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Abstlaot

Investlgatlons were oarrleal out wlth the tapeworrn

tl¿geqgl-@Ê ry varlety frAterna (Str:.es) to deternlne

optlmwn condltlons for survlval ln vltro. the

lntestlnal ba.cterla coexlstlng wlth the tapeworm ln the

rat lIeum and oontamlnatlng cestod.e oultures were

ld"entlf led.. The lnf l.uence of a gr.oup of elâtl.septlcB and

antlblotlcs on g" @ IraB Cleternlneal ln v1tro.

Penlclllln arld streptorrycln appeared. to be the least toxle

to the cestodes whl1e nalntalnlng sterllo or ollgoseptlc

cul-tures. Optl.mum eond.ltlons were d,etermlned as to oxygen

concentratlon, temperature, hyd.rogen 1on conoentratlon,

osnlotic pressure and lnorganic lons. The vftanln requlre-

nents of E. I@ In vltro were found to lnclude ascorbfc

aold, rlboflåvln and blotln. The nost satlÊfe-ctory oulture

mecllum, ln i^thlch H " nana nay be nalntalned f or perlods of

f1f teen d.ays, was oorûposed. of lyrod-er s solutlon, ra.bblt

serrra, slx hundred. unlts of penlolllln a¡rd. 002 nllllgrams

of streptomyoln sulfate.
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INTBODUCTION

It 1a lntentteê that thle thesls shall- present an

account of whaù 1s kno?¡n of the physloLogy anil cuLtlvatlon
of oestod.es wlth speolal referenoe to HTtlelle=leÈlg nana,

a paraslte of the lntestlno of rate, nlce and¡- nràn- . Iû
paEt experl¡nenta.l work on oestoaie cultlvatlon, survíval

tlnes were so short as to lndlcate an abnornaL physlologlcal

conalltlon. The problen of cuLtlvatlon of parasltlc hel-mlnühg

tle¡nands the establlshnent aått nalntenance of a¡x aseptlc or an

ollgoseptlc metllum and the provlslon of the approprlate foodt

requlrements of the ani.nal, I,lardle (1934)" snyth (!9t+?)

polnte(l out that lntestlnal parasltes are rapldly over.cone ln
artlflclal nectla by the growtb and ilevelopnent of ElcrofLora

carrled over fron the Ìrostrs gut, anil sucoessful cultlvatloû
d.epends thereforê, on the attalnnent arxal nalntenanoe of
aeeptlc oonalltlons. The flrst step 1n stualylng the nor¡ìal
physlology 1Ê to attempt to melntain the pa¡aslte aLlve ln
vltro for Èhe longest posslble tlne, Stephenson (]-9+7).

AÈtenpts at the oultlvatlon of nenatodes and. trenaüoales

have net wlth conslderable successc Nenatod.es are usually
very reslstant to unfavorabLe envlronnental oonctltlons and. it
1Ê posslblê to keep sone parasltlc specles alive a]td. aotlve
ln the laboratory for perioals ranglng f¡on a naxlmun of about

one nonth ln the cage of lntestlnal parasl.tes of warm blooited

anlnals, to Beveral nonths ln the case of sone blood en(l
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tlssue lnhabltlng forÍrs o However, the conparativeLy Ehort

llfe of the vrorîì s u¡aler erperlnental cond.ltlons såti the

changes whlch occur 1n thelr behavlor, netabollsn antt chenlcal

aonpo8ltlon are renlnalers that we oan Ìrarttly regard noet of

the Êpeclnenõ as nornal- and healthy, Hobson 11948). Glaeer

(1931) cultlvateä Neopl-eg_lang Elaselr:L fron the Japanese

beetle throughout lts llfe hlstoryo Branal anat Slnpson (1944)

have kept the larvae of Eust'.oneX,I:l(þs 1ÆlQ-t!fg allve ln vltro
for as long as two and one haLf yearg, an(l report the case of
a slngIe nale lnatlvlctuat whlclr êevelopect to the adult stage.

Ílrenatode cuÌtlvatlon has been narkedl by consld.erable

success ln both the lmnature and adult stages. Stunkard (19&0)

oultlvateê the netaoeroarlae of Plaelture Eryg to sexual

maturlty ln aseptlo netllao Ferguaon (1939, L940) alôveloped

the netacercarlae of Postholt:lples þqEulq nlnlnwû lnto atlult
worns proaiuclng non vlable eggs. Hrxrter (19 52) rea"eal

GyÐseootvla se¡¡eg for perloils up to elght clays 1n cllh¡ted sea

water antl ad.detl nutrlents.
Attenpts at the oultlvatton of cestotles outgl(ie thelr

hosts have net wlth nuoh J-ees success. Waritle (L933, L934,

L93?a, L93?b') hae atlsoussed the problen ln ful1, and. Èogethor

v¡lth Green (1941), Bucceedlecl 1n nalntalnlne ËEgglgË Bgg
for perlotts up to twenty dlayE. ChanttLer (1g43) d.enonstrate(t

worns of Hynenpleþls tllnlnuta are abLe to obtaln all nece6sâry

nltrogenous naterlal antl vltanlns allrect].y from the hoet.
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However, they requlre cartlohyôrate of partloular kln(ls ln the

hostrg dlet, ChandtLer, Reaal and Nfcholas (1950), Snyth (]-9t+6,

L947) successfully oulturet! Sohlslloephalus soljldqg anat

L1€ulq lntegtlna,L:þ und.er aseptlo conatltlonÊ ax.d (L953)

attalned f ertlllzatlon of Êg_g_el:LEug 1n vltro.
ïn the present lnvesùlgatlon, a wld.e range of

antlseptlca and a^ntlblotlcs were testeit in the hope of obtaln-
1ng satlsfactory aseptlo or oLlgoseptlc oonctitions. In
add.1tlon, a nu¡¡ber of physloal and orgalaLc factors were exaElneè

1n orcter to establ-1sh the optlnun LevelÊ for survlval and

lncorporate the lnformatlon so obtained in a.rxy future attenpts

at oultlvatlon. The faotors eo exanlned, lncLualed. osnotio
pressure, pH, tenperature, oxygen end carbon al1ox1tl.e conoentra-

tlon, lnorgânic lons andl the ¡oost satlsfactory vltanln level.
Cestotle netabollgn 1s illsousseô only ln so far as lt appears

to have d.lrect bearlng on the cuttlvatlon stualleg at hancl.

Surv íva1 times were taken as the period extend..ing

fron oomencement of cultivation to death in vitro. Tvro

crlteriê of culture d.eath were ercpl oyed., cessation of
uovement and. the logs of tbe translucence of the protopl.asm.



CËAPEtsR I

}IATEBTALS AND METHODS

In ord.er to guanantee an etlequate supply of llvlng
cestoiles fhe year roruod., a enall tapeworn lnhabl tlng the

rat lnteetl¡es waa êeenecl the most sultable. llhe tapesrorD

chosen, Ilynenol-eBllg nana varc fraterna (Stttes) ls narkecl

by a 11fe oycle requlrlng but a slngle hosüo orlglnally
ilescrlbeit by Grassl (1885) a$.d erassl andt BoveLll (L8921 ,

the one host aocourt of the llfe cycle waB conflrnett by

Joyeux (f920). Woodlland (L924) proveal conolusively that
tl.lreot lnfectlon oan take place wtthout the lnterventlon of

any lnteÌmedlate ho8t.

Infectlon wag malntalneil ln alblno anct hood.ed.

laboratory rats through the feectlng of eggs obtalneat by the

centrlfugaL faecal fLotatton nethod, I'arrc (L923), Faust (1939),

or nore guocessfully by the feeèlng of Êlx to twelve rlpe
proglotÈlcles. Oral lnfectlon by nea¡rs of arr eye dl¡ropper y¡as

follorqeal by a perlocl of twenty-four hours of starvatfori ln
order to prevent the Loss of lntroduced eggs by rapld
perlstaltlc aotlorx. All lnfecteil rats were fed sole1y on

breaat. Infectetl rats were sacrlflce¿ efter twerxty êays so

that the tapeworns enployed. fn ln cultlvatlon experlnenùs

r,rould be of approxfnately untform alze. Nevertheless oo¡x-

slclerable va¡latlon ln Etze ancl cond.ltlon was observed. d.ue
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1n part to the crowcllng effect, Read (L951) a¡rcl ln part to
the nature of H. nana ltÊelf, Bay1ls (L924), Shorb (1933).

Ílhe nunber of worns ranged. fron one to seventy-flve and. the

average per lnfeateaL rat was eleven wormÊo- Of the eeven

hundred rats lnfeotetl 1n the course of ùhe lnvestlgaùlon,

sughtly nore than 60/" were found to be lnfeoted on post

noltem.

The lnfeotetl rats were autopsled. a¡ril the worne renoved.

fron the portlon of the lleun lnmetllately anterlor to the

caecum. Ë.. E@ wa8 not fowrtl other than ln the ternlnal ten

centlmeter8 of the small lntestlne.
The worms wepe removed by cautlously sltttLng the

l-ength of the lntestine antl washlng lt ln warm Tyroclet s

solutlon, Parker (1938). Tyrocter s solutlon was sterlllzeit by

Seltz flltratlon ârral used throughout the cultlvatlon andt

physlology exper.lnents 1n preferenoe Èo pbyslologloal sallne.
tapeworns were culturect 1n Tyroilers solutlon together Írlth
the nutrlents unaler lnve8tlgatton. where posslble, twenty

ouLtures were prepared. at each concentratlon anaL the results
seü ðowu ln the form of tablee or graphs.

After soxûe nlne nonths, the proJecü was hanpereit by a
severe shortage of tapeworns. Both the percentage of rats
lnfeoted a¡rd the nunber of worns per rat fell to one quarten

of the leve1 at ühe conrnencenent of the problen, suggestlng

elther a narked d.eorease 1n the vleb lty of the worn or a
sutld.en lncrease 1n the resiÊtance of the straln of rats being
useit.



gHAPTEB II

I{TCBO¡'T,OBA IN VTVO AND IN VTIRO

fn the oourse of the present lnvestlgatlon attenpts
were nad.e to latentlfy the enterlo orgeDlsrûs adherent to the

cestoôes undl.er stud.y. Control experlnents were baeed in part
on the results of tbe s tuity of oontanlnatedl oultures and ln
part on bacterlal cuLtures prepsred tllreotJ.y fron lleal con-

tents of laboratory rats. fhe early vle!'¡ that lntestlnal
bacteria a¡e enülreIy harnful throu-gh the prodluction of toxlo
substances ilurlng putrefactlve netabollsm lB now open to
questlon. 0n the other hand., oonslderable evlaLenoe now

exlsts 1n support of the value of the lntestlnal nlcrofLora
ln supplylllg oertaln nutrltlonal neecls, partloularly some

vltanlns. Read (]t950) reEarkeal on the conpLexlty of the

nlcroblal eoology of the lnteetlne anit polnteð out how 1m-

perfectly the relatlollshlp of host gut and bacterla is now

ued.erBtoott. Needless üo say, even less ls i{1rown of the lnter-
relatlonshlps betweea lntestlnal helnlnths and. lntestlnal
bacterla" Becker (L926) founct hunan Dl_þo.þhnlqeept¡glus

protluoed. narked. chênges ln bacterlal ctletrlbutlon, partlcular,-

ly Esc¡erlohla co1l . The effect of the nloroflora on

lntestlnal helnlnths 1s even nore profourxd.. ¡'Iltchelt and.

fsbe11 1¡942) founat thlanlne, riboflavln, nlcotlnlo acld,
pyrld.oxlne, blot1n, lnosltol anat pteroylglutanlo acld.
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produoed by lntestlnal s¡mthesls s¡xtl aLl present ln
appreclable amounts. A variety of baotelrla appear to be ln-
volveal 1n both vltanla synthesls arid. il.esürucèlon, Benesch

(1945, anit Johansson and sarles (1949).

Although the greateaÈ d.egree of vltamln synthesls

oocurÊ 1n the rat caecun, Taylor et alo 1¡9tt2), Day et aI.
(L943) anat lrlltohelt ancl. Isbel]- (t9t+2), ühere 1s nevertheless

an extenslve nlcrofLora ln the other portlons of the ailgestlve

syetern. Contrary to accepted. oplnlon, Porter anê Rettger
(1940) il.enonstreted both the stonach anil snall lntestlne of
the alblno rat contaln appreclable nu¡nbers of v1ab1e bacterla
anal yêastÊ. call et at. (It48a, 1948b) denonstrated. the

probable parü played by the baoterÍa of the snall lntestine
of the nor¡se ln vltamln synthesls. Parasltes lnhabltlng the

smalL lntestlne nay thus have access to vlùârBlns andl othen

prod.ucts of baoterlal netabollsm 1n useful amounts.

Long before the preserxt lnvestlgatiotx, 1ü had beoone

apparent üo those attenptlng heLmlnth oultlvatlon, lIarille
(1933, 1934, t937), Snyth (r94?), Hobson (1948) thar the

prlnary consideratlon s¡as the ellnlnatlon or retarctatlon of
oontanlnatlng ûlcroorganlsns. The flrst stages of the present

lnqulry were thus tllrected. at the lsolatlon ancl ld.entlfloatlon
of ùhe mloroflora of the rat lleurn antl the baoterlal
contânlnaats of cestoate cuLtures. lhe resuLùs of the

ld.entlf lcatlorx tests were sub8equently oonflrneil by the
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Baoterlologloal Laboratory, Depart¡oent of Health and. Publlo

l,relfare, Manltoba. Ílhe comblnedl flnctlngs of the

Bacterl ologlcal- Laboratory antl the author vrere sumnarlzed 1n

llable I.
An exanûlnatlon of certaln eontamlnated. ou1Èures

suggeste¿i the value of solne bacterla 1n provldlng the

nutrltlonal neeals of oestodes 1n v1tro. AtteEpts at isolat-
lng these beneflola]- contanlnants 1n pure cultunes were

unguccessfuL. SLmllarly ElIs and Read. (1952) fowrd TurbAjlr:lE

aceÈl grew nore raplilly ln a nedlum contamlnated wlth
unld.entlfletl orgâ.nlÊn fron rmother of vlnegart than 1n the

sane rnettlun free of bacterla. Epps et al. (1950) leoLateat

both gran-poÊlt1ve coccl and. gran-negatlve rod.g fro¡r the

lntestlnal traot of Ascarls Iunþr:þqlôeg; ühey ttlcl not

d.etermlne however whether these bacterla were lnclalental or
synblotlo. McCoy (1929( suoceecled 1n grov¡1ng hookworn larvae

on pure cultures of baoÈerla, notably Egoherlç,Ìr¡:!ê co1:! anit

Bacll].Uq aubtl$S. Not atl baoterla tested were found sult-
able for the growth andl cteve3.opnent of the larvae.

