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CHAPTER I
o AN INTRODUCTION

xmenolepls dlmlnuta is a. tapeworm whlch 1nhab1ts
,the small 1ntest1ne of rats. It was flrst dlscovered by
Olfers in Rlo de Janelro, and later descrlbed from
1ncomplete spe01mens, as a new spec1es by Rudolphl in
1819 (references from Joyeaux, 1920) A s1m11ar, but
| more exact descrlptlon of the ‘worm 1nclud1ng its
characterlstlc features was prov1ded by DuJardln in 1843
Grassi and Rovelli in 1888 were the flrst workers to
show that certain 1nsects were the 1ntermed1ate hosts in
the life cycle of H, dlmlnuta (references in Joyeaux,
1920). Subsequently 1t was demonstrated ‘that several
arthropods could have this role, and for a recent list
of the arthropod 1ntermedlate hosts of Hymenolepis
diminuta one could consult the»retorts of Joyeaux (1920)
and Oldﬂam (1931). Zschokke (1889) made the first
detailed study of the anatomy of the adult worm, and to
date it remains, as far as the writer is aware, the only

such published investigation.

Hymenolepis diminuta is cosmopolitan in distribu-

tion and its life cycle is easily duplicated in the

laboratory. The adult worms are readily maintained in



2

rats, and the larvae, called cystlcerc01ds, in the flour

_ beetle Trlbollum confusum. Because of the ease 1n maln- 3

~~ata1n1ng thls tapeworm 1n the laboratory 1t 1s used

‘extens1vely in 1nvest1gat10ns on. cestode blochemlstry,'b
phy31ology, metabollsm, flne structure and development.‘
Desplte the’ exten31ve use of thls tapeworm in many
laboratorles, there stlll remaln many gaps 1n our
knowledge regardlng 1ts developmental phy51ology in the
deflnltlve host An appre01able body of llterature is
aVallable regardlng development 1n tapeworms, espe01ally
in H. dlmlnuta, and a large proportlon of thls work is
occupled by 1nvest1gatlons 1n growth.‘ Thls 1s not
surprlslng 31nce tapeworms llke H dlmlnuta, because of
their large 31ze and bulk, prov1de suff1c1ent material
for blochemlcal analy51s. Desplte the advances made
within recent years, with the extensive use of electron
microscopy and the reflnlng of in ggtgg cultivation
techniques, we still lack much information regarding the
physiology of development in tapeworms. For example we
are still largely ignorant of the mechanisms which
operate in initiating and controlling growth and
maturation in tapeworms, or many details pertaining to
their reproductive physiology, although there is much
information available concerning the rate of growth or

the nutritional and other requirements for growth in



these animals., Studies of development of H, dlmlnuta in-

the definitive host, using precise cytologloal teohnlques;~k§i’

have been somewhat 1gnored._ The present 1nvest1gatlon

was undertaken w1th thls 1n mlnd, and thls dlssertatlon,

it is hoped w111 1ncrease our knowledge and understandlngfff7‘“

of the developmental blology of vaenolepls dlmlnuta. 1f

The llfe cycle of H.. dlmlnuta, 1nclud1ng brlef
morphologlcal detalls, is as follows,' The adult llves
in the small 1ntest1ne of rats.‘ It has a small unarmed
scolex bearing 4 well~developed suckers by whlch 1t
fastens itself to the 1ntest1nal Wall., The rest of the
body consists of a short unsegmented reglon called the
neck, followed by long stroblla'Ycon31st1ng of several E
hundreds of segments or proglottlds, anh proglottld
eventually possesses the full complement of reproductlve
structures., When mature, the proglottlds start produ01ng
eggs which are eventually passed with the faeces of the
host. A flour beetle becomes infected w1th the parasite
by ingesting viable eggs. The egg contains a 6—hooked
larva or hexacanth surrounded by a set of envelopes°
The hexacanth is liberated from the surrounding envelopes
within the gut of the insect, T+ rapidly penetrates the
gut wall and enters the body cavity where, in a period
of a week to 10 days; it grows into a second larva

called the cysticercoid. The cysticercoid consists of a



scolex suspendedTin:"cav1ty and enclosed by a complex

of membranes. A small channel serves as a communlcatlon

between the central cav1ty and the exterlor._ On enterlngv,;rv

" the stomach of a- rat the cystlcer001ds become actlvated |
and the scolex beglns to emerge from the protectlve'ﬂ~f‘“
housing through the channel ThlS process is . completed
in the small intestine and the whole event is referred’

To as excystation. The young worm soon attaches 1tself
to the intestinal wall and then enters a perlod of

rapid growth. A so-called germlnatlve reglon, occurrlng
posterior to the scolex, produces proglottlds which are
S0 oriented that the oldest formed proglottld is

furthest away from its p01nt of orlgln, ‘and the newest
formed nearest it. The resultant tape-llke body thus
shows a gradation in developmental stages from very
immature segments to those in ‘which development is at

its maximum. When mature, the proglottlds start produ01ng
eggs which will eventually serve as the source for the

next generation of worms.

