:nge in the permeability of the onoospherel

membrane and direot stimulation o:f the hexacanth embryo.

WITers (1957), working with!. pnli11ooular1s. ooncluded

that aeti'Yators operate as eomplexing agents in binding

traoes of h...YY' _tal.. He successfUlly u.sed 20 different

oompounds t sodium phosphate and urea being among the better

activators.

In the following paragraphs and in Table 4 observa·

tions on the actions of some aotivators and on their

oombined aotions are reoorded and diseuseed.
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11. g_,..1!!, mW!. ot !H~'" ~tlb,W .~~ MitmHli
itllLt .1.t!Y! nR ~f!!., 2II. pt ~'IIIII a.ualtallUl

!able 4 m~i••• tJ:J$J'ellJUlts obtain.S 111 .xper~ntlll

"••tu.,. the hatOh~tifttiD«eftecta Of various SUbGt.anoell

and tho!].'" o_b1na.ttoaa on tM 1. ~O&.l "'fum.

AlkalbAlt pa.1)Afta1:ta. u .. mentioud 'PftvlOU81¥t

caUNe! the 41anpt101'l Of the abz,11 resulting h &57.6 t 1,.9~~

hatoh ate, but cml1' a 1'.'! 10.0'~ao"'1vat:1on raiM (Sol. 1).

Alkalm. tJ7P$1n... the otheJ.-band. aotlTated ".,! 11.6~Z

o~ lultohe4 onoosphon8 although its batoh at. wu poo::r,

bebB or.a.., 11.0 t 5.5% (SOl. 2). fhe oom.b:ble4 -..t:1on 0'1 the

two enqae. ft8Ul:ted. in 26.4 14.2~; hatoh•• '!tilth al.1 ~ 8.4;;

aot1Tal1oa (SOl. 3).

A4d.1tion of· ohol.sten1 to 4lkal1.ne~"at1ndid

not o}~ It••toh:l~t:": efreet, bu.t the aottvatle rate was

.n1.,,4 to 19.5 ± 11.4~~ (&tl. 4) h addition 01 urea to

aJJtalm. panenatb did not trlp.rove 1ta .,tiona. as 'bOt}:\

hatobb« and'aot1'fttlon "JI"Oentagee:rema1ned low (Sol. 5).

~:rt whentftah bile __ added alC1'1l with obolesterol O~

tlfta. both. __h1DBan4 ut1vatln,g eft••t ...w enhanoetl

(SOl. ($ AU). puo".attn-JaBoO,-Uft&7b11e eombs.rua:t1cm.

.... 12.7 ~ '.41£ hAt.bee wit.h '4.' ± 24.9,b beoo~ uti,..

(801.6)., l?tU'lOftattn.:SaJICO,-oho1est01"ol-'b11e oom;bina"tion ft­

wit_a .:tD eo! '.110 ha'••• with 41.1t12.'?S aotlftt1on (801.12).

B11At a4de41fo ,anofta'b1a-UaJIOO, eo.bina:..i.. (Sol. 8)

wu 4ef1nltel1 a _tte,.. ha:tob:blg cd utlvatbl« .'d1= tlum
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TABLE "

Comparative Effects of' Various Hatching - A.ctivating Solllt1one llpon the OVa
of 'Echinococcus granulosus

%Hatching %A.ctivation

SO IIl1n. 60 rain. 90 min. &0 min. 60 rd.n. 90 min.

157.5 ~ 17.6i i* 56.a: 15.$ 57.6: 15.9 6.15: 4.4** 15.3: 10.0 1..a: 7.8

(5)*** (5) (5) (5) (5) (5)

7 .ot 10.0 7.st7.7 1l.0~ 5.s S.Ot 9.9 55.2t 14.1 17 .5:!; a.1

(4) (4) (4) (4) (4) (4)

12.st 11.9 26.4: 14.~ 26.0-: 11.1. 21.7-: 8.4 15.2-:7.0 lS.5t 3.4

(5) (5) .(5) (5) (5) (5)

SS.7t 48.7 41.1t. £S.E 4.6.911O.s 12 eSt s.s 19.5t 11.4 14.915.9

(7) (7) (7) (7) (7) (7)

4$.6. 12.2 55.' 15.4 52.7122.8 0.7410.87 4.6t 2.0 6.7t 5.5

(4) (4) (4) (4) (4) (4)

65.11 8.5 72.71 3.4 11.112.7 )'z.lt 2.5 19.71 7.3 84.5t 24.9

(I) (1') (5) ($) (15) (I)

26.5t 22.2 41.4t 53.E 44.lSt 79.4 9.6t a.5 9.5t ae8 6.0t o.sa
(5) (3) (I) (3) (3) (3)

66.9: JI~& 78.7: 10.( 77.919.9 19.5! 12.0 $0.1 ±14.2 29.7119.S

(5) (5) (5) (5) (5) (5)
..

~"""
j~

_tilt 8.1."tJLo· ""t··.J(~ 1$.e..t'-'''7 ;US.1:t .... U.2:'•. "
-> ..•.

(6) lel (6) (61 (El} (6i
Sle8-t $7e1 64.1t _ .. 70.1-t tiJ.7 u..s:t 5-9 ,J..&* 14.- R.5-t 9-.9

(I) ,.) (I) ($) (5) (5)
I •. . . . , •

."~8" n.a!l.a 72-6: a.J. 12.1t,':I.4 21.1: 11.5 ".st 2.4
($) (5) (3) ($) (5) (5)

67.1-t 11.4 70eO-t4.'1 eo.Oi; 9.1 16.ot. 6.6 M.7:t 8.1 41.1:t 12.5
(1) (1) (11 (7) (1) (7)

61.o:12.a 68.0~12..' S!.2: 8.2 1&.1: 7.6 16.1: 1.8 21.7:9.4
(5) (S) (5) (5) (5) (S)

7Q.4: 19-9 19.s: let 79.a: 22.0 U.911.2.a 12.1: 2O.e 25.5 19.9
(5) (5) (5) (5) (5) (5)

41hat 1.4 erJ.a~7. 86.2t 0.19 la.l:!; 8.2 28.1: 9et M.st 4 .2
(5) (5) (Ii (I) (I) ($)

s~.ot 9.4 a?ltS.G 72d:!: 7.0 JB.a: 8.0 1t.6:!: $2.2 52.0: 19.~

(6) (6) (6) (6) (6) (6)

Urea
:BUe!

~Ol
.......t.1n

'Ok _

lamOs
Pancreatin

JiaHCot;
Trypsin

~ Cbo-.teroJ.
PaDcreatin "tt~hoJate
T

laHe°s
Pancreatin

Halms
.P&no'reat1n
IapHPO.... l2IbO

NaHC05
Pancreatin
-B~le f

~Ol
Pancreatin
1"""J~1n

7

11

6

JCaBX)a
5 Pancreatin

Uria

2

8

1

14

15

Pancreat1a ItJCOa
Cholesterol
."" ... CJO.hO.1ate

I&WO~ Bo.
Pancreatin Choleakrol

1aBJ°5
4 Pancreatin

Cholesterol

Sol. No.

S4.1:tlO.2

(S)

'-." -

804tU~ 60a8: J4.z'
(5) (5) (5)

2&A:t ad

(5) (5)

J;2tn ) 'b:7Pain
18.~ ~ 8011 =l'O",~t2 (~) ("~ l)~:)l.o (:) (:) 8~:)1Q"

... Hatcb1n« ctlvatiDg solutions (flA.S)~ in dist1Ued .... containiag 1.s~ ~VOs (PI Jo).QoDcet1t.raU__ of
..,.. aDd subat.ucea vue COIlPllWd by night as tO~Jpancreat1nl$,trypedn O.4~, cho1uterol O.os~.J urea 1;(, .

. 1fa2~4" ~ O.osl:(, ..tavo~holate....g:qr,ochoJate" ...taurocholate U each.
H see table S tor iDterprfttaUOD of ~ _tcMog aarl ~ _t.1_t1. vel_.
*" J'1B;u.ns in pu'entbea1a 1ncRoate mtllliber of experimentsJ ap~teqzoo..soo ova counted per experiMnt.
! Fresh sheep bUe. 2 drop' per lml.
• Solution J.7, according to 811verDlV1 (l9S4).
• S(>1uUon 18, according t,o 1.... (.l.957).
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pNlOreat1n-Na.UOOJ (SOl. 1) !he Ilhime inot<eased .:tteet en

hs.tohi:ng and u'tivatton :rat•• wa_ Ob3eJr\'llt4 '\fhen t'fttlh bUe

wa. used '''1t'b. pa.DOfta:ttn-trl1ud.n-l{adIC05 comb1rla'ftton (801.14).

wb~ 79. ($ t 1.9i& ova hatohed and '2.1 ± 20. flij bee.. acti.....

ted.

