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I, Morphologlcal examinatlon of the calcareous corpus-

eles from the cysts of Echinogoccus mul-tllocularls

has shounr that the slze of these corpuscles d-oes not

d"epend_ on the age of the cysts, though theLr numbers

lncrease wlth progresslng age.

In both the rat straln and the mouse straln, the cysf

oalcium accumulates gradually" For example, the

2 month rat straln cysts con'tall3' 49 rrrg"/% cal-ci-um

(almost 5 tlmes the value for blood- of a normal mouse

1.e* Lo ng,//") and rlses to a maxLmun of 240 rlg./%

calclun ln the B month cystso (Here the concenüra-

tlon has rl-sen to 24 times that of bl-ood') '
The extend.ed Study of the ra.t straln cysts ln mlce

has shown that the ca.lcium concentratlon in cysts over

8 months oId_ gra.d-ually d.ecreases, fa11Lng þo a level

of L64 o,g,//" calclum. (Thls value ls stl1l over 16

tlmes tinaþ of the blood-) 
"

The eyst slze generalty lncreases up to the age of

I monthsv¡hen a plateau ls reached.. The subcutaneous

oysts often d.ecrease slightly aftet thls a88.

Mlce lnfected. suboUtaneously develop a pronounced

leucocytosls (wLth total counts as hlgh as 12r000

!ìi"B.C. per c. nno of blood-) ln the course of the

flrst month of lnfectlon.
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É, The absolute numbers of neuùrophils increase

tlnat of monocytes 3 ülnes, and eosinophlls 6

the peak of the eoslnophllla ls attained, much

fha.n that of the neutrophlllau

1v
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Perhaps the nost prominant feature whlcir prompted

the present researeh was the fact that ühe cysts of

Eehln_o!¡occus multllocul-arls d.lffer wld"ely both macroseop-

1ea1Iy and. rnl-croscoplcally fron those of other cestodesn

\¡Jhen mature they are fllled wlth brood- capsules to such

a:a extent that the lu¡qen of the cysts thenselves ls almost

completely obllterated.. The germlna.tl-ve layer of the

brooÖ capsules and. to a lesser extent the tlssues of the

scoleces are fllled. wlth Lir:runerable ealcereous corplrs-

cles whLch lmpart to the cysts a chalky appea.raiLceô The

speclfle gravity of such cysts may be as hlgh as !u2"

These fa.cüs¡ âs weLl as the occurranoe of üetany

lrr experlnentally lnfected gerbils and, cotton rats, ha"s

pronpted. an exaninatlon of the process of calcium accumu-

latlon 1n the cysts of Eqh.!4ococcuE mul!lLocularLsu Irt

ad-d"ltlon, the lorrg* term observatlons necessary f or thls
klnd" of work provlded a¡. exce]]ent opportunity for a

haematologlcal stud.y of the lnfected" anrlnals"

Thus the enormous accumulatlon of calcareous cor-

puscles ln the old-er cysts, a.nd" the cases of tetany ln

experS-mental- rodents, were the two sal-lent facts whlch

prornpted the seLectlon of thls research problem.

INTBODUCTIOAI
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A TIISTOBY OF BESEARCH ON ECH]NOCOCCUS MIII,TIT,OCULARIS

Arveolar echinococcus i^ras flrst observed. ln the
mld l!üh century, ln sourthern Germany. R" Vlrchow (26)

ln 1856, reported- that these 'rmallgnant tumorsn of the
liver, whlch had been prevlousry regard"ed as arveorar
collold-s¡ or collold- carclnoroas, vrere actually parasj-tlc

lnfestatlonso Hê called. ühem r¡multlLocu1ar ulcerous
growths caused by echlnococclil" The characterlstLcs
whlch d.lstlngulsh thls from the comsrori hydatld_ form of
Echlnococcus, namely the mLcroveslcular and. multlvesleu-
l-ar structure, exogenous prollferatron, and. the 1nflltrat-
1ng and. tlssue d.estroyLng growth, which makes the alveolar
echlnococcus the most dangerous worm pa.raslte found_ in
marr, lnave glven rise to a large number of lnvestigatlons
by pathologlsts and. cIlniclans"

From Vlrchowts tlme up to ttre l_ast d.ecad.e, there
has been conÊld-erabl-e controversy on the nature of the
above d.isease and. to the specles to whlch the murtllocu-
rar echin.ococcus belongs " The workers ln this f ield held.

two d.lstlnct views; some as the Innsbruck surgeon,

PosseLü (21), malntairred a dualist vlew and. belleved. t]naþ

Echinococeus multlLocularls wa.s a separate species of
tapeworm d1stln.ct frorn the common Echlnococcus granulosuls"

HISTORTCAI REVTEI/J
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The unlclst theory was upheld- chlefly by the helmlnüho-
t/Ioglsts Dévé (3) and. Dew (4) " They belleved that there

was only one speoies of echinococcus and. consld.ered the

alveol-ar echlnococeus as a¡n aberrant type of common

Echlnococct¡,s granulosus, resultlng from atyplcal la.rvar.

d"evelopment. O6v6 staùed. that bhere exlsted translt-
lonal lntermedlate forms between the alveolar and" the

hydat lcr echlnococct¡s e

fhe dualists based. thelr vlew on: (1) the faet

that the geographlcal dlstrlbutlons of the alveolar

echlnococcus d.lffers from þlnat, of the hydatld echlno-

coccus, (2) on d"lfferences ln the stru.cture, prollfera-

tf.on, and- pathogeniclty of the two larval forrns, (3)

d.lfferences ln bhe shape of the hookl-ets of the larval
scollces " The hookl-ets of the mu1tl].ocuLarls are

more slender and. possess a longer manubrium than those

of the hyd-atld. echlnococcus. There are also sone

peculiaritles i-n the ad.ult tapeworms, Slnce lt seemed.

that the probl-em could. be cLarlfied by studylng the

ad.ult parasite, attempts were made to ralse the parasltes

to the adult stage by feedlng parts of the aLveolar

echlnococcl from human cases to dogs" Most of these

exF)erlmerÌts resulted ln failure, bub some, however,

were successful.

The flrst such successful experlment was carrled
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out by Klemm (-q,) ln Munlch 1n 1882. Several thousand-

echlnococcus tapeworms were obtained fron the lntestlne
of an experlmental dog p weeks afùer belng fed. mat-

erlal of hunan orlgln, The worm lnað, a double row of

2l+^29 hooklets and. ]--4 progllttids" In the terminal

proglottls the uterus had no l-ateral saceulatlons a:rd-

the eggs were gathered ln an oval- clump. Klemrn compared

hls experlmentally obtalned- tapeworms with those from

naturally lnfected d-ogs and. felt ühat he was able to
separa.te the multllocular from the hydatld echlnococousø

Another successful- experlment was made by Mangold

(18) ln 1891" He fed- echlnococcus materlal from a

d.eceased woman to two dogs, On the 56th day he found.

three echlnococcu.s tapeinrorms in the intestlne of one

dog ar.d" one 1n the lntestine of the other. He published.

some data on the form of the uterus¡ eBBs, and. hooklets.

Thls experlnent ls partlcularly lnterestlng ln that ivïan-

gold- was suceessful ln obtalning two juvenlle alveolar

echlnococcl of the l1ver by feedlng the parasltlzed.

lntestlne of one of the experlnental dogs to a 12 week

old. plg" After four months of growth these two echlno-

coccus cysts attalned the slze of a hazeLnut.

Posselt, ln 1901 cond.ucted. an extremely successful

experimentu The intestine of an experln,ental d.og wh.lch
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had. dled on the l+gtLt day afüer belng fed" the cysts, was

heavlly infested. wlth mature echlnococcus üapeworms"

rn hls later papers, Posselt stressed the pecullaritles
of the shape of the hooks and of tlna arca.ngement of ühe

eggs ln the uteruso Orr the basls of these characterLs-

tlcs he established the sub-species Taenla echlnococcus

alveolaris. ft was not untll lna]-f a eentury later that
add.ltlonal feed.lng experlnents of this type proved.

su.ccessful, The dispute over the nature of the alveorar
echlnococcus luould. probabry have been settled 50 years

ago if the sometimes very numerous tapeworms obtainecl

experimentally had been exanined" by someone famlllar
wlth the anatomy and, classlflcatlon of the cestod.es"

Holvever, 'bhe descrlptlons of that ti-me were lncompleüe.

The sex organs of bhe mld.dle segment, which present

d.ay trnswred-ge has demonstrated. to be very lmporüant for
the clnaraeLerlzation of the speeies, were d"i.sregarded.

compleùely, The lnvestlgators dlci agree on two

cha.racterlstlcs; f1rst, the arrangement of the eggs ln
the uterus, either ln a round.ed. or in an oval clump, ln
most cases 1n the anterior portlon of the Èerminal

proglottls, and" secondly, on the shape of the hookletso

The interpretatlon of Mangold, Posselt, and others

who regarded" these two characterlstlos as sufflclent
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crlterla for the establishment of a new tapeworm specles

$ias generally not accepted . O€v{ observed. ova l"n

round-ed clumps gathered in the anterior parü of the

uterus ln many speclmens of Echlnococcus granulosj¿g"

He admltted that there was d-lfferences l-n the shape of

the hooks, but he thought tlnat thLs vras only of minor

lmportance Ln vlew of the recognized. varlablllty in the

shape of echlnococcus hooks o Ðév'e moreover, thought

lt inad.mlsslble to establlsh a separate tapeworn specles

merely on the basls of hook shape alone"

The major weakness ln 'bhe unltarian theory was

the fact bhab lts supporters were unabl-e to speclfy the

factors, lfl thelr oplnion whlch d"etermlned. the develop-

ment of a single echlnococcus species lnto a hyd.atid.

echinococcrfs ln one patlent and. lnto a muLùilocular

echlnoeocci¡s Ln another" A second weakness Lnherent

ln thls view was that it offered- no explanation for the

dlfferences ln the geographlcal- d.lstributlons. For

exanple, lri Swltzerland the human cases of alveolar

echlnococcus aTe much more frequent than those of the

hyd-atld., whereas the former ls completely absent, or

extremely rare ln reglons of frequent occurrence of

hyd"atld. echlnococcus¡ ê.Bo Yugoslavla"

Thus boüh views perslsted. sld"e by slde as hypoüh-
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eses for d,ecad"es" Because of the authorlty of -pév€ anA

Dew Ln the field of echlnococcu.s research the unlclst
ilocËorlne found. a large number of ad_herents untll qulte
reoenfly, In l-95l- a new phase of study on. alveolar
echinococcus was begun by Rauch and. schl]rer (zz), rn
a nuruber of articles they reported. an echlnococcus

specles which is prevalent on st. rawrence rsland. in
the Bering Sea" polar foxes and. sl_ed. d.ogs are the hosts

of the tapeworm ln the ad,ult stage and specles of Mlero-
tus are the naùural intermed.late hosts of the areaô rn
lfs ad,ult stages thls specles dlffered" from Ecilin_ococçus

granul-osus and" other recorded. species 1n a number of
c.naracterrstlcs, Bauch and. schlrLer h¿¡ve d.escrlbed" thls
specles as Ecirin_o_coccus siblrl-cq$sis_, Slnce the l_arvaI

form in the liver of the f1eld. mouse was mu]tlrocular 1:r

sLructure, a.nd. since sporad"lc cases of arveolar echln-
ococcus were reporfed" ln man on stu Lawrence rsland.,