In H. diminuta the duration of the period between
excystation and the appearance of gravid proglottids is
about 16-17 days. Within this period, the parasite has
grown from a length of less than 1 mm to as much as
50-6d cm. The spectacular increase in length and mass

during development has greatly influenced the methods of



’studylng the developmental phy31ology of H. dlmlnuta.,
_{;Much of the work has therefore been an estlmatlon of i

: growth as measured by changes 1n length welght

fchemlcal comp031tlon, proglottld number and grossluﬂ”

' morphology over a perlod of tlme._ Varlables 1n the .
host-para31te relatlonshlp have been 1ntroduced so that
more 1nformat10n concernlng growth rates and growth
"requlrements could be obtalned ‘ Such varlables are Lo
fproduced by 1ntrodu01ng qualltatlve changes 1n the host 5
_fdlet u31ng hosts of dlfferent 51zes, sexes, spe01es F
and even genera, or us1ng metabollcally altered hosts

: such as gonadectomlsed rats or "blleless" rats.f The _
e‘env1ronment of the para31te could be further altered'or f
'modlfled by 1ntrodu01ng a second para51tlc spec1es along*.
w1th the para31te 1n questlon, or by ra1s1ng 1t 31mul-
taneously w1th other 1nd1v1duals of the same spe01es in
dlfferent populatlon 51zes.[ Studles on the growth of
H. dlmlnuta on the 11nes mentloned above have been made
by several workers.‘ Thelr observatlons have been
summarised by Roberts (1961) and in more detail by Read
and Simmons (1963)

Goodchild and Harrison (1961) studied the growth
of H. diminuta during the first 5 days in the final
host. In vitro observations on excystation showed that

the time taken for activation, and the subsequent escape



of” the young worm from its surroundlng envelopes could

be as llttle as 3 mlnutes. Young worms emerged.ln the

- small 1ntest1ne about 3=k hr‘after 1nfectlon. The newlypﬂ'w_gfa,»

- ;femerged worm 1s very small and the excretory ducts are

i,v1s1ble 1n 1t A large cavnty is- present posterlorly _
‘and th1s becomes occluded w1th1n the flrst 24 hr.} The
scolex has four suckers and "w1th1n the scolex there is
“a remarkable sparclty of cells.d Scattered loosely ‘among
’jthe permanent organs of the scolex are mesenchyme-llke :
cells“ (Goodchlld and Harrlson, 1961) ’ They noted the ;
hpresence of 2 maJor types of cells 1n the stroblla of |
2h—48 hr old worms, rounded cells beneath the "cutlcula"
and elongate splndle-shaped cells 1n the medullary
'reglon.n Segmentation and dlfferentlatlon of the ,:
'reproductlve anlagen were observed to begln 4 days
) later. "The growth rate of the worms, as measured in
length and area, was exponentlal in cnaracter. After an
initial lag it increased to a max1mum on the 3rd day
F'w1th slight declines in rate observed on the 4th and 5th
'days. They also found that during the lst 3 days, no
.significant size differences were detectable in worms
obtained from male and female rats, and that large doses
(100 or more cysticercoids per rat) had no effect on the
size of the worms; that is the crowding effect was not

operating at this stage. Roberts (1961) inyestigated



the growth of H dlmlnuta 1n the deflnltve host durlng
'ﬁ.the perlod after excystatlon untll patency., Growth ‘was

effdescrlbed u31ng measurements of length, proglottld

?d]number, changes 1n thp_maJor chemlcal constltuents and
b.;morphologlcal changes. By studylng growth 1n worms from;'
dpopulatlons of dlfferent 1nten31t1es, us1ng the same
qpcrlterla, he was able to observe the effect of crowdlng X
“on the developmental phy31ology of the paras1te.f It was..
"fobserved that the flrst 7 days constltuted the perlod of:‘
,most rapld growth and that thls rate was unaffected by
'populatlon denszty. The maturatlon rate was 1ndependent
‘of the rate of growth as measured in length welght ‘and

'rate of proglottld formatlon. Populatlon den31ty did

’-1not affect the length of the prepatent perlod whlch was

'16-17 days in 1nfect1ve doses of 1, 50 or 100 cystlcer—
pc01ds per rat, . Crowdlng, ‘however, did affect the number
1of proglottlds produced and "apparently has a dlrect
effect on the germlnatlve region® (Roberts, 1961) He
also studied morphologlcal development and prov1ded a
general outllne of development correlated with time.
These observatlons were made on material prepared as
whole mounts stalned 1n Semlchon’s acetic carmine, prior
to which the worms were relaxed in distilled water and
fixed. This technique was adequate for his purpose, but

is obviously limited in the quality and quantity of



.1nformat10n 1t could prov1de regardlng developmental

"events.. Thus a more careful study u81ng more pre01se

mhlstologlcal technlques w1ll ampllfy the observatlons of

"LRoberts on the morphologlcal development of H dlmlnuta o

in’ the rat

Development 1ncludes growth as manlfested by an
llncrease in length and mass, as well as maturatlon ,'
processes.‘ Bell and Smyth (1958) and Smyth (1959) have
‘prov1ded a- generallsed scheme of development 1n a pseudo—

phyllldean cestode Dlphzllobothrlum dendrltlcum in the

rat. Using thls as a gulde, ‘a 31m11ar scheme was
constructed for H. dlmlnuta, and 1t is shown below.
Cystlcer001d ---1ngested by rat a
| prlmlng and actlvatlon of cysticer-
cold 1n the stomach
1. uxcystatlon - completed in the small 1ntest1ne
2. Attachment of the worm to 1ntest1nal wall
3. Cell d1v1310n _
4. Segmentation (formation of proglottids or
strobilisation)
5. Organogeny
6. Gametogenesis
7. Sperm transfer and fertilisation

8. Formation of the egg (embryogenesis proper)



| . Excystatlon 1n H. diminuta appears to be a
rapldly accompllshed process. The cystlcerc01d 1s
apparently "prlmed" 1n the stomach and the process com-
t~ﬁpleted 1n the small 1ntest1ne.. The young worm escapes
from 1ts larval envelopes 1nto the lumen of the gut
'through a slender canal.p For successful excystatlon a
combination of peps1n, tryps1n, blle salts and a
temperature correspondlng to the ‘host?s body appear to
be essentlal (Rothman, 1959) Rothman (1959) Goodchild
and Harrison (1961) observed that younger cystlcerc01ds
excysted much faster than older cysticercoids. Details
regardlng the phys1ology of excystatlon are available in -
the reports of Read (01ted by Read and Slmmons, 1963),
Rothman (1959), and Smyth (19653 The present 1nvest1ga-
tion is not concerned w1th excystatlon, but rather with
events follow1ng excystatlon. There is no publlshed
information regardlng the structural organisation of the
young worm except for the brief reports of Goodchild and

Harrison (1961) and Roberts (1961).