DU. salt. -be.tod 1n $ol.'tl•• 9, 10, 11, along with

pnaOftattn-NaUCO, , pJtoduol1td th. ... U1cn.Md .ft.... on

the hatoh1f.¥J )tat•• bu:'ut to the _.. depee as when fftsh

bi10 was u£ulIId. nowe...J" t ut!fttion nt. shwed • 8118h"

!nQft4M (to ,2.5,t) with the ad.d1t1cm..~.t-.. 1ia...ta~

ohoate O~ !l~lyoo.hola. (Sol. 10 & 11). Jla-taoo«1700"

oholate, d14.••" ","&1 th.$ eX1HI.Hllt.d 1non....a eft••'

(Sol. g), bate'biD« .. n"6 ±19."and ..ot i vat i on onlJ

17.. 2 ± "a;G. tU-.m11arlr _.4Uee4 ette'" wunoted when

~.....tattrogl7ooeho1at. was dded topanoftattn-llaiiCO'..b,O:t.e....

to:rol..ootllb1nAt.1en, (Sol. 1.'). 0nl7 68.0 :t 12" 7~~ of' ova weft

ha:f;c:U:1.a in tbt. 801ut1on with 21.1: 9.4r~ of them beo()m~

mottle. lftu.tl'f)'" when besh 'bile Wd $ubet11mte4tor bile

aalt..:U:1 the ....,·00_b11\..«1:t1011 of oom,p0un4a (&01.12) hatohes

we. 80 t 9.1'" and acn1:vatlon 41.1%. 12."~.

5il"l'ftllt~n (19'54) obtaiaed, .tfe.tive batohing and.
aotivation. of' 1- 11I1•• Oft with a parultftatl...BaHOO,-

bTPsin-oho1••"erol-Ifa-tau:ro&'ln_ho1At...b1.Baticm.. 111e

ova of I-GJIIII,t.&I te."e4 with the __ Bolu",:!., (SOl. 11)'

weulte4 1:11 .. utoh ot 60.8 114·.3;;5 with 2,.1 ±'.S,! aot:lvat1Oft•.

SUbat1wtiDg l-....glJ'O.oh.la:t. to'llf¥a..ta'l;WOl'l7C1..!l.ola:t. 111



tho __ oomblution. (Sol. 15). hatoh .". w:rdu:p to
61.8 t7.97& and aet1ftt1on I'at. '4.' t 4.I5L. Howe......, the

sub,tiimi1on ot heah. \)11. tor &'n7 btle Alt (801. lS)

ft$ulted :tn 12.2 t 1.0% hatchea and '2 t 19.1j:~mnl1. 0:00.'0­

aphe"_. tbi. behtc 'tiN highest M"-t~ 01: a.otlftt1on

ob_iMd in'th....1Cpftu.a:ta. fbi••olution (SOl. Un
the_!'.. WIlUJ dOJ1utd .e ~bel"Otlt1ne batoh~:tYat:trt.g

801u11i.on (HAS) for the NOon4 pa:rt of this work.

SC>lllltt-. 18 wu P3M'paBdacoordinB to the 41reattcWl

given b;, 1~2l' (1",). who bed the .. for hlJ:tohinB and

aotiftting the.... .t 19J1m!t!l..qpl. !I1l,!~. ~11J

solution oons1nta of two parte. SOl. It Pft'P&:I'$d bY' addfJ.1B

0.10 ,. pepll.d.n 1.'000. 2.4 11:. laOl and 0.05' Ih Wa,1~04.12I120

to '00 ml 6.1z10·'M Hel., Sol. II. p...pand. b7 a4d~ 1.20 g.

'b7;pAld,Jl 1.250 a.nd. 2.4 ,. 1r.011;0 '00 ml. 6.T7!bdo...21!ir j;Zaa1I]lC)4

a kt10wn <l~t1t)" of Sol. I ud Sol. II "ere pla084 in 2

sm.e.11 tubes at ,sec. '.uter .. 'lew .muws tor "ell",Pefttt'tJ'lt

equilibration the same "WJt1:'l'L1tt.:t egg nap.nai. va. added to

the tube o.ta1:ni.J.l« Sol. I. An 1ncubatton period of: 5

:mmut•• was allowed and the oontetl" •.~ W1be W'1th Sal. II

.w-eft addedcm to tn. aalt ana. IIlJg SU;.Ipeuioa. Oboervo:t:1ona.
__ o8Jl".lt1ed out fol1w:l.n&5. 15, '0. 60 and 90 minutes

f.no\l'bat ion. In 4expe-..Ua.erlta0Y8:1' 2000 ova wore ocunted,

but <m1T -4 *U8 ha1:o1104 &1"J4 onl7 1 of tbe. waaeibH:r.'Ted to

beuttYl'. !h~l.PJ'ooedu:rewould. :r.tot a)pea~ to be very

.f"~t.ol't1"t th.~tO", 'to~ batobin« or aotivating £I. granulosus

0...



A.. R$'.,ls'tdOe of.h.,.~.. PV{J. to Ohemioal.

gdllU

In .~ Marolt to!' at'l eft..'ive ov1oide aga.uu~t the

eus o:t I_ ~N. .."'1'8.1 oh:$:!1'd.oa18 ooscm1y us.d aa

diad.nt••tant.& arJ4 pntelde. _,.... 'tested.. An ..ttenpt ft_

matt. io 4etermiU "he e:tt.()'ti u:t:~oaQva .:t hOttih !bose

asult. an pr....te« 1n the toll_~ pap8 and table$.

OGu.'.r~bl ttX'P$rir.\en~. ui:l1t liAS ••1M~.d i'rl I:IU; I

(Solution 16. !a'b1& 4) Wft :runuel11,lf Oft oo11t#oted :t.rom

eaoh of the .xpe=-imental17tlnd. M~all:r tnfeo'f3ed doga.

The" "au].til f tabul$:t.. 1n !'able 5, 'be8i.d. GEl:rrfng 4S

oont1-o1s tor the ohem1oal...tHa1rmltnt expe2'1_n'tl in eaoh

mlttan.-. Q8 in;&JII••ttng in the:msel".••

A dift.rene. was ob$e'r"ved in M:toh.~ title! activation

rates of Oft obtained hom dltteNn.t portion. of' 'the

lnte.tu1et'f th.., sat!\(l)4og. Ova hom the ~otu.m cr • __00111

01' Dog' ',for CtZNAple, wh6l1 it.i.ou'tmt.~ 'O-gO minlrt.e in. IIAS.

had a. batch nt. td 12.,t 1.(l4'p with 52.0t19.~ acti...tion.

whUe 0Ya ~o...n. b:'om:;,,,o«lettids (8011"te4 tJt·O!I a,peX'

put or --.11 into81dAe), baa .. hateb .rat. of on17 56.e't 191G

with aO.1! 12,t aribtation. S!ld.l.~lYt a c.U.fterenoe m

hatohU« and. activation, __ obeervetl 1n experiment. \,11:ih

.Q"'m. h_ .Do, 12 It Beft 'Wt3:u.e~ 'We:t'tr 99.5 to 1.4·1[, hatc11 and

20.0 ±4.3~:'j a.iilva.ticnt in. ova~ 81;0011 or roo1m;m, and

.... " .



TDLlS,

~n oiHatohabillty and A.et1w.t1on in .HA.S* 01 ova Obtained Under Different
Conditio.. andOYa trOiI D1.ft.... Doge'

90 lI1D. 90 1I1D.

I
51.0: 9.4~. 61.l~ 6.0

(6)t (6)

• .0 !16.4 u.s :14.1

(6) .(8)

72di 7.0

(6)

56.& t19.s
(6)

16.a18~

(6)

16.1 ±8.4

(EI)

U.G-t 12.2 S2.o± 19.7

(e) (6)

20.7 1 12.0 11.. ±9-9

(6) (8)

Proglottlda

(9)

BS.9t 12-6

(8)

(9)

ss.s± 1.4

(9)

• .s~ 5.&

(8)

(9)

(9)

98.7:'1.3

(8)

91.a±9.1

(9)

ce}
s.e: 2-9

(8)

4.o:t 4.2

(9)

(Ij

lO.lt 1.5

(8)

16.2111.&

(9)

2O.-ot 4.1

(9)

(8)

15.1 ±8.1

(9)

011 Proglott1da

96.2t 1.4

(f)

98.9: 1.5

(7)

98.4% 1.2

(4)

99.8: Se8
(1)

97.6± Od

(4)

99~:!:O"

(1)

6.1t 1.6

(4)

1.1:1.9
(1)

11.411.5 '.lt2.-

(4) (4)

12.5: .,.J. 11.7! 9.7
(7) (1)

92.1 :'10.1

(11)

.

95.1--t4d

(11)

96.1±5-9

(17)

'1.6:' 7.0

(11)
.

lS.gi 7.e

(11)

16.5:'11.0

(17)

7.::-.'? r·j~"'~ .

(I) .