Rauch assumed- that thl-s parasite of the polar reglon
vüas ld-enbi.cal üo the European alveolar echlnococcusa

Stlmul-aùed" by the lnteresü1ng observatlons of
Bauch and. Schiller, Vogel, (Zil) 'began In lg54 the stud.y

of south German ivild-]lfe for echinococcrls stages, Thls

study was conflned. to a region where the Lncld.ence of
huma¡. lnfectj-on was high (south lrlestern Germany, ad.Jacent

to the swlss bord.er)o vogel found" echlnoeoccus tapeworms
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ln the intestlnes of wlId- foxes" He fed. the eggs of
these parasltes to several specles of mice, other rodents
and to inonkeys u Thls resulted" 1n the d.evelopment of
mlcroveslcular and. ¡aultlveslcular echi.nococcus cysts

ln thelr Ilvers. After a few months the cysts contaLned.

rrunerous scolöces. cavlüles caììsed by cenùral necrosls

later appeared 1n large clusbers of veslcles ln one mon-

key and ln Èk d two muskrats" Thus the pathologlcal
plcture was very slmllar to human alveolar echlnococcrJsô

Vogel fed- the llver of a-n experlmentally infected- flel-d.

mouse to a dog¡ and. tapeworms of the sane type as those

found. ln wild. foxes were obtained" from lt" The parastte

strains isolated from the naturally infected fleId. mlce

and, from wild- foxes were malntalned. in the laboratory
animals by serlaL transfers through rod.ents as inter-
med-iate hosts and. through d"ogs, cats and_ foxes as flnal
hosts" Carefu] morphologlcal stud,les were nade on these

parasites, and- a nulnber of speclfi-c dlfferences from

Bchinococcus åranulgs¡gs were found.. These eonsisted. of
differences ln bod.y length, absotu'be and relatlve slze

of gravld. termlnal proglottid"s, number of segments, shape

and sLze of hooks, posLtlon of genltal pores, number

and aruangement of testes, and. the structure of both the

ovarles and- the gravid" uterusu
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Desplte the fact that this specles of echinococcus

of anlnnal-s orlginated from a regron lrrhere human cases of
alveolar echlnococcus had" been observed, and- þnat ùhe

larval stages of the anlmar a¡ed hurnan straln showed. a

striklng simllarity, a careful stud-y of all the factors
involved. still left some doubt as to the ldentity of
the wlld. anlmal parasite wlth the alveolar echinococeus

of man" These d-oubüs could have been removed" by a com-

parison between the echlnococcu.s tapeworms from wlrd"

foxes and those obtatned" as a vesult of feed"ing alveol-ar

echinococcus of nan to experimenüal animals,

Vogel appeared ùo have the opportunity fn 1955, r,rhen

two portions of the lntestine of a dog whlch had, been

infected. experlmentally by Posselt ln 1!01, were found

ln Ùhe coLlecbion of the Pathological Instlùute, Innsbruck.

They vüere entered 1n the catalogue as follows: r'November

]-5, 1901 snnall- lntestine of a dog with Taenia echlno-

coccus alveolaris, (experlmentally prod.uced"; professor

Posseft ) " 
tt

Although stored. for 53 years, they still were

read,ily stalnable and. had. complete croüms of hooks, This

material, hoi,Íever, was not entlrely satisfactory since

the tapeworms had contracted. greatly on flxing. Thls

made the study of the genltal orgaiLs d.iffleult and the



comparj-sojts of measurements worthlesso [he need_ for
new materl-al was theref ore urgent.

Vogel and. hls colleagues obüained portions of
arveolar echlnococcrÂs from surglcally operated. patlents
and- from autopsles, Thls materlal was fed. to cats, d_ogs

and foxes and there were no d-ifflcul-tles encountered. 1n

raising the adulÈ tapeworm ln the Latter ùwo anlmalso

I¡f1fh eggs obtalned" from these d.eflnltlve hosts both

normal and alblno voles were lnfected" The cysts whlch

d"eveloped were ld.entlcal to those found. 1n naturally
lnfected. wil-d rod.ents, The straln of human origln was

then passed through the d.eflnitlve and l-ntermed.late hosts

three tlnes ln successlon"

On the basls of careful and. extenslve morpholog-

lcaL stud-les, Vogel was able to show beyond- any d.oubt

Þhat the wlld. l-lfe strains and. the stralns of huroan orlgln
were identlcar and. belonged, to the same specles, Echlno_-

coc_cìts_ nultl-locul-arls Leuckart (fe63¡ .

As materlal for the present stud.y hyd_atid cysts

of a vegetatively propagated" straln of larval EchLnococcns

l2

multllocularls were used." Two substraLns were enployed_;

a cotton rat straln and. a noìrse straln" The cotton rat
sfraln was establlshed by Dr" Lublnsky (f+¡ aþ the

fnstltute of Parasltology, MacÕonal_d. Co1lege, McGltl
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UnlversltJI¡ ln Ðecember 1958" This strain was lnltlated.
by lnJectlng lntraperltoneally, prlmary cysts asplrated

fron the l-lver of a cotton rat whlch had. been infected_

wiüh Echlnococcus qU1llþcularls eggs lnto a. baþctt of
anlmal-s of the same straln" The sÈraln was malntalned.

by serlal f-ntraperitoneal transfers through eotton rats
at 2 to 4 month intervals and. ls presently ln lts 22

transfero The lntraperltoneal cysts gro!{ qulck}y and.

reach average weights of 19 - lJ grns. lrr z-zÈ months (15)"

The mouse strain ls d-erlved. from the third trans-
fer of the cotton rat straln" !úhlte mlce of the mouse

colony of the fnstitute of Parasltology (McGlIl Univer-

sity) were lnJected. suboutaneously wlth lntraperltoneal
cysts of the third. transfer of the cotton rat straln,
The mouse straln has been naintained. slnce tinat tlme by

serlal subcu'baneous transfers in mice of the same colony

and. was later propagated ln a bl-ack hyÌrrid. irnice st*€È*Er

(A/Jaxl x CS?BId). It grows slor¿uly and is belng trans-
ferred- every J-6 months" The morphologlcal peculiarlties
of the scollces of these stralns were d_lscussed. ln a

recent paper. (16)

The vegetatlvely propagated- straln accumulates a

consld.erable amount of calclum 1n the forn of calcareous

corpusclesu (14-ffg,5¡ fn his earller experiments



Dp, r,ubinsky observed" several cases of tetany ln both
coÈion rats and gerblls r,vhlch had large clusters of
cysts of $" multllocularls (1?). These observatlons
suggest tl^at the tetany may be a resuJt of hypoca]-
cemla caused. by withd.rawa! of calcium from the host
and lts aceumuratlon in the cysts of the p,_raslte.

A H]STORY OF RESEARCII ON THE CA],CABEOUS

COBPUSCI,ES OF CBSTOÐES

The caLcareous corpuscles of tapewormswere first
reported- late ln the elghüeenth century by pall_as (20)

and, by Goeze (6). They were the first to investlgate
the nicroscopic structure of tapenorms@

The subsequent history of research on the car-
careous corpuscles ls odd", 1n that already by lg6J, a

consid-erable anount of informaùlon concernlng these

structures had alread.y been accumulated." From this early
date to the present horrrever, surprisingly llttle interest
aild almosü no researeh was d-evoted_ to the morphorogy and.

ftrnction of the calca.reous corpuscles.
i¡ihen comparlng the current knowred.ge of these

corpuseles to that of 100 years âgo¡ lt 1s amazlng how

]1ttIe progress has been mad.e" Irr ord.er to fully appreclate
the extent of knowled-ge on ùhis sr,rbject by 1863 1t may be

14
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appropriaËe to quote d.lrect1y from Leuckartrs book.(f0)

rrThe mld.d-Ie layer of the body of cestod.es whose

external bound-ary ls marked. off by a l1ght margin, coll.-

tainÈ,,,. the sexual organs as well as ùhe large longltud.-

lnal vessels" The cortlcal layer ls pred,ominantly of
a muscular nature and. 1n the maJorlty of cases oontalns

a consld-erable number of hard., spherical, layered con-

crements. These are usually deslgnated" as calcareous

corpuscles and. consLst predomlnantly of calcareous

salt s "¡¡

ilThe presence of fhese calcareous corpuscles ls
not strlctly llmitod- to the cortlcal layer as they are

al-so found. in the mldd.le layers o àt l-east ln the larger
segmen'Þs conùainj-ng sexual organs ln taenlas " Before

the genltals d-evelop however, ùhe number of calcareous

corpuscles ln the rald"dIe layer 1s large. (In gotèrio-,

caphqfËE_ cord.atus and other forms, the calcareous

corpuscles are evenly d-lstrlbuted. throughout the entlre
perench¡rmân )rl

I'Though the calcareouÊ corpuscles occur 1n con-

sld.erable numbers ln the great maJorf-ty of the larger

tapeworms, there are certal-n cases where they are almost

completely absent. To thls group belongs the specles ln
whlch. we are especlally lnterested., Bothrlocephalug lalg-F¡



t6

whose calcareous corpuscles aLre so scarlty t]nat they nay

be completely overlooked" tl

t'Küchenmelster feels that ln thLs animal one must

regard. the large compressed, baLl-shaped bodles (the

ventral and. dorsal granules of Eschrlchü) as agglomera-

tions of caleareous corpusclesu He even polnted out

that these w111 d-lssolve and, effervesce upon the ad.dl-

f ion of acetlc acld.t¡
I'Recently lt became probable that this system of

vessels (excretory ducts) has some relation to the

previously mentioned calcareous corpusclês, tr

[The exlstence of these ca]_careous corpuscles and.

thelr wld.espread prevalence ln tapeworüs ls known from

the tlme of Pal-las and. Goeze, when the flrst atternpts

were rnad.e to lnvestlgate the nlcroscoplc structure of

tapevrorns, ït 1s vlrtually imposslþ}e to overlook these

corpuscles 1n process of mlcroscoplcal examl-natlon,

especl-ally of the larger taenlas" In ea.ch sectlon one

sees thousands of these cor¡ruscles closely packed

together and fllllrig the spaces between the longltud.lna1

a::d ra.d.1-a"1 flbrllc. Often the corpuscles are found_

þetween the flbrils, especlally eentrally located., where

they are less nLlmerous and aruanged Ln ll-near serLes.