Investlgatlon lnto the va].ue of baoteriaL netabollc prod.ucts

to oesÈod.es 1n vltro was hanpered. by the laok of any

bacterlostatlc agenù capable of reduolng bacterlal growth to
a Low level- and thereby pernlttlng cestoiles access to the

bulk of the nutrlents 1n the nedlun. tr'urther, the lIeal
contents ylel.¿leaL so great a varlety of bacterla that



TABI,E I
IÐENTTFICATION OF MICROOBGANISMS TN VTVO AND IN VITRO

Source Organlsms ld€ntlfled.

Contanlnatecl oesÈodl.e ChfqEqþAclerlr¡¡n (yellow plgnent group)
oultures

gram posltlve baoill-l (subtltls group)

S ùreLtocoooue

achronogenlc forns of lseuilo!ûonas

Ileal oontents of rats Chronobacterlun (yelLow plgment group)
lnfectect wlth cestod.es

gran posltlve baclLll (subtllls.group)

S,[neptocooous faeqalIg

ProÈeug

Ilea1 contents of rats Chronobaoterlun (yellow plgment group)
not lnfected wlth
cestottes gram posltlve baclllf (subtlu.s group)

Streplooocous faelqLlg

Proteug

collforn bacl1lf
coagulase negative ètaphylooocol

cllphtherolaLs



lnvestlgatlon lnto speclflc bacterlostatlc agent8 vùas

conslitered lnpraotloal a.nal attentlon l{as dlrected. lnsteail to
the nllcler antlseptlos anil broad. spectrum antlblotlos.



CHAPTER TII

THE EFFECT OF ANTTSEPSTCS AND ANTTBTCyIICS ON HELII]NT5IS

r¡taritle (L93u) revleweil the few publlshett observatlons

ooncernlng the effect of anÈlseptlo substanoes upon the

v1abll1ty of cestod.eB. couteLen (AgZZ) noteil the d.eath of
E ehlLq qq çAìr s granuloEqe v¡lth1n three mlnutes when expoeed

to nercurlo chlorld.e (f:fOOO) a¡tL to formol (1¡200). Clapham

(1932) fotrnd lncllvldualg of Hynenolgpls nurlna dieal wtthln
flve nlnuües when expo8ect to ooncentratlons betvreen 1:1000

antl 1:201000 of resorclnol. ftiard.le (f%+', tested the fn-
fLuence of a w1d.e range of antlseptlcs upon J-arval speclnens

of Nybellnea sur.nenloolA. Survlval tlnes 1n tloubLe strength

Locker s solutlon wore ailversely affecteal by a1l the

bacterlclttes tested.. fhe least toxlo sol-utlons were formol
(.01 per cent), lotllne (.OOOf percent) and- thynol (.01 per

cent). [hyrìo1 a]-one was oornpletely effectlve 1n oontrolllng
the growth of nlcroorganlsÐs. [Iarille ancl Green 11941)

lnvestlgateal several organometalllo baoterictdes of the type

used Ln sterlllz1ng nucous membranes. îhese bacterlcid.es

together wlth resorolnol, phenol, trlkresol , and ohloranlne T

were tesùed. upon Monlezla expansa ln concentratlons ranglng

fron 1.0 per oent to 0.0001 percenüo Sllver proteln anal

ohLoranlne T (0"1 per cent) appearetl to be the nost



9

satlsfactory. Falrbalrn and Beesal (1950) aleveloped. an

elaborate nethod. for obtalnlng sterlle Asoarlg lunbrlcolctes I

uslng sodlun suLfathiazole, 1:250; neutral aorlflavlne,
L: J000¡ azochloramlde 1!5000¡ tllhydrostreptomycln sulphate

40 ng., ln saLlne soLutlon. Slmllarly, oonsttlerable auccess

has been obtal¡red by elaser âÐcl StoU (L938a, 1938b) uslng

Lrabanraque I B Bolutlon (2.6 per oent soitlum hypoohlorlte) for
sterlIlzlng antl r¡:rsheathlng Haenonqhug larvae 1n v1tro.

Ml1ton soLutlon ( t.Ot per cent soillun hypochlorlte) was founit

to be equally effeotlve arx¿l sone$¡hat less toxlo, Glaser anal

stoll (1940).

Contlnulng the work of l¡Iardl-e and Green ( 1941") a

nunber of recently Aevelopeal antlseptlcs were tested. together

wlth those founcl noet useful ln the past. The antiseptlcs

were preparetl ln tlllutlons of o1 per cent; oOJ. per oent; .001

per cent; .000J. per oent; .00001 per oent. fen lnallvlclua1

wor¡ns were washed ln each oonoentratlon for three mlnutes antl

cuLtureil ln sterlle Tyrod.ets solutlon. 0f the antlseptics

testeal, zephlran ohlorlðe, a nlld dlslnfeotant, was foì¡nd.

l-east toxlc 1n a ooncentratlon of ,0001 per oent, (Flgure Z)

whlle naintalnlng sterll-e oondlltlone. Alkylamlne hyalro-

chlorlde 1s both a ttlsinfectant arlal wettlng agent. fapeworms

were found to be adversely affectett 1n all conoentratlons,

wlth naxlmum longevlty at .0001 per cent, (Flgure 2).

Metaphen (nftromersol) :.s a hlghly efflolent ântlseptic for
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skln sterll1zatlon, but wae fourad. to be qulte toxlc to H. @þ
ln all ooncentratlons. A solutlon of "00001 per cent netaphen

(¡lgure 1) was the leaet toxlc but reÊul-ted 1ü. sone con-

tamlnateti oultures. Merthlolate (Flgure J), chloramlne î,
(l'lgure 1) e¡rd s1lver proteln all appear to be rel"atlvely Bore

toxlc to !. nana than to oontanlnatlng baoterla. Thus worïrs

dled even when washed 1n solutlons so ttllute as to be no

longer antlbacterla.l-.

A sedínentatlon method for renovlng bacterla was d.e-

veloped by Clevlantl (f928) for protozoa and adapted for
t¡,enatode cercsrlae by tr'erguson (1930, 19i13) anA for nenatodeg

by Glaser and. Stoll (L938a'). l..Iardle anat G¡een (193L) applled

the nethotl succossfully to Uyne¡¡-oJ-eBjþ nana and nalnta.lned

sterlle culturos for perloô.s up to twenty d.ays. îhe wor¡ns are

removetl fron the host and allowe¿l to fal1 ten tlnes 1n

sr¡ccesslon through coluruts of sterile Tyrocter s so1utlon. The

nethod. wa8 testedl d.urlng the course of the present lnvestlga-
tlon but sterlle worns rarely "esulted.. Investigation waÊ

d.lreoted. lnsteatl to the effect of antlblotfcs and other

baoterla lnhlbltors on tapeworms ln vltro.
Antlblotlcs are chenlcal subsùa¡.ces whlch have been

prod.uced by varlous specles of mlcroorganlsns alxd. whlch tend

to suppress the groçth of other mlcroorganlsms, Goorlman antt

Gllnan (1955',. PenlclLlln was flrst ttesorlbect ln a942, bvb

only 1n recent years have supplles of thls and. other antl-
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blotlcÊ become avallable to parÉisltologls ts. I'ew publlshed

observatlons exlst on the effect of antlþlotlcs on helnlnth
worms ln vlvo or 1r' vltro. Splngarn anal Eclelnelr (1947) ¡rere

abla to prolong the vlabfllty of cultures of Endá.noeba

hleto-LlÞ:Lcs by the adtlltlon of streptonycln. Smyth (1950)

usetl streptotr0ycln (1:201000) to lnhlblt the growth of r¡1oro-

flora clurlng the enbryonatlon of SchlgtoqçIhg,LUe egge. Itslng

a Blmllar metfioal, Welngtein (I95Il.) culturedt Nlppostronsy,lug

nûur1€ aJId NeQa:lor areql qq4qg 1n varlous stertle mealla to

whloh pen1o1llln anal streptonycln were ad.Aed. Falrbalrn
(1950) tmproved the sterlll zat Torr method of !'alrbalrzr anct

Reesal(1950) Uy tire o!01ss1on of sulphati azol.e arrd. the acldltlon

of penlo113-1n ln the treatment of Asoarls_. Epps et al. (L950)

tested. the effectiveness of pen1c1L11n, (1000 unlts per nl .);
streptonyoln, (500 ug per nL.); aureonycln, (200 ug per ml .);
and bacltraoln, (100 unlts per m} .). No slngle antlblotlc
renoveil alL bacterlâ fron Ascarjlg lumbr:Lçoldçs but effeotlve
sterlllza.tlon of a slgntfleanù nu¡nb er of wornis oouLd be

obtalnecl ¡ri th conblnatlons of antlblotlcs, notably penlclllln,
streptonycln and bacltraoln. Ifard (1951) founct penlc1]I1n

¿nd streptomycln of some valÌre 1n oontroll"lng nlcroorganlsns

èurlng 1n vlùro experlnents wlth I'taereeqnthg¡"h$tclræ.

Elgh concentratlons of some antlblotlcs appear to be

toxlc to helnlnths ln sltu. I,IeI].s (l-951) fowrd treatnent

wlth terranycln a¡at aureomyoln narkedly red.uced. the nunber of



Asplcu,þr:ls te'b¡.e.ptera 1n nlce. frmature worns seen to bu 
5

more susceptable than nature oneÊ. Bacltracln 1s effeotlve
agalnst young J.arvae but mature worns were not affected
appreclably. Neonycln and èlhydrostr.eptonyoln apparently

lÐprove the envlronment so that treatecl anlnals retalnecl a

Larger number of AsÞlou1qrlg than è1è the control nlce. Doys

(L952') testing a¡rtlblotlcs anè their effeot on parasltlsn 1¡l

swlne founat aureonycln hadL no effect or. the larvae of
Oesophaaos tolun Longi caudun and Ere.Ê-llpEgþ1uE ruu!¡1u6 .

He^nsen eü aI. (f951+) ooncluded aureonyoln 1n the clfet of
chlokens reiluced the nunber arrat slze of Ascarld lg .gqI_I:! in
chlckens" Delappe (1953) fountl penfcll].ln and streptonycln,
elther s1ngLy or conJolntly, faollltated the isolatloa and

prolongedt the survlvaL of Elstomonas neleggltat:LÊ ln vltro.
Penlcl1l1n ls an anùlnicrobial agent prepared. fron

cuLtures of Penlo:!1:I:Luu notatu&. IÈ le parttoularly effectLve

ln vltro agalnst a ttunber of pathogenlc Gram-posltive a¡rtl

Gram-negatlve cocol , guoh as staphylocoocl antl streptococolc

Sone epecles of Gran-posltlve ¡.ods are affected, but
penlcl1l1n appears to be lneffectlve agalnst pathogenic. Gra"n-

negatlve bac1111. Of the four nost useful natural penlelltln8
(F, G, X, K), penlolllln c Ls stlght]-y Êuper1or.

The effect of penlcLl-11n G Potasslua on HllrenoL€Èls

.æ 1n Tyrod.ets solutlon ls lLl,ustrateÖ in Flgure 4. Twenty

cultures were prepared at each ooncentratlon (200 unlts, 400



L6

un1ts, 600 unlts, BOO unlts, 1000 unlts, 2OO0 unlts, 4OOO

unlts), uslng flve nl1Illlters of llyroder I solutlon ae the

culture necllun. As the ourve lncilcates, !. @ appeareil

toleraJnt to a great varlatlon la penlolllln concenùratlon.

Maxlnu¡n l1fe 1n vltro was obtalned. at a oonoentratlon of sl¡c

bunalreal units per oul.ture, wlth worns llvlng oonslstently to
one hundreil and. nlnety hourso

The effêot of penlolllln G Sodlu.n on E, ry ln vltro
was lLlustratecl ln Flgure 5. A wld.e range of toler¡noe was

noted. but the hlgh Êurvival tlnes founat wlth penlcllltn G

Potasslum ooulcl not be atupllcateal. Optllnun longevlty was

noted. at a conoentratlon of slx hundretl unlts per culùure, at
vJhlch Ievel E. nana survlveô ln vltro for one hundtrett andt

twenty-nlnê hourg.

Pen1e1i.lln G procalne 1e a poorly soluble Balt ob-

talned. f¡oÐ thê lnteractlon of penlclllln G antl procalne.

Procalne pen1clIIln nalrxüalns a ulrlforn penlclllln conoentra-

tlon over a prolongecL perloô 1n vltro a¡tt for thla reason was

testeil on E. @. Ten cultures were prepared. (Flgure 6) at
eaoh ooncentre,tlon and the poor results obtalned. suggesÈed

further lnvestlgatlon ü¡as unwarranted.. Survlval tlnes of
seventy-three a¡tô seventy-five hours were observed. at concen-

tratlone of two hundred. anil four hundred ulxlts respectlvelyo

Ehe l"ower survlval tlne 1n vltro 1s due 1n all probablllty to

the presence of procalne antl. not to the nalntalned blgh level

of penlclllln ln vltro.
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Streptonyoln, (N-meühyl-I,-gluooEamlnldostreptosLito-

streptltilne), ls an antlblotlc preparecl fron the actlnonycete

Streptomyceg srlseus. Streptonycln has a wlde spectrun of
antlbacterlal actlvity and ls partlcularly actlve agalnst
gran-negative bacll,Il . It 1s noclerately effeotlve aga:lnst

a varlety of enterlc o¡ganlsüe a¡rô connon oontanlnalî.ts suoh

as EÊ elellchlg oo!!, AexeÞgcùer eelegenos, Streptocqçqqg

&-oa!!e., StABh,Ir-1-o-,q_oqoue aureqg, a¡rd Prp!çl¿g yulggfls.
Streptonycln conpletely lnhlbtts these organlsr¡s when present

ln concentratlons of ten to one hunilred. nlcrograms per m1J.11-

l1ter, Goodman arâd Gllman (L955). Streptonyoin was testeal in
concentratlons of 0.1, 0.2, 0.3, O,I+, 0.5, 1.0 and. 2o0

n1l1lgrans per culture. Both streptomycln suLphate and d.1-

hyd.rostreptoluycln were trleil as antlbacterlal substances.