• Ba_bing actl_t.1D&ao1utions tol"8l1a given Tabl. 4. Sol. 16.
ft See Tabla a for ift..,..taUon of 'I hatching and ~ .ct.lva'tion vaJ:u8.
! P1prea 1a paretItJlu18 1nd1G&te "er of~J a.pproxiatel7 2fJ0-400 ova. nuuted per exper1Iaeat
• S 10 aDd (11 ....~ iDfeeted dog••
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~n of Batcbabil1ty and A.ct1vation in .f&S* of Ova ~ta1ned. Under Different
Conditio. and Otta !rOll D1ftereat Dogs

90 lIin.

I
56.Q: 9.4*. FI1.1:: 6.0

(6)1 (6)

18.0 ~16.4 42.5 :!:14.1

(6) ,(6)

72..&:' 1.0

(6)

56.&119.6

(6)

J8.a18~

(6)

16.1 1 8.4

(8)

19..-t 12.2

(6)

lQ.,t1 1 12.o

(6)

(6)

17.4 19.

(6)

(9)

SS.9t 12-6

(8)

(9)

96.2± 1..,4

(.)

98.9:'1.5
(7)

(9)

• .s~ I.e
(8)

(9)

• .4i; 1.2

(4)

99.8 ~ 5.8

(7)

(9)

98.7:' 1.5

(8)

91.st 9.5

(9)

97.6± Od

(4)

99;.s~Od

(7)

(9)

s.e: 24

(8)

4.Q! 4.2

(9)

6.lt 1.6

(4)

1.J.!$.9
(7)

(D)

lO.l!.I.5

(8)

16.2±-1S.6

(9)

1Sd±S.s

(4)

12.5:: 7.1
(7)

(8)

(8)

15.s:t 8.1

(9)

(4)

1$.1! 9.1
(1)

92·.1 ~ 10.1 9S.1"i4d 96.5 ±5.g

(U) (D) (n)
'1.6!. 7.0

(11)

lS.9! 7.
(17)

16.S±' n.o
(11)

..

,..~t1l'l ,""
(I) .

• iatch1Dg actlfttUgaolutlOJu torsla PftJl Table 4. Sol. 16.
ft See Table I for ~t1Gnof ~ bateb1Dg and f, eottvat.lon valwIs.
! P1p.re8 in pareathesla indioate DUber 01~ japprox:t.ately 20g..400 waoourrt.ed per experimeat
• S 10 and f11 .ere naS~ lnfaet.ed doge.
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9s.7tl.,H18:'bohod 12.5 t2.9~ dtlfttlcm in ova !'eoovered

from 1'ro«10tt14 BUslxnu,iOtl$. !he•• val•• were the highest

:rat•• obtabe4 dU1n« a ,0.90 mmut.e. t 1ncu.bation period in

lu.B (TableS).

A see_a intOftstu., fe.tuft .f daft PljEUit"n1;ed 1rJ.

1'&bl$ , 1s tbe din..... OhM"ed 1.n activation rate of ova

obtaUled :trom 41tte:N21't dop.Percent ut1vation of ova.

nOQve·:ted from stool. or notal wa..hings of Dog 5 and .DQg 12

we:r& respeotively 52.0t. 19.71; and 20.0 t 4.'~~. S:b!1ilarly,

penen1; a.ot~:V'ation in ova ftoOftred tr01n prog10tt14 8'WJpcm.­

etone of DoB8 '.12,13,81' _ei 01 ""I ;res:peot1vlit17, 20.1~U.0';'

12.; t2.9~, 16.2tU.'~. 1'.4 t. '.5% ani! 1'.7 t 9.7i4':.

:DU:rb31 the GOV•• <>'f oh.mleal trea.tment experiments,

when the .,p17 of ova h'om atocls or r",a1 Y&m:hU2€s was

exbaUste4 m at\7 mstanoe, it .. Jl&O••SU'7 to ue ova

re.overed t:remproglotttcbh 1.70,101;t14 IUspensions were

1:;,.._11·.4 with a01d pepsin (5 minutes 1n 1%' "pain pnpa.red in

O.45~IiCl) at 'Toe in o:rde:r to break down proglottid tlSfJJ1.Ut8

and rel..... the cna. J. o_:paw1•• of htltob1ng and ao'tl'fttlon

nt••, beforean4 atte:r pepa1a t'fta'bHtnt. 01 Stloh ova :trOll
0 ..... • • 'r'

Dctga 07 and 12 8h.ed little f t.t an)" f etfeat' ot ~ps1n
,

Pftmab1entu:p••1ther batoh1tl« oraotlvatton. hetreat.

un" with pepsln GaUNa a .l1&ht inore.... 11\ 1....rnnt

ao1;lvat1o.n (from 1'.7 t "., to 1'.' t 11.0) in 0"'1'& hom Dog 07,

and a 811g11t 4e~ in pe:roel'd; aotivat1on (trQm 12.5 ~ 1.1

to 8.9 t 1.9) in Oft hom, Dor12 (kbl. 5).



-" .
,In tM 0__1eal tfte:tment' eXptl:r1Jaellts tbe Oft Ut1ht,

weft ,f:or tbe most .:pari;. tho.e :reoovered hom reotal

..h~. of nOI_ 12. Ova. be proslott:t.4 auspettAd.ou. after

1'$ps1n treatment,Clf dogs 12, 13, 07 an4 S'O also "nUMd.

Aotivation rat•• of ova h_ "iheS$4:0&'8 ranpd trOll 12.'
to 20jt and hatoh 1'&t•• 1'1-011 90 1:0 "~(,.

llliihtUl Q!I
~tl811 llEal.1II ova .~ose4 tol$'b t0J1nl111n

fo'.t' 't 10 and 30 minute_, to ".;tomal1n tor , mta.ut... and

to lO~~ f'ormal1t1 tor , lYdnu:te. d,1d, not 4:1:1"1"0" :in theb

ha:tJoh.1ng an4 activation rat•• fro. tJ':io8ttof the 0.t:1l"o18_

IU.ghes't; activation :rat.. obtml:tned d1U"1D& '0-90 tdnut••

1noubatiOl1 &t,,00 in. BAster ova exposed to l~ tonal:tn

for 5 t 10 and '0 minut•• were, ftG:peot1vely. 18.4, 12.9 u4

1'.7';~ (fable 6) • Hatoh1ng n'.. a180 weft at a llt«h lEt..l

in tM,. 10 and '0 JdJtute poups (the, _ret ft,,"o1:1:M17'.

91.0, 91.' &n4 80.810), and sl1ghtl,. lw.r :1'%1 the ,~t toJ'Jl!lalm,

5 m.Uu.tte gJlOQ.p (88.a~) and 10% formalin' Jd.nu_ POQ

(74.4j~)., 'l'lhen expoRn t1lle or conoentftti<.d1 Of f"orme.l:b.t

or both ftft .t.ppe4 ttl'. however, the hatoht:nB at...

recluoea Gone1d.e...bl1 (d 1a ,%tonal1nfor 10 and. '0

m:blute., l07~' :to:ru.lln for 10, )0 u4 60 Jd.r).u:t•• , 20~

:fon-.lin 'tot' 5 minut••),. p~nrente4 oompl&tel1' (as Ut lO,~

formalin for () an.4 24 hove an« 20'/!:,:formal1a to'f 10 .:tn1.l:t«a

or l~r.
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TAJ3.LE 6. .

Time :c ! %1 ~ ~ j '$ % ~ % % ~ ~
Conoent. 'lTea:ted Hatched Activa'ted latched Activa.ted Hatcbad .lcti"a'ed Hatobed Activated _tohed Activated Hatchett Activated

5 JRin. 89.2S 1. . IS.J. 16.1 01.0 J.8.4 94.2 Eh7 - ... .. ..
(5) ,(I) IfS} (~) (5) (5) (S) (3)

.....
-
..

(5)

(5)

u.s

15.7

(3)

(5) (5)

(5)(5)

80.8

(S)(I}

(!)(I)

(I>

(5)

41.91

(5)

74.J1
5 Jd.n.

-
..

..

..

-

.....

..

61.2 26.6

(J.) (1)

o
(I)

4.2

(4)

(5)

lA.6

(5)

15.0

1..5

(IS}

77.2­

(4)

(I>

(5)

4.1 74.4

(5) (5)

6.8

(4)

o

(5) (5)

4.8 7S.J.

(5) <I>

o 0.4:

(5) <5>

4.0 71.1

(4) . {4)

(3)

54.8

(4)

2.2

(4)

4.4 SS..5

(5) (I)

o 0.7

(I) (Q

(5)

Q

(I)

29.41

(4)

31.00

(SJ

10 ta1n.

10 JIl1n.

...

-
..

..

...

...

..