The proglottids, once produced, rapidly differ-
entiate to become egg producing units. This differentia-
tion has been very adequately summarised by Bell and
Smyth (1958) who wrote that "the processes taking place
in the maturation of g pseudoph%lidean plerocercoid to

an adult cestode or g metacercaria to an adult trematode
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are essentlally concerned.with the development of
“genltalla for the elaboration of the egg " This state-

: ment would hold true for a cyclophyllldean cestode llke,

vlfTH dlmlnuta as well The process of reproductlon in the

‘adult tapeworm culmlnates 1n the formatlon of the so—
ecalled egg. Mature tapeworm proglottlds are thus
efflclent egg-produc1ng unlts, and a study of develop-
.ment in thls tapeworm would be very much concerned w1th

the process of reproductlon°

It would be approprlate at thls p01nt to glve a
brlef and generallsed descrlptlon of the reproductlve
’system of H dlmlnuta (see Flg. l) Each proglottld
contalns both the male and female reproductlve structures.
rThe spermatozoa are produced in 3 testes and they are
transferred through a vas deferens and seminal vesicle
to eventually arrlve at a copulatory organ--the cirrus
complex, whlch 1s 51tuated laterally 1n the proglottld
The 01rrus complex opens 1nto a small enclosed Space
‘called the genltal atrlum, whlch communlcates laterally
with the exterlor through an opening called the atriopore,
A slender vagina leads inwards from the atrium and opens
into a large, dilated, tubular structure called the
receptaculum seminis, in which sperms received in
copulation are stored prior to fertilisation. The egg

is initially assembled in a centrally located chamber
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called the ootype, Whlch 1s surrounded by a collectlon
‘-of gland cells whlch dlscharge thelr secretlon 1nto 1t

These gland cells constltute Mehlls' gland A large f

ovary, produ01ng oocytes, and a smaller compact v1telllne,"'

. gland,. whlch produces the v1telllne cells, are s1tuated

t‘hwclose to the ootype. The oocyte, spermatazoan and a’

x”v1telllne cell arrlve at the ootype through spec1f1c

,'ducts, and together w1th the secretlon of Mehlls’ gland,
are all assembled 1n thls chamber to form the egg. |
Fertlllsatlon apparently takes place 1n the ootype. The
egg is then eJected 1nto the uterus where it completes '
its development Every mature proglottld lo bullt on
the same plan and has the 1dent1cal functlon of produc1ng

eggs.

Adult tapeworms possess.a hlghly successful
reproductlve process, whlch is ev1dent from the great
numbers of potentlal offsprlng produced for propagation.
Reproductive- phy51ology is thus a subJect of cons1der-
able importance. There has been no over=-gll study of
the reproductive process in tapeworms, rather it has
been studied in piecemeal fashion. Consequently,
information pertaining to the reproductive phy51ology of

these animals comes from several different sources.

Detailed morphological and anatomical descriptions
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of the reproductlve system of tapeworm speoles are many,
_‘References to such aocounts are avallable 1n the texts-ee
by Hyman (1951) Wardle end MoLeod (1952), and Joyeaux |

- and Baer- (1961) Zschokke s descrlptlon of the

reproductlve system of H. dlmlnuta 1s the only detalled

aocount avallabl ‘to date w1th regard to thls spe01es.,:,w
His study, publlshed 1n 1889, does not prov1de sufflclent
'1nformatlon and is therefore cons1dered to be 1nadequate.
A knowledge of funotlonal morphology 1s essentlal for a
meanlngful study of phy31ology. Good reoent examples of
such accounts are those of Rees (1961), and Rees and
Williams (1965). Materlel prepared 1n taxonomlo
investigations hasebeen used for'morphologloal studies

of the reproductive_sysfem; ahd~s5e01ﬁens7USed in such
investigations are generally prepared‘asvstained Whole
mounts, This is a ratherAinadequateotechniQue since
structural details could easiiyhbe concealed, with only

the gross morphology of the genitalia being visible.

Gametogenesis has been studied exﬁehsively in
trematodes, but to a very much lesser extent in cestodes,
Amongst the published accounts of gametogenesis in
cestodes are those of Douglas (1963) and Rybicka (1964a).
Rybicka (l966b) gives a brief aocount of gametogenesis
in H., diminuta. Rosario (1964) studied spermatogenesis

in H. diminuta and H. nana using the electron microscope.
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The fine structure of the cestode spermatazoan has been
v‘tlnvestlgated by Gresson (1962) Rosarlo (196h), and

‘TfLumsden (196)) The phys1ology of the male reproductlve
'szystem 1n cestodes has been largely 1gnored except for ’

;studles on spermatogenes1s and sperm ultra-structure.

» ,i The formatlon of the gametes 1s an early step 1n
the reproductlve process. The ovum and spermatazoan'
'unlte in fertlllsatlon, and the fertlllsed ovum comblnes
w1th the products of the v1te111ne gland and Mehlls'
gland, eventually formlng the egg. The so~called egg 1is
actually a larva enclosed by one or more protectlve ‘
envelopes. The 1mportance of the egg in the life cycle-
of a para51t1c platyhelmlnth cannot be overempha51sed
and consequently the formation of the egg and espec1ally
the protective coverings have received considerable
attention. The elaboratlon of these protective coverlngs
in the egg is generally referred to as egg-shell forma-
tion (Smyth and Clegg, 1959), and it has been the- subJect

of a review by these two -authors.