Prellmlnary tests lndlcated. illhyitrostreptonycln was oonslder-

abJ-y nore toxlc and. further use of it was postponeclc Twenty

cultures lrere prepared. åt each conoentratlon a¡rcl the resuLùs

tabulated 1n l'lgure 7. Maxlmuro longevlty was obtalnetl at a

concentratlon of 0.2 nllllgrans per flve mtltlllter oultur€,
vrhere E. @ could. be malntalned conslstently 1n vftro for
one hwrd.reci and. twenty hourÊ. H. @, appeareè exceed.Lngly

tol.erant to streptonyoln, âs ten tlnes the optlmì¡n ooncentrå-

tlon, or 2.0 ¡nl}llgrams perr cuLtune, reduoed the length of
I1fe 1n vltro by only twenty-f1ve per osnt.
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The tetracycllnes are a group of ùhree alerlvatlves of
poLycyollo naphthaoeneoarboxanld.e. The tetraoycLlnes were

fourid. effectlve agalnst a numbor of grarn-negattve and. gram-

posltlve coccl aniL bacllll. îhe spectrum of actlvlty of these

antlblotlcs ovenJ.aps that of penlolllfn and streptonycln ancl

1n ad.ttltlon they are effectlve agalnsÈ nloroorganlsns wraffect-
ecl by other agents, Goodnan ânat etlnan (I9S5r. All three

ayrtlbloùlce were testetl 1n conoentratlons of 0.1, OoZ, O.3,

0.þ, 0.5, 1.0 antL 2"O nllllgrams per culture. Each oulture
oontalneal flve mll11}lters of Tyroders Bolutlon and. a slngIe

speolmen of E" nqBa. llwenty cultures were prepared. at eaoh

conoentratlon.

Terranycln ( oxytetraeyollne) 1s a produot of the

actlnonycete Strg!,!gg"T,g"g,g flqAgÀq. Usedt ln the sterll!zatLon
of !. nana ln vltro (Ftgure 8), lt proveil extremely toxlc ln
al,f conoentratlons. Maxlnum survlval for tapeworme was foìmil

to be thlrty-nlne hours aü a concentratlon of 0"L mifllgrans
per flve mllLlllter oul-ture.

Aureonycln ( chlortetracycllne) ls obtalned from the

actlnonyoeùe S treBEqutçee aureofacle4Ê. In vltro (Flgure 9)

aur.eonycln appeared less toxlc than terraxßyoln antl the

length of l1fe of $o nana was extencied by one quarter where

0 . I nlll1grâB was atlated. per culture . Hlgher conoontratlons ,

hov¡ever, were qulte toxlc and resultecl ln raplal cleath.

Maxfnun longevlty of sevenüy-seven hours was observed at the
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LowEst concentratlon, 0.1 nllllgrans per culture.
Achromycln ( tetraoycllne) 1s a ÊenlBJmthetie antlblotlc

prod.uoecl by the hyd.rogenatlon of auneomyolno In vftro
(tr'lgure 10) achronyoln proved to be narkedLy IesB toxlo thsn

the other Èetracyollnes. E. @Ê Burvlvedl nln€ty-nlne hours

at a conoentratlon of 0.3 mllllgrarns per culture. Tapewoms

ulraler cultlvatlon showeil a ¡rlaler range of üo1era¡roe than w1Èh

elüher temanyo ln or aureonycln.

chLoronycetln ( ohloranphenlcol ) 1Ê a o¡,ystalllne
antlblotic obtaineil from Streplqmyoes :yenqzUeleg. It 1s

markeil by a moderately broait Bpectrum of antlnf.croblat
actlvlty, lnhlbttlng nany gram-negatlve baoterla, lnclud lng

E. .€1:!, A. aenqåenee and. aertaln stralns of ProUe!Às. Ia vltro
(nlgure 11) chloromycetln prolonged the Llfe of Ea na4a in lovr

ooncentratlons but proved toxlc ln hlgher conoentratlons.

Maxlmum eurvlval tlme was elghty four hours ln cultu¡es
contalnlng 0.2 n11llgrâms per flvo nllllllters of Tyrod.er s

solutlon.
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CHAPTER IV

AEROBIC AND ANAEROB]C CULTTVATION

Parasltologlste have tlebated. for na:ry years the

nature of the netabollsm of lntestlnal paraslteso As early
as 188J, Tappelner hacl a^aalysed. lntestlBal contente arìd

lreportedl no oxygen present ln the gut of sheep. Frfes (1906)

noted 0./ to 1.3 per oent of oxygen Ln humazr reotal gases.

Von B ra¡rtt and lrlel se (1932) cllit a Berles of Van Slyke neasure-

ments of the blle and. gut oontentE of hogs, sheep, cattle,
and atogs anct founil the maxlnum co¡ttent of blle to be only

0.08& per cent by volune. The gut, was founil to be absoJ.utely

free of oxygen. Von Brenit (19451 noteat the probabltlty of
hlgher oxygen tenslons near the nuoosa. Bergeln et al .
(l9l+5) neportetl an oxygen tenslon of I to 30 mn" of Hg ln
the parauruoosal J.unen, but suggested. the oxldatlon-reatuoÈlotx

potentlal of thls reglon nay aotually be olose to zero.

Bogers (1)+9¡ n€asured the oxygen tenslon in the oontents â^nd[

òr the rnucosa ln rats ancL found tbe oxygen tenslon rangect

from 7.9 to 30.2 nm. of Hg. He noted that worns llvlng nean

the ¡nucosa bave acoess to larger amounts of oxygen than

analysls of the lntestlnal contents woulct euggest.

The utlllzatlon of oxygen by helminths has recelveil

wlde attentlon fron experlmental parasltologls ts . Alt ancl

Ttscher (1931) recordled the oonswnptlon of oxygen by
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Moqlqzle e8panse untler varylng oxygeu tenslons ar¡il observedl

the same aolil fornatlon 1n the presence or absenoe of oxygen.

ûIorklng wlth Elfetrgngl|l:llgs, von Bran¿l (1938) noted. glyoogen

oonsumptlon lmd.er aeroblc a¡d. a¡raeroblc con¿lltlons lnd.loatett

the netabollsm resembleai free 1-lvlng forng nore than that of
lntestlnal paraslteso Anaeroblo netabollsro consumed. three

tlnes as much glycogen ag aeroblc, suggestlng much lovrer

efflclency. îhese resulte conflrned von Bran¿lr s (1934) work

on Asqer:Lq, 1n whlch aeroblc netabollsm requtreal one-quarter

Ìess glycogen ühan anaeroblo. Rogers 11948) deternlned the

oxygen uptake of a nunber of parasltlc nematoales, lncluillng
Nlppostre4gjrlug nurlsr AepaXl4ls Aa]-ll andt Nonstoqln¡e,

ward. (J.952') neasured glycogen storage ln Aeg¡Ëhqeephqlq untter

aeroblo a¡rd a¡aeroblc con¿tltlons antt notett hlghen gÌyoogen

levels ln worms kept undler aeroblc cond.ltlons. Laser (1944)

found 1n the oxlalatlve metabollsn of Aeeqr:Lg gþ, oxygen

uptake ls d.epend.ent on oxygen tenß1on. ¡{orns ln an atnosphere

of pure oxygen dled fafrly qulok1y, probably ttue to the

fornatlon of an excess of hytlrogen peroxld.e. Contlnulng the

work on oxygen utlllzatlon by EUs tronglllqeg lEnolug, von

Bra¡rd and Slnpson (1944) measurod. oxygen conswûptlon and

oxygen requlremeats o He fountl oxygen consumed. greatly
exceeded- that requlre¿l for the oxlttatlon of the total carbo-

hydrates oonsumeil. In a followlng report, von B ra¡¡il and

Slnpson (1945) reporteat Euslrq4gXLliteç are ûot ttanaged. by low
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oxygen tensloas but d.o asphyxlate 1n the cornplete absence of
oxygen. Average survlval tlmes u¡xder ariaeroblo conilltlons

was elghteen d.ays, u.¡xder aeroblo condf tlons nlnety-e1ght

d.ays. Stephenson (I9l+?) noted- slnllar results ü¡lth the aatult

llver f luke X'aso1ola hepaëqe 1n vltro. Aeroblo oultures

survlved forty-flve hours whereas u.nd.er anaerobLc cond.ltlons

the fLukes Llved aJx average of thlrty-seven hours. The

results lndloatect a re¿iuctlon ln ox.ygen tenslon prodluced. a

reiluotlon ln survlval tlnes o

Hobson (1948) dlsousseat the pubtlshed. observatlons on

oxygen tenslon ând. the effect of aeroblo a:raL anaeroblc

cond.ltlons on nematocle parasltes. He conclud.eat that ln the

naJorlüy of the snall nunber of speoles examlne(l to ilate

oxygen under experlnental oonalltlons ls nore beneflclal than

lts compJ-ete absence. îhe optlnwr oxygen tenslon has not yet

þeen aleternlned for any parasltlc worm, so that the exaot

lnportance of oxygen ls st11l unloror¡n.

Snyth (L950) notetl hlgher oxygen tensions ad.versely

affeotecl Sohlstocephalus solld.us tn v1tro. A bronnJ.ng effect
along the ealges was noted. together r^rlth the emlsglon of
strlngs of brow:r yolky naüerla1 fron the uüer1ne pores

lnstead of eggs. Read (1952) found prevlously starveal

H ygre4e lepl s ttinlnuta store glycogen lf glucose ls nade avall--

able. He noted greater anounts of polysaocharlèes are

stored. aeroblcal-ly than anaerobJ-cal1y, lncllcatlng a posslble
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aeroblo netabollsn. Falrbalrn (1944) fowrdi Helerakls xûay

make efflclent use of netabollcally prottuoetl carbon dloxld.e"

Hunter and Vernberg 0955) iletermlneal ùhe rate of oxygen

oonBumptlon for the varlous stages 1n ühe Llfe oycle of

Gf,naecotyle adunca and found. a hlgh of 0"290 nlcrol-lters of
oxygen per hour per oublc nllllmeter at 30.40 C.

The present lnvestlgatlon lnolucteËt a study of the

effeot of aeroblc a¡rd. ar¡aeroblc cond.ltlons on [. nana 1n

vlùro. Five cuI1;ures were prepa.red. vrlth sterfle Tyrod.ets

solutlon and. aerated. lntermlttently by a stream of wârm,

sterlle air. Flve aultures were prepared. 1n e. slnllar
nanner a$at orcygen slowly bubbled through the cultures at a

r:¡rl forn raüe. tr'lve cultureÊ were prepared wlth sterlle
Tyrod.ers solutlon and n1ùnogen ga8 bubbled through the medlum

before and ilurlng the Ilfe of the cestode. ¡'lnatly, five
oultures wene prepared wlth Tyroders solutlon and a slngle
H. ææ worn and. the entlre oul-ture was then placeð 1n a

chåmber where a1kallne pyrogall-ate solutlon renoved. all
oxygen.

Aeroblc cultures llveat seventy-slx hours, oxygenated.

cuLtures llved" seventy-one hours, (¡'tgure te). No slgniflcanee
was attaohed to the dlfferences ln survlval tlnes of aerated

antl oxygenate¿l cuLtures" Cultures prepareai wlth nltrogen
llveil an average of twenty hours, whereas anaeroblc culture8

1rì alkallne pyrogaS-laùe solutlon survLved. on3_y nlne hours"
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lhe varle.tlon ln survival tlmes suggested. a sllght anount of
oxygen present 1n nl trogen cultures, whlch prolonged. Ilfe ln
vltro. The results Êhowed. H. na¡.a d.lect rapld.Iy ln the total
absence of oxygen and on the average 11ved. four tlnes as long

ln culture8 whêre the oxygen tensloú. 18 relatlvely hlgh.



CHAPTER V

fHE INFLUENCE OF ÍEMPEBATURE, pH, OSM0TIC

PRESSUBE AND INORGANTC IONS

Lltt1e lnforrnatlon hae been publlshed. to date on the

effect of tenperature on parasltlc helmlnths, in sltu or in
vltro, Snyth (1p46) observed. Sh:!¡toçeplretus sd¿_duq survlverd

Longer ln vltro at texnperatureÊ below 4Oo C., but showed. no

Blgns of und.ergolng spermatogen€sls or oogeneaLso

Plerocercolde oultured at 4Oo C. ¡ the bo¿ty tenperature of the

f1nal host, cleveloped. 1n the norne.I nanner and resulted. fn
ovlposltlon. Von Branit arld Slnpson 11944) kept EUet¡:ansr:Ug€Ê

lEnotug_ allve for two antl one-half years at ZOo C., nuch

longer than they would surviva aþ 3?o C., thelr normaL

ternperature. Von Bra¡rd a¡rd Slmpson presented. evldence to
show the metabollsn d.lffers aÈ the two tenpe:ratut es.

Stephenson (tgUZ) observed Fasolola hepaùjlca survlvedl longest
aÈ temperatures below the body ternperature of the hostn The

flukes ln vltro survlveat conslderably longer at J6o C. than

at the normal ternperature of 38o C.

g. 4â¿e waß cultured. ln Tyrod.et s solution at
tenpera,tures of l5o c. to 48050 C. I,Iorns Burvlved. a¡r average

of Elxty hours at 38.5o C., the body temperêture of the

laboratory ra-t. Survlvs.l, tlmes were shorter at all
tenperaùures above 38.5o C", although an lD.croase of less
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than 50 C. appears to have l1ttle effect, (Flgure 13)" At

lower tenperatures, the evldence 1s l-ess ooncluslve. Tape-

wor¡ns aü 33.5o C. llveal Just as long as those oultured at

38.5o C. Several of the cultureß prepared at Z),Jo Cn ancl

33"50 C. llvett longer than slxty hours but the average of
the flve cultures prepared. at eaolr tenperature d.ld. not

exceed. sixty hours. A more thorough lnvestlgatton nay well
show $o g w111 survlve longer ln vltro at lower than

normal tetrperature8, H" ner4a was found. marked.ly lnsensltlve
to sllght tenperature variatlon.

Ehe vertebrate gut has been lnvestlgated by

physlologlsts snd parasltologlsts allke, but IlttLe lnfornatlon
has been publlshed on the phyBlofoglcal lnterrelatlonshlps
between host ancl paraslte. Abrahamson and Ml1fer (]-925)

deternlned the hytlrogen 1on concentratlon of the gastro-

lntestlnaL tract of the al.blno rat. Tbey found a stonach pH

of 3oB, upper snall 1nte6t1ne 5.8 and Lower gnall lnùestine

6.0, Reatman et al . (192?) found sonewhat less aold. vaLues,

stonach pH 4o0, duodenun 5.5, J e Jununì ó.0 and. lLeuú 6.8.
Rats fed. on a l-ow fat raohltogenlc atlet cteveloped. an alkallne
reactlon ùhroughout the lnteetlnal tract" Thus wornÉ euch as

E" @ wou1d. probabLy experlence a pH of about 6.8 or

neutrallty 1n the terninal po¡rtlon of the rat l]ewn.