2:1.,
(2)

..o
(5)(I)

o

•
(~)

<5>

0.11

(2)

o 10..4

(5) (5) (3) (5) (3)

J---.....,.~.-..-.-"-1,'>'~~"i"""ll'T:,-,,-•.-,.,-+-......M"'i..n ......-.-,"-'-,'- .. +'," '-':.-fl-.-';"""",.....-,-I\-_-·,.-?+-••.~I..~.~:~;:'-'.;o~.......t;-"":-:-'-•. ,-_....:-1~~f;Io~:-.-.•~.,-'.......-.-..-.-t----+---~,:;7'
10 Dd.Il. '(4) (.) (4) (") (4) (4)(4) (4; (2) (2)

(2)

(2)

o
(2)

&.
(1)

I"
(2)

194

(2)

(2

51.1

(2

1'1.0

(I)

(2)

(ti)

(1) (1)

8.4

1.5 62.e
(2) (2

4t.l
(I)

11..2 88.6

(2) (2

(1)

51-5
(4)

52.3­

(ll

44·.1

(t>

'11.1
(2)

89.0

(2)

..
(t)

-

•

-

-
-

..

..
-

-

..

..

..

.-•

-

-

..

..

-

..

•

-
..

-

-
..

-

(2)

(2)

(Il

(2)

,t)
o

o

o

o

o

o

(2)

(2)

(I
(I)

o
(4)

o

o

(2)

o 4.'1

(2) (2)

o

o
(2)

000
(2) (2) (2)

(2)

o
(4)

o
(2)

o
(2)

o

o
(2)

o

0 ..1

(2)

6OmA.

10 JdD,

(j

(2)
000

(Ii (2) (2)
46.1.

(2)
o 56.4

(2) (2
o
(2)

. '* Double l1De repr.....~ iIi 1:~ ...~hlot'.':k
** Batcb1De acti "1D& .ao1u.t1oa, .f'w-.1a g1v.n tat.1e' 4, SOl. 16.
! All value 'a:N repIr.8. ~ batehedol total ........
I A.1l ".lues are am l'8III--- ~ _t1va.ted of the --.J. ..-pherea hatched.
I J'1gureala plU'eD't.hesla incl1o&_~o£exper~1 appl'Ca. 200-500 09'& oountect

per aperiaent.
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Miorosoop1oally it was not possible to tell, however,

whether ol'loospheres within U1'J.ha:tQhed aggs, the shells of

whioh were f 1Xed in formalin ,were living or dead in a$

mu.oh &13 they remained. normal in appearance. .Although suoh

formaltn-ftxed ova were inoubated for long periods of time

in HAS (up to 18 hovs) no hatoh1116 'Was Observed. When

shells were removed by treatQnt with l~ sodium hypoohlorite

solution for '.5 minutes, however, and freed onooarpheres

washed four times in distilled water with SUbsequent inouba­

tion in HAS, it was found that a large percentage of suoh

onoospherfUJ were still viable.. In faot, aotiva:1;ion rates

were frequently h1gher in these ova than in the controls.

Thus 1n ova exposed to 10% formalin for '0 minutes, the

highest aotivation ra.te was 14.81'. A.:tter removing shells

in sodium hypoohlorite, wash1D8 oncosphares and inoubating

a seoond id.me in HAS, the aotivation rate was inore...ed to

29.9%. Similarly, in ova expo.ed to 10% formalin for 6

hours and 24 hours, there were no hatohad onoosphere.

observed following :;0.90 minutes t inouba:1;ion in HAS. When

shells were removed in sodium hy:poohlorite solution, washed

and inoubated in HAS, however, aotivation ra.tes were

respeotively 9.5 and 26% (Table 6).

Approxima:t;ely the same resu1till were obtained in ova

exposed to 20% formalin tor 5, .10, '0 and 60 minutes 6

hours and 24 hours. There was no hatohing in any of these

groups of ova af't·er initial incubation in HAS. When shells
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Were removed 1nsodiu.m hypoOhlorite solution, washed and

inoubated in HAS. Mow.ver, aotivation rates were, 19.9~i;;.

9.9~&, 8.5~0, 6.0%, 1,5% and 0%. J!ssp$ot1vely.

It is olear from the foregoing that formalin at the

various oonoentra"b1ons f and at the various periods of time

tested, did net :render all treated oncosphere" non-viable,

a oertaln percentage of aotive ono.ospheres were observed

in all groups exoep't the 205h formalin, 24 hours group.

Axlother tnteresting fea:ture ot aat1va:tion ra1;es

af~er sodium hypochlorite treatment was their gradual

dearea.•• with inerease of exposure time to 20:rh formalin.

c. Effect. ot L18Q~ upon the V1ab~~ltl ot igaWR908QiiJ

lA!iPu+P§I1, ova
Expoan.1re to 2r; and 5% Lysol for 5. 10, 30 and 60

min.utes did not efteat hatohingof ova and aotivatton of

onoospheree. Hatohing and aotivation rates, obtained in

these eX'Per.1ments. ·d.1d not devlat. much from thoBe obtained

in the oontrols (Tabl. 7).

Exposure of cya to 10% Lysol for 5, 10 and 30 minutes

and for 6 and 24 hour.reduoed ha:tQhingas exposure time

WaS increased. !he highest hatohing :ra"be atter 5 minutes

in 10% L;rsol was 9'.1% with 17.2% aotivated, while after 24­

hours in 10% Lysol oorresponding values were 47 .2~' and 4.0~

(fable 7). In these experiments, altho~h shells 'w'ere

fixed gradu..a11r a8 exposure time was increased. aotivation

rates remained at a high level amo11g hatohed onoosphere••



TABI..I 7
•

as lI.S as as li\.S as

% ;C % % :' %

1.1 91.1$ 8M 92.s U.s gad 5.
(&) (i) (&) (5) (~) (S) (I)

41.7 98.69 41.11 00.5 U.s 100.0 U-8
(4) (4) (4) (4) (4)" {4} (4)

9.9 96.41 16 98.1 10.0 99.). tel

(4) (4) (4) (4) (4) (4) (4)

10.1 92"18 14M 9%.1 10.0 98.5 10.2

(3) (IS ) (I) •
12·.8 95.1 2&.&8 98.1 14.$ 25.9

(4) (4) (4) (') (4) (4)

7.5 ~9.o 11.0 99..1 lld 99.7 12.1

(4) (4) (4) (4) (4) (4) (4)

2.4' 97.9 11.41 98.2 12.8 - ..
(1) (1) .(1) (1) (1)

5 JI1n.

(tit
.-4, .'_0 ($)

10% 10 mn. 19.5 18 ..2 le.'1 61.6 S-5 as. Ud
(4) (4) (4) (4) (4) (4) (4) (4)

$e:..,s 8..2 «1.1 s.s ".0. 11.4
6 hN.

(2) <I> (2) (2) (2) (2)

24 hr'8.
2$.3 0 I 2'7.2 2.8 I 47.2- 4 ..0,

(S) (5) I (Zi) (5) (5) (I)! I

'7.1 0 4.1- .0 52 ..9 22.2 t2.t 50.0
5 l'.ll1n. ... ,.,. -(2) (2) (t) (2) (2) (l) (2) (2}

48 ..2 0 &'1'.0 12.5 00 ..0 •.~ 10.0 u.s
10 II1n..

(2) ~ (f) (2) (2,) - w - ...
(2) (2) (2) (2)

14 ..0 16,.1 1.:1 25.0
, 7.4 0IQC SO atn. I ... "'" ..

I (5) 1 (ti ) (5) I (5) ($) (2)

bra.
€) 0 0 0 0 .06 - .... - ..
(2) (2) (2) (2) (2) (2)

24 bra·1 0 0 0 0 0 0
I ,. - - -

1 (f) (f) (2) {2} (2) (2),

.. Legend ... u ~able 6
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Ova mai:.4rith lO'~; zer801 bee... <lark in *0101' _

••u. (l'ttt.28) • 8....h.11....•• "hue other.

remaiDedln....t. Ae th..xp08Uft t1me wa.uo~.8.4 mOft

ova swel1e4 aD' rup~. (Pig•. 21). 8t&Oh ob..,.. bl .olo~.

appeaft.nOG .a;n4 81•• ot 0"18, .'re eftn .aft .'",iows m ova

t'ftJ'at·e! w1__h 20~i; Lye,ol.

In Oft expose41;o 20~~' 17801 tor 5 f 10 and, '0 minut••

hatohiD« va. IIIorked17 IJUPZ)ft•••d and ia. tb••• exP•••4 tor 6

and 24 hove l,t was 0..,1.".11 ,_ven'.". :a..oval of sh811.

in sodlUll hTPoohlO:2t1t8 solution and~ub••q\l.er.t U1Quba:t;1oa

.In. &S2teau1t,ed 1D.hig.he:r P'l'o.l1tageeo~ aetiva:t.,4 onoo­

8l>1.1ere8Ul some lb~•••_. '." ".