They are smaller and larger bodies, mostly spherlcal or
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rì.lsc shaped, resembllng the wel-l known starch corpuscles

both ln thelr ha.rdness, refractillüy, and- concentrlc

structure n 
¡l

rrThe hlstory of research on the calcareous cor-

puscles ls flIled wlth errors and. errolleous lnterpreta-

tionsu The old.er observers have 1d-ent1f1e0 these as

eggs; (especla1ly l-n the bl-ad"der worms) oth.ers have

regarded then as blood. or lymph corpuscles, V. Slebold-

ùhought Lt posslble to regard" these as a dermal- skeleton'

Thls last conceptlon seems üo be closest to the truth

beoause it stresses the prevlously (up to Doyerets tlme)

neglecùed cal-ctum content whlch can be detected elther

mlcrochemlcally or wlth the ald. of elementary chenlcal

a.:aalysis. n

tt(Accordlng to the lnvestlgatlons of Dro Nauma.nn

mad-e ln thls Universlty laboratory at my suggestlon, fhe

fresh bod"y of Taenla nargina.\g, contalns, when drled-o

almost ZL% sa.lts (1o)-predorqLnantly calcl"um salts, wlth

Small o,uantitles of magneslum, lron oxlcleu sod.lum and-

potasslum, whlch are comblned. wlth carbonlc, Phosphorlc,

hyd-rochlorlc and- sulphuric ac1ds. ) n

Isuch ca]careous eorpuscl-es are found hou¡ever not

only ln the cestod.es, but al-so in the trematod-es.

Claparede (}no) has prod.uced evld.ence that these corpuscles
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d-o not occur freely in the pa.renchyma of the bod.y as ïÍe
prevlously believed., buÈ are encrosed in the sa.ck-shaped_

expansl0ns of the terninal bra.nches of thls system of
vessels" fhe suggesüton that these are slmlrar to the
carcareous oorpuscres of the cestod_es was completely
corroberated by the research of Leuckart and_ pagens-

teeher on an oceanic form Echlnobothr:lug paras rttzíng
ray flshes" rn larger taenlas the amount of calcareous
corpuscles ls too great and- they are too crowd.ed, thus
unsultable for the sol_utlon of this problenu I feeL
however, thaü r was a.bre to confl-rm these d.ata ln examln-
lng young transparent speclmanrs of Taenåg cucum€r:-lna"

rhis discovery also exprains van Benedinrs observation
that the vessel system of Taenig serrata becomes flll_ed.
with carbonlc acld bubbres when acetlc acld is added_

,, 
"##* 

\ *\-/ I o

1# As one can predlct the carolun content ln the cestod-esi-s highly variaþIe. Thus accord.lng to the research of
Naumânn, a laer-rlg sollun whlch was preserved for a longerperlod" Ln alcohol oontained. onry 4,9% calclum, rt mrgñtbe asked ln thls case whether sone of ùhe sa.lts ïrere bxtrac-ted by the alcohol dlluted wlth watero

zuo Zeltchr, fur Wlssensch Bd." Ix S99.

3#'¿trÉ' Memolre ect, p" ].Bz (van Bened.ln).
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rr[he effervesoence of the calcareous corpuscles upotl

the ad.d"1tlon of stronger aclds ln cestodes ls not a rule
rsithout exceptionsu In some cases they d.lssolve wLthout

the formatlon of carbonlc acld., but after some swe1l1ng,

whlch lnd"lcates the.presence of another chemlcal- com-

pouncl" Probably ln these cases the carbonlc acld. ls
replaced. by phosphorlc acld.; thus by an acLd whlch ls
not compleüely absent ln taenlas vulth calcareous oorpus-

cles contatning earbonic acld-"rr

rrThe dlssolutlon of the calcareous sa]ùs does not

result however ln the complete dlsappearance of the cal-
careous corpuscles. Organlc remnants whlch stlll preserve

the shape remaln and prove thus that we are here concerned.

not wlth slnple LnorganLc substances (e"g" calcLum alh¡æinate)"
_-r' - ¡i I

. ie

'tOn the basis of these faets lt was conjectured

that the organlc substance of the calcareous corpuscles

becomes calcLfled only later, after they have already

attai.ned thelr flna1 slze" [he calcareous corpuscles

were even regarded as calcifled connective tlssue cells
(Vlrchow), However in my oplnlon lt i-s easy to become

con.vlnced- ln the wrongness of thls supposLtlon by a

dlrect examlnatlon of ühe materlal. Thls ls easy to clo

ln observlng young bladder worms at the tlme of scolex
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fornatlor. soon af9er the appearance of the vessel system

(excretory Auct"), ln which the calcareous cor;ouscles

appear as extremely smal-l- round.ed. or ovoldal granules,

From thelr very beglnnlng they possess a}l the optical

and- chemical propertles of r^Ie}I developed. corpuscl-es arid.

increase ln slze as a result of the growth of thej-r crustu

1oêu by deposltion of nel¡ layersurt

trThe forn and" shape of the calcareous corpuscles

is quite variable, but these variatlons are seld"om

cna.racberlstic enough to þe of some use for the d.ifferen-

tiatlon of the Species, These varj.ations can be observed-

even rvithin the body of the same animal. In Tae-qla sollUq

for example, otfe can flnd" slmultaneously wlth round" and

ovoldal cal-careous corpuscles lrregular angular bodles"

Besides those wiüh regular concentric layers, there exist

afso corpuscles IAIhich are almost homogenous" [hey vary

in s1ze, ühe larger belng 0,019 fil.oo, the snall-est 0,0015

rnolrì, ln d-iameter" Soroe of these variaLi.ons can be explaineô

by the unequal age of these bod.ies" fheir numbers lncrease

wlth ùhe age of the vüorm and the prod.uction of proglottid"s.

New corpuscles are being constantly ad.ded. fhe formation

of new calcareous corpuscles is accompanled by a dissol-

ution of i;he older ones. Thls ls proved. by the fact that

the young segments of Taenia @ and- of some other
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cesfod"es contaln numerous calcareous corpuscles ln the

rnld-d.le layer of thelr body, thus 1n a" place ln which a,fþer

the d.evelopment of the sex organs they are alnost compl-

etely absent o 
t¡

rrTo und.erstand- the relatlonshLp of calcareou.s

corpuscles to the system of exeretory vessels and" also

from the physlologlcal standpolnt, one musü remember that
the urlnary orgarls (rrHarru.¡ekzeugerr) of varLous lower a:al-

rnaLs excrete calcareous salts as well- as salts of urlc
acld-nrr

I'ft 1s known êog, tlnat the nialpÍghÍantubules of

varlous caterplll-ars (arnong these Bonbyx q.ugrquÊ) conüaln

crystals of calcium oxalate" lm the kldneys of Plrtna- and,

of some other blvalveso (known as BoJanus organs), are

found. masslve d.eposlts of calciun phosphate, (accord-lng

to Schl-ossberger). We must stress Èhe lnportance of the

latter deposlts because they are sl-mlIar to the calcare-

ous corpuseles of cestod-es both 1n their form and- concen-

tric structure.rr

After Leuckart¡s somewhat lengthy review of the

current knowledge on thls subject, no slgniflcant research

on the calcareous corpuscles of cestod-es was publlshed for

over B0 years,

Starcoff, (?^5) in J-939 stated that our knowledge of

the nature and. slgniflcance of the ca.lcareous corpuscles
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ln cestod.es was at best very obscure, Hê thought t}:rat

the calcifl-catlon process ln cestodes lvas not slmply the

resul-t of regresslve and degeneratlve changes but invol-
ved. complex aspects of nlneral metabol-lsm not yet

completely unöerstood.o

Starcoff studled the morphology of the ca.Icareous

cor¡ruscles uslng calclum speclflc süainsu He used the

purpurln-e stain of Grand-ls and MalnLnl and also the

sl-]ver impregnation technlque of Kossa, He stalned"

sections of proglottld.s of varlous cestodes and" studLed

morphologlcal features such as shape and. size, numbers,

d-istrLbutlon a.nd- structure of the calcareous eorpuscles

whlch are a normal constltuent of the tissues of both

larval a¡rd, ad-uIt cestodes.

His interpretations of ùhese observatlons are

interestlng lf not quite accurate" Starcoff conclud"ed.:

ln rrThe so eaIIed. calcareous corpuscles are not s1mp1e

conglomeratlons of cal-cLun sal-ts " [hey possess a

d.eflnlte structure and. probabll a complex functlon.

2, fhelr mlcroseople structure varles with the d.egree of

calciflcatlon whlch the worre has und-ergone. The

calclflcatlon beglns 1n the form of a centra1 or

slightly eccentrfc nucleus, which becomes larger as

the calciflcatlon progresses, l{hen the calclflcaüion
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ls complete the prfnary nucleus becomes enlarged to

the poi-nt of occupytng the entlre calcareous corpus-

cle, transformlng it to a sol1d block of second-ary

calclflca.tLon of concentrlc or rad-laI structure'

fhe dlameter of the nuc]-eus varles lnversely with

the ùhlckness of the perlpheral stratlfled zorle and.

Is therefore aß. exponent of the d.egree of calcifi-
catlon wirlch the worm has und.ergone.

3o There was no d.lfference 1n structure between the cal-

careouË corpuscles of }arva and. those of the adult

cestod.e 
" 

rr

Starcoffrs concluslons are rather obscure and. even

c¿uestlonable. Hls d-escription of the corpuscles d.evelop-

i-ng around. a prlmary cal-careous nucleus are :noþ correl-ated.

-t¡¡ith any cellul-ar processes and. therefore are confuslng"

Tt ls remarkabl-e hor,v llttle Starcoff rs research ad.d-ed' Èo

ühe knowledge alread"y exlstlng ln leuckan"tt s tlme"

Logachov (11) In l95l publlshed. a most lnteresüing

and tnformatlve paper on the strucËure and- d"evelopmenü

of calcareous corpuscles 1n cestod-es 
"

He stated" that they are pecuLiar mor;ohological

struci;ures and. arlse ln celLs ad.apted" for the blndlng of

carbon d-lo,'clde prod.uced- ln the coLlrse of anaeroblc metab-

olism; also that they probably serve for the neutrallzation



of intestinal acids, oî are places where the final
prod-ucts of metaþolism are d-eposlted".

Logachov stated. tlnat the pecullar nature of the

corpuscles arrd. the absence of d-ata on thelr morpholog-

ical structure and- d-evelopment have l-ed hlin to stud.y

these problems " Mature segments of the common ano¡1lo

cephalid. eestod.e pata.sitlzLng sheep, Thys?niezla ovllla,
were f 1xed. with neutral formalin to prevent d.ecalclfl-
cation and- sectlons 10-14¡4 tlrick prepared. using the

freezing microtome. These sectlons were lmpregnated by

Kossars method. speciflc for calcium salùso

Excell-ent resul-ts were obtained" using Achukarrors

mefhod.. [he argyrophi]ic fibres took up the s,tait'rî,
whereas the calcareous corpuscles as well as the cells

contalnlng ihem stained. d.ifferen-b shad.es from d-ark yeLl-ow

to brolun, dependl-ng on their calcium content,

The calcareous corpuscles d1d- not represent a

homogenous group" Some were in their earller stages of

formation and" contalned. only a small amount of caleium

salts rryherea.s others contalned, conslderable amounts of

calclum. A third- grou.p includ-ed- large celLs with enormous

calcareous eoncrefions wíth a thin layer of cytoplasm

surrounding them. Finally there were also naked" corpus-

cl-es without atty traees of surround,lng cytoplasm. This

24
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last group consisted. of completely formed. naked_ caI-
careous eorpuscles lrhich have already completed_ thelr
d-evelopmentu The first type r,ogachov calred. tcalcareous

ce]lsn - because the calclum deposits in thes e are stlrl
lnclud.ed. ln the cytoplasm of the al_most normal cellsu

Logaclrov conclud-ed" that the caLcareous cells
origlnated. fron the motile cells of the parenchyna - the

macrophage amoebocytes. These were sltuated. Iargely ln
the peripheral porùlons of the cortical layers of the

bod"y, and often almost immedlately beneath the su'bcuirc-

ular layer of cel-Is" The amoebocytes were spherlcal or

ovoidal- and possessed" a veslcul_ar nucl-eus with a clearly
vislble 1lght nucleolus. (nigure l_).