Grayzel anit M1ller (1927) formd the hydrogen 1on

concentratlon of the lntestlna] contents of d.ogs very near.ly





37

the Êane as rats (Abrahanson anti Mlller). Mann anè Ballna¡x

( L930) found. conslderable varla,tlon 1n the dogs, tluoclenum pH

5.5 to ?.6, JeJunu¡n 7,0 to 7.6 aIÂd, lleurn ?.0 to 8oO.

Deternlnaùlons were nade wltlr a qulnhydrone gold. electrocle

a¡rd were probably nore accurate than earller oolorlneùrlo

tes ts .

Kofold. et al. (1932) neaÊured the pH of the lntestlna]
contents and soraplngs fron the gut walls. Uslng a quinhyd.rone

eLeotrod.e they tlemonstratedl conslaLerable atlfferenoe existÊ

between the hyd.rogen lon ooncentratlon of the lleun contents

Q,sl't and. that of the lIeun wåLl (6.98) o Kofold et al.
(1933) correLated the itlstrlbutlon of protozoa ln the rat gut

wlth the dl of ühe lntestl¡rãl walf and eontents. They observed.

lnillvlilual specles were Ilmltetl to certaln reglons of the gut

wlrere the pH was nost sultable. BaIl (1935) oonflrîeil the work

of prevlous lnvesÈlgators by measurenent of the hydrogen 1on

concentratlon by neans of a glass eleotrode. fhey for¡¡d. a gl
of 6.85 for the l1eun wal1 of the rat and 7.45 lor the ll"eurfl

conteìlts. Boblnson (L935) experlmentlng wlth rats, flIIed
the lntestlne with lsotonlc calolun chlorlde fron the blle
d.uot to the lleooeoa1 val-ve antt tled 1È off lnto segments.

Each segnent assunecl a pH oharaoterlÊtlo of that sectlon, wlth
the pH lncreaslng froD the blle d.uot to the oaeournc Roblnson

concluded thåü each portlon of the gut tentte to estab1lsh 1n

lts contents lts own charaoterlsÈlo reåctlon and. that th€
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lntestlnal wall ls the source of the controll-lng neohanls¡u.

He also suggestect that there 1a a zone at thê surface of the

rnuooaa where the pH 1Ê stablllzed a¡xal not neoessarlly

lctentlcal wlth the pH of the lntestlnal contents ln that
reglon. Thus para.sltes close to the nucosa wouJd. experlence

Iess varlable cond.ltlons than those I1vlng free ln the

lntestlnal contents. Be}l (1939) uslng a eaplllary glass

electroaie cteternlneil the !Ê of the illgestlve tract of llvlng
rats. The values obtalned. oonpared. closely wlth the

tletermlnatlona nade prevlously on freshly k1lIed anlnals.

The lleun wa1L, slte of attachment for S. @,, was found. to

vary from 5.98 to f.Bp, wlth ayl average va]-ve of 7.32. îhuÊ

a paraslte lnhabltlng the lIeuxn would be subJecte¿ to a con-

slderable varlatlon 5.n hytlrogen 1on concentratlon. Boblnson

et aI . (1943', co¡robora.teti the earller work arxal lnvestlgateai

the factors produolng the chare.oterlstlo pH. They foundl ühe

progreÊslve lnorease ln pH fn the sûlê1l lntestlne ls itue to

a aleerease ln carbon dloxlde ten€lon antl an lnorease ln
bloarbonate concentratlon of the lntestinal secretlon.

Ackert et alo (1940) lnvestlgated parasltlsm 1n

chlokens lnfecteat wlth Asoarlalla llneata. The gi of the

worn habltat ra:rgeci from 6o6 to ?"4 but varlatlons fn pll

appeareat to have no effeot on the number antl sfze of the

worns. Von B rancl (L9431 clemonstrated. the effect of pH on

oxygen consunptlon ln l"arval EusÞongyuêee, Von Brånd ayral
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Sl¡rpson ( 1944) lnvestlgâtect the lnfluence of ¡*I upon the

survlval of Eustro4g,yf_!èe_s. The worns survlvetl longest at
pH vaLues near neutrallty, but also showed. extrene reslstance

to hydrogen 1on oonoentratlons ranglng between 1.9 anô 9.4.
Changes oocurred ln tho sterlle cultures tenttlng to brlng the

pH leveLs to about pH 5. Stephanson (]-94?l lrote¿ Fasclq;Þ

hepatioa survlveal Longest at a pH of 8"2 to 8o6, a

conparatlvely narr.ow range of opùlmun oondltlonso Snyth (L950)

founil a rapld fall 1n pH ln Schlstoceþheu.t sollaluÊ ouLtures

d.ue to the productlon of carbon ttloxlale a¡¡d. aolillo netabollc

was te prod.ucts .

The present lnvestlgatlon lnolucled d.eternlnatlon of
the fnportance of hyclrogen lon ooncentratlon to the survl-va1

of g. @ ln vltro. The pH was establlshett by means of
Sorensenr s phosphate buffer an<l flve oultures prepared 1n

Tyrod.er s solutlon at each pH Ievel. H. nana appearett to

favor a S¡ ranglng between 6.5 æLd ?.5, wlt\t hlgher or lower

hyd.rogen lon levels beconlng lnoreaslngly toxlo (Flgure L4) .

fhe effect or osmotlo pressure on helmlnths 1n vlvo

anil ln vltro has not been aieternlÍred.. Gllnran anct Cowg1J.1

(L931, f933) found the osmotlc pressure of the gastrlo

Juloe to be very olose to that of the blood.o Panlkkar a^nd

Sproston (f941) d.etermlned the osnotlo relatLons of sone

metazoan parasltee. Stepbenson (]-942', lnvestlgatedi the

effects of varlatlons 1n osnoülc pressure on a solI nematodle.
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The nenaùocles were cultured ln a 30 nM NaCl solutlon.
Stephenson ooncluited. the specles nornally l1ves ln an

envlronnent whlch ls hypotonLc to the body flulcts and naln-

talns lts lnternaL osnotlc pressure by an actlve nethod. of
osmotlc regulatlon. He aleo noteal the naln aqueouÊ exohanges

oocur through the cut1cle, whlc¡¡ di.oes not aot as anr lnpermeable

outer ooverlng lnsulatlng the a.nlmaL fron 1ts envlrorrrnent.

flhe lnportance of o8motlo pre8Êure to cestoates has re-
celvetl scant attentlon. l{arêIe (1932) noteil the lnter¡tal
osnotlc pressure of Dlbglhrlacepllalug lqtug was three to four
åtmospheres, lower than the slrc atnospheres of the Dusole Julce

of tho pike. Schopfer (1932) found the lntennal oemotlc

pres8ure ln lipn:Le z_1_A qIpA4BA was elght atmoopheres , Ies s thån

the Èwo atnospheres of the gut oontents. He also founct the

osnotlc pressuro for E_uÞo_!h¡!grû ofas qgn was twelve atmospheree,

twlce that of the host. Smyth (l-p46) studleat the effect of
osnotlc pressure on ÞohåS!aee-þlla1!l9. sqllquq a¡il noted. optlnun

level 1n vltro ranged. between Q.l2 anð. 0.ZB per cent sodlun

chlortilo. Bevlewlng the llterature on nenatod.e oultlvatlon,
Ilobson (1948) oonclud.eil pârasltlc nematodes are not very

sensltlve üo charìges ln osnotlc prsssure and. that species ln-
habltlng the gut ¡ouet be subJected to consldterable varlatlon"

E. ¡Êna was testeil ln a serles of sallne so1utlons

ranglng fron 0.5 to 1n0 per cent soillu¡u chlorlcle" The worn

ltself was too delleate to enploy the method of
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who meaÊured. ohanges In welght. The orlterla uÊed ln the

oase of H. naue were changes ln voLune, changes ln the rate

of oontraotlon of the worn ancl the relatlve longevlty.
H. nana survlved. the Longesb ând. most satlsfaotorlly ln
sallne solutlons of 0,?5 to 0.8J per cent eodlun ohlorlde.

The lnfluence of lnorganlo loìls on parasltlc helnlnths

has recelved. sIlght attentlon fron parasltologlstB o WarclLe

(1933'l studtleit the effect of salfne solìrt1onÊ on the

pì.erocercoltis of Q. þþgg, ancl fountl molar concentråtlonts of
0.0j soôlun chlorld.e and 0o2 calolum ohLorlèe resulüed fn
the greatest eurvfval tlnes. trIartlle (1934) repeateiL the

experlnent on ¡IÊg!æ sur8enlQo_lA anit obtalneal nå:(lmwn

survlvaL tlme ln one-tenth nolar sod.lua chlorldte and. so¿lun

blcarbonate.

stephenÊon (l9l+4]¡ lnvestlgated the rates of penetratlon

of lnorganlo subetanoes for RhAþè1ù:Lg tqqrqsÞ41s and. noteil the

followlng orcler of penetratlon: so(llun ohlorlile > oalolum

ohlorltie > nagne Ð1wû ohlorldc, potasslum chlorlde. Snyth

(19116, 1950) deter¡rlned the lnfluenoe of a varlety of sallne

solutlons on g. Ê41_E¡¡g anit concLud.ed. three quarters Looke

solutlon best eatlsfled the requlrenents of Sphêqtecepbalug

ln vltro.
Aokert and. caafar (t949, 1953) d.eternineat the effeet

of calciurn, nanganeso ancl phosphorus orì Aelllfldlq æ1:L!.
l,Iorms fro¡n ohlokens fed olx a dfet d.eflotent ln oalol-un or
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phosphorus were snaller an d. less numerous ühan those of
control anlnals, lnallcatlng both calclun andl phosphorus

are essentla1 for normal nenatod.e growth,

Varylng oonoentratloris of lnorganic lona were testeaL

o]1 gô nanA 1n vltro, uslng Tyrotlet s solutlon as the baslo

sallne. Socllum, potasslum, calclum, magneslun, bloarbonate,

chlorld.e aad. phosphate lon conoentrations were each

lncreaseal and. ileoreaseè 1n Èurn by one-quârter. 0f the ions

teÊted, onl-y lnoreaseal blcarbonate enil phosphate increased.

s ghtly survlval Èlme ln vltro. Sotituû¡, potassLun, calclum,

nagrre8 luìn, andt chlorld.e lon appeared to be present 1n near

optlnun oonoentratlonÊ 1n regular Tyroiter E solutlon anil an

lncrease or clecrease 1n the lon oonoentratLon resultect ln
ned.uceil survlvaL tÍne ,
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ÍTIE IMPORTANCE OF VITAMINS TO PARASITIC WORI.IS

the traportanee of vltamlns ln helnlnth nutrltlon has

recelve¿l oonsld.erable attentlon fron parasltologlstB,
partloularly from the ploneers ln vitaÐ1n-paraslte

lnvesùlgat1ons, Chandler andl Ackert. Zlnmerman et aI, (1926)

stuallecl vltamln B as a factor 1n the resl8tanoe of chlckens

Èo @I!@ Dergplo:L1:Lqu. The wor¡os frou chlokens on a vltanln
B cleflcleìlcy dlet were larger and. ¡nore nunerouF than those fron
ohlckens on a bal"anced. ttlat. Aokerü et alo ( l93la) found

slmlLar results wlth Ageer:Lêle U.neals and atlêtÊ deflclent ln
vltanln A. Slgnlfloantly larger numbers of A. llneate re-
nalneal 1n ohlokens ou vltamln A deflctenoy dllets. Acke¡.t and

Nolf (1931b) conflrmed the effect of vlta¡nln B deflolency on

A. .L@!g and attrlbuted the S.arger nunbere of rrornts to the

greatly weakened perlFtalsls aldlng the rsorns ln renalnlng ln
the lntestlne. They also noüeil sonewhat larger 4,o }1ngala
were founcl ln those ohlckens whose dlet conte.lneal yeast,

suggestlng yeast contalns a faotor favourable to growth of
the wornso Beach anil Ackert (]Àg3z) were unable to denonctratè

any growth faetor p:resent ln yeast and required by A. llnee[ÞA.

Hager (1940) notea a dlet deflcient 1n vltamlns Bl ånil

G resulted. ln a tiecrease tn egg proaluctlon. Thls was sub-

sequentl-y shown to be the result of G cornplex d.eflolency
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rather than Br. Watt et aI. (1943) and l¡Iatt (1944) founê

a ttlet deflolent ln elther thlanlne (vftamln 82) narkeilly

reduoes the resletance of rats to lnfectlon wlth
NtppqE_lrq4grlUs nUrlg. Cha¡rtLlen (t9+3¡ and Atldls antt

CharrclLer 1I944'l foun¿t the average number of IlrueIo.LeBL_s

4,f¡q!4U!A per rat was redluoed. by a alfet deflclent ln elther
fat-solubÌe vltanlns or Èhe G conpLex. ChanttLer suggested.

the lack of the fat-soluble vltarnlns nay be due to altereö
blLe secretlon, preventlng proper cyst evaglnatlon. The lack

of sone factor assoofatedl wlth the G complex ln the dlet re-

sultetl ln a narkeil stuntlng 1n worn growth. Ad.d.ls and

Chanttler (1946) concluded tapeworns are lnaiepend.ent of
vltamln 81 ln the dlet of the host fon nor¡na} establlshrient

antl growth, lnd.epend.ent of vttanl.ns A, D, and E for groÌrth

but dlependent oa fat soluble vl tamlns for nonmal establlshment.

Tapeworns were found to be also tlependent on sonìe faotor or factors
for¡nd 1n brewerrs yeast for nornal establlshnent anct growtho

Snyth et aI. (194þ) lnvestlgated the atJ.strlbutlon of
vltanln C ln Nfço'Þolhçfus cgld.tforu!-s, Optqthogl.ypbe tqnag and

fqEggqlê ca4!_s " They formit such large conoentratlons of
vltamln C ln the gut oells of Toxocara, as to imply that the

vltamln ls obtalned. from the foodl of the host. In Oplslh:leglIBhe

the vltamln was founat oonoentrateal on the wall-s of the excretory

system and lnneitlately below the eplaternls. .E1-KoraLy årl'd

Latlf (1946) fou¡d. thiamlne, nlcotlnlc acldl and ascorblc aolcl
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ln hytlattci f1uld.. Chanoe ¿¡nd Dlrl1huber (1949) lnvestlgatect

the water-sofuble vltamlns of Bome parasltlc worns anal

Êunmarlzeat the avatlable lnformatlon. A portlon of thls work

has been oond.ensed. and. entereil as Table II.
Iarsh (1948) noted vltamlns A, C and D had a marked

effect 1n preventlng aIoohoIlc d.ebl1ltatlon of nloe lnfected.

wlth gl¿nene-Lql!9. Chand.ler et aLo (1950) lnJectecl radlo-
actlve thlanlne parenteralì.y lnto rats lnfecteat wlth E. d.lml4lltA.