It was orlglnally belleved that the shell or
'.capsule of the trematode egg was secreted by Mehlis?®
gland, which was thus also referred to as the "shell™"
gland. Subsequently Leuckart in 1886 (cited by Smyth

and Clegg, 1959), through careful observations, concluded
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that the shell was actually formed from materlal present
in the v1te111ne cells. Thls conclu51on was. substant:n.-vi
ated later by many othen workers--Dawes (1940) Markell :
(1943) Rees (1939) “to mentlon ‘a.‘few, ' The: chemlcal
"nature of the v1telllne cell materlal and egg-shell
,remalned obscure untll pre01se hlstochemlcal technlques
Afor detectlng chemlcal components in tlssues were
developed ‘The’ 1nvest1gat10ns of Stephenson (1947)
Smyth (1951a, 1951b, 1954,) and others showed that the
egg-shell in trematodes was a quinone-tanned‘protein, or
sclerotin,'which originated from shell precursors
present in the vitelline gland cells, ‘A similar study

was extended to a pseudophyllidean cestode Schistocephalus

solidus by Smyth (1956), where it was similarly shown
that the egg-shell was a sclerotin secreted by vitelline
cells which contained the sclerotin precursors. The

chemistry of egg-shell formation in Diphylobothrium

latum, another pseudophyllidean tapeworm, was studied by
Bogomolva and Pavlova (1964) (cited by Rybicka, 1966a),

who confirmed the observations of Smyth (1956).

The formation of the_embryonic envelopes in
cyclophyllidean cestodes follows a different patterné
the vitelline gland is small and compact, and generally
one vitelline cell (unlike in trematodes and pseudo~

, bPhyllidean cestodes) is associated with the fertilised
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oocyte in the formation of the egg. The materials in
the v1telline cell form a thin capsule whlch surrounds
‘the fertilised ovum.‘ The ovum undergoes cleavage and

some of the macromeres formed in cleavage form the

embryonic envelopes which 1nvest the developlng larva.gN"

'Rybicka (l966b) made a histological study of embryo-f}}féx;u:itieg

genesis in H. diminuta which 1ncludes a description of
the formation of the- embryonic envelopes. No detalled
histochemical observatlons have been made pertaining to
the formation of the embryonic envelopes in cyclo-
phyllidean cestodes (equivalent to egg~-shell formation
in trematodes and pseudophyllidean cestodes). vJohri
(1957) studied the formation of the egg in a cvclo-
phyllidean cestode Multiceps sm thii, but his study was
rather inconclusive. He,noted that egg-shell formationa
in this species was greatly contrastedbwith that‘in
trematodes and pPseudophyllidean cestodes. "Phenol
protein™ granules (i.e., sclerotin precursors) were
reported to be absent in the vitelline cells, though
acidophil proteins were present. Acidophil proteins and
small amounts of basic protein were present in the ova.
The embryophore was found to show positive results with
the performic acid-Schiff reaction, indicating the
bresence of a keratin-like protein, Johri was unable to

trace the origin of the embryophore., This study, being
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| ”47Fragmentary ;nformatlon is aVallabl regardln

1d;chemlca1 nature_of' he embry e H'Ve’Ryblcka,d"‘

4'}a}taen11d embryophores w1th the electron mlcroscope.:’

”ffMorseth 11966)Walso 1nvest1gated the chemlcal comp031tlon
oof the taenlld embryophore us1ng several technlques. He
rconcluded that there was "strong ev1dence for clas51fy1ng

5ncthe embryophorlc blocks of these species as keratln-type

o Protelns" (Morseth 1966).

Histochemlcal observatlons on the v1telllne cell |
?Sfand ovum correlated w1th ‘the. formatlon of the embryonlc
d,envelopes would be 1nformat1ve 1n a study of reproductlve
| 'phy31ology.k Such a. study as not been done w1th S

reference to a: cyclophyllldean cestode.

Hlstochemlcal 1nformat10n pertalnlng to the
reproductlve phy31ology of cyclophyllldean cestodes 1s
cfragmentary. Most of the 1nformatlon to be furnlshed

below. concerns vaenolepls dlmlnuta (some, 1f not most

of these observatlons were made 1n studles whlch were

not dlrectly concerned w1th reproductlve phy51ology)

(a) Sp ermatazoa.~-The presence of RNA in the

Spermatazoa of H. diminuta was observed by Cheng and
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/Jacknlck (1964) Glycogen was detected in the sperms of

"H d1m1nuta by Hedrlck and Daugherty (1957) Cheng and I,';

'g:Dyckman (1964), and Ryblck

(b) Ova (oocvtes

B glycogen (Hedrlck and Daugherty, 1957,‘Cheng and

‘ Dyckman, 1964, Ryblcka, 1967) The granular nature of
“the oocytes of cyclophyllldean tapeworms has been N
observed by - several workers. Loser (l965a) descrlbed
granules occurrlng in the cytoplasm of oocytes and
according to him they represent stored materlalo
("Reservestoffe") for the embryo.» Ryblcka (1966b)
observed vitelline materlal in the form of granules in
the oocytes of H. diminuta. The hlstochemlcal nature:
of these granules is obscure.} Johrl (1957) reported

that the oocytes of Multlceps smythii contalned "a01do-

phil®* protein. The nature of the materlal 1n the oocyte
is undoubtedly 1mportant since the fertlllsed ovum, in
its subsequent development, produces the embryonic

envelopes.