Some of these macrophages mJ-grated, lnto the d.eeper

la.yers of ùhe parenchyma and und.erwenü a serles of pec-

uliar changes conslstlng of an accumulation of calclum

salts 1n the proùop1asrn, The d"eposltion of cal-cium salts
appea.red. to start in the nucleus. It became darker and"

a layer of calca.reous salbs appeared, around_ the nucleo-

lus (Flgure 16 ).
The next stage in the d.evelopment of the ca:.-caye-

ous corpuscle col3.sisted, of ùhe d.eposltion of concentric

layers of caleium ln the nucLeus, whlch gradually became

completely fill-ed. (Flgure 1" DEJ)o The concretlons
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increased. in size as a result of the d.eposl_tion of further
concentric rayers of calelum salts and. flnalry reached. a

cond-j-tlon 1n which the petrj-f1ed. nucleus ln the oenter
becane lndistlngulshable and. the rarge calcareous eorp¡.rs-

cLe was surround.ed. by only a thin layer of cytoplasm. (Fig-
ure 12).

Logachov felt Èhat the perlpheral protoplasm of
the calcareous ce]ls was able to change lüs shape; to
lnvaginaì;e and- contract its separate portlonso cells
with pseud.opod.la Llke proJeetlons (Flg. X ) vrere observed.

qulte frequentlyu

Logachov thought tlnat the ca}careous concretions

ln the cells later became lnpregnated- wlth organlc sub-

stances, because they were stained. homogeneous black by

Kossars method." (Fj-gure z) (rt ls a well known faet that
Kossats reacülon 1s very l-ntensive in the presence of
organlc substances),

Further changes in the carcareous cells occurued"

wLthln the cytoplasmlc layer surround.lng the calcareous

corpuscleu (Figure Za) Here cal_careous salts appeared.

as granules of varlous sizes from almost invislble ones

to comparatlvely targe partj.cles, (Flgure ZÃBlr{)

Sonetlmes Nhey tend"ed to be d.eposlted concentrlcally.
After the cytopla.srnlc layer became coinpletely f11red. wlth
granules (Flgure 28) 1t began to dlslntegrate and. flnally
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d'lsappeared. ]eavlng a naked. calcareous corpuscle,
rogachov d-escrlbed. the follolvlng stages 1n the

formatlon of the calcareous corpuscles 3

l-. Fornatlon of a macrophage from the cambial_ elernents,
2n Petrlflcatlon of the nucleus of the macrophage"

3. Deposltlon of calclum salts l_n the cytoplasn and. the
prod.uctlon of the rrcalcareous oeIl'r"

4 " rncrease ln the slze of the cell as a result of the
d-eposltlon of concentrlc rayers of cal_cium salts,

5. Petriflcatlon of the perlpheral cytoprasm of the
calcareous ceIl"

6u Dlslntegratlon of the cytoplasmlc layer a.nd. the llb-
eratlon of the naked. corpuscle.

Logachov conclud.ed by statlng that the macrophages

of the parenchyna nay d"evelop ln one of üwo dLrectlons:-
some dlfferentlate 1n the dlrection of ad.aptation üo

trophlc functlon - the granul-ar amoebocytes - i¡rhereas

o'bhers developed. ln the d.lrectlon of speclarj.,zatlon toward.s

resplratory functlon - the calcareous cells*
The research on the nature of the calcareous cor-

puscles was 1lmited. almosü excruslvely to thelr norphorogy.

Alnost no d.ata on the process of carcium accumulatlon ln
the tlssues of the cestodes were reported."

Thls facþ provlded, ühe major lmpetus for the present

research proJecto



FIGUBE Io (From Logachov).
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FIGUBE 2. (From Logacirov) 
"



FIGUIiE 3. Photonicrograpb ln polarized. llght- of-
a squash of Echlnococcus gulf t-lgcularls

"yst showlng numerous sub-spher-lca1
calcareou.s corpuscles and a scolex with
the crorqn of hòoks and smaller calcareous
eoncret lons 

"

Zelss Planachromat ¿t'OX '

Zelss eYePlece K'P'L. 10X

Atiachment carfiera 35 m,mô

Crossed" polarlzers and'. compensator
nlate Red. 1 ord'er x 400 '
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IVIATERIALS .ûi1\D I{ETHODS



As naterlal for the examinatlon of cal_clum netab-
o11sm, a vegetatively propagated. straln of larval BchLno-

coqggg murtllqcularls was used. which was estabrlshed, ln
neceinþer, l-958, and. ¡nalntalned. by serla] transplants
from rodent to rod.ent wlthout passage through any defin:
Lte host,(14)

cyst materlar from two sub-strains were used: that
of the cotton rat was malntalned" by lntraperltoneal
transfers In cotton rats (Slgmog.on hlspld.us) and that of
a nouse sub-straln esùabllshed. ln whlùe mlce (l/¡ax)
early Ln 1959 at the rnstLtute of parasltorogy of McGill_

unlversiËyu Thls straln has been transferred. and_ ruain-

tained. slnce ¡.96l- in the [v/¡axIx TS?BL{ i míce by serlat
subcr.ltaneous ùransfers. ivlale hybrLd.s of unlform age

were used in thls experlmenü, Two loüs of zo l,ßaxl x

Ç57Blol rnlce were inJected suboutaneously wlth Echlnococcus

@t 20 mlce wlth rat stral-n and 2o wlth mouse

straLno

MATERTA],S AND METHODS

An l"ntraperitoneally lnfected. coÈton rat was

kll-Ied. wtth chLoroform and. the cyst materlal aseptlcally
removed_ from the abdomj-nal_ cavlty. Care was taken in
rernovlng the cysts üo avold. conüanlnatlon by perforatlng

rEcHNrQuE Or, SERIAL TRAMFER
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the lntesülneu The removed_ cyst material was placed.

1n a petrl-d.1sh contalnlng physlologl_ca1 sallne and. some

pen1clllln" Next, some materlar was mlnced- through a
sterlle wire mesh lnto a beaker conüalntng physlological
saline and a.galn a sna11 amount of penlcll1ln. One c.c"
of the sterile sal-ine contalnlng the lnfective seollces
was lnJected. subcutaneously lnto the ]eft h1nd. quarter
of half of (20) the black hybrld miceo

fn transferrlng ühe mouse straln the same general
proced"ure was follo'¡¡edo In thls case, the cyst materlal
was taken from a ,s*r}ibr.1:þaneousryolnfeeted_ mourse and

... , ¡

injected ïnbg Eþe otheri .ZO black iil¡;c,ii,is.-

¡re. 4

I

i
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In the 40 infected" animals there was no mortality
due to perltonitis or any other cause durlirg the course

of the experiment. Every experimental a:ll-nal developed"

EchJ-nococcus cysts, howevero these varled 1n slze and.

rate of growth,

Prepa.rat 1 on_-ojl_ Cy-st s fo¡: 4n¿?.1ys1 s

Four mloe were kllled- at two month lntervals.
Chl-oroform was found. to be muoh more letha1 than ether"

The anlmals were placed ln a small jar contalnlng cotton

soaked. ln chloroform" They dled j-n no more tlnan 3O sec-

ond.s o

The removed. cysts were welghed on a torslon balance,

placed. 1n clean glass vlals and. frozen lmmedlately at the

temperature of -6oC.

Thls proced-ure proved useful as the arlalysls could

be conducted aü my convenlerrce.

The extent and. rate of growüh of the cysts vavy

wtth the host and the polnt of Lnjectlon, Cotton rats,
for exanple, when lntraperitoneally lrrfected, are excel-

lent hosts and the cyst grovrth 1s rapld and. extensive"

( Fi-gure 5) " When mlce, on the other hand., are l"nfected

lntraperlt,oneally, only a sma]l percentage shov¡ thls
extenslve eyst d.evelopmerrt. Thus i*n nany infected. míce .

there may be relatlvely llttIe cyst groinith, The great
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variabillty ln the growth rate of the lntra.perltoneal-

cysts !n mice rend.ered- them unsuita.ble to t¡ork with !n

thls experlment"

The chernlca'l a:raf}'sls of the total calclum lrr

these lntra.perltoneaf cysts would, be a much more tedlous

task, lnvolvlng considerably more tlme and apparatLtr's"

In ord-er to arrlve at a correct estimatlon of the tota-]-

calclun ln these cysts, all the cyst materlal musü be

removed" from the perltoneal cavlty and homogenlzed before

ana.Iysls. Thls would- be necesÊary slnce the numerous

lnd-ivid-ual cysts in the anlna.} are in varlous stages of

d.eveloprnent, some containlng much more calclum than

oNhers, The removal- of al-l- the intraperl-toneal cyst

materlal is d.ifficult and- the preparatlon of the materlal

for analysls is tJ-me consuming,

The subcutaneous cysts, on the other hand, were

nuch more convenlent to vEork wl"th since they coul-d-

read-iIy be removed in thelr entlrety" Barelyu even l-n

the most advanced stages of the lnfecti.on, d1d tbese

cysts welgh more than 2 g, (Flgure 6) " Thus the sub-

cutaneous cysts were more suita-ble for thls ¡sork because

of thelr relatlvely unlform and pred.lctabLe grovrth ra.te,

convenlence of handllng and. storage, and f1nal1y, thelr
comparltlve s1npllclty of preparatlon for analysls.
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Perlodica1ly, ài one month lntervals over ail.

elght month period., both total and. d,lfferentla1 !,lnBoCn

counts were nad-e. Four mlce were examlned- d.urlng each

exami¡ratlon period""

Blood" sanples üIere oþtalned- by holdlng the mouse

securely and. severlng' the tlp of the tall" BJood. was

lnd-uced" ùo run freely wlthout the use of excesslve pres-

sure o

In countlng the vchite cells the blood- v¡as d-ravrn

wlth a stand.ard. certifled. plpette, and diluted- 1:20 wlth

a d"lluti.ng sol-r¡tlon (10 ml. glaclal acetlc ac1d, 10 mg.

crysta.I vlolet brought up to 100 mls, wlth d.lstl}led.

water) " The d.iluted" bl-ood- was lntrod,uced lnto the
rrlmproved- Neubauer ru11ngï haemocytometer chamber arrd

the cell-s ln the four corner squares (each measurlng 1 se.