They founcl the thlamlne ln the tapeworns and ln the lntestlnal
mucosa of the hosts hacl the sane speolflc actlvity, lnd.loattng

the worns obtalned thlamlne tllrectly from the host.
Sâd.un et a1. (]1949) foueil {. salLé requlred. re}atlvely

large amounts of a substance present ln 11ver extract. They

suggestecl thls unlmown subetance nay be vltamln 812, the

anlrnaL proteln factor. Malttonado and. AsenJo (lg 53') d.emonstrat-

e¿l nelther vltamln 812 or pteroylglutamlc acld. ¡{ere lnportant
1n the lnfectlon or d.evelopment of Nlppoetonqylug ryLg. 1n

rats, Brody (1954) oonffr¡recl the work of Sadun (19491 and

showedl a deflolency of vltanln 812 and pteroylglutanlo aclai

resulted ln lncreased- worn nunberg and. worm length ln chlckens

lnfected wlth A. ea11:!.

Reail (1950) polntetl out the itlfflculty of separatlng

host and paraslte physlology Ln experlments on vltamln

requlrements. The effect of vitamlns on host lmmuntty urust

not be confuseil lrlth the vltanln neeals of the lntestlnal



TABLE TI

lEE B - VTTAMI}TS OF PARASITTC h¡ORMS

==, Aflef Chance a¡¡.d D

Content Ln pg/g" ¿iry welght of whole wo¡u

Irloneizla beneclenl

¡'ascl-ol-a hepatlca

.Ascarls lumbrlcoldes

NlppostronÂylus murls

Specl es Aneurln

8"6

16.0

10.0

20 "o

N lcotlnfc
Aclct

190

293

220

119

Pantothenlc Pyridoxln
Ac1d.

10.0

9.o

\r"2
19.0

?"I
29 .O

20 .0

13.0

Rlboflavin

no assay

3.25

14.0

811" 0

.\)
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paraslte. For this reason the vltarnin requlrements of

E" @ vrore d.eterrÍLnecl as far as possfble 1n vltro rather
than ln situ. In aI1, s1x wâter-soluble vltanlns were

tested, lnoludlng: thlamlne, nlcotlnlc acld, ascorblc aolcl,

rlboflavln, b1ot1n a:rrdt lnos1to1. The vltanlnÊ were tested

ln cultures prepared wlth flve nflflflters of Tyroders

solutlon and. a slngle Ho nana. Flve cultures were preparecl

at eaeh eoncentratlon testeal. The }lm1ted supply of tape-

vlorns avaJ.lable alld- not pernlt an lnvestlga.tlon of the fat-
soluble vltanln6.

Thlanlne hydrochlorlde was testeal (tr'lgure 15) fn
concentratlonÊ of 0.5 to 10.0 mllllgrâns per cul"ture. No

slgnlflcant change ln survlvel tlme was observed. Nlcotlnlc
aoid (tr'lgure 16) was tested ln the sane concentratlons anat

no slgnlfleant change ln the survlval tlnre of [o @ waÊ

seen. Ascorblo acld was testeil In ooncentre.tions of 0.5 to
10.0 nl)"llgrarns per culture. !. nana Ilveai approxlmately

seventy-flve per cent longer ln oultures conùalntng 0.5 to

5.0 nllllgrans per culture, (tr'1gure 17) than 1n cultures
wlthout ascort¡lc acld" present. Rlboflavtn vras tested
(¡lgure 18) ln concentretlons of 0.01 to 0.20 nllllgra&s per

cufture. An lncrease of approxlnrately elghty per oent in
survlval tine was observed ln cultures oontalning 0.0L to
0.10 nllllgrans per culture. Blotln was tested (Flgure 19)

ln concentratlong of 1n0 to 20.0 Ganma. Maxlmum survlve.l

tlme was obtalned at a ooncentratlon of lO.O Ganna, wlth
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oulture survlval tlne nore than ilouble that of oultures

wlthout blot1n. Inosltol was tesüed. (tr'lgure 20) ln
concentratlons of 0.5 to 10.0 mllllgrams per culture. No

Blgnlflaant ohange ln survival tlne waÊ observed at any

concentratlon.
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CHAPTEB VIT

HELI'IINÍH METABOLTS}I

The early lnvestlgatlona lnto helmlnth ¡netabol-lsm

conslsted largeLy of the ldentlfloatlon of the polysacçharide

gLyoogen and speculatlon as to the nature of 1ts breakd.own.

I,Iefnland (1900, 1901) noted partlcuLarly the produotlon of
sone of the lower fatty acld.s by helurlnths ln sal1ne med.la.

He attempted to show these aolds were the result of

anaeroblc breakd"ovrn of glyoogen. Welnland. anô von B¡a¡r¡d.

(]-926) emphasized how snall parasltes nay llve a muoh nore

aeroblc exlsüence tha.:a larger ones d.ue to the allffuslon of
oxygen through par:asltLc Èlssuean lfhey noted also the pre-

ilomlnantly anaeroblc netabollsn of Eg-æ!.gþ and other large
specles" Von Brå¡nd (1929) str,essed. the fact that elemental

oxygen was not avallable to fntestlnal parasltes as lt was

to free-llvlng anlmals. He noùed. the exoreÈlon products of
MonClAþ lncludett lactlc, sr¡oolnlc and other hlgher fatty
aclds, lnttloatlng these substanoes coul"d. not be mad.e use of
1n en anaeroblc exlstenee. Vogel anit von Brard. (1933) founð

the developmental stages of Eeso:þ_,!a hepatlçe- ti-o not oontain

fat globules 1n thelr exoretory systen, a feature

cha¡acteristlc of aclaeroblc glycogen netabollsro in the ad.ult

f1uke. They coneluated. the netåbollsn of lDnai;ure stages ls
qulte tilfferenù from that of the attuLt. !trardle (t934) oatleal
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attentlon to ths faot that no aocurate lnformatlon was

avallable concerrrlng the food requlrements of a cestode, but

that lt was generally assumed foodstuffc entered. the worn by

diffuslon through the boðy surface.

Von Brancl (I937a, 1937b) neasureê the ratê of glyoogen

oonsumptlon by Ascêr:þ lunþr:Lqqltleg ancl noteò the Low level
of resynthesls. He found the glyoogen rebull"t 1s only one-

tenth to one-twentleth of that consunetl, a narkeè dlfferenoe

froE the nuscle of verfebrates where four-fifths to flve-
slxths ls resyntheslzed. Von B:.and. and Otto (1938) studled

the carbohydrate neùabollsm of the hookworn, A4p.ylq_gtotrq

can¿4un. They foufld the oxld.atlve netabollsm and. absence of

the perlodlc feed.lng hablt resultecl 1n a very 1ow glycogen

content .

Reld (1942) found Ralllletlna, the fowl cestode,

consuned ninety-four per cent of stored glycogen durlng twenty-

four hours of host starvatlon. A narked. fluotuatlon ln the

glycogen 1evel occurred. wlth the nornal feedlng hablts of ùhe

fowl. Reld (1945) noted a slnllar glycogen ctepletlon 1n

A. Aal]1, resultlng 1n expulslon of the worme after prol-ongetl

host s tarvatlorx.

Baldwln anat Klng (;-.942) prepared glycogen frorn

A " Ìu,u¡b rlcq!_êe e and f ou:rd. 1t to be a typloa3- polysaccharld.e

wlth a cha.ln length of twelve to thlrteen wrlts and. no

de¡¡onstrable lnmunologlcal propertles. Von Bra¡rd. and. SlDtpson
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(1945) sÈudled the meùabolls¡n of larva]. Eustroégyu4eg.

They found. nutrltlve substeJÌoes 1n vltro were consurned only

und.er aeroblc cond.ltlons, anaeroblc worns were ì.¡nable to

utlllze peptone or sugar. Glycogen consunptlon under

anaerobic oond.ltlons was about three tlmes that founit und.o¡.

aeroþlo oondltlons. Relit (t9t+5¡ founcl the gLyoogen oonÈent

of H" dlmlUu'Þe fluotuateð wlth the feedlng of the host, as

had been forurd v¡1th Ralllfetlga by Reld (l9t+2). H. dlmlaUÞa

appeareci to utl}lze sodlun lactate, lnilloatlng sone aeroblo

metabolls¡n may be cârrleCl on by thls cestode.

Axman (19t+7) noüed proportlonately greater anounts of
glycogen stored. 1n large trenatoales than snaLl ones and. oon-

flrneit sone of von Brandls earller ftnillngs on aeroblo

metabollsm 1n small- parasltes. Rogers and l¡azarus (l9l+9)

latentlflecl phosphatase acùlvlty ln {. lunþrtjgll!$, and

examlned. acid.-solubLe phosphorus oompounds ln d.lfferent

tlssues. llhey noted also energy was transferrecl by means of
hlgh energy phosphaùe bonds anai carbohydraüe fernentatlon ln
nematocle parasltes was slnlLar to marnmallan muscle as far as

Laotate fornatlon, Read (195La) foun¿ anaeroþlc glycogen 1n

E. dl4:lnuta prooeeds by prooesses slmlLar to that 1n

vertebrate È1ssue.

Bead (1951b, A952, 1953) lnvestlgatecl cestode

netabollsm of oarbohyd.rates and. furnlshed. evldence to show

the flrsù steps of oarbohyclrate utl]lzâtton ln [, gfglglg
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are essentlaLLy the sane as ln vertebrate muscle. He was

able to deuonstrate the presenoe of pho8phorylase,

phosphohexonutase, hexoklnase, aLdolase, phosphoglycerald.ehyde

dehytlrogenase and factlo oxlalase, essential-}y oornponento of
the Erabd.en-Meyerhof cycLe of glycolytlo reactlons. Read

Êuggested. the endoparaBltlo r¡ray of llfe, el-lmlnatlng the need.

for bursts of energy, had resulted. ln the loss of the

phosphågen energy storage systers. Read (L952) ciemonBtrated

the presence of cytochrone exldase and. sucolnlc alehydrogenase

ln E. êlqlqute,, Reatt (1953) d.enonstrated. fumarase,

ar - glycerophosphori c clehydrogenaÊ e, an¿l pyrld.lne-nucleo t1 ile

enzyrnes catallzlng the oxlitatlon of nallc, L-glutarnfo anil

æ-glycerophosphorlc ao1d s .

Daugherty (1952a) stresÊeai the crltloal role of
transanlnatlon reactlonÊ 1n nltrogen metabollsm, partlcuLarly

oxl¿latlve d.eamlnatlon ar.d anJ.no acld synthesls. The

üransamlnase systems ln F Aeo:lq,Le hepatloa r,.ere testeä on

aÊpartlc aolÉl, lsoleuclne, leuolne anci vallne wlth markedLy

hlgh acülvlty. Somewhat lesser aotlvlty was notecl ln the

oase of arglnlne, alarrlne, phenylalanlne, tyroslne,
¡nethlonlne and pro1lne. Daugherby (]-952b) uslng paper

chromatography, l8oLated. the sane amlno aolds frorn H" dl¡Uln1r.La

as nrere fountl 1n L. gglallqa, plus slgnlfloant anounts of
taurlne. Dawherty (I953a) descrtbetl for the flrst tlme the

utlllzatlon of ammonla by H. ctlmlnuta. The armonla was
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forneil lnbo anlno nltrogen and v¡as assoclateè wlth alanlno

and. glutaülo acldn Daugherty suggested ammonla flxatlon was

an inportant nechånl sm ln proteln synthesls tn S. d!!L-14!¡la.

Ðeugherty (L953]p') descrlbeil the metabollsn of sulfur amlno

aolals 1n H. dlnllllr.ua. He noteal ratlloaotlve methlonlne was

changed rapldly to taurlne vla oystlne antl that the hlgh

taurlne content of cestodes ls not necessa"ily d.ue to blIe
constltuenirs ô Alctrl cl'r, Chandler anct Daugherty ( 1954)

laÌentlfled elghtoen anlno aclds from the tlssues of

g. dtnlnuta. flhoy also founal host oasùratlon reduoed.

traåsamlnase aotlvlty ln [" 41m14u!s, reÊult1ng ln an

lncrea.sed fat tleposltlon,1n the worn.



CHAPîER VTTT

THE CULTTVATTON O¡' PARASITTC }JOB¡,1S

The tern taxenlor vras propoÊecl by Baker anti tr'erguson

¡¡9421 to äescrlbe an organlsm free of aLl denonstrable Life
apart froü that of lts owl protoplasn. Axenlc ,is; used. 1n

the followfng oultlvatlon d.lscusslon ln preference to the

rather ml sleaillng tern, sterlle.
Nenatoate oul-tlvat1on has net with a conslderable

tlegree of successr d.ue largely to the rather less d.elloate

nature of the wormac Glaser and StolL (1938) oultureil

Haemonchus oongortus 1n sterlle med.la lnto the thlrat and.

fourth larval stages. The med.lu¡o oonslsted. of a 0"5 per cent

agar 1n Rlngerts solutlon eontalnlng sheep llver extraot,
heat kltled. ground. yeast, sheep bIood. and. sheep kldney.

Glaser et aI. (L9421 obtalned. slmllar success v¡lth

N eaplÊ etanp. chfeslma, a nenatode parasltlo 1n lnsectF. Aokert

et aI, (1938) cuÌtured larval Asoarld:þ ll.¡CAlA ln a ne¿tium of

ohloken eggs, tlextrose and agar. Aokert et aI, (1939, obtain-

ed suocessful growth of A. tueata ln a slnple medlum of

clextrose, sodlun ohlorlcte ancl corn neal- agar. Von Brand and.

Sl.mpson 17942) nalntalned the larvae of EustrerÌgf,l:t(þg for
perloils up to three hunitred. and forty-slx d.ays 1n saflne
yeast extraot of gluooseo Von Brand anal Slnpson (1944)

ouLtured larva1 EuËtrongylld.es e.t 2Oo C. 1n a netllun of 1"0
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per oent Baoto-Proteose Peptone, 0o85 per cent sod.lun

chl-orlde and 0"5 per oent glucose. Hobson (191|8) Bunnarlzed.

the lnformatlon on cultlvatlon anil- suggested. the absenoe of

a rgrowth factorr as the cause of poor nenatod.e d.evelopnent

ln vltro. StoLl (1953) successfuLly cultured Neoapleo!q4s.

glaÞerl through more than one generatlon ln aold. veal or beef

heart fnfuslon broth supplemenüed wlth a raw Llver extraot.
Shaking the cultures ln the äark resulted 1n greater ylelats 

"

Pltts and SaLl (1953) obtained some sì¡ccess, wlth

{. lumb rl col.fXeg survivlng up to thlrty-nlne days " The rned.lum

contalneil yeast extract, peptone, g1u.cose, hur¡a¡r s erurn and.