(c).Vitelline cells.-eThe.vitelline cells contain
material which forms a thin capsulehsurrounding,the’b |
developing_fertilised oOcyte. The“precise chemical
nature:of the vitelline materialgis unknown, Rybicka

(1964b) noted that the vitelline cells in Moniezia
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gpansa'showed metachroma51a w1th toluldlne blue whlch
’fprobably 1ndlcated the presence of a01d mucopolysaccharldes.
-erohrl (1957) observed "a01dophll" protelns in the

"fv1te111ne cells of Multlceps Sthhll.g The absence of 5

:p*sclerotln precursors 1n the v1telllne cells was noted by
lJohrl (1957) 1n M smxthl i, and in H dlmlnuta by | |
‘ngewellyn (1965) Some glycogen 1s present 1n the form g

of small globules, in the v1telllne cells of H dlmlnuta

'(Hedrlck and Daugherty, 1957, Cheng and Jacknlck l964, -

Rybicka, l967, Lumsden, 1965b). The presence of glycogen

in the vitelline cells has led to the interpretation that

these cells‘may have a nutritive role as well (Rybicka, |
l966a). Loser (1965a) described the granules in the
vitelline cells of H. diminuta as being stained a bright

red with asan; ERICRRN e

(d) Mehlls' gland -—The ‘role of Mehlls* gland in’

the reproductlve process of paras1tlc platyhelmlnths has o
long been a subject of. controversy (see reports by Smyth
~and Clegg, 1959; Loser, l965b Ebrahlmzadeh 1966)
lestochemlcal research shows that, in the spec1es of
trematodes and cestodes studied, the secretlon of this
gland is PAS‘pOSitive and fast to digestion'with saliva

or diastase. Pearse (1960) recognizes 4 main groups of
substances which show a positive PAS reactlon, which is

unaffected by treatment with diastase. They are:
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neutral mucopolysaccharides; muco- and’glycoproteins;

-'glyc‘olipids-;' unsa‘turated lipids and p’hospolipids'. o

The secretlon of Mehlls' gland in H dlmlnuta too

is PAS pos1t1ve and dlastase fast (Hedrlck and Daugherty,f w‘;”

»'1957, Ryblcka, 1967, Loser, l965b) Loser (l965b)

'”‘1observed that the secretlon of Mehlls' gland 1n cestodes"

stained a deep blue with azan. Hanumantha-Rao (1960)
dsuggested that the secretion was a phOSphOllpld-llke
substance. As to its function, the most plau51ble one
to date appears to be that suggested by Dawes (1940),
according to whom the secretion "forms a thin film Which
serves as a basis upon which the secretion of the 'yolk
cells' is deposited to form the thin rudimentary

capsule - » o™ (Dawes, 1940). Burton (1963) observed
that isolated Mehlis? gland kept in physiological
solutions was capable of synthesising membranes. He
Suggested that the function of the secretion was to form
"basic capsular membranes™ on the inside of which the
shell‘proper would be formed. Loser (1965b) cdmes to a
similar conclusion regarding the role of Mehlis' gland
in cestodes. He describes two kinds of cells.oeCUrring
in Mehlis® gland of cestodes: lafge "mukoéen" gland
cells and.smaller less numerous, "serosen" gland cells.
Both cell types open into the lumen of the ootype | )

through slender ducts. The secretion of the "mukosen"
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gland cells, which stalns a deep blue w1th azan, is

dlscharged 1nto the ootype and forms a,thln membrane -

‘ agalnst Wthh the v1telllne granules;a,“ depos1ted. s-”’

These v1te111ne granules spread outfand"boalesce toiforml7}<ﬁn~?f”

fa shell Loser d1d not carry'outqany pe01al_detalled'v

it for periodic a01d-Sch1ff—react1vefsubstances..}‘“”

(1965) recently reported h1s flndlngs on3Meh11s' gland

observed that the cells of Mehlls9 gland contalnedifbbiﬂﬂﬁ
granules of secretion composed largely of llpo-proteln._ll
The lipo-protein secretion formed very thln membranes |

on both inner and outer surfaces of the egg-sh lls,lﬂﬁvjj;.f?
This study appears to substantiate the observatlonsbof

some earlier workers mentioned above. Clegg's study 1s

the only such detailed 1nvestlgat10n of Mehlls' gland 1n_:b”
a parasitic platyhelmlnth Thus 1t would be both » |
interesting and 1nformat1ve to see, u31ng hlstochemlcal :
methods, whether Mehlls’ gland 1n a cyclophyllldean

cestode, like H dlmlnuta, possesses 51m11ar character—

~istics.

A study of egg formatlon in several cestode
species was made by Loser (l965a, l965b), 1n which
nelther hlstochemlcal technlques were used nor was the

formatlon of the egg-shell or embryonlc'envelopes
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_.studled 1n detall Loser was more concerned w1th the’

lfy“structural organlsatlon of the female reproductlve

?apparatus in: relatlon to egg formatlon, as well as the;;fffzﬂfir““

fecoined by Gonnert (1962) to descrlbe a complex of

ffffstructures Wthh was concerned w1th the elaboratlon of

vhfthe egg in. Fasc1ola hepatlca.: ThlS complex con51sts of .fiﬂj‘ff

”‘7¥awg-a) Afferent ducts (ov1duct v1telllne duct uterus)

whlch conducted the component parts of the future # L
“ egg (1.e., oocyte or ovum, v1telllne cells and sperm)h»'J
"{ﬁ55(b) the ootype-—a centrally located chamber 1nto whlch
: _f. opens e R | |
'kac) Mehlls' gland cells.*h-f'_ : . _ ‘ _
_lethln the ootype the ovum, sperm, v1telllne cells ‘and’
hhsecretlon of Mehlls* gland are moulded to form the egg,
‘which i is then eJected 1nto.""' |
-(d) ‘the uterlne duct and uterus whlch also functlon as
dlfferent ducts, conductlng the eggs away from the»‘

ootype. h

Gonnert belleves that the functions of the
different parts of this complex are coordlnated by

strategically located nerve cells. The central,theme of
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his ‘account is that the dlfferent part oi the female