mm" ) uiere counted, the sun bel-ng multlplied. by 50 to get

the number of whlte cells per cublc mllllmeter of blood"

fn makLng the d.lfferentlal counts, a smal.l d-rop

of bl-ood. was placed. on a clean slld-e and. a bhln smear

was prepared. The slide was placed. on a stalnlng brld-ge

and. flood.ed wlth 1 c.c. I'irightrs stain for one mlnuteo

Next , 2 c "c o of buff er solution were add,ed to the Wrlght t s

staln and. both f1uld.s mlxed thoroughly, by blotn:i-ng gently

HAEMATOLOGI CAL TECHNI QUES

)7
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through a flne plpette - and' finally lefü to react for

a four mlnute Perlod-o

Before settllng on lrlrightrs stal-n as the most

practlcal- meth.od-, Gelmsars stain wa's used" Thls method-

proved Ölsad,vantageous slnce the stainlng tlme was af

least quad.rupled' and' the results were not superior"

Buffer solutlons of pH values varylng from 6'5

?.5werepreparecllnurlxtng2/ocLt'ticacldwithSlldI'
sod.ium phosphate accordlng to the follorritng charË'

(!'igure 7) (13).
No2HP0a

l9cc

t8

l4

t5

t2

The results

buffer used.o

fhe oPtimal

2"/.

lcc

2"

3

4

5

ro piEb

ln stalnLng varled" wlth the pH of the

results were oþtalned ln using

6

7

I

9

t0
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buffer solutlon of pH 6.?" Thls buffer vías prepared by

mlxing 5 c.cn of 2/" eltrlc acld., 15 c,c' 3/" dlsodlun

phosphate and" 30 c.cø d-istilfed. water'

Theuseofthl.sspeciflcloufferyleld'edd.ark

purple ]1u.olel ln the whlte blood. cel-ls 1n contrast to

the ptnk erYthrocYtes"

after þIood. was taken, the wound-s were swabbed

v¡ith coftoli soaked" ln ferric chlorlcle to lnd'uce lmmed'lafe

clottlng.
All blood- for analysls was taken d-urlng the after-

noon to ellnin.ate as far as posslble the lnfluence of

d.lu.rnal fluctuations ln. the leucocyte numbers ' concern-

lng thls matterr Wlntrobe (2f) states:
t'Fluctua.tlons occur durlng a slngle day as well

fromdaytoday.Thesuggestlonthatthesefo]-lowa
cha.yaclerlstlc hourly rhytkrm has not been confirmed, nor

ha,s the occLlrence of a ttd.lgestlve leucocl'¡toslsrr been

establisheÔ conclusivelyo The rand"om actlvity of ord-lnary

routlne may be àssooiated wlth a mod-erate lncrease and

a sorqewhat higkrer level- Ls common ln the afternoonorr

Iù has long been believed-

calc1um ln tlssues shoul-d" beof

CYST CAT,CTUM ANAI,YSTS

that the d.eternlnatlon

carried out afþet d-estroY-
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1ng the organlc natter ln the tls;sues anaLyzed by means

of ashlng. Corey and. Denls in l-925 (2) clained that

autoclaving was a much more practlcaL method- for ealclum

d"etermlnatlon, They used. autocla.ve d.lgestion wlth NaOH

to d.etermine caLcium i-n tlssue, feces and- m1Ik. Both

these proceÖures àr"e extremely tedlous, tlme consuming,

and are unsultable for routlne work"

Becently, slnce Schwarzenbach g[ af, , 1956 (23)

d.eveloped, the chelatlon of dlvalent a¡.d. tri-valent ca't-

lons þy ethylend-lamlne teLra-acetlc aciÖ (E"D.T,A")¡

nrrmerous method-s of calcium d-etermlnatlon have been

reported.. Orlginally murexid-e and. Erlochrome Black T

were used as lnd"icators" The Erlochrome Black T formed

a coloured complex nore eas1ly with magneslurn than caL-

clum ln a mLxùure of these catlons, whl1e the nurexid.e

ylelded poorly deflned, endpolnts.

Dlehl and. Elllngboe (1956) (5) reported a new

lnd lcator, Fluorescelnblsmethylenel-mLnodlaceti-c acld

(calcein) whlch proved sultable for the conrplexometrie

analysis of calcLum ln the cyst material" No ted.lous

ashlng process was necessary and. witkr some practlce the

end.polnts beoame read.l1y d.lscernableo Thus calclum

coul-d be tltrated d-lrect]y ln trl.chloroacetlc acld treat-

ed julce of these cysts above a pH of 12 with C,D,T.A"



(d.lsod.lun saLt of ] u?-d"1-am1.no cyclohexa.ne N, N,

tetracetlc aci.d.) usirrg.* calceln as the indj"cator,

The method- employed in the cyst analysls

mod-if lcation of ltiorl t s method. (19) 
"

Materlals Requlf:_ed for _Complexonretrlc Analysls
of Calclun

Beagents:

1. Potass_lum h¡rërslllqe I N

2* Ind.lcator solutlon 4 *9, of calceln (Fluorescelnbi-s-

methylenefu¡rlnodlacetlc acld-) -( commerclally oþtalned from

the J"R" ivlcJairnet Çoor Regd.. Montreal) was d.issoLved ln

100 mln of 0"25 NÞSOH' Since the soLution is very unstable,

lt was kept refrlgerated and prepared" fresh every week,

3 . C.D,T"A, solution (titrant )

(d,tsod.1un salb of 1r-2-d"laminocyclohexane-N, N, N],

Nl-tetracetic acld ) 45 S. of CuDoToA, v,iere d.lssolved- in

one llter of dlstiLled waËer to prepare a stock solution.

Thls 1n turn was d1-l-uted to 100 times to prepare the

vrorklng solutlon"

4" Stock standard- calcium solut1og

Calcium carbonate was d.rled ln an oven overnlghþ at

110oCo Then, .1001 g. was transferred to the 1"00 mt

volunetrlc flask wlth about 25 rr.l-. of d-istl-1Ied. watero

Flve mlo of IN HClwere ad-ded- to the fIask, whlch was

41
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heated- on. a hotplate to approx. 60oC. to insure complete

solution and the evolutlon of CO2" lnlhen the solution

cooled- to room ùemperature, lt was brought up to the mark

wlth d"istllled water" One ml" of thls stock standard

solutlon corresponds to 20 4 equ, calclum"

5" hlorklng stand-ard. calclun $olutlon
The stock solution was exactly d.ilu-ted" þy 1:20 with

distllled water" One ml. of thls worklng solutl-on contaLns

I { equo calciumo

6" Trlchloroacetlc

Sta.nd-ardl-zatlon of C,DoT.A, solutlqn"

Method for Analysls

One mlu of worklng standarcl calclum solutlon was

plpetted into a sma]l- beakeri 3 mt" of 3N KOH and several

d.rops of calceln ind.lcator were ad.ded. a:rd- ùhen the m1x-

ture was shaken wel]" ThIs mlxture was titrated wlth the

working C"D.T"A" solutlon untll the color changed from

yel-fowlsh green (wlth fluorescence) üo pink (wlthout

fluorescenee) u It was easier to d.etect the endpolnt when

the tltratlon üfas caruled out against a. black background-"

Thus a factor for the CoD,ToA, solution coul-d be calcul-a-ted"

Example of factor calculation:

qcid. (T"C,A" ) Ì0f aqueous solution.

i,üorkii:g Std-" Ca, Soln.



1 ml-, x ] ÐueQn}a.ftLter = x fltlo

F (factor).

For example, assume I inf o CnD.TuA, $ias

about d.esired^ end-point.

Then 1x 1= l- x F" Therefore, factor (f') - 1"

The tissues were cut lnto 2-4 pieces aecordlrrg

to their sLze, blotted on fllter patrrer to remove blood-,

a:rd- then placed i-n a pre-wetghed sma]I gless vessel con-

talnlng 5 rnl " IoFo T"C,.A.. (The wet welght of the tissue

pleces used. for ana.lysis varled from 0"5 - 1u2 g,), The

vessel was then i,velghed. and its contents were transferred.

lnto a ml-cro-stainl-ess steel Viarlng Blend.er (havlng a

toüaI capaclty of 25 n:-.) lvlth an addltlonal 5 rr']-. of lT'f

of T,C"A", then hornogenlzed for 2-6 nlnutes, The flnal

volume of the homogenate was then centrlfuged at 25OO

roÞnü" for 15 mlnutes. The resultant, clear supernatant

i^ras used- for the analysis of calcium.

One (or two) rnillillbers of the supernatanb was

plpetted lnto a small beaker contalnJ.ng 5 (or B) mlo of

3N KOH, Several drops of lnd.icator were ad.d.ed. and, the

mlxtrlre tltrated, against the sþanclardj-zed C"I),T'4" solu-

tion, A blar:.k tltration l{as carrled. out, rep}acing the

Iriorl t s Method. of Cal-clum Determlna.tlon ln
Tlssues

C.D"ToA" x

requlred to brlng

LT3



sample with I (or z) ü1o of lj'fr luC,A,

The cysts ïrere tirawed completely and- ground- ln a

morfar containlng a small amount of sea sand (washed and.

lgnlted. (Fisher) ) and- 5 mI" ToGoA. The fluid was emptled.

into a centrlfuge tube. Thls procedure was repeated" rlilth

5 add.itlonal mI, T,C.Ao The resultl-ng solutlon i¡¡as

centrifuged for 15 mlnutes and. the relatlvely cl-ear sup-

ernatant f lltered- through flne (#42) f llter Àoa.per, (Thls

filtration was essential, since a floecul-ation occured-

r^ihen the 3N KOH was added. to the orlglnal- cloud.y super-

natavtt, nakl"ng ühe end.point extremely difficult to d.eter-

mine, )

0.1 ml, al-lquots of this flltrate were pipetted"

lnto sma}l cleaned beakers and. 3 ml n 3N KOH ad.d.ed to

each sample to a.ssure the proper ,oH; then several- d,rops

of calceln lnd.lcator were ad"d"ed. and the beakers stirred-

well-o The solution was then titrated agalnst the stand.-

ard-ized. CoD.T..A, unüil the pink non-fluorescent endpolnt

T¡ias reaclted-.

Sample calculatlon:

l4od.lficatlon of Morlrs Method- for Cyst Calcium
Anal:y_çls

Lt'I+

Factor 
"Tn:F using 0,1 ml. allquots cysi solno

Ç,u!--.uei€-ht
I,B2 go



Flv-e..åeadings

- /¿I,b) mJo
r "631,59
t.57
I .60
trF;F

iviean = 1.6Q mf "

Mean amount CDTA required 1"60 ml-,

0,1 ûrl o cyst solno confains

1"60 x 1"01* = l^6L6 A eq, 6t,
10 ml, cyst soln" contalns 1,61. x

. = o"L6z þr.eqo0a.
1000

This = 0"a62 x 2A = 3u24 rrg. 6^,

or 3&- = bJJ- mgu6a.
T,Bz - g" cYst

through card.lac punctureo The þlood sample was taken

from control- anlrnals and. also at tne 3 and- 6 monüh

lnfectlve perlod". (Three mice ïfere sampled at eacln period) 
"

Tnto a small beaker contalning J m}' 3N KOH, 0'1 ml'

of blood. serum was lntrod-uced-" Several drops of calceln

indlcator were add.ed. and the beaker shaken we]}" Then the

mlxture was titrated" agalnst the standard-lzed CnDoT"A.

solutlon to the plnk non-fluorescent end-polnt " (Blank

titratlons were cond.ucted. wlbh beakers containlng I ml.