Ia the BrOtt]) .tOft .rpo8.ed to 207~" 17801 tor , uJA

24 hOla'. noo~o••ph.I'.8 a,p:f~ued to havel.llU-v1ved "'._

shell. wen ftmove,€! 1neo41um hJp,oo.hlor1"e.

D. ,J:f,.~:b,. O! !~P7~ U~~~~.;,.~rfml t~ !"~)11.;!l_~ -
Ova

E%l)OIllD'e o:tj.. ~O)J!!I,ova to ,Ol:~ et)ql ale.bel

for 5 and 10 1tluu.'•• dtd not effe." the1.1r hatehlns,.
althou,gb .In the '0 m1nui:. ~p a slight ..(ttl-etlen b

1:t:t1'ioh1DB ]tate wag ob..%Wt4 (:red1lOt1Oft:r~m 98 to, 92';~'.·

AetiTal1ion ..."'. "efthtch tB all the ~p.t hlghea' .,.••

l~or the 5, 10 s:n4 '0 minute pou'P- "OH 22.3, 24,9, and 11••"

rtI,ptlo1;:t..,.ly (fable 8).

ova .xp.... to 70'j~ al..b.el t'~5. 10.'0 &1\460

minut.,. t hat.hi. rat....Hftl41.l.d, padually .. the
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91. ! 19.4
(8) (6)

'¥I.e 25.7

(I) (I)

•• I 1I.e

(~) (8)

91.7 U.s
(4) (4)

}

~I.~::. I

17.0 91.1 11.5 i 91.5 11.I,
(4) (4) (4) I (4) I (4)

I

7.0 I 98.9 11.o! 98.5 24..&

I !
(S) (I) (I) I (6) (2S)

!
814 11.1 I 92.4 17.664 I

(I) (I) <I) (S) (I)

U.o D6~ U.s 91.7 lOA

(It (S) ($) (~) (Il.
11.1 ..- 14.0· 87.$ U.o

(6) (6) (6) (al (6)

D-A. Sol. I I It-... Sol.
so _r.t.. An mn..

54.2 I
US) I

96.2 :

($) I

.... \
I

(4) i

, 61.& I
(I) I

5 ••

~ 1

i 50 mUIt I e2 ..e 18.9 \ 76.19 I 12.5 61.0 21.0 ... 1,.-
I '! (2) (2)! (2) ! (2) (2) (2) Irl----..;-1-e-04-.-;"-21-.0";'"..;......+-,_.-al....·~-~.;....+-r-· -5-.";"6~-l00-.";".O-'-+--U--';~""""·_' +---r-'---1'\
160 tUn.. I I I '.... i-
, I (2) (2), (2) I C2} Cft) (2) l

$." ", '1_.4.

'.. ,

-
16.4 1

(I) I
(I(, P"'iI'; lit

I
t --

95:'



.,4' ..
erpellU:l'e time wasU1Ch'1aae4, Bat.. foZ' ..he_,"," peft048, ,

a1; 90 .tau_. In(JUlJa'blonln BAs. were f Nup.'c·t;1,ft17. 97.1,

t~,1.8tT9tO, 2'.S~' (k'ble I). !hi. pad'Wll , ..lb. 111.

hatoblD« ~at.8 sur~••tl that shells Wttreb•.ing t1:ed tbroqgh

p.rol~4 ooai:aet with alo'.ho1. 1'be '.... .tteot ".. &1.0

ob..rve4 lu .xpe~im&nt.w1·th95/;; &.100ho1••

Activation ate•• h'~ir...~. ltot1'1 in10~~ an49"~

alool;"ol d14xurt Ol\,an,e with tt. of expoeuft. lIiSh••t

aotivation rat•• after $. 10. '0 and 60 minute. in 10'~

aleobolw... 25 .1'f~ ,19.4'&;, 19. ,~r; Bl14 29. 9~;(~ 1*8.".'0"1""11. ancl

a:t",er 5. 10, '0 ant! 6O.i,nut•• 1n 95~10 aleohol, '6.6j~, 2'.8~t

27.. ";;0, and 25. Oil~' (!able ~) it

Roweve'"t. ob..rvattOt'iS on otlGo8ph,e:t1te ha:tohoa. 1X-'0Il 0Ya

treated W:tt,ll '5" a'loohol r9Yeale« tr~att "ith Utor....4

inoUbat1.;)D, inH.lS,etl,eOlphere8 W" be·tn« g:raduallJ des"roy.4.

!h.is .·marbe il111strate41n .he ....."".01 a typ10al experi.

ment. !he owm OOU!1tpe:r 2 4.yope ,:h'~m .a "tiu"be treattAH'1 tor

'0 mUjute ~~1 \"1th 95;! n1oobol be't~'r~ht.oul:.:"1Qn tn ILlS ft.
'00 __, after 30 m1:rnt'tea t imnlbat1$!1U1 lIAS the OTWA.80UZlt

4f10.....4 to '5, a:tter 60 aiautes· :I.:B,oubat1on to 16. and

at~.1' 90 m,inut••• inoubatlon it was still 16. f1;'tu .~:t.o1;.
of 95}~ aloobolwaat "-.1t:17 obserred a.ndsug!$ate4the

alowpel'*utlonottM .,...hel.l by aloohol w!:trJ ~wlt_

4e..ih ot' theonoosphtt".,



• 44 ...

"Roocal" (oontaining l07~Ben.a1kor1umchloride) 1$.

oozmnon1.7 una: a8 a &end.oid. Ol'J. utensil•.'bl e.-.:tJ2g EHJ1a.b11ah.

_nt. mm pJ'Ooestd.a«p1lm.1•• 'bake:r1t. and oann.riea at a

dilution o~1,5000 a114 U .& apr&7onwal1s and. 1'1001'$ of

.hospitalsand fttr p:nenl houeholduse at a dl1utlcn of'

111250.

:In the.. ex:!••1ments ova weft oxposeCl to three dilu.

tions 01' "iOeoaltJ
• 1.1250, 11100, €U'Jil 1150. !hose expo.."

't;o 1*1250 and. 1.100 dilu:tion.s 1'01" from 5 to '0. minute,

hatohe<t and _rtt aot1vated at rates sUdJ.u to 'the oont1'01e

(tAbl$ 9).

Ova .xPosed totba 1#50 dilution of' ftRHoal" batoh.it

at a lelHr rate, l~.O\.,.ve~.~Vh.f.lsuohOft ••"treated. w1:th

.oat_ hl'Poehlor1t••olut1oXl, a h:1gll peree:r:l'tlJil.gO of onoo­

SPMI"e'$ were to'tmd;o haTemurvift4 (2able 9) 1/

12'. !f:tH"8."Ort r·Cl,uo~~ u.~ the V~'b1~i~ otrilltat8_
~~

A '" 801u:t1on of $oAtum bnoohlorlte wu reoommend.A

b7Benar (1954)t. 4entJ>o7Ul&' the ova 'ot !- ~!IU
on inB~:nt. a.ndlabofttcq oOl1ta1:nere. !r!me of .X~H)W"

was not stated tn the abritrao't .en.

"Ol_ox" (oon:tadnht8 $.25~~ 8041= hypool11.or:l:ie) WU

used T~17 undiluted tn the.1 exper:lments. That 1.
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Bt.f... of taoocal' UPOll the ViabiUt,. .t
1- e!!~!!!! OR.-

. "

aoo PP'I 5 lIln. SfS.1 ! 1.2 97.9 I .hS 91.1 11&.1
(2) (2) (2) I (2) (2) i (2)

I, I,. 'Ii .....

84.2 I S.a 94.o! 1-8 9S.e 12.1 1
au $. (2) j (2) (2) I (a) (2) (2) I

84..0 II 2.0 90.1 I, 6.0 91.4 I 10.1 ~ISIl1n.
(2) (2) (2) 1 (2) (2) (ft) i

2
!

1.110 iI1n. , 84.9 65.6 ; 89t1 a.l
!(2) (2) (2) (2) (2) (2),

I

SO ldn. , 87.9 1.9 65.1 10" 86d j 9.-
I (I) (2) (2) ; (2) (2) I (2),

5 I 11.6 ".s 14.0 2.2 16.0 I 2.5 Im1n·1 ,
(1) (1) (1) (1) (l) I

(1) II
I 20.0 4.4 I 18.1 9.1 !.l. i Sd 1
I

, f

i10 m1D•. " . i\,
(1) (1) (1) (1) (1) I (1) f, I

,; j I, • • , I' I ,t I , ,
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....", een••nuat.4 stt8}Km8iona otova wftu,ett and tbe

voltlJleof"01orox· .. ~tlo1.ntl,.ln.x.....o tbat the

:t1Dal oOlloenllra1;1GR o~ 804tum bJpOObloztlte APP,l*fDtaate" 5:1;:;.