‘rfreproductlve apparatus, in- the reglon of Mehlls' gland,

:.form a. complex organ~—the Oogenotop-—and that these

”'l;ﬁparts functlon 1n ansmoothly coordlnated manner as fo

.'he"fform an efflclent'

T’g—produ01ng organ.. Loser adopted
v-?Gonnert's 1dea ofg_he Oogenotop 1nfhls study of egg

v‘sformatlon 1n cestodes° He flrst dlsoussed the concept

”of the Oogenotop, thls 1s followed by a. detalled accountff;g,ﬁﬂﬂﬁw

",of 1ts anatomy and hlstology, a maJor portlon of whlch {’3'-“

i devoted to Mehlls' gland Brlef descrlptlons of thee
'Oogenotop of several cestode specles are prov1ded, and

the descrlptlon of thls complex w1th reference to f'

H. dlmlnuta 1s very brlef w1th no acoompanylng dlagram.n‘j”‘

Unllke Gonnert Loser does not descrlbe nerve cells o
ass001ated w1th dlfferent reglons of the Oogenotop,»
although he does subscrlbe to ﬁhe 1dea that nerve oells o
must coordlnate the fﬂnctlonlng of the dlfferent parts.
He does descrlbe certaln cells ass001ated w1th the
Oogenotop, Wthh for the lack of sufflclent 1nformat10n,,

he prefers “to call "X—cellso"

Loser's second report (l965b) is tltled "Die
Elblldung bei Cestoden."  He recognlzes 4 main types of
. eggs, whlch are correlated with the 4 different types or
varieties of Oogenotop complexes bossessed by the

different cestode species (Léser, 1965b, page 565).
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A glven spe01es of tapeworm has a partlcular form of
'vOogenotop, correspondlng to whlch a characterlstlc egg
v’7ls produced An appre01able portlon of thls study, too, ;l"

"‘”"fi?ls devoted to the thsmlogY”‘Of (Mehlls.' gland

It 1s apparent then,ﬂl;“:fp:fr'g

ﬂione 1s con31der1ng the reproductlve phys1ology rf a

ogenotop, as v1sua11sed by these authors{f*““

'1s composed of

;ﬂf:3(a);afferent ducts leadlng 1nto

- h(b) a central chamber—-the ootype--where the egg 1s‘
‘ t_1n1t1ally assembled - o
gv‘t(c) Mehlls' gland surroundlng the ootype and 3
V”%(d) efferent ducts whlch move the eggs out of the ootype; SR
‘,Thé male part of the reproductlve system 1s thus com- |
-‘pletely excluded from the complex. Further, very brlef
,attentlon, 1f any, is pald to -the ovary and v1telllne_
‘ngland Nevertheless one must apprec1ate the approach of
Vthese authors, 31nce it focusses attentlon on the egg-

produ01ng property of the trematode and cestode

, reproductlve system, and also 1nduces one to v1ew the

dlfferent ducts and glands as being part of a well-
coordlnated and efficient organ complex whlch is

respon51ble for the elaboratlon of the ege.
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The scolex is a very characterlstlc anatomlcal
, feature of the cestode body. One of 1ts functlons 1s
: to fa0111tate the attachment of the worm to the host

ﬁ-ftlssue, for whlch 1t 1s prov1ded w1th organs_of attach- SO

“f“fment In the Cyclophyllldeaithese organs generally

iwzlnclude h promlnent sucker,,and,severa

hscolex of H d1m1nuta lacks hooks, though h wellen

f'developed suckers are present._ The functlonal morphology'f"""

’”of the scolex in dlfferent spec1es, 1nclud1ng 1ts mode

_of attachment to the host 1ntest1ne, has’ been 1nvest1gatedi1jfr*“‘

in recent years by Rees (1956 1958 1961) Smyth (l964a) 5;55;3,1

and Rees and Williams (1965) ' Such a detalled study
does not appear to have been made for H. d1m1nuta,
although it is a common laboratory-malntalned paras1te.}'*;“"h
Smyth (1963) reported secretory activity of the scolex oy

of Echlnococcus ranulosus, whlch appears to be the

first such report in the llterature. Observatlons of
»llVlng hydatid worms under hlgh power revealed "small
v1sc1d droplets" being secreted by the rostellar reglonw
1nto the . medium surrounding the worm. . Thls phenomenon :

- was not observed in worms- "earller than 32 days develop— '
ment in ‘the dog" (Smyth, 196§3 These observatlons led
to a more detalled study of the scolei of E. ranulosus,
the results of which were reported by Smyth (l964a). |

The secretion droplets, observed previously, were
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y a group of splndle—shaped

In the cestodes, the elements of the nervous ‘

'siksystem appear to be concentrated 1n the scolex formlng a
’f"braln" (Hyman, 1951 Wardle and McLeod 1952 Bullock

and Horrldge 1965) The anatomy of the nervous system

of cestodes 1s very dlfflcult to study by llght mlcroscopy,

and it is therefore not surprlslng that adequate des~

rcrlptlons of thls system are very scarce. Wilson (1965)

1nvest1gated the neuroanatomy of H. dlmlnuta and H. nana

by studylng the dlstrlbutlon of acetylcholinesterase

within the scolex. The localisation of this enzyme

enabled her to furnish a description of the gross
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morphology of the nervous system.p She observed 1n the

[scolex of H"dlmlnuta, a central nerve rlng w1th 2

: lateral ganglla.from?whlch ner esharose runnlng anterlorly}vn.j.pg

‘organ".'-": : L e e s o RNy ;
.bspeculatedfthatk,t;probably served as a chemosensory‘
organ 1nvolved 1n growth regulatlon. Wilson*s descrlptlon"
‘of the nervous system of H rdlmlnuta appears to be the f’“d

_'flrst on record‘;lIt clearly shows the gross organlsatlon _"p

vof the nervous systempin:the scolex, and the presence of YU
a deflnlte sac—llke rostellum.; However, due to the
fpartlcular methods of 1nvest1gatlon used 1n the study,

'1t shows a 1ack of structural detall at the cytologlcal
‘level regardlng ‘the nervous system, rostellum, and theb

relatlonshlp between the two.