I(OH).

,sufflcient blood. for this plirpose was obtalned-

45

BLOOD CAI,CIU}1 ANAI,YS]S

Sanplg_ g&qf.a!.@:

Uslng 0o1 ml. allquots serum

Factor

foOo



Anrto CnÐ.ToA" requlred.

Tlrus 0"53 x 1n0* x 10

5,j m" -eq" è?.o
= llter

= 0,53 mlu

r+6

Flve readlngs
^ ¿auo)o mIs
0,50
o 

"530 "52
o .5ll
2 *15

Mean = 9Jå mI,
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FIGURE B" Slze of Calcareous Corpuscles from
Four i[onth (Rat Straln) CYsts ln
Black Hybrid. Mice"

Mean = 22.13 ! ^62 t^

Stand.ard- Devlation = 6"24- q

Coeffi-c1ent of Variatlon = 28o2/o

observed. Limlts of Va-riatlon = L6"6 q-. 3-5'3-A
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FTGTTRE 9. Slze of Cal-eareous Corpuscles from
Elght Month (Rat Straln) GYsts in
Bl-ack Hybrld. Mice"

I{ean = zz .52\ t L22}\

Standard_ Devlatlon = 5"15 t^

Coefflclent of ¡[ariatlon = 22-.-g/o

obs erved 
"t*tl"r_B1rå"i'3t \Zlt q
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FIG-tli?E 10" Sj.ze of Cal-careous Gorpuscles from
Ten Month (Raü Straln) Cysts 1n Blaek
Hybrld. Mlce"

Mean = zz,-gï \! ,64 q

Standard" Deviation = 6o94 -4

Coefflclent of Varlatlon = ZB.e%_

observed r,lmlrs 
iå-Iarå":rii" ?? u
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rABIE I
CATCTUVI ANAIYSTS oF THE RAT STRAIN CYSTS TN I'ITCE

lvsl
2 Month cysts

I
2
)

Month cysts

1
2
I

0"52
o 

"40o 
"57Mean O r49

Irionth eysts

I
2
3

B l[onth cysts

I
?
3

1.14
1" 51
l"20

itfean f *?g

Mean cyst
weieht

0 "65

1.8&
l.g2
2.16

Mean - I^97

1.18

2,?8
!,92
Z.Bl+

Mean - Z,?l+

1,65

I "60



FIGURE 11. Growth of Sui:cutaneous Cysts (Rat Straln)
ln BLack Hybrld. Mlce and. the Calclurn
Content of These Cysts Expressed" as

mg,-.,lpa.+t
go eyst
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TABI,E Ï]
CALC]U\T ANA],YSTS OF MOUSE STRATN CYSTS II\I 1UTCE

An¿l-ysis

2 l\,ontÌn cysts

1
2

)

4 ivionth Cysts

]
/̂
3

må'---9ê.

6
ô

Ê. cysü

1.00
1.15
o,96

Ivlean - L" qI

l4onth cysts

1
2
3

57

I Month cysts

1
2
3

t 
"47].38

L "72Ivlean - I"5_2

Mean cyst
weisht (E^

0,85

2.31
I "?62"05

Ùiean - Z*W-

o "96

1.98
2,t+3
t+ JB

Mean - Z.ry

L"33

1" Bg



FIGUEE 12. Growth of Subcutaneous Cysts (Mouse Strain)
ln Black Hybrld. Mlce and the Calclum Con-
tent of [hese Cysts Expressed, as

mg. 9a.+1
8o cYsü
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FIGURE 13, Calclun Content of Subcutaneous Cysts
of Black Hybrid- Mice (Bat and. Mouse
Straln) Exçressed. as

mg* ea"**
g, cyst
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TABLE] TIT

CATCTT]]Vi ATIAT,YSTS OF RAT STBATI{ CYSTS Ii'[ i'lICE
(EXTENDED STUDY)

Ana1vsls

L0 Month cysts

1
2
3

12 Month cysts

1
2
3

mg, 9â"s^ evst

15 Month cysts

I
2
3

2.4L
1.46
1"70

llean - 1.86

6z

Mean cyst
lreight (g. )

L "772,10
t.57

Mean - l-u81

1.30

L"52
1"88
I 

"61+Irîean - I "6\

1.31

L.37



FIGURE 14., Growth of Su'ocutaneous Cysts
ln Black HYbrid, I{ice anÖ the
Content of CYsts ExPressed" as

mg, @_"+1
I' OySü

(Extend.ed- stud-Y).

(Rat Straln)
Calclum
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TASLE ÏV

BLOOD CAI,CTUTVi ANAI,TSIS TN }TTCE TNFECTED
WÏTH RAT STRATN

Controls I 5"382 5,t5
3 5"2t

Iviean 5"26 IQ "52
3 Months

1nf ected- I 5 "O 52 t+ 
"853 5.65

i{ean 5 "1o 10 "38
6 Months

inf ected- I 5.302 5.5t
3 4"gz

Mean 5.21 l0 
"LÞ2

m,equoOa. mgq,0a"
Mouse llter 100 c"c, pLasma
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TOTAI A.ND DI}-FEREi.ITTAI, LEUCOCYTE COI]]VTS ]N iqICE
ÎNFECTED W]TH IIIOUSE STTIAIN

roEaJ. numþers %
of Jeucocytes ;a___- pe¡:ce4teÆ__g!-

"u" r*,,o¿oo4 ñrõh;--ntg4o-.ffiGË;--*o";-_"ffi
Controls 4r6Jo 69,o ? "o l.z.o l0,o z"o o,z5
1 Þtonth - l-21345 56 "l ? ,o 22,5 t6 "5 1o3 o.?.5

2 Months 91657 59"? 4.1 l-8.6 :-5,3 2"? 0"2,5

3 i{onths - 10 ,029 5g,O 5,t+ Ls,U 16.5 6.3 O "3?
4 ivtonths - Io ,o9g Ug.g 6.j zo "5 zo,! S,o o,5o

5 itlonths grjSo 52.? U"U zo "5 1g.4 3 "z e"2,5

6 tionths 9uLþ58 62,5 6"U :-3"j l3"o 4,5 e.!z
7 I'ronths B r 8B3 6I,U Lv "g 16,l- LU "6 z.Z o "z 

j
B I{onths B u633 63 "l 6"2 !5.0 13 "7 3.1 0.2.5

TABLE V
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àr l,ymph,

lviono 
"

Stabn

seg 
"

Eos o

Bas n

Lymphocytes

Ilonocytes

Stab Neutrophll_s

Segmented Neutrophlls

Eosinophils

Basoph11s



TOTAL .A.I{D DIFF'EtsEI'{TIAL LEUCOCYTE COUNTS TN MTCB
INFECTED l/'JfîH iIOUSE STRAIN

Total numbers
of leucocytes
cu" mmc þfegq_

Controls - 4 u65O

I l{onth -t2r345

2 ltîonths 9,657

3 lvionths - 10 0029

4 irior.ths - 10 ,O9g

5 lvionths 9 r35o

6 Months 9 1458

7 l"lonths B, BB3

8 Months 81633

rABLE VT

Ï,ynph" I{ono. Stab" Seg, Eo$ "

3,208 325 558 1+65 93

6sgt3 866 2r??7 21036 160

4 eT56 396 rr 835 :-rq.zg 263

5,9t7 542 t,54t+ r,655 632

5,oz9 637 2rvo 2,O30 5ot+

4,gz7 411 t,gt6 r,7zg 299

5 ,91t 605 I0277 t e2zo 425

5 ,t+st+ Lt35 ! e1+2O I u297 zt+O

5 ,439 537 t,29t+ l r IB3 268

Absolute Number of

67

Bgs "
l2

3t
2Lþ

37

5o

47

t1

23

22



FIGUHE 15" Total and. Absolute
I'llce fnfected wlth

Leucocyte Counts ln
the lvlouse Strairtn
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TorA], {+.ND DTFFEBENTTAT LEUCocyrE cout\ITS rN i{rcE
]N}'ECTED h¡ITH RAT STRATN

otal num
of leucocytes Æqnlage oJ _

",r, **" OtooU t"*o *ou " ur'*
Controls 4 ,6 jo 69 "o ? "o Iz "o 10 . o 2 oo

1 t¡ionth 9 1377 43 "o 9.2 23,2 22,! 3,3
2 ivionths - 10 ,037 54 .5 ? .o l./ .6 14.0 4 

" 
g

3 Months - I]rlgf 54.0 ?.2 l?.4 1B.O 2"g

4 ivtonths 6 r7oo 6r,6 3 "? t3 "g 16,l ? ,o

5 wionths - Lzr 0Bl 62.6 B "o 14,0 !2,6 z,5
6 lvionths B , 596 6l *6 ? ,z 15 

" 
I !4 .z o "g

f lvionùhs Z ,895 57 .5 5,1 L? .Z lT "6 Z "u
B irronths B , o44 63 ,g 5 ,? 14 

" 
o !2 ,6 3 ,?

TABLE VTT

7o

* Lymph"

llono.

Stab"

seg"

Eoso

Bas,

Lymphocytes

i{onocytes

Stab lVeutrophlls

Segnented- Neutrophl I s

Eosinophlls

Basophlls

Q.25

0"50

0 "50
0.75

0,75

0 "25
o,25

0,40

0.13



TOTAJ, AND DTFFEBENTIAT, IÆUCOCYTE COUIIITS IN I'ITCE
Ii'{ITECTED l¡/fTH BAT STRAIN

of
cu

tal numbers
leucocytes

Control-s

I Month

2 lvlonths

3 llonths

& Irionths

5 Months

6 ]{onths

? ivionths

B I'lonths

mm- blood

TABT,E VIlI

4 r65a

9 n377

lo ro37

11,191

6 r7oo

12r 081

8,596

7 0895

8, 044

Lvmph"

3 r2o]
4,032

5 rt+zo

6 rol+z

b tçq

7,562

Lþ,487

4 n 5t+o

5,r4o

Absolute l{unber of
i{ono - Stab. Seg "

325 558 465

768 2,L75 2e072

?02 tr?67 l-rttos

Bo5 t,947 2,r}l-4

7I

?48

Eos, B4-s.