IJ:le shen. of' Oft expo.." to "ClorGz· al••olYrla

oomp1ete17 tn,.,.t.au:t•• (ft«t;lfta18,19 uut 20) ,1eav11t«

th....o.ph.......,•••4 to1lhe ....,:la••,th. oherdl.l,

Hat.hil\r in aU .~ba."a.. 100';~. fl.1Irhe,,,t &tnl_tim..t.,.~ 5. ,10.'0 a:a4 10 mtllu:'.. expor.nure. "8N,_.­
p••,:1.,.17. 41.'. ".1,26.2, and 'C.8~';;;. All wduea ue
l'l1gh..:r than .ontl'Ol. (lAbl. 10).

G. !Uutl at, ! glYtbSlj i2!it_"'il":~4!.~.tUI~.tih.VlAbS&D:

Ie'! JIIIITt._ .~.

1'he uaual oentJrat1oa .t -rid.- fo-z ...-",&1 h....-

hold WIG' baa be••••t~lte4 to be be1twe.1l1';{; and 2;;~f

Ova eQo... to 1)~an4 2'~ 8o,luttone of -Tide" tor

va:Jrlou.. periods ot ttae did not uh... &l17 "el.".r1OU...tt..t ••

11a:tf@iJ1B waa nOrlJal andaot1vatlon :rates _reeveD b~.

than ".11,0" obtai_din the oont:rola( table 11) Ii

H. 1ft.~1I. et Blfat \t~~n."!:!,,.Y'1a'.i~tt7 .!tl'~~._.Oft
An a1rt••pi ft. ma4e t.'.teft:lne t'he eft••" of mollit

heat uponono••p"re8.tl.~21_'(!ahl. 12.).

_'08Uft to 50.Q tor;mlnut•• did not oh~ the

apl)fiuanoe e" ·the ova and did not kU1 all the 0n008pher•••

JPGllw1ll« h1.ctubate" in lIAS ~.r '0 .iD.ut..81~t haioh.a w1th
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I •• I

I

2e.elOO.o i 22.a

(I) (') I (I)

, ..

100.0
(ft)

4,7.4

(8)

tt I, ' •• I, I .',,'

H-AS03..
I.. _; .

'CtmMn!1 Time
o ,

I...a.n-~·l
I I 'i I

(1)(1)(1)

15.1 1OO.o! 24.0\ .•

(IS) (3) i (I):
• , j ., • I.'~

.8.2 100.0 1 1S.o I
(I) (I) I (8);

• ... 1 .... ,,' _?

(1) (1)

10.0 !:too'rfO
(I) j (Z)

I
20.& ! lOO.o

(Il)' (.1)

26.7 "'1"10040lOG.o
(1)

100..0
(I)

100.0
(I)

r n •• ' J~" ..• • "



tABLE n
• •

'f1de H - A. Sol. H ... A Sol. H- A Sol.
SO ~. 60 min. 90 mi:r~.

potJ*l'""l Tu. ~ :c .'1» ",,'.~
int1cm l1,TM-ted llatebed #.otlvated iSwbad Act.ivated Hatched fAct1vaW

5 udn. 95.'1 U.S J.oo.O! IllltG 100.0 Zhl
(I) (IS) (~) (I) (I) (I)

51..1 57.8 41.5 asset 49.4 22.0
10 =.n_

(2) (2) (2) (2) (2) (2)

minI!'
92.9

I
12.6 .3,

I
19.4 I 99.11 2'1.1s

(2) I(2) (2) (2) (2) I (2)I

I I
10 min. 95.1 lJ.2 gg.l

I
19.4

!1OO~2} I 21.9
Cl} (2) 00 (a) CI}

10 lI1n.•
95.1 51.9 94.9 i 11.0 1100.0 52.0

2>' !(8) ($) (a) I (I) I (8 ) (I)
i

,

IIUXh" i 415.s 10(,;.0 60.6 1100.0 61.0
6 br'8. I I (I)(5) (5) (5) (3) ('>

I 100.0 &0.0 1100.0 ie.6 !lQo.o ! 1hl
I u br8"

I I
(2) (2) I (2) I (2) I (2) I (I)I I II I ,



-49-

TABLE 12

Effects of Moist Heat upon the V1abilit1 ot
Echinoe~ granulo8\18 Ova.*

TiJIs % %
T~ Watdled Activated

H- A Sol. H - A Sol. H'" A Sol.
M un. an IIin_ 30 dn.

:c % % - % %
Hatched Activated Hatched Activated Hatched ;Activated

90 6.8 9$.2 0

(2) (2) (2) (2)

8ti·7 0 91.6 0

(2) (2) (2) (2)

98.2 0 99.4 0

(l) (1) (1) (1)

6.5 0 10.7 0 0 0

(2) (2) (2) (2) (2) (2)

0 0 0 0 0 0

(1) (1) (1) (1) (1) (I)

0 0 0 0

(1) (1) (1) (1)

(1)

(1)

(2)

(2)

o

o
(2)

o

(1)

H'" A. Sol.
30 min.

(2)

7.8

(2)

o 0

~

(1)

81

(2)

5 min.

10 rdn.

30m.1n.

10 1Idn.

60

50

(3) (3)

70

100

10 nt1n.
o
(1)

o

o
(1)

(1)

o
(1) (1) (1) (1)

0 0 0 0 0 0

(5) C&) (3) (5)
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w:tth 6.29b aotiva:tion. :tor '0 minutes 90';& hatohed \!11th 6.8"

aotiva.tion. and foX' 90 minutes 9.'.2% hatohed. but no antive

onoospheres were observed.

Ova exposed to 50°0 tor 10 and .30 minutes also were

unohanged in appearanoe. In the 10 minute group, hatohing

W'QS from 81% to 91. 6j~ and in the '0 minute group ,1twas

94% to 99.4%. No aotive oUQospheres were observed in either

of theae grQups of Qva.

However. in the group exposed to 5000 for 10 minutes

although 2 of a total of 54' onoosphares oounted appeared

morphologioa.lly as though they had been atrtivat&d. at the

time of observation (following .30 minutes· incubation in HAS)

they were not motile. Effects of 5000 are therefore equ1.

vooal.

In ova exposed to 60°0 for 5 minutes. the hatching

rata was low (only 6.5.l0.7~~). Onoo.phares appeared to be

of nor~al size and sba~e although nomot11e onoosphere$

were observed. Un.lL"1tohed ova. whioh also appeared normal,

'ttfhen treated in sodium hypoohlorite solution did not oontain

active onoospher$s.

Ova 9xposed to 600C for 10 minutes, to 7000 for".
10 and 30 minutes and to 10000 for 1 and 5 minutes did not

hatch. Ova exposed to these temperatures appeared swollen,

and the onoospheres within were struotureless masses t'ig.26).

When suoh ova were inoubated in lIAS, the shells as wall as

the onccspharee of most ova were digested. The few appar-
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e11.1;1)" intaotO"f1l wtd.oltJ'ema1ned in ••0,1'l exper1m.er:rt, when

treated l11th eo41ua h.7'.Poohle,,1t.. oompletGly d1aapllfJ'ue4.



A_lliolqu .td ,i!:t~b,~P!,~~IA~1~Wi"1l

Briden," trom 'these 8:xperiMhta indiostes that the

oen:tent ".'thich b:ln4s the !'.ct~ bloeks toaUt.g t'h$

ehelll ot _«go of l-mJmll8ttl,is not ~U.'lu~·olv~d in &1'1

aoid _eliU14, evcm in the pftMnO& of a l~:rot.olytie .n8,..
$Ueh all :pepsin. It is distl'.olved, 'hOW'ewr, un.t1el'*e.l1r..allu

oonditiQM (:NaHCO,or Jffl40H at a p11 of 10) without the a14

of' atfl' proteolytio ens')'Ilttlt. :rh1!, eou.ld lead 1.US to assum t

l?t1t:rhapst thatth.e cement IlrJ.Dstanee 1s n.on....prote1n in na~.

};;n:z~$such. aa 1Jt.U10rfult:tn and t:rrP11n ,1tl adc'U:t10n to

d1g$st:!:rt..g proglottid tlssutHf and 'ri:toillne membranes, appear

is\,) 'be:l.:mportaut in ut1vaidJ::tB': tb4t onoo.ph.ares af'tGf:t the

removal otthe shells. ~~h the oom'b1rJ.'i'd. $-ottons of

HallOO, (pH 10). panereat1n and bz7psin. it is poeslbl$ to

f":ree ova hom pll"oglt1tt14 1:1auJ'Uea Q;tul vit.l11:ne membr~m.at

onOQsph.:rEUJ hom tbe:lr shell ele.QIrta and toactl'Vate a

11,1gh pGlroentage of tbe ltiitto.r. The :fU.rlher addit1ono:t

oholeote::rola.nd tnah $~P 'bile great17 eIJ.ha.no(uJ the

a4t:!:vatin,g effoct of tbeasG e'rlz~llih J?ur1fled bile salt.

only p.url1ally llJubat1:tut,. :ro~ f're~b, bile.