In y;prg cultlvatlon of para81tlc forns is con-
sidered to be a. very useful method of study for obtalnlng
information about the para31te's env1ronment and its
role in the growth and dlfferentlatlon of the parasite
(Berntzen, 1966). Smyth, Hawkins and Barton (1966), and

Smyth (1967), using in vitro methods, investigated some
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"of the factorS»involved in thelcontrol of differentia-

tion of E. granulosus. They found that the protoscolex

’ could dlfferentlate 1n two dlrectlons, leadlng to elther |

‘_a cystlc or a strobllate form.i In order to obtaln the

'd}?:strobllate (correspondlng toﬁthefadult) form from pro-f;;;f,u

'iftoscollces, 2 condltlons had“ o be satlsfled Flrstly,wh,f
_the scolex had to evaglnate, and once evaglnated 1t hadﬂ

to come 1nto 1nt1mate contact w1th a substrate whlch was

not only nutrltlve but also sultably flrm 1n texture.»3ﬁ=7ff3}"“

They speculated that contact between paras1te and host s
tissue may be "a part of the stlmulus 1nduc1ng growth in
the strobllar dnrectlon.v,f.ﬁr They also observed the
presence of a number of very flne halrs at the tip of
the rostellum whlch would come 1nto contact with the
host tlssue. Accordlng to these workers the hairs
"undoubtedly represent sensory receptors, and their

'exposure by evaglnatlon of the scolex and subsequent '

-_contact w1th a sultable substrate may result in ‘the -

cproductlon of a stlmulus necessary for stroblllsatlon.
'Thls stlmulus could p0551bly operate through a neuro-

secretory mechanlsm."

Informatlon pertalnlng to the phys1ology of the
cestode scolex, whlch has been reviewed above, indicates
that a very useful fleld of 1nvest1gat10n awaits

exploratlon. A study of the functional morphology of
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the scolex of H. diminuta might provide information
relevant not only to this tapeworm but also to tapeworms
~in general. ‘The structure of the’scolex, and its

rndevelopment from the. cysticerCOid, 1s here examined in

‘7lsome detail 1n the hope of eliciting 1nformation relevant

'5fto the role of the scolex,vor "head i 1n the control of

‘ithe development of the worm.bfd S

e The rev1ew of the literature in this 1ntroductory
A"iychapter 1ndicates some of the defiCien01es 1n our : S
bknowledge regarding the developmental biology of adult
"cyclophyllidean tapeworms in general, and H. diminuta in
particular. The present study, reported in the follow1ng"
chapters, is an attempt to correct some of these

deficienCiesr

A study of phys1ological processes necessarily
involves the factor of time. Tapeworms thus form
excellent'material for studying the physiology of
‘development and reproduction, since in a single worm of
sufficient maturity all of the developmental stages are
available for analy51s. However, tapeworms are of
relatively simple construction, and this fact coupled
with their parasitic habit, renders them difficult to
manipulate experimentally. One cannot, for example,

perform simple operations on these animals and remove
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organs as one could on an insect. Furthermore, compared
with the organs of an insect, the important structural
entities within a tapeworm proglottid are relatlvely
”small and 1naccess1ble.. Apart from 1n.X5§;g experlments'

'1very llttle room 1s left to manoeuvre in, On the other

hv hand descrlptlve technlques llke hlstology, cytology

‘.and hlstochemlstry Jud1c1ously applled to worms of known

| age w1ll yleld con51derable 1nformat10n concernlng the

'fdevelopmental phys1ology of these para31tes.‘ It is

ﬁ. hoped that the results obtalned will encourage more
'.crltlcal work in this fleld and especially dlscourage
the perpetuatlon of uncritical work and dogmatic state-

ments._



CHAPTER II N
EXPERIMENTAL PROCEDURES s

'”7lf;dehe flour-beetle‘Trlbollumﬁconfusum was used as |

thene;b' tles was keptﬁlnda large Jar, con—q,;'

'diitalnlng whole wheat flour;“malntalned at room temperature,j*kv

:viiA small amount of v1tam1n B was added to the whole wheat G

| .flour.l Beetles used for 1nfect10n w1th the tapeworm _' |
‘:eggs were obtalned from thls colony._ Prlor to brlng
'1nfected the beetles were starved for a perlod of 4—5

| days. Grav1d tapeworm proglottlds were recovered from

'_vrats carrylng an 1nfect10n of 3-week-old tapeworms,

Wthh ensured an appre01able recovery of these gravid

’,proglottlds. The rats were kllled w1th an overdose of

',ether and the tapeworms removed from the 1ntest1nes
were kept in a dlSh of dlstllled water placed in a |
refrlgerator for 18-24 hours. After this perlod in the
cold, whlch served to relax the worms, the gravid
proglottids were cut into short pieces and placed on
strips of moist fiiter paper contained in Petri-dishes.