966 L169r te522

6zo t ezgj L,22l-

403 tr35B tr3gj
+58 trt?6 1,014

93 t3

309 LtT

t+Bz 5a

33t+ 84

L+69 50

302 30

75 22

l8g 3t
297 11

93]- 1ro7B



FfGUH.E 16. Total- and Absolute L,eucocyte Counts ln
Mlce fnfected wlth the Rat Stralrr.
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DISCUSS]ON



IITORPHOLOGICAL STUDÏES

Squashes of larval echlnococcus cysts were prepared.

and. examined microscopically wlth the ald" of polarlzed

llght.
Initially the shape of the calcareous corpuscles

was stud-ied. The great majortty i^iere sub-spherical

while a few were ellpsoid- in shape. lhey varied- ln slze

ranglng from LO.59 mlcra to 41 o77 mLcra ln d-lameter. Two

hund.red such corpuscles were measured. at random" Thls

procedure was fol-lowecl when examinlng cysts of 4, 8, and

10 months of age. Th.e range of variabllity ln corpuscl-e

size was ind.epend-ent of the age of the cysto The cliffer-

ences in size of the corpusoles from cysts of dlfferent

ages were not statistlca.]ly slgniflcanto

Thls perhaps may best be expressed by lnd"lcating

the values obtained" fn order for the d-lffereirces bet-

ween the slzes of corpuscles from cysts of d.lfferent

ages to be statisttcally slgzrificant

Ûir ç Mc

,+*-É must equal or exceed J
\mf + nã

DTSCUSSION

where M, anð- Þ1, a.re the mean vaJues for the sLze of ühe

corpuscles and- m1 and, m2 are the errors of these means a

Now consid"ering the corpuscles from 4 and. 6 month cysts:



the 10 and 6

22,52 -- 2?"13_

W;z; ;6F =

ühe 10 arñ, 4 month oId- cysts:

22,98- : 22 "13oF= "95V,6uz + o622

month old cysts:

22"98 22^52

Thus it nov'i becomes obvious tlhat differences in, slze
between calcareous corpuscles 1n. ùhe 4, 6 and. r0 month

cysËs are not statlstically slgnificartto
The very young cysts appeared, almost transpa.rent

and f11Ied. wtth a crear fluid-, They contatnecl relatlvery
few cal-careous corpuscles. With progressing age the
cysts become more and more opaque" old_ cysts are llter-
a]ly stuffed wlth scolices and- caleareoLrs corpuscles*

Thus ùhe calcareous corpuscles ln the younter

cysts are not as a rule snaller than those ln ùhe more

mature cysts, The large dlfference tn caLclum eontent
between the younger and ol-d-er cysts ls at least isartlally
due to the far greater number of corpuscles whlch have

accumul-ated in the older cysts o

.48

76



The examinatlon of the calclum content of a z

rnonth old- rat strain cyst has shown that the cal-cl-um

concenÈration was consld.erably higher tha.n thaü ln the
blood. of a normal mouse (49 mS"ca./IOO cocn - 10 ügo Aa"/

100 c"co).

Tire concentratlon of calclun ln the two month old
cysts of the mouse strain, on the other hand., was hlgher

than that ln the rat straln cysts of ùhe same àge. The

cysts of the mouse stra,ln üransplanted ln.to mle.e d"evel-

oped and- matured- faster than cysts of the rat straln d-id.

The mollse strain cysts in mlce matured earller and- pro-

d.uced" wlühin a relatively short time a considera.ble

number of scol-ices and_ caloa,reous corpuscles, whlle the

rat straln cysts lmpranted into mice d-eveloped- lnitla-Ily
more slowly and the scollces and caleareous corpuscles,

at l-east durlng the fi-rst two months of developmenf

were prod.uced at a lou¡er rate. Irr ùhe 4 a"nd" 6 month ol-d-

cysts there is a marked lncrease ln the cal-clum corrcen-

tratlon and the values now approach those of the rab

straln cysts,

Unfortuna.tely, because of unexpected circumstances

the mouse strain studies were carried no further ùhan I
mon.ùhs ( see page 94) "

frn extend.ed" stud.y was made of eysts of 10, 12 and

CAICTT]M ANAT,YSTS
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7B

15 months of age from mice infected. with rat strafno
calcium anarysls of cysts of these ages ylelded most

i-nterestlng results " The maximum calclum concentratlon
üras reached in the B month old- cysts and. after this the
level began to d-ecl_lne gra.dual1y. The o1d_er cysts

appea.red- solid, packed with cal_careours corpuscles and_

scoLlces" The red-uctlon in the ealclum revel- of the 10,

12 a:r:ð, 15 month old- cysts suggests a d_issolution of the

calcareous corpuscles, thelr released cafcium sal-ts being

resorbed inùo the hostrs tissues.
the function of the calcareous corpuscles has 'been

enigmaüic since thelr flrst d.iscovery labe ln the ISth
century" Earry observers thought tlna.t these corpuscles in
Iarval echi-nococelis were eggs. Others rega.rd-ed them as

lymph corpuscles, Vu Sle-oold_ (t0), thought lt possible to
regard ühese as a dermal skel-eton"

In liJ), Starcoff (25), (Alnost a century later)
stated. tlnat these corpuscles were not simpl-y conglomerations

of calclum salts but possessed. a d.efinlte strucüure and"

probably a complex functlon" Starcoff progressed. no

further and. d.ld- not even attempt to aitribute a function

to the corpuscles o

Logachov, 1ã I95I (1[) c]almed_ that the ealcareous

corpuscles arise as a resuli of the blnding of carbon d"lox-



79

ld-e ln the collrse of avsaerobtc metaborlsro a:rd-, ln the
adul-t worm, serve in the ner,itrarlza,tion of lntestinal
acids " He regard.ed then al-so as places where the
prod.ucts of metabollsm are d.eposl_ted."

The author feel-s b]nat the host probably actlvely
secretes calclun lnto the paraslte, atternptlng to petrlfy
1t thror-r.gh calclfication, The calca.reou.s cel-ls or mac-

rophage amoebocytes described by Logachôv (page ZL)

accumul-ate ùhis excess calcium and, gradually become

transformed- into rtnaked' corpuscles. fn thls fashlon

the scol-1ces of the larval cestodes are protected. against
calciflcatlon. In the l_ater stages the cysts become

almost entirely calcifled. and. there is a tremendous

number of calcareous corpuscles " Thls theory mlght also
apply to adult cestod"es which may ìoecome a"lmost com-

pletely cal-cified."

A case of tetany ln a heavlly lntraperltoneally
lnfected. gerbil contalning vast amounts of cyst naterial
(observed. by Dr. Lublnsky, 4) led- to several blood cal--

clum ana.lyses ln the infected. animals, The author felt,
hov¡ever, tlnat the small subcutaneous cysts woi.ild ind.uce

no change ln the bl-ood. calclnm level.
It is interesting that the normal cal_clum leve1

ln human blood. is 10 ng"'/6 (1), while in the Sprague



Dawley strain of rats lt was 10.9 mg.% (19) " fn the

normal control rtblack hybrid-srr lt was 10.¿+, ng^'Á"

In mice lnfected- with the mouse straln of echlno-

coccus there was a marked. leucocytosls d-urlng the first
month, the total- numìter of leucoeytes at tlnat 'i;lne almost

tripllng (frorn 4n650 to !2n31þ5), Durlng the second. rnonth

the leucocyte numbers d.ropped. rapidly and" then remained.

fairly constant at a leveJ of 9 to 10 thousand. per comm€

untl] the end" of the slxth month. The absolute numbers

of all types of l-eucocytes rose sharply durlng the first
month of infectlon" The numþers of lymphocytes, mono-

cytes and. basophils were doubled-, while those of the

neutrophl-ls lncreased. almost five tlmeso

The absolute number of lynphocytes generally par-

aIIeled. the totaL number of leucocytes, reachlng 1ts

peak of almost 7 thousand aù the end of the first month

of infecbiono The relative number holvever, decreased-

from 69/" to 56/o because of the sha.rp Lncrease ln the

number of neutrophils,

The number of neutrophils ln the course of infec-

tion also paralleled, the total leucocyte count, reachi:ng

Absolute and Dlfferentj-aL Leucoc.vte Counts

HAEIVIATOLOG]CAI, STUDY
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B1

a peak ln the first month. The neutrophll-ia was the

most strlklng tralt of the leucocyte plcture" The abso-

lute numbers of neutrophils increased. almost five tlnes

during the flrst month (from lpo23 to 41815).

The nonocytes aLso reached- a pea.k at the end. of

the first month of infectlon, having Lncreased from

325 to 866. Thei-r numbers suþsld-ed- durl.ng the second.

month a.nd. further sholved. only minor fluctuatlons,

The eoslnophilia reached. its peaic d.urlng the thlrd.

month of infectlon, r,vhen the absolu.be number of eoslno-

phlls l-ncreased seven fol-d. over the control va.l-ues (fron

93 to 632) * on the other hand the rel-atlve nurnber of

these cells was only tripled-. ll.fter the thlrd- month the

numbers of eosinophils grad"ually decllned,

The numirer of basophf-}s increased" from 12 per c"

M, to a ma.xlmum of 5O at the end- of the fourth month,

after. i¡¡hich lt slowly d.eclIned. approachlng the control

values ln the course of the sixth nonüh,

The totaL numl¡er of leucocytes 1n mlce lnfected.

wlth the rat straln al-so rose sharply d-urlng the f irst

monbh of infeetlon to over 91000 per c" ûffio and. co.ntlnued.

to rise untll ühe fourth month. Durlng the fourüh month

there was a large unexpected. drop 1n leucocyte numbers

which affected. both the total and dlfferential values



B2

of all types of leucocytes with the exception of the
eoslnophLls, Thls unusuaL leucopenia can be atbrlbuted
to the fact that the lclood was examined folloi¡ring a

furnace failure orr a particularly col-d night in February

duz'lng which the experlmental a.nlnals were severely
cooLed-. During the flfth month the total number of
leucocytes rose to a new peak of over IZrO00 per c" ßil,
an<i- later d"eellned" sharply, levelIlng off durlng the

seventh and eighüh month.

The d-ifferentlal counts showed- that the lymphocyte

numbers closery paralleled- the total irloB,c, counts, ihe
peaks and_ l-ow polnts colncld-ing almost exacily. 'Ihe

relatlve number of lymphocytes re¡nained. falrly constant

bhroughout the elght uronth test perlod*

There was a proitounced neutrophllla during the
flrst month ( slmilar to that seen ln the mollse strain),
the numbers of neutrophlls lncreasing four tlmes, fron
lr073 to l+r Zl+7 " The nu¡nber of neutrophlls remained

relatively high untiL the thlrd month, when 1t began to
decrease" The neutrophlls levelled off d.urlng the slxth
anÕ seventh month, their relatlve numbers falling towards

the normal val-ues during the elgth month.

The relative number of monocytes showed_ litt1e
variatlon during the test perlod. though thelr absolute

numbers increased and- reached thelr maxfunum of a.lmost a



fhousand. at five monthsu

The dyna.inlcs of the eoslnophlls was slmilar to
tlna.t observed" in the mlce lnfected. with the mouse strain.
There was a ma.rked. eoslnophilla durlng the first three
months, the number of eosinophrrs inereaslng five tl-naes

( from 93 to 4Bz) , After the f ifth ¡nonth the eosi.nophils

d.ecl-1ned. grad"ually, l-evelllng off d"uring the seventh and.

elghth months, then subsld.lng toward-s the control values

ln the last two months 
"

The ùotal leucocyte numbers ln the control anl-
mals closely colnclded with those reported by Sne1l ln
1g4l- (24) 

"

It 1s lnteresùlng to study the rel_ationshlps

between the total- leucocyte numbers, cyst growth, and_ the

cysf calclum content, tr'igure J.9s page gO.