:atle ~d it. sat,. a.re Q'!..U:'fe,C$ active ABel1:t~h

Aooordulg'to Q,lassman (1948), wr.f'aoe (;~ot1VI agen.tsa.ltel"

erJi):I."gy rels:tionslllpa at hrtftr.faeee tl::ereby l()WEt:r:tl'f~ sl,trfa..

or irt.t(i)1."fn.oial tensions. il~ po1.:nt$ 0\):1; that thIS! tnt&::rao1:1.



.. " ....

of~taoe 8.01;:1.... qentl1lJ ane! prote:l.na -''1 "ault 1n Pftoip1.

ta1iiou, eompl•• f01"St1o:n .lul d.t1at~ation. Ansem (19'9)

ha4Pftv1cual:v "port.4 "hat .-11. UU1')unts o:t a'l.trl'aoe ant:.,.
apent.eoul4ha.,..,..rtul 4...:tur1nt .1't••"'8 IIp. po_ins II

Soften1_.,..,.. (19'8) u4 late~ llau:towlt. (1945) have

«e:rJ.8t:ra'bed that tz'J'p.U1ac.rt. ftpitUT onde."btl.ft4 })llIowb8

but 0Jl17 slOW17 em. uid.ve })l'ote:tna. '?o:rhapa bU.. as ..

avt_ utift .,.:nt, d.na~. _~ou.1 _ai'brane prou:tll

a»4 theftb7 nadel's 1.t m.o~. IItlsoep1;lble to 1Dr1Ps:b1 b7

digea1d.on.

It is al80 p08sible that 'bile has a diMot e:xoita1;h7

8£1'&Ot upon "the tt_..._ of the _oo.p"ft.SUoh an

exc:1:ta"ioq prope")" of' b11. and its salts has lmIBbeen

ftoognl.••d. l'lo*ot eu17'WOrlat1l'S 12141o.t.4 thatb11e had

the ~lou1fU' ohuaoterbrtio of st1mu.lat1J:lg gutaot:t:vlt7.

BQrall (19'7) obH1'ftdthat bU. wa. appa;rent17 »e••ssU7

forno:rmal tate.tinal Pflrista.1td.••

Vuious otheJ1 efteet. of b11e upon 1;he phy.101oQ ot

t.aPftGm&, pa.rt1.ou.la.J'17 upon the • ...,,1u1don and. exol'utaticm

01 078t1••ft:1 a.n.4 oyn1oefto14a !w.'N been "poriod by

J48.1kat'd (19") f De W••1e (1')4.) II~ (1941.) • smith (19M),.
Rothlsul (1'58, 1959) and Red (1955). leok (1951) ob••:rved

that the ddl;tioa ef ..u qu..'U11;1tits of dog bU. to the

tood. of _1. and t.male rata .t_lated. -.B p'I'oduot1on in
"c

1;Mc -PftOD,J'lMAt1t.l 11~.
I ••be (1922) f Le~ (1941) ad others J10.0p19.4

the illponan08 of heab bile in the 'bat.hi»« .:1 'bUllLU ......



but it ,.. Silft1'm&n (1954) who suggested :tt, f\m4't1Q11 :tn

the uti....,,!. of the GDO••pheft. Berberian (1"") notea

that I- ~.1U1 ova would .toh :tn h'LUlAl'l 'bIle mld 111 the

l:ntentnal 3Ul...f sh.ep an4 eattl., .a _Uas tn .~.

peonath.

)IotU1tyot the onoo.,_... ta.ken to be tbl

ortteJfion .~ 'riAbU1V l:n allot these ~nt. ad tlut

a.oi;±ftt1on a ••_ oGuid.red to 'be an index 'tor us••a:b'1«

Nlsd,s1Jm.ute to ohem1eal a,en1ul. Blwe1\'t:r, a....... ot motillty

oould U't '" eou14••d am an. 1ad1oat1ou o:t ab..~ of lUe.

140ft _ooaphen. wheu bat.hea an 1nt.itAt1". (:rig. 22. ~op) ..

0:n1T .he_ they 8ft eXPOM" to 'ihe st:baulatinMett••to:t

var;i.O'W!S tU1rl"'a:ton tit 40 thfy bee_motile (:rig. 2'),. In 210

In...... eould all onO.sphoM8 'bfactivated, a :r.t.Umba1" AI".,a

ftaw4 Ulan1ve 11'1 e'W3l7 expct:r1ment. Pe:rbaps the ODeo­

.pMal _m~. O't suoh ova _"not Wluenoe4 \'11

Q,oi;1w.tors, or, .o:re 11ke17. $uoh onooaph":.t1t1 were PfJ:ru,1l"

haufflo1en1J17 ma1a1J'a to be st:bm]ate4to "'1:1"1V (u

ftoell:fr17 qgene4):bl the oa. of &ttAi&aM.
!.his le:tteJt tseT1dent w:hen aetlTa1:1oa 18 Oom,"'4

in oneollll.phe:n8 ftoow':t'e4 hom nools anil :lAth". "00wn4.
h-om 1'1'0,10tt148.. !he aot1ft.tion rate 1n OMoapMre8. tNII

.tool. of Dog ',.... 52:!: 19.'n,: ad hom Dog 12. 20.0 ~ 4.,~0J

while aoti:vat1on blon.OO.pMft$ from prolZlo1lt1d8ofthe _

dog8 -ft_ ~fu,peot1ve17. 1'.4 ± ,.,~ and 12.5 t 2.9;1,;. ft1eM

anlt,,:b1cU.oa:t. th£\,t o:uoo"pho:teu :9:''''00'9'81.'.4 :fI'ompro,101tta..
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being lee. _tuft, ue utiYated at lower ntes.

A1:t••p1;15 at v1tal sta1zling gl1ft~e)!lJU}')p('.r:r.tto

this "lift. Pe:lmlea"bil1t7 t.vital, na1\'uJ ... poor in

t.uei:tft.008PU"S o'thewtee nODal in appeuanoe. M'etlvl­

•• blue tnt DUe 'blu t wba 44d&4 to the RAS, p$l1$t1:tttQd the

It'9'11:tB 40t1.......ph.ft. (:f1g.2,) and activated" .'bU dead,

one.SpMft$.. Ono••ph.... ",h1oh _" D.ot atrii1vate,l did not

take the ••in. hOW$ft1"', ~p.tb1&' that the unaltered

tmetoaphe:ral _:m'bwu was not permeable to the d.ye.

B. 1I$~!.te.t.t t!".~.mHale Bll!ftl!.
1~t14d1••ue 1s .. -.1- publio bfU~lth 'problem :U1

~ p~. of the world. '!'he ate ot inf'H'f:1011 in Le'batlon

18 high (Sobwabe u4 Abu ..... , unpublilhed. data). In con­

trol or eftdioaiion o.pa1«na,. u e:f'ftoaoious p....edUN

f·or the destftoticm of ova would 'b6 i1'1'ftLlu.able. To th1$

end the eff.ets of fiI._ 00._ prm1oid•• and disint'Mtants

upon the vtabilit7 of I- IragJpllU ova 'We" te.te4 Ja vi~D.

Fo~lin and L)"801 a.t low ooneem:t'l's:tlofts 1 to 57;

weft 1n$:tfect1.... as &Y14.(')110ed b,. 'the high peftent.a.BO of

aotivation obtained uong hateh$d. onoospherelt. Penetration

of these chemioale at low oGnoe:n:tra1:10tu!J was apparently

.low. At h1ghGl' oonoeJJ:f;a1rlou(10 to 20'it) the shells w...:re

:f~d., Onoosphe1'98 witbin tiDd Bhells were aot1vated at

$ higb.rate, hO'ftver ,when abell. were removed 1n sodium

hnOoh1C3t1.teBol'ttt10l1.

·0Va expos.dto 201:fo%":ne.lin for w-T1ous periods .f
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~i.n'&$ ahoweo4 a gradtU3l.l red'l.1(rt1.an tu pe:tce:r~t.,. aoir1vatlol'1,

1>111:1'1 mona. otexpoa't.U'e time. !hi$ oould be urt;arpret"4

as theftBuJ:t ofa V'81!y slow ponet2'ation of tor.mA1tn th.ough

fixed sll411s with consequent lIamage te t1'19 onoospherea.

Ova J1eublea. viable in. 'O~;: antI 10% .'thyl alGOhol 1:o~

up 1;0 60 m1nut... It there was 4l\.7 -..1:1on of alcohol dlU":U1B

'biuIUi:'. '$".10(18 0'1 'tftawn"b, it was to inore.... the actin...

tif>nnteathe than to 4amaee the em'b;l7os. H0'W'8V9:t'.~

of tr.,e ova exposed to 95~C a].oohol were a4ver801y $f'f'eoted,

althougll the aot1vation rate u<m.-B tn.o•• that did oS.PEt

d~ wu h:lt~h.