I'enwlckr s solutlon.
Experlmentlng wlth the trematode PosthqèlÏ)lqslonum

nlnlrìun, Ferguson (1940) oultured sterlle netacercarlae to

atlults 1n e nedlum of chlcken ser[:un, yeast extract a¡adl

cllluted Tyroders solutlon. Ferguson (]-9lÐ) cultlvatecl

cercarlae of D1Þlosto0un f lex lqallèUlq aseptlcall-y ln a varlety
of neilla, but the rosul"tlng meùaoeroariae ïrere non-lnfeotlve.
Hunter et al" (f9 52) obtalned seventy to nlnety per cent

enoys tment of Gynaeco ÞX,Lq ad.uge ln a aillute sallno conûalntng

pepsln and hytbochlorlo aold.

The cultlvatlon of tapeworns dld not recelve serlous

consld.eratlon rurtll the lnvestlgatlons of Cook and. Sharman

(1930) and trrlarttfe (1932, 1933, 1934). Prevlous to L930

experlmentatlon r^ras 1lnltett to naintalnlng varlous cestoäes
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ln slrnple Êallne solutlons. Cook and Sharüia.n note¿l the effect
of aolds anil bases ln Rlngerrs solutlon on ùhe tapeworn

¡lonlezlA trllgenoÞhora. Maxlnum survlval 1n vltro vlas obtalned.

uslng M,/10rOOO sod-1uü! hydroxlde arxd fi/10rO0O hyd.rochlorlc aoid.

I¡lardLe (1932) lnvestfgated the lnfluence of varl,ous sallnes

upon the survlva.l of g. laluq. Maxlnum survlva] t1rìes at

3Bo C. were obtalned w1ùh 0.05 M soallum chlorlde and 0o2 M

calclurû ohlorlcle. ülardl"e (1934) rûatntalnetl Nyþel:þlq

sUlrnenlça-la f or perlods up üo four hwìd.real and. f lf t,y hours.

¡{oBt satlsfactory med.la. were serum sallne geI, Locke boulllon,
and" Locke glucose. No lnorea.se ln slze or slgnlfloanl,
naturatlon was observeal ln any culture ned.J.un. Reference may

be macie to l¡larctle (]-93?) for a sumrnary of experlrÂents ln
cesüode oì..rltlvatlon,

!,larkov (1938, 1939) cul"tureat the plerocencold larvae

of D. latU¡1 slxty atays ln flsh extraot and flfty-slx days ln
gl"ucose pl-us vltamlns. Tlardle and Green (1941) cuLtureit the

pleroceroolds of Q. Þ@ on varlous nutrlent agar nedla.
Irfhere agar pLus hog serum $¡as used, oonslderable grovith re-

sulted aì-though survlval tlne ctld. not exceed flve d.ays.

¡I . nana wae oultured for perlod.s up to twenty tLays ln a

mlxture of the tlssue culture med.lum, Baker A and. Tyroders

solutlon.

Snyth (1!&6) removed SchjlsùeçephaluÊ sol;!¡lug

aseptlcally fron the body cavlty of the ühree-splned
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Êtlcklebe.ck Gas terqs teirg ac_t¿I_teelug, thus avoldlng the need

for sterl.llzLng t]ne pLerooercold before oultunlng ln sterlle
medla" Suooessful results were obtalneit wlth pepùono-broth,

1n whlch plerooercold.s ]1ved. up to th¡?ee hundred ilays.

Slnflar suceess waÉ obta.lned., Srayth (1947a'), orrlturing
LlA}lâ lnteE!¿4al:_g to maturlty ln peptone-broth. Snyth

( 194?b) cultured unldentlfled. LarvaL Dfphyllobothritda.e for
ten tlays ln peptono-broth plus ten per cent horse Êerurl o The

plerocercolds showed. no d.evelopnent and. no loss in total
glyoogen durlng cultlvatlon. Smyth (1948) Êucoessfully

cuftured fragments of pleroceroolds of Ê. soucug a.nd &.
lntestlnal"ls. All- fragments d.eveloped ancl produced eggs

although there wa.s no tlssue regeneratlon 1n ârrterlor or
posterlor reglons. Snyth (tgt+g) noted a snalì- peroentage of
embryonated. eggs t4rere prod.uceil ln aultures of L, ln.LeSllgall s

and Ê. solldus_, provldlng the pH was oarefully oontrolled. by

strongly buffered. ned.la. Prevlously eggs produoed. 1n vltro
had not shown embryonatlon. Smyth (1950) found embryonated

eggs produoed. ln vltro oontalned- nornal, nlnlature, or

abnornal coracldla. Mlnlatur,e ooracldla could be mad.e to

haùoh art1flc1aIIy, but abnorxoal ooracldla 1n whloh the

embryophore falfed. to ¿levelop corild not be natured.. Snyth

(19 52) noted the lnportanoe of temperature 1n the deveLopnent

of Ê" EeIf_eUS ln vl tro . Actequate nutrl ents ln vl i;ro ooulat

not cause the plerocercolais to develop unless acoonpaaled. by
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a rlse Ín temperâ,ture to 4Oo C., the normal body tenperature

of the adult host. Successful fert1l1zatlon of g. solldus

ln vltro was obtalned. by Snryth (L953) through the use of

seml-permeable ceLlul-ose tublng. Thls method. provld.ecl the

necessary compresslon cturl.ng matura.ùlon and. permltted. the

dlffuston of toxlc netabollo waste prodr.tcts. Snyth ( 1954)

obtalned a hlgh ilegree of fertlllty ( seventy-seven per oent) ,

by contlnuous shaklng of the plerooeroolds of [. sol]4us,

lnslde cellu1ose tublng suÊpeniled 1n a tube of horse serun.

A oonstant temperature of 4Oo C. was natntatned for forty-
eight hours to brl.ng about naturatlon.

The present lnvestlgatlon. lnelu-iled the culturlng of

E. naåø ln a wlaie range of senl-Ilqulai and llquid ned.la.

The seml-l-1o.u1d. neitia lnoluded.: aqueous agar, saIlne

nutrlent agar, aqueous gel-atine, sallne nutrlent gelatlne,

aqueous anaeroblc agar, aqueouÊ chocoLate agar, and

artlflclal blood clots, Tapeworns reÊponded unfavorably to

these nedla and survlved. less than thlrty-slx hourso An

alternatlve technl.que was d.evfseal ln r^rhlch a more conoentrated",

seml-solld layer of one of the above nutrl,ents was poured- lnto
the l-ov¡er portlon of the culture flasks. A llquld layer of
sterll-e Tyrocler s solutlon !'¡as ad.d.ed-, plus a slng1e tapeworm.

The worms ln these cuLtures d.ld. not aùtach themselves to the

seml-sollct gelatln a6 hopeal, but rather burrowed. lnto lt anai

pronptLy al1ed..
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In terrìs of l-ongevlty ln vftro, flquld medfa were

much noro successful. The nost sultable rnedla tested. and

naxlmun survlval tlrìe ln hours were Ilsted ln Table IfI"
Irlquld medla contalnlng Kraoker s blood. rned.lun, l¡Ilttel s

peptone, proteoses, tryptose phosphato or muscle tnfuslon
proved of no val"ue 1n oulturlng g. nana.
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TABTE TII
îIIE MAXTMUM SUBVIVAL TIME ]N NUTRIENT MEDTA

Nutrlent nedla Survlval tlme
ln hours

TyroderB Bolutlon plus rabblù serum,
ó00 u¡lts penlclIlln and 0"2
nllllgrams streptonycln

Tyrod.ers solutlon plus rabblt serun,
600 unlts penlolllln

Tyrod.er s solutlon and. rat blood serum

Tyrod.ets solutlon plus Bâkerr s med.lum A

Tyroder s solutlon
Vogelaar: anai Erllchmanr s solutlon

366

295

t45

130

B9

45



CHAPTEB ]X

SI]}IMARY AND CONCLUSIONS

@¿. The mloroorganlsms ooexlstlrìg wlth g" 4æ
ln the rat gut a¡d ln vltro are hrlov¡n, together wlth Ùhe

most useful a.rrtlblotlcs for oombatlng then.

The optinun hyclrogen lon oonoentraùlon, tenperature,

osmotlc pressure and lnorgånlc fon levels are establlshed..

The lnfluence of aeroblo and anaenoblo condltlons

are d.lscussed as v¡ell as the relâtlve value of water-solub1e

vl tamlns .

A comparatlve stud.y of varlous llquldl and. seml-solld.

culture nedla lndlcates Tyroðets solrrtlon plus rabblt Berum,

600 unlts pentclllln and. 0.2 m1.lJ-lgrams streptomycln are

best sulted to the cultlvatlon of E. @..
Cquq-luÊlqqs.

1. The organlsms fotrnd. ln the 1leun of the labore-tory

rat and most commonly contamlnatlng cestod.e cultures are:

Cbfornqbaeler1w¡, gram poeltlve bacll-Il, coaguJ.ase negåtlve

S taphIlqQoqq!¿q, S tlqepÙqpogous fae_qal:Ls, Prq terrs, coll f orm

bacll1l , anal dlphtherold.s .

2. Al-1 antlseptlcs appear to be nore toxlc to H. naaa

than to the contamlnatlng bacterla" Zephlran chLorld.e anil

alkylamlne hydroohlcirid.e are the least toxlc.
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3. A group of the nore oofnmon arÌtlbtotlcs are non-

toxlc to H. nq&a ln vltro, whlle retartllng the growth of

nlcroorganfsrû8. penl-cllLln G potasBlum ts the nost useful ,

yleldlng conslÊtent survLval tlmes of one hundred and nlneùy

hours fn cultureg contal.nlng s1x hundred. urlts per flve
ml1]l11terB of. culture nedlu¡n. Terranycln and aureonyoln are

relativeLy toxlo ln all- concentratlons. Aohromycln,

chloromycetln and streptonycln have a relatlvely low toxielty
ln dlfute solutlons.

+. Aerobic oultureg l-1ve three to four tlmes aB long

as a.naeroblo ones. E. nana appear.s unable to utl11ze g3.ucose

und.er â¡aeroblc cond-ltlons.

5, H. nq4è ls marked.l-y lnsensltlve to small varlatlons

ln temperatr¡re.

6. [. nana fevorÐ a oompâratlvely narrow rânge of

hyilrogen lon concentratlon and survlves longest at a. pH

ranglng between 6.5 aîd 7.5.

7, Ehe vltamln needs of II. nq¡A appear to lnclude

aseorblc aofd, rlboflavln and b1otln. Thiamlne hyalrochlorl d.e ,

nlcotlnlo aoid and lnoBltol d.o not appreclably lncrea.se or

d.eorease the survival- tlme ln vltro.
8. The reoent contrlbutlons to cestod.e metaboltsrn

are dlscussetl, wlth Êpeclal- reference to cestode enzylnea

actlng on protelns and. car'bohyilnates .
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9, Axenlc cuLtures of Hc nayla nay be malntalned.

conslstently for perlod.s of up to flfteen d.ays ln a medlwn

Tyrod.ers sol-utlon and. rabblt serun, pLus s1x hund.red units
of penlolllin G potassium âJld 0.2 ml1IlgraüÊ of

streptomycln sulfate,



RE5'ÐRENCES



RET'ERENCES

Abraharnson, E. M. and E. G. MllLer, Hydrogen lon
concentratlon ln the gas tro- lntes tlnal tract of the
alblno ratrtr !roc. Soc. Exp. Blol.& þ!., 2224J8, 1925,

Ackert, J. 8., S. A. Edgar and L,. P. Frlck, ItGobl-et oe]ls
and age reslstanoe of anfuoals to parasltlsnrÌ !¡4g.
ABe¡. Mlcro. Soo., 58tBI, 1939,

_, and So M s Gaafar, rrPhosphorus d.ef lclenoy a Llnlt-
lng faotor 1n fowl parasltlsm," @. Pare.lLgl, 35
(süpp1 .)!11, 19þ9. -

-, 

M ' F . MoIlvaine and N. Z" Crawford, rrReslstanoe of
chlckens to paråsltlsm affeoted. by vltamln Ar" Agq,Jour. HyA., 13t320, 193L.

and L. O. No1f,
paraslttsn affected

rrReslstance of chlckens to
by vltamln Brrr Ane_Io Jour. HyE",

_, A. C . Tod.d. and. l^I, A o Íarlrler, rrGrowlng larva1
Aqrêlldla llnea'Uq (itlematode) 1n vltrorrr TrAag. @,.
Ulprq. Soc.,, 572292, :-.938,

_, J. H. I,Ihltlock and A. Eo Freeman, rrThe food of the
f ow1 nematoile, A_sqar_!4-eê llne_a_tA ( S chnelder ), tt _üeUX.
Parasltol . , Z6:fi,1fi8ú

Add.ls, C. J, and- A. C , ChandlLer, rrStudles on the vltamln
requlrenents of tapeworrnsr ¡lq o Paragltol_. , )Ot22J,
t9t+4 "

t3t337,I93L.

and A " C o Cha.ndiler , rrl'u¡:ther s tuail es on the vl tamln
requlrements of üapewormsrrr .Io¡¡¡. leføSf,lql" , 321 58L, 1946,

A1d.rloh, D. V", A. C. Cha¡¡dler and. J. lI. Daugherty, rrlnter-
nedlary proteln metabollsn 1n helmlnths. fI . Effect of
host castratlon on amlno aold. netabollsm 1n Hvnenol-eÞls
dlnlnu!êrn Ep. Pa€E_üo.l , 3tL?3, 1954.

AIt, H. L" and 0. Ao Tischer, rrObservatlons on the
netabollsm of the taper,\rorm Monlezla e¿g,q¡'r Prego Sooo
Exp. B1o1 & Meq" 292222t ]-93I ,

Axnann, M. C.r rMorphologlcal- etualles on glyoogen d.epogltlon
1n sohlstosones and. other flukes¡" @o &I^pho.!ggJ,,
B0t32L, !947.



73

Baker, Jo A. and l4o S. Ferguson, rrcrowth of Platyflsh
( PlAtypOeellus mae¡feLLUg) free fron bacterla and- other
mloiõoigãnlsnsrr¡ Prõõ..S.op. Ep. B!Al. & trîed, J1:116,
L9t+2,

Ba'11, G" H., nDeternrlnatlon of pII of llvlng tlssue by the
glass e3.ectroder'r Prpç. Soc. Exp. 81o1. & I{ed-. 322702,
L934.