Upon lnjectlon of the cyst materlal, the host

reacted. strongly to the forelgn proteln by severe leuco-

cytosls durlng the flrst rnonth" (UnfortunateLy at thls
tLne the cysts were too tlny for practlcal calclum analy-

sLs and. Lt was not until- the second" month t]nat the first
analysis was mad.e)" After thls the total number of
leucocytes d.ecreased conslderably (though stlll remalned.

B3
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FIGUIE 1?" Control and. Maximum Absolufe Leucocyte
isumbers in liice Infected. wlth the
Mouse Straln"
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FIGIIRE 18 " Control
ISumbers
Straln.

and- Maximum Absoluüe Leucocyte
in itlice fnfected with the Bat
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far greater than tlnat of the control animaLs) a'd. became

stablllzed. at a loiryer l-evel hereafter from two to slx
nonths, Durlng thls time both the cyst slze and. ealclum

content lncreased. progresslvely" After the six month

period- the leucocyte numbers began to d.ecl-1ne grad.ually

as the cyst slze and. cal-clum content atüained_ maxLmum

values.

ït is lnterestl_ng to recalL at this point the

extend-ed- rat straln stud.y (see page 62) t where both the
maxlmum cyst calcium concentratl-on and- cyst size were

reached. d.urlng eighth montho After thls tlme the cal-
cl-um concentratlon slorrrly d.ecj-ined. and further cyst

growth eeased."

The decl-lne in cyst cal-clum concentration and. stab-
ilization of cyst size after eight months seems to colncld.e

with the decline in the total number of leucocytes,

In stud-ylng the l_lùerature on the effect of
echinococcus on the whlte blood, oicture of experlmental

anlmaLs, relatively llttle pertinent lnformatlon was

found-. All- the d.ata avallaþ}e were based on human mat-

erlal" It has been known for narry years that certaln
parasites calrse a pronounced. eosinophil-la. The most strlk-
lng example of thls 1s the eoslnophllla 1n trlchinlasls
d.escrlired by Bror¡nr ln 1892. Wlntrobe, (Z?) states ùhat



FIGURE 19. ComparS.son of Cyst Calclum Contentt-
Cysî Slze and- Varlatlon ln the Total
Number of Leueocybes in l'llce Infected"
with the Mouse Strain.
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in echlnococcus disease, eoslnophllla of about J1rt d.oes

occur, buf ls uncommon. It 1s more llkely to be observed.

when the pa-raslte 1s alLve, On the other hand. Whltby and.

Brltton (28) stated. thaù in cases of echinococcus infec-
tlon eoslnophi-lia ls most marked. when the hyd-atld- cyst

1s ruptured. or leaklng" If the cyst d.1es, becomes cal-
cifled or walled. off wlth a d.ense flbrous tissuerthe

eosinophili-a d.lsappears and at the same tlme the Casonl

skin test (used ln the d.etection of the parasite) and

the complement flxation test becoroe negativeu

There was no pronounced eosLnophilla 1n the exper-

linental anima.ls" (In trichlni¿¡.sLs, values for eoslnophlls

a.s high as B\'fr wi-üt absolute counts as hlgh as 151000 per

co üß, have been reported, The highest value observed ln

our lnfected. anlmals vras lf' witln an absolute eosinopkrll

count of 6JZ per co mm. ), Thts 1s probably due to the

fact that the smal-l- locaLized. subcutaneous cysts d.ld not

rupture or release their forelgn proteln j.nto the tlssues

of the host thus lnd-uclng the eosinophilla.



I, i{orpho1oglcal examlna.tlon of tl¡1e calcareous corpuscles

from the cysts of EchinocgqqUË multilo-cvLlarls has

sh.owr that the size of the corpuscles cloes not d"epend

on the age of the cysts, The number of corpuscles

does however lncrease conslderably with progressing

à8è.

The calciurn content of the cysts increases gra-d"ually

in both the rat and mouse strains. The two-month rat

straln cysts contained 49 m8,//o calclum (almost 5

tlmes the concentratLori ln the blood- of a norma]

mouse¡ 1oe" 10 mg "/%) z this concentratlon rose to a

maximum of z4o ng"/"y' ln the elght-month cysts'

The two-month ol_d. mouse straln cysts contained con-

slder.ably more cal-cium than the raL strain cysts of

the same Ð.ge. In the moì.rse straln cysts the ealcium

content (101 rfig"/uÁ) exceeded l-0 tlmes the value for

normal mouse blood" By the fourth mon.tkr of infec-

tion the values for the mouse strain cysts approached"

those of the ra-t stra-in" A maximurû concentratlon of

2?.4 ng,//á calclum was reached 1n eight-month old-

mouse straln cysfs.

The extend"ed study of the rat strain cysts in mi-ce has

shor¡n that the calclum concentration in cysts over

2,
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elgh.t-rnonths old. gradually d-ecrea.ses, falling to a

l-evel of 16l+ rflg./7; in fifteen-month olcl c¡rstsn

('Ihis val-ue still exceeds Enat of normal moLtse blood-

by sixteen times)"

The cyst size generally increases up to the age of

eight months v¡hen a plateau ls reached-. The volurme

of subcuta.neous cysts often beglns to decrease

sllghtly after thls à8e.

Mice infected. subcutaneously wlth elther strain of

Echlnococcus d.evelop a pronounced leucocytosls 1n the

course of the flrst month of i::fection. In those

lnfected- wlth the rat straln the total- W"B"C" counfs

increased- from 4600 to 9400, whi.le those i-nfected.

with the mouse straln showed correspond-lng increases

up to 12OOO WuB.Cots/c@ rnme blood-.

There was a correspond-lng sharp increase in the abso-

lute numbers of al-most a.11 types of leurcocytes, fn

mice infected ¡¡ith the mouse sbra"ln the absolute

nu.mbers of monocytes tripled", the neutrophlls j

lncreased five times, and. the eosinophils six times"

The numbers of monocytes and. neutrophils reached" thelr

peak durirrg the first month of lnfectlon, whlle that

for the eoslnophlls occurued ln the thlrcl month,

In mice lnfected. w1ùh tlne rat strain the a.bsolute

I
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number of monocytes also trlpled, (reaching its
'peak during the fifth month of lnfectlon)while
the neutrophils more t]nan quadrupred. in the course

of ùhe flrst month" Here¡ âs ln the mouse strain,
there was a marked eosinophllia reaching iùs peak

ln the second month of lnfection.

7 " After eight months of infectlon, when ùhe cyst slze
and. calclum concentration reach a plateau, there is
a corresponding stabillzation in both the absolute

and" rel_ative numbers of 1eucocytes 
"

In 1959, when maintaining a strain of larvaf E"

mul-tilocularls at the rnstitube of parasitology, ÞIcGlrl

Universlty¡ Dr. Lublnsky observed in a subcutaneously

\EGETATIVELY PBOPAGATED ST1ìAIN OF

ECH]NOCOCCUS UULTTLOC-ULAR]S AND

]VIA],Ï GN¡\I'üT TT]}{OBS

inocurated white mouse a sÐ.rcoma, which had arisen in the

vlcinity of the cysts and attained a size of ZZ x l-B x I mmn

were injected subcubaneously with E. mul-tl1ocularis

with the mouse strain, anô, 20 with the rat straln"
donor moLrse had been lnùraperitoneally lnfected and_

when the peritoneal- cavity was opened it was found

In June 1962, 40 nale hybrid mice (e/¡ax* x Ç578r / )

20
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contaln the expected. typical cysts slmllar to those
represented ln Flgure 5 (page 36). fn removlng cysü

naterlal for the transfer, portions were ta]xgn a.þ rand_om

from several locations in the perltonea.l cavity" ALl the
e'nlmals lnocule.ted. wlth the mourse strain developed. sar-
conas a"t the polnt of inocul_atlon a-nd- dled wlthj.n 6 weeks

(12)" There Ìvas rro lnd-icatlon 1n any of these animars

of echinococcus growth. rt appeared^ obvlous tttat tLte

fumors slmply overgrew the echlnococcus cystsu

Turnor materfal from one of these experlnental_ black
hybrid- mlce was used to lnitlate a strain of sarcomaô

serlal tra-nsfers were mad.e by inJectlng groups of mice of
the same straln wlth a suspenslon of sarcomatose tissue"
These transfers vrere made using the same technique as

t}:at for cyst ùrairsfers (see page 32), Flve sr-¡ch serla.I
transfers were ma.de. ft was observed that the tumors

grew nore quickly 1n younger mic,e, A.ü. attempt was mad.e

to transfer the tumor straln to 4 Ã/Jax r¡¡hite miceo How-

ever, the lmplanted tumors of the 'tblack hybrld-s* d.Ld not
take in these mice.

These observations suggest tlnat mallgnant tumors

do arlse ln cl-ose þ-,roxinlty to E, mUl-tilocuta_rls cystsu

Holr often thls happens and" to what

freqUenCy of oocuryence of tumorS

extent the rrnormalrl

1n varlous stralns of



mice can be influencecl by the preserlce of echlnococctls

cy-<ts can be d.etermlnedL only on the basls of extensive

experlnentat iort"

l\ simlLarlty 1n þoth macroscopic and mlcroscoplc

structure of the turnors and. also in the clrcumstances

lead-lng to thelr d.evelopmçit wâs observed by the author

between the prevlously d.escrlbed sarcomas and- those

arlslng in mlce lnocul-ated vtlth Ak ceJ-I-free l-eukemlc

extra-ctso tr'ihen injecting exper"imental anirnals wlùh

echinocoecus cyst material contalning scolices the author

was as surprised. to discover the rapldly growlng sarcomas

as Ciross was in 1953 (7) , when he observed" instead, of the

e,xpected" l-eukenla the d.evelopment of so1id, tunors in. the

neck reglon of: his mlce u Irt a fa.ter paBer Gross (B)

stated ùhat bhe leukemlc flltra.tes contained" aÈ lea.st

ùwo oncogenlc agents¡ i.ê" a leukemlc agent artd' an agent

causing parotid. tumors a::d posslbly other neoplasms"

Both the tumors found- 1n. associa-tlon wlth the echino-

coccus cysts and- the subcutaneous sarcomas d'escribed by

Gross urere of the splndle cell flbrosarcoma type. It 1s

conceivabl-e thaË the Sarcomas found, in associatlon v'ilth

E, mu.lttlocula.ris were caüsed by a s1nl1ar polyoma vlrus

activated- by the presence of these cysts, Thls sLlppos-

ition, however, must al-so be ch.ecked. by lntenslve experl-

mentation"

96



FIGUILIJ 20, 'Ihirty-f ive-d.ay 01d- Sarcoma (Stn transfer)
in trBlack Hybrld-" (e/Sax x C57BI) l'louse"

FIGIJTIE 21, Photornicrograph of
Cefl Fi-brosarcoma
x Z6j.

Subcutaneous SpindJ-e
from irlouse ln Figure ?,0
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