-Itoocal-. at a dilution 2tOoo.eftd.ed. for ~rL'1e1dal

\USe, batt no eU...t up. 'the'V1.a'bllity 0'1' ha:tobtl180f eva

treated for 'the periods.tat.d. At d111;l.t1t1m8 10 tbe; and

25 t:llr.ltls mon oone8nt_t04 than that ft.omTlleJJuleet tfRoooal lt

reduced hat.hin,: but the aotivat1on r~te amG~ $"ta'V'iv1n(t
Oft __11'184 high.

·Olfl"O%·. oonta:L't11ng 5.25~0 sodium hnoehlor1te,

c()n1pl."t>ly 4illUlOlftd .en. 1» a 1f/t1 m:btut... eo that

onOOS'rltM::r:es W$!'fl) cU.rootlT eXl)O$ea tQ1:t$ effeetm. O!lcoilpheft.

so treat'04nmaiud Ti,,!bl. ane:t " 10. '0 and 60 mUtut•• $.
• xpO$~t •••rld_need b7 thoh1gh 1"..1;. ot ut:tva.tion

obs@:rved ...

M..ore eva M.:iohod &11& wen tiM,t1vat~d a:t1:e::t exposu):'(1

to detergent ( ItTide-) than afterexpowre to 1;;::,. !he

h~st pe'ree:rrtago aot1mtiOlt wAoobteiud. wbon .q••~
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t1me was '0 m:lnn:tes to 6 h~fh Ova .%posed 24 h0'l.tr8 to 2'5~

"~1d.tt also hatoh.ea nOl"JD!1.117 and a h1gh peroen1iap of

onooephe:rae wen a.tivated, btrt movements were poor cd

~ d1(}d quiok17. IlfUggcJet1..ng, "rmlpB, that .x1hl~nded

e,xpomtre. .:r:reoted the onoosphere.. in 80M adft::tQ. \ftl.1­

L1l'* bUe. ·~14.· is a su.:rtaoeut1w .,.en:t.

b ftfS'tllts 0'1 experiments ..es't1q the effeet. o:t

main heat upcm tlw vta.'bl1tty of I. ~!!9I ova weft

enoou.racing. Ova· exposed 't. moist he.1; I:at !5000 i!'or5

td.nutea w.'ft not all 4••'rored'4 Se. 6(\'ei~' Goula be ao'tivaiotL

!hOM .xposed to ;000 :tOl' 10 m1nu.toa e.n4,O m1nu:hIB aleo

b,a:tt'thed no:mtta11,. an4 although oDOo8pb.ere$we~ao~ in

appea:rano•• noaot1va:I#1cm was Ob.~WfHl.

All ova. eX)oGed to 100e :to!' 5. 10 and '0 m1nutes.,

and. t(J 10000 :to!' 1 a.nd5 mum-t••, ap'P.a:re:d nollen and

abn~d.!he cm.o••Jhe~d .mbJtae. Wft _~llen and

Mp-.rated ~. the "_btl.r 0'1 the onoo.pheft, When .btll.

o~ .oh ova "":removed b1 B:A$ or h\ Na-bnoohlor1t.. the

cm.o••phaR1~t._ft o.,1ot.17 41••01...4.



OONCLUSIONS

The ova of ~. Ganulosup were suocessfully hatohed

and aotivated in ..L:vi;;..;t;;.:;;r.;;.o at 370C. Best results were obtained.......... ,,-

when a solution oontaintN' RaHUO, (1.3%), panoreat1I.lg (1%),

trypsin (0.4%). oholea1allrol (0.05%). and fresh sheep bile

(2 drops per 1 ml) was used.

It was found tha:i NaHCO, (I.''', pH 10) or NI~OH

(pH 10) removed sheIla and panoreatin.trypsin oombination,

aided by oholesterol and bile, aOtivated the free onoospheres.

Aotivated onoosphares remained motile for from I.' hours.

Peroentage of aotivated onoosphere. wa.. taken as an index

for assessing viability_

:Bil. ,alts. suoh as Na....taurooholate. Na-gll'cboholate

and Ba...taul'ogly·oooholate. inoreased the aotivating effeot

of the enzymes parlor.attn and trypsin, but not as effeotively

as fresh sheep bile. Trypsin was a better aotivator than

panoreatin. Urea and Na2E'J?04 did not enhanoe the aotion of

pancreatin. Aoid pepsin had no effect on the hatching or

aotivation of I. iranulosus ova.

Ova recovered from different dogs and ova recovered

from different portions of the gut ot the same dog, showed

different aotivation rates when inoubated in the hatohing­

aotivating solution (HAS) desoribed above. Those recovered

fro~ stools or from the reotum were aotivated at a higher

peroentages than were ova reoovered from proglottids ool~

leoted higher up in the intestine.

- 58 ....
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The etfHtoo:f' ••ve:ral IOmr.,.,. gerntioid.~l andd,1s1n­

feetant. upon th.e viab1,11tyo:t I_ ueul2~ovawe~

studled. Jo~1n and L7801 aJtG· lmO\ft1 to 'bel.,ba1 1ulI

baota:ria ai;. 2, 5, and lO~~ o~n"t:%at1oD.~. Ova of 1,-< Il"~
12&1 3fe1rA1ne4 v1able at tl"i••e ,oonaentra'!ou of both

oh,emlealator up to 24 hotJ.rs. !:o viable on•••pber•• weft ob­

Bened :In'ova which were· .Xl~08.4 to 20~' fo:rmal:l:tl. tor 24 hour. f

a];ih0Utthw,'hol. onoo.1Jh.l~.8 weft p.Jte".n'i. Similarly 110

'v'1a'ble OX100SI}heres were o"b".~d In ... 8x:posed 'to 20~:

Iqsal, tor hem 6to 24 !lOla's. 1:le" , however, tllere were

rtO intact OnoospheH8 lett ..

I!1, ova exp•••4 to 50i' e470~j; ."bTl aloohol tor boa

5 totSo m1n.Ut•• 1"1&b111'7 ..... Dot .',t••".... se- ova

e~oeGd.i1. 9'~>;~ aloohol tor 301;0 60 r~'l,U1u'.8\19re destr018'd

\:rhan -tra.l1.Stene41n'to lIAS. liowever••mOll.« tl:z.OrM tlull:i

eseal,ed the ~m, aotion 0195::;,; aloohol. "tlleaot1.vat1cm.

l-a.ttl 'we..e h!«h..

80me ova flurYlw4 "Roecal" at dilution ot 1t1250,

1,100 ana 1'50, tor boa 5 to '0 .1nut... ova :remained

viable &'l!ter 5. 10 and ,Omlxlut•• t~atm.en:t in 1 end

'tTide" t &1!4 ;10 la-iq':p,oohlo;rite, 1n taethiBher pe<rcerttagt

o:t onoeeph.res were a..t1va1~d&ft~:r .,XP08ttn'* to the••

Bubstanc,•••
o

~~o1.t heat at 50 C tor; minui1es 41dl10t kill all

(nl"OBl~.h&;re., 6.8~~ we1te aot1vatedand. viable. ,rilol.tbeat.t
,000 £01'10 m1m1t•• anti 30 m1nu'b•• 41d p,...".n"t aotivtl't1on
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althoUBh some hatched. Theviabl11ty of these onoospheres

was questiomble.. Heat at 6C)°C and 70°0 for 5, 10 and 30

minutes. and 10000 for 1 and 5 minutes preven:ted 'hatohing.

When shells were removed no onoosphere.were found to have

survived.
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r1g. 1. Adult Eoh1DOOOOeUfl panuloauB. (Mag. 24%)
•
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Plate II

Fig', 2. Gravid proglottid of
!. ~e_. (Mag. 8231:)

...

Fig. 4. OVa of Jil. p&QU.loau
(Mag. 60Qx) -

71«. z. Dog intestine oO"l'ered
with adult I. granulonl (*g. b)--

Fig. 5. OW,mof I. cr..u.oau8
Note radially ltr1'atR ihiU and
central onooaphere (.l'It.g. lOOOX)
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Plate V

Fig. 14,. E. ~OlSUS 0VWIl at
5 !I1n. inoU5'a on n fiitohing­
&crti'rating 801. (11lg" 90Ox:).

Fig. 1.6. E. !ranulOIUI at 15
min. 1neub'ition in Si'tching­
activating sol. (mg. 900x).

:Fig. 15. It" Iranulo8U8 at
10 min. ineuba'Elon In f'il.tohing­
activating 801. (Mg. 900x).

Fig. 17. E. Eanulosua ovum at
10 min. inCubation !n natching­
activating 801: note liberated
oncosphere and shell components.
(mg. 600x).
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Plate VIX



Plate VIII
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:tl'1.g. 26. E. ~8WI: OWJI
«XP08ed to-.~ at. 1000c I
note onoo,pheral _ll'bl"al':le and
.ntral atructlilrele.. "$ (JIIIg ..
lOOOx).
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