_, r The pH of the dlgestlve tract 1n the llving alblno
rat as ôeterrnlned. by the oapl]lary glass electroderrl
Aner. Jour. Phyolol., 1282175, L939,

Bay1ls, H. 4., rr$he rarlÊ;e of varlatlon of l{yne4oleÞj!Ê nana
ln-raüs arid mloe,rr FarqÊ:trÞqþE{, t6z4t!l@l- -:-

Beach, T. D" and J. E" Ackert, rrDoes yeast affect the growüh
ånal lnfectlvlty of the ner¡atodo, As,ea.!!'141a 1i4eê!e
(SohneJ.der), ln chlckens,rr @. @.;lgrîZL, 1932.

Benesch, R., rtsynthesls and d.estructlon of nlcotlnlc a.cltt by
the mlxed oeoal flora of nanrrr La¡pg!, 248;718, 1945"

Bergein, 0., J. Illelnberg and. E. Ro Klrch, rroxldatlon-
rethrotlon potentlals of the contents of the gas trolnteÊ tlnal
tract,rr Jjur. Bactel1þ1 ,, 49t1t53, 1945.

von B rand., 1., rrStoffwestand uld Stoffwechsel von Monelzia
@rt' i¡grb, Deutsqh. ZpoI, eeÊe'.]f,. , 33t(suÞõÍJ-ão,l.
4t2.,64, I)Z).

,_ _, ¡¡Der ,StoffwechBe1 von AÊ-@,lg lutrÌþ.
Oxyblose r¡nd Anoxyblosertt Z. VefelefuE.Oxyblose r¡nd Anoxyblogertt /, Verglelch. phy_E!-OL.¡
(Abstracteal T. voñ Braná, T%61sJfr

, ¡rDer Stoffwechsel von Ag o4¡1s lusÌþ¡'l.co l de s bel bel
2]-:22o

-*--:, 
rThe anaeroblc consurnptlon ln Asoe.rls females and.

-lral-esr" Jour, Paras:L:Þq.L,, 23t68, LgTÐ- -

_, rrThe aeroblc resfnthesls of glycogen 1n @ÞrrlJo . PaæE¿le] , , 2JzJl6, 1937n-,

_::-, rrPhyslologlcal observatlons on a larva1 Eustronsylldes
(Ñènatoda)," {-qUXo Parag:l:Þ.o_l . , 242445, 1938. 

--_-_, rrPhyslologloal observablons upon a la.rval
Euslrp¡gËldps . VI . f nf luence of ùenrperature, pH and.
lnorganlc lons upon the oxygen consu¡ìption,rr B1ol" Bull.,
84:t48, 1943

_f Cþemf cal PhysloloEy oE EndopalgUt!1c Animals. Net¡
York: Academlc press, L952.



:..:.' :.. :.: : :::. : :::)

7t+

von Brand, T. and G. F. Otto, rrSone aspeots of the carbohydra.te
metabollsn of the hookr^rorm, Ancylostoma canlnU!û, and lts
host,rt AEqI. .Io.rt¡q. !iye., 2?T6EN

--, 

and hl. ¡'" Slnpson, rrPhyslologieal observatlons upon
l-arvâe EustrongyLlXqs. TII . Culture attenpts ln vltro
l¡rrder sterlle oondlùlorsrrr 3I@o Êog. U!. B¿A=L, & þ}.,
49:245, tgt+2,

__, rrPhyslologlcal observatlonß upon a 1.a.yvar.
Eus tron¡{yIl(les . Vï1 . Stuclles upon survival and.
netabollsm 1n sterll.e surroundlngsr,' @o laqasltgl .,
30z]-2:.., t94tv.

, rtPhysl ologi eal. observaùlons upon l-e.rval EUStfeAgyl-l4Qg,
--E' fnfiuence-of oxygen tack upon survlva.l a;AZç;õäen

consumptlon," @. gS,. U!. Blal . & Med., $9¡368, 1945.

Brody, G., rrEffects of Petroylglutauri c aotd and. vltanln. 812
d.eflolenoles ln chloks lnfècted vrlth Asoarldla ga1I1,r-
Exp, Par¿.s:l'Eq;!,, 3.21+0, a954.

Chanoe, M. R. A, and P" Dirrrhuber, IThe water-soluble vltanlns
of parasltlc worÌrsrrt Psð€i_Ðllo.Lopjl, 39t 3O0, L949,

Chandlerr A" C.r fiStudles on the nutrttlon of tapewornsrrl
Ame . Jouq, Ilyg., 37:l-zJ , tgtÐ.

Chandler, 4. C. r C. Po Rea.d. and. H, Oe Nicholas, rrObservatlons
on certaln phases of nutrJ.tlon and hogù-parasite relatlons
of ll¡4en_olepr s. ¿l1n1¡!uta ln whl te ra.ts , 

rr Jol¿¡' . Para.s !ÞqI . ,3623Ã1,ffi7
Clapham, 4., rrHexylresorclnal as a general vermlcld-ertt @"HelninthoL. , IQzl.)J, I)JZ,

Cook, S. F. and tr'. En Sharman, rrThe effect of aclds and.
bases on the resplration of tapevrornsrrr Physlol¡Alqal
Zo-ol-QgX, 3.145, I93O,

Coutelen, ¡'. , rrEÊsal cle culüure ln vltro cte soolex dthydatles
echunooocolques (Echlngoooous g¡enql,agug ) ," A1r4. Pa¡.aO.
hum" et comõ., ¡¡@3Í+),l;9-2?;-

Daugheriiy, Jo fllo¡ nlnternedfary proteln. netabollsm 1n
helmlnth6" I. Transar¡lnase reactions ln !.asqþ.!e þ9.@.!!.@'rrlExþ. Parasltol, lz33l, Ig52Ð,,

_, rrStud.les on the proteln ¡netabol-lsn of certaln
helnlnth para.slteril Jour. Par"esitel., 38 (suppln) t|B, I952b.



?5

Daugherty, J. InI o , rrÎhe synthesls of amlno aclds f rom anmonla-1n Hiúenolepiç q[!{!n¡rlÞêr" Jour. Parågltol ,, 39,26, I953a..

_, rrÎhe metabollsm of sulfur amlno ao1d.s 1n
HymenöLeÞls @!M!Ar" Jour" Parâsllol ,,39221 ,1953P-,

Day, H" G", Go Ko ldaklm, t'l o M. Krlaler arrcl Eo Eo OrBanlon,nEffects of oecectony, succlnylsulfathlazole, and
p-amlnobenzolc aclil on vltanln K synthesls ln the
lntestlnal tract of ratsrrt Jour. Nutl., 26t585, 1943.

Delappe, 1. P.r rrStudles on þ!ry. mel"eêgr:Ld":!$. I. Use of
antlblotlcs to fa.clLita.te 1n vltro lsolatlon, n U!.
Parasltol ., 2279, 1953.

Doys, A. S., trAntlblotlcs and. thelr effect on parasltls¡ì ln
Ewlnern 

'@, Paresllql,, 38 ( suppl. ) 275, 1952.

El-Korrly, M, I " and N" Latlf , trOn the v1taüln content of
hyd.aù,1d f1u1d.ril Jour. Rov. Esypt, Meq. Assoc" , 29|7L, 1946,

8111s. H. A. and C. P" Read. rrThe cultlvatlon of Turbatrlx
êlliLl (Rhabdltoldea! Neñatoda) ln.the absence of lcro-
õñ$ãñlsms,rt Jor¿t" Fara.s:!Þq1"., 38 ( suppl.') z3?, ¡.952"

Epps, I^¡., M. l¡lelner and E. Bued.lng, nProaluctlon of stea.m
volatlle acltls by bacterla-free A oer¡.Ê lur¡blrl_pqld ejr , tr

JeuI. Infee. Drsêge. , 8?2149, 195fr-
Falrbalrtr, D., rrAn lnproved method for the complete

el-lmlnatlon of nlcroorganlsms frorn A s ca-¡n:!Þ lu.mþxl rqlggÈ, "Joug, Pares!!9!., 36 (ãup.ol.)294, rÇffil-
*_, rìÎhe lYletabollsm of H9üeqqtslg. gel.}l4Ð.q. IT. Carbon
--d i oi I d e f 1 xa t I on, I EA!. Þara.s"f-!õ .7 Tfr ; 19 5 4 .

.-, anÈl Mo R. BeesaL, rrCoroplete eIlmlns.t1on of mlcro-
organlsûs frorn an lntestfnal para.slte (Asoqrls
luiþ!99f99Ê.)," slggg, tt2l792t 1950,

Fausù, Eo C.r rrComparative efflclenoy of varlous teohnlques
for the dlagnosls of protozoa and helminths ln fecesrrt
Jour, Parasltol., 25,24l-, ]-939.

Ferguson, M" S,, Development of trematode rnetaoercarlae
lnto ad.uIt hrorng ln sterlle cultures rrr Jqqq" PÐ.rgq:Ltql. ,
25 (suppl .)tL3, t939,

_, rrEnsystnent and sterlllzatlon of netacercarlae of
the al¡lan strlgeld trematoaie Pos!þqdiplqE=o¡gE and. thelr
d.evelopment lnto ad.ult wor¡ns ln. stertle cu-ltures r 

I @q"PareÊüol. , 26.359, L94O.



76

Fergu.son, M. S., rrfn vltro cultlvatlon of termatoale
¡netaceroarlae free from nloroorgaml sns, n Jour. ParâÊllo} ,
29;3I9, 1943.

Frels, J. A.,.Aner. -Jous" Phf,Êlqr., L6t46B (Abotracted c" P"
Rea.d. 1950) , L9o6,

Gaafar, S. Mo and. J. E. .Aokert, rrstud.les on mlnersf d.eflclent
dlets as faotors ln reslsta¡ce of fowls to parasitlsmrrl
ExB. Pàtasllq!,, ZzlBJ, I)J),

Ga1L, Lo Sc. Pn Í'o Fenton, a¡l(l G, R. Covrgf 11, rrThe nutrltlon
of the nouse. II. Effeot of dlet on the bacterlal
flora of the lnteÊtlne arrd. ceoumrrt @,. $[,. , 35i13,
1948.

_-_, B. A, Tlllngworth, G. B. Cov¡9111 and P. F. tr'enton,
rrThe nutrltlon of the ¡nousen III" ReÌatton of dlet to
the synthetlo e.ctlvlty of the preilomlnatlng flora
lsolated fron the small lntestlne and- cecunrrr Jo_¡¿Eo Sg!¿.,
35227, 1948,

Glaser, R. W., E. Eo Mccoy anat Hr B. Glrth, rrThe blology and.
culture of Ngo,eÈ-eo.Þg4Ê ghrgg@,, a. new nenatocle
parasltlc l.n lnsectsrtt Jorrr" Parr.g!ügl. , 28i123, I9lþ2.

_, ånd. N" B" Sto1l, Development under sterlle
condltlons of the sheep Étoì¡ach worn HaerûengÐg qq4lqqt_Ug
(Nenatode)," êglggg, 87¡259 t f938a.

._, rrSterlle oulture of the free llv1ng stages of the
sheep stomach worn Haemonchus oontorluq,rr Parasltology,
30:3, L938b.

---, 

rrExsheathlng and. sterlllzlng lnfectlve nematoite
larvaerfr JqUx. Paleqs:Ltq!, , 26281 , lJþQ 

"

Gl]man, A. and- G" R. Cor¡9111, rroenotlo relatlonÊ of bloo(t and
glanclular seoretlons,n @s. Jou!. Phys!_o"r 99,172, L93I ,

:-, rrOsmotlc relatlons between blood. and. boaly f lulds . If .
llhe osmotlc relatlon of bIood. and gastrlc Julcerrr Amer.
Jqur. Phx,E_l_o.l., 103! L43, L933.

Gootlman, L. S. and. .4" Gllman, fhe Phaf¡4aqolqelqal BAs:Lg of
gLg.rypggglgg. Neiv Yor.k¡ The lvlacmll-lan Conpany, 1955,

Grassl, 8., Entwl cklungecycJ.us tler @þ na¡ra Drltte
pråt1mínarnote,r' Oeãlrâþl" r, aaõtE Þffisllo.I. p.2305,
(Abs tnacted l^I.' N.Treõd-rani,E-¿r)I r.E€T;-



77

Grassl , B. and. G. Rovel-]l , nRlcerche embrlologlche sul
cestod.l Attl Accad. Gloenla., Cafanla, Ser. 4 fV
(l4emolr 2)r" (Abstraoted Vtro N. F. rloodlar'd., I94?t,1892.

Green, N. I(. and R. A. !trard1e, rrThe cuLülvatlon of Tapeworns
1n arù1flctaL rnedfarrt Carr, Jonr. BeseArqh, D 19;240, 1941 ,

Hager, Anne, rrEffecta of dletary mod.lfloatlons of hodt rate
on the taperÀ¡orm $. gå$ng!Ar" Ire, State Col.l¡ Jour. Sol.,
t5.a27 , ]-9t+o,

Hansen, Mo Fo¡ Lo H. Petrl and J. E. Ackert, rrËffects of
Aureomyeln and vltamln 81 2 used separately as feed
suppLenents on reslstancê-of chlckens to Äscarld:lA Ea11:!rrl
E¿p. Parae¿_lgl , , )tI22, l)J\,

Hobson, A" Do rrThe physlology and. cultlvatlon ln artlflclal
ne¿tla of nematotles parasltlc ln the allmentary tract of
anlmal",s,tt Pa]eêE-!!q_1egl, 38: 183, 1948.

Hunter, !tro S., flNotes on encystmen.t and. ou"lture 1n vltro of
the nlorophallld tre¡natode, GJmqeSqlËe .æ,r[ gg.
ParasltoÌ. , 3Bt87, 1952.

-, 

W. Sandborrr and D. C. Chaf t, rrNotes on encystment
a.nd culture ln vltro of the mlerophalllcl trematode,
Gv¡qeA_qtyla aduca (Llnton 1905)r" @. Parasl!o].,
38:87, 1952,

---_, 
and. W" B" Vernberg, rtstudles on oxygen consunptlon

ln dlgenetic trematode,s. I¡r Exr¡. Parasltol ,r Qz Jt+, I)JJ.
Joha;nsson, K. R. and. tl. B. Sarles, nsome oonslderatlons of

the blologlcal lnportance of lntestlnal rnicroorganl srns ,rlBqo!. Bev., 13125, I9t+9.

Joyeux, Ch., Cycle evolutlf d.e quelques cestoales. Recherches
exioenlmèntalesrrr !g!!, B1o. !'rance et Belglque. (Suppl. II).
( Aù s t ra c t e a Int .' N, -F;l,I oóã:L-anã-E'ã[ ) ;1 9ã .

Kofo!.d, C" A.r E. llcNe1l anal Ao Bonestell , rrcorreltatton of
the d.lstrlbutlon of the protozoa ln the lntestlne of
Ea!,tus nollegåçgs wlth the hydrogen lon concentratton of
the lntestlnaL conteú.ts and wallrrt !4!go ÞL!.€.. @..
Zú"' 391179, t933.

.---, E, I'IcNell anct R. Ca11leau, Eleotronetrlc pH d.eter-
mlnatlons of the wall and contents of the gastro- lnte s tlnâl-
traots of normal albino rats,rr U4Iv" ggl:9. .&þ!. Zoo!.ot
36, 374, 1932.



?8

Lane, C., rtThe rnass d.lagnosls of aukylostone lnfect,1on,
Part I," Eg&go Rot¡. Soc. Med.. anÈ HyE", 16:271+, 1923,

Larsh, Jr,r J. 8., rrThe role of certaln vltamlns 1n
alcohollo d.ebllltatlon of nice lnfected wlth HynenoleÞ1srrl
Jour. ParaÊltol ,, 34 (sup.ÐI.), 1948.

Laser, H., rrThe oxtd.atlve netabolisn of AÞqqflq qler" Jsur.
Bloqhem", 38t333, 1944"

Ilal<lonado, J. tr'. and. Cn I'o AsenJo, nlhe role of
pteroylglutamlc acld. antl vltamln 812 on the d.evelopment
of NlppostrongyLqg nurls In the raÏ1" Expo Parasltol .,
2z )lt+ , L) JJ .

Mafln, F. C, and J,. L. BolJ.man, rrThe reactlon of the oontent
of the gastro lntestlnal tractrrr Jouq. Aner. Med.o Assog,,
95|7?22, 1930,

Markov, G" S., rtÎhe survlvaL of the plerocercold.s of the
broad tapeworm (DlphÈlqþqÞhr:Lum IA!Un'r) ln artlflclal
meËlf a, rr lAbs tracìffiÌ;n1n-ffi::Ããsffi940, vI I : 5 ), 19 38,

--, 
rrNutrl tlon of tapeworms ln artlf 1clal ned.l-a, u C , E.Aca.d. Sc!. g. E. E. 8., 25:93, t939.

Mc0oy, O. R., flThe grov¡th of hookwonm larvae on pure cultures
of bacterlar" Scle,q_qq, 69t?4, tgzg.

Mltchell, H. K., Unlq. Tex. I.Uþ_l., No" 423?|125, (Abetraoted
c. P. Reait,-lg , ¡-Sç2,- '

Panl.kkar, N. K. antl N. G. Sproston, Osmotlo relatlons of
some metazoe:r parasltesrrr ParaÈltologl¡, 33..23[, l.g41- ,

Par:ker, B. C., ¡Jethod.s of Tl$qqe- C-Ul!u¡_e. New York: Paul B.
Hoeber, Ipl8.

Pltts, T. D. and G. H. 8e.11, rrTn vltro cu,ltu-re of the larvae
of Ascarlq f!¡qÞrl_cÉes ê!!Er', Jour. Par¿r.sltol., 39
( sup-FllTï4z;EÐ:-

Porter, J" R. antl I,, I', Bettger, lnfluence of dlet on the
distrlbutlon of bacterla ln the stoma.ch, sìne.ll lntestl]ìe
a¡rd cecum of the whlte ratrrr Jou.r-. I¡.jl " DJÊeas 

" , 662!e4,
1940.

Read, C. P"r nConbrlbutlons to cestod.e enzymology. fI" Some
anaerobl o d ehyd.rogenas es ln HynenoleÞj!.jg d-1-U-l-4!rjg , "ryp. Parasttol ., 2234]-, 19fi:-



79

Read., Co P., ÍFluctuatlons In the gfycogen content of the
cestode H" d.lnlnutarrr Jouro Parasltol., 3I( suppl.):38,
1945.

--, 

trPrellmlnary studles on the lntermedla.ry metabofl,sm
of the ceslroale Hymenolepls dlninuta, " .JglÀI. ParaÊtl'ljg]_,
35 ( suppl. ) | ?.6,4rçl:-

aÂ ap Envlronm€nt
: llhe Blce ïnst.

_:, rrThe crowillng ef f ect ln tapev¡orm lnfect!.ons rrl
Jo_ut. ParasttoJ., 37277t+, 195L,

-, 

Anaeroblc glycolysls 1n fortlfled ceLÌ-free
homogena.tes of tapeworrn tlssuerr Proc_. Soq. ExÞ. 8101.
& i{e4. , ?6t86t, t951".

_, rrStud.les on the enzymes and. lnte¡rrned.late products
of carbohydrate degradatlon 1n the oestode Hyne¡Lqlepls
ru!r!r.Þa,rr Ex!. PeraË1lo]-., 1:1, 1951_.

--, 
ItContrlbutlons to cestode enzynology o f . llbe

cytochrome sysüen a.n¿l succlnlc dehyd.rogenase ln
Hy'!Ê¡AIÊBls 4@!4," ExÞ. Par.Aqitql .,I.353, 1952,

_, rrAeroblc netaìroIlsm ln cestocles: A corr.el-a.tlon of
structu.re and. functlon,', {@o Pea4¡1tql. , 38 ( suppl . ) I48,
1952.

Redna.n, T., S. G, I^¡llllftott and. Fo Wokes, 1!2f, rrThe pH of
the gastro lntestlnê.l tract of certaln rod.ents use¿i 1n
feedlng experlnents and 1ts posslble Êlgnlftca;rrce 1n
rloketsrrr Blpqherû. .@Ð., zJ-z JB), L)21.

Reld., l,I o M ", rrîhe relatlon between glycogen depletlon ln the
nenatode Ascarldla &Ll! e.nd ellmlnatlon of the paraslte
by the hostr[ A¡ner. Jour. 5¡g., 41:I5O, L9l+5,

Roblnson, a. S.r rrÎhe hyd.rogen 1on concentratlon of the
contents of the snall fntestlne, n Jour . Bl_o1 . 9.bg n ¡ro9;403, t935.

Roblnson, C. S., H. Luckey ând H, Mll1s, ntr'actors affectlng
the hydrogen ion conoentratlon of the conten.tg of the
snall intestlnerrr Jour. B1o1_.9@.., l-l+?|]-75, 1943.



80

Rogers, ï1" P.r rrThe resplratory metabollsm of parasitlc
nematocles," .@3þl9gI, 39.LO5, 1948,

Rogers , I¡f . P . , rr ùr the relative lmportance of aeroblc
metabo1lsm 1n srnafl nematode parr,,.Bltes of the
al-S.nentary traetr Aust_{o @.. &L. Bgseêr,, B2tl57, Ag49"

and I{. Lazarus, trGlyoolysls and. related. phosphorus
ln parasltlo ne¡natodesrrr ParasltoLagy, 3923O2,me tabol f Ên

t949.

Sadun, E. H.¡ J" Bu Trotter antl C. K. Keith, Substanoe
present ln the llver extr.act necessa.ry for normal growih
of worrìs. Thls substance rnay be viùanln Blr, of the
anlmal proteln factorrrr Jouro Parasltol ., J! (suppl .):Il,
rgt+g.

Sohopfer, ¡¡. H.r Beserches phys loo- shlülques sur le nlIleu
lnberleur d.e quelques parasltesrrr &to SuJsse Zp_oJ,,
39:J), (Abstracted R. A. l¡larclLe-, lW),$fr

Shor"b, Ð. 4., rr Hos t,-pare.sl te rels.tf ons of Hlne¡f¡ L ep_i- ¡
fta.terna. ln the rat and the nouserrr Aner. Jo_.uI.-EXg,,
T6-.-7F3gst.

Smyth, J, D., fiStudles on tapeworm physlology" T. The
cuLtlvatlon of Sohl.e toceþhe.Ius sol.ld.us in vltïo.rt
Jeur. Exp. B tq'";W,\.--gTö

-:-_, rrStutlles on. tapewor.r¡ phyÊlology. II. Cultlvation
an<l developnent of !¡!eltþ !¡Lte_Ðll4el!É 1n vltro,rl
Parqs:L'lqlogy, 3ïII.?TÍîE?. 

:

_-,, rrStudles on tapeworn physlology. fII . Aseptlo
oultlvaülon of Larval d.f nhyllobo Èhrllctae ln vltrorn
Jour, Ðo B1oL., 24r3?Lþ, ]1947"

-_-, 

rrDevelopnent of cestod.es ln vltro: prod.uctlon
of fertll-e eggs; cuJ-t1vatlon of plerocercoid fragments,rt
Nature, 16111J8, 1p48.

_, rrStud.les on tapeworn physlology. IV. trurther
observatlons on the development of LlÉ{u1a lntestlnalls
ln vltrorrr Jour. $¡. Blql ., 26..1, Tffi

--, 
rrStudles on tapeworrn phystology. V. tr'uxùher

observatlons on the maburatlon of S.rh¿!JocepÞelug
solldug (Dlphyrlobothrlldae) underffiffitons
ln v1ùrorrr Jour. Paras:l'Lq.L,, 36t371, 19 j0.



B1

Srnyth, J, D.¡ Studles on tapernlorm physlology. VI . Effeat
of tenperature on the naùuratlon ln vltor of
S,qbþlqçe-pbe¿us æll@rtt Jou{. Exe. 81o1., 2923O1r, 1952,

_, rtFertl ll za.tl on of the cestode Sohlstooephalus---Eiggc ln vltrorrt JoË. Parasltol.;-5t@I3?3, t953.

_, I Stucì1es on tapeworm physlology. VII . !'ert1]-1zaü1on
of Sohlstooephalus solldus ln vitror EI!. lexgË¿lql.,
3.6+, L954.

_, Wo Jo Blngley and. G. Ro FlllL, ItThe dlstrlbutlon
of vltamln C ln \re.!g!hel, corôlformt!$ Ehrenberg,
Apleü¡j.-qely-ph_A rana.e 3'ro11oh, and &lreqArg oanf sffierjtæ; u*-B, ¡t"r., 2ízl), f9Ðf*:

Splngarrr, C. L, and M" H. Edelman, rr$he prolongåt1on of the
v1ab1llty of cultures of E. hlÊlqULb:LçA by addltlon of
str.eptonycin, rl {9g, Para-ßiiñ, 51ffi6, i94? 

"

Stephensen, W., rrThe effeot of va.rlatlon ln osnotlo preasure
upon a free-llvlng soll nematoderrt Paresltology, J4z2J),
t942,

rrThe effect of certaln lnorganl c chlor1d.e solutlons
upon the novement of a sall- nenatode (Rhabdttts
térrestrts) anil upon lts hoôy slzerrt ParaÆtñÏ-qext 35tI6?,19tr8, -'

_, rrPhyslology and hlstochernlcal observatlon on the
adulü llver f luko . Fa,sclol-a hepatlca L. I . Survlval 1n
vl tro, rt Paras t to1óslJ6lll 6;BE1:'

Stoli", No R., rrAxenio cultlvatlon of the parasltlo nenatode
N e-qaple qlsnA gl.aqerl., ln a flulil medlun containlng raw

S turlkard., H" V¡., 'rLlfe hlstory stud.Les and. the development
of pàra.sltolot3y," Joq¡, Pa¡"qs:LÞql ., 2621, 1940.

Vogel-, H. and T. von Bra.nd., nilber das Verhalten d.es Fettes
ln den elnzelnen Entwlcklungstadien von Eggglp,þheg[lqq und Êelne Beziehunen zu¡¡ Exkretlonffilten, "ã pAr+eugbq?., 5tt+?5 (Abstraoted T. von Brand 1.952),
t933.

Ward, H. Lo, rrUse of antlblotlc ln artlflolal rnedla for
vltro experfinents wlth Acanùhocephala, r Jour, Parasllql.,
3?,3!9' 195L,



82

i'Iå.rd, Ho L., rclycogen eonsurnptlon 1n Acanthoe,ephala under
aenobfc and anaeroblo cond.ltlonsrrr @, Paraslto!.,
38;493, 1952.

Ward.le, R. 4,, rrSlgnlfloant factors 1n the pl"erocercold.
envlronìnent of ÐlpþJllloþqthrlum k@," Jouq. Hel!4ll:lbql.,
l).325, ].933.

_*---_, rr The vlabl 11 ty 
_ 
of tapeworms ln arti f l eial neclla. , 

rl

-- C1q1*. @,, 7t36, 1934.

__, rrThe physlology of the sheep tapeworn
exÞAnÊg Blanehard- rrr @, Jai¿r. Researsh, D,
1937a.

_.-_, fþe_ru¡¿glq-lgSy of Ta.peworms. fn Man:L:Lqþa essq.yg.
UnlqerFlty of MAnltoba, l¡Ilryrl_p,qg. Toronto¡ The
Macrnlllan Conpany, I937b.

I^latt, J, Y. C. , rrThe lnfluenoe of vltamlns 81 and. B, upon
the reslÊtance of rate to lnfectlon wL th-NippostronEylus
ry$¡r'Aner, Jou.r. Hyg., JB:l"$5, lgl+4.

-_-, 
I^/ o Bo C. Qo1d.en, tr'. Olson and. Go Meacllnf.ch, f,The

reLe.tlonshfp of vltamln A. to reslstance to
Nlppostrongylus murlsrrr Sclence, 9?238I, 1943.

lltiielnlpnd., E. rrlfber tlen Geykogengehalt elnlger pe.rasltlscher
'lrlürmer , z. 8101_. , lll: 69 , 1900 .

I
*_--, rrifuer Kohlehyatratzers etzung ohne Sauerstoffaufnahme tl

-ã81e1-.,- +à:.'ii-, :,9o: .

__-, art.d T" von Brand., rrBeobachtungen an Fasofola.
-_@&tge. z!€qhq. veúL{L. Phvs:.pl.l l'tztz}ffii
lIelnÊteln, p. P"r rrThe cultlvatlon of the free-tivíng stages

of Nt ppas!4o4gyl-ug mUr:Lg and. Neoa.tot aLellcaJlus J.n the

iåïi"" 
of ]1vlng bacterl.â,rr Jo¡¿I. Par¿el'Lq1., 40 (suppl.),

Wells, H. S o ¡ rrThe actf on of antlblotlcÊ on A gpl-c-ulq]l g
te!¡'qptelê fn nÍoerrr Jor¡r. Parasltol, lf: (suppI.)14, 1951.

I^lood.land, l,¡ o N. Fo¡ rrOn the }lfe cycle of H.vmenoleþls
fratér¡ra (lt, naæ vor. -frater44 sttl"esJãTñãtte
ñõïÇu-raFasTEõiogy, tÇ61,-úzt+,

r,/i9yl1e3!e
I5,.TI?,



B3

Zlnnernan, No.B.r-L" Bo Vlncent and J" E. Aokert, [Vltanln B,a factor 1n the reslstance of chlokens to A,sóarld_ia
ex.Ê,plc1Ilwnrrr Jour. Parasltol. , 12z1614, IW:-