The starved beetles were introduced into the dishes and

31
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allowed to feed on the grav1d proglottlds Overnight. At
the end of thls perlod they were transferred to Petrl- _
.'dlshes contalnlng whole wheat flour._vThese_d;shesﬁwere o

rjmalntalned at’ roomitemperature;

3sa11ne.; The cystlc r001ds were obtalned 1n thls manner S
' L"from beetles about 2 3 weeks after they had been ff:_;ef

1nfected w1th the tapewormleggs,

Young female Wistar strain rats welghlng approx1ehff_ﬁ
mately 150 gm were used as the deflnltlve hosts.- The ”_b
follow1ng technlque was employed to 1nfect the rats.f'A
small- bore rubber catheter, attached at one end to. a,t:
glass syrlnge was 1ntroduced 1nto the stomach of a
llghtly etherlsed rat A small volume of sallne (1~2 m1)
contalnlng the cystlcer001ds was 1ntroduced into the
syringe, and then gently expelled into the. stomach of
the rat by pressure exerted with the“plunger; All

infected rats were individually caged and maintained on
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a diet of Purina Rat Chow and water.

The observatlons of Roberts (1961) and. Goodchlld

-.and Harrlson (1961) were very useful 1n determlnlng the‘

ing the tirst 3

k ”f;The follow1ng observatlons oflRobertsghi:H

4ﬁf(l961) were partlcularly relevant._w o R e
dt;(a) The perlod of most rapld growth was the flrst 7 days.=;'“’
! Populatlon den51ty had no effect on the'growth of o
bithe worms 1n thls perlod ' ' _i '1_
t(b) Populatlon den51ty had no effect on. the rate'df
| "jmaturatlon and length of the pre-patent perlod. The
»ﬁpre-patent perlod was: 16 l7 days 1n 1nfect10ns of one.
'cystlcerc01d per rat or a. hundred cystlcerc01ds per B
t‘rat. S SN .} : , v
Personal experlence and the experlence of others
V(Goodchlld and Harrlson, 1961 Roberts, 1961) 1ndlcated
"that for the recovery of an appre01able number of worms
in the flrst 2 days of growth in the deflnltlve host, a
falrly hlgh lnfectlve dose of cystlcerc01ds would be

necessary.

To obtain young worms on the first 3 days of

no effect on “;‘u
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growth the minimum dosage level was 150~200 Cysticercoids
per rat. For the recovery of worms 4 days to 18 days or

more after infection, the level was 20-25 cystlcer001ds

- per rat ThlS latter quantlty of cystlcer001ds was.

’:found to be a llttle exce531ve when recoverlng older

rworms, espec1ally at 13 days after 1nfect10n and perlods

f“”beyond that 31nce the worms were qulte large by then

© and folded back_ and forth in the intestinal Lumen, This

) f;nece551tated my‘h ‘are 1n the openlng of the 1ntest1ne

"*'and 1n the subsequent removal of the worms in order to

~a;av01d damaglng the worms in the process.

r At the outset 1t would be expedlent to define or
clarlfy what 1s meant by the expres51on "a 15-day-oldn
or "20-day-old" WOrm., In thls report when reference is
made, for example, to a 15- day-old ‘worm, it means that
the worm in questlon was recovered after a period of 15
days from the day of 1nfect1ng the rat host with the
cysticercoids. In other words, the expression "15 days
0ld" here refers to the period of time between the
inoculation of the rat host with cysticercoids and the
sacrifice of the same host for the recovery of the tape=-
worms. This does not necessarily mean that all the
worms recovered from a particular rat after a certain
period of time would all be in the same state of

development. Some cysticercoids could excyst faster
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than others on being administered to a rat, and the
worms developing from these cysticercoids would be
"older" than the worms that developed from the cysticer-
coids which were slower +o excyst, Thus a few worms
from each population would have to be studied to
asoertain_the“leVel of develbpment attained on a
paitibularfday. When admlnlsterlng the cystlcer001ds to

a raty care was taken to note the time of infection so

'*that the rat could be sacrificed as close to the

scheduled hour as possible.

All the rats were killed with a heavy dose of
ether. The entire small intestine was then quickly
removed through a small incision in the abdomen, and
immediately dissected in warnm (37°C) Tyrode's physio-
logical solution. The tapeworms were removed from the
intestine and placed immediately in the appropriate
fixative. Care was taken to ensure that as many
"complete worms" (i.e., worms with both scolex and
terminal proglottid intact) as possible were obtained.
When in doubt about this, the worms, prior to fixing,
were examined in a dish of warm Tyrode's solution under
& binocular dissecting microscope to make sure that this
morphological criterion of "completeness" was satisfied.
This problem seldom arose when recovering worms up to 5

and 6 days after infection, since their comparatively



36

small size greatly facilitated both cutting the
intestine open as well as the gentle removal of the
worms with forceps,’ In infections of 15 or 18-day-old
worms, for example, the large, writhing mass of worms in
the intestinal lumen necessitated much - caution in the
removal of worms to avoid damaging them., It is very
easy to sever a single worm in several places because of
this to and fro folding of thé strobila,

In experiments to stﬁdy fhéjﬁarésite "in situ," a
somewhat different procedure from the above was adopted.
The rats were killed by a sharp blow to the head, and
the intestines quickly removed into a dissecting dish.
The intestines were then carefully cut open, pinned onto
the dish and exposed to appropriate fixatives in the
following manner. A short length of intestine (3-4
inches long) was cut open at a time and the sides pinned
down, after which a sufficient amount of fixative was
pipetted onto the exposed region., This procedure of
obtaining the parasites was adopted to minimise any pos-—
sible alterations of the normal in situ picture. Worms
3 days and older were easily detectéd in situ. Two~day-
old worms were located with great difficulty, even when
using a binocular dissecting microscope. All attempts

to locate day-old-worms in this manner were unsuccessful,
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. The Treatment of the Para51tes after
RemOVal from the Deflnltlve Host

The treatment of the para31tes soon after removalpv;;;~

,3mater1al sect"ned for m1Croscopy, the process of tlssueil;'i“'”

‘~1?f1xatlon 1lvvery_1mportant.

The purpose of flxatlon 1s to try to preserve theﬁ'”‘
'tlssues, cells and cell constltuents as close to the
'llfe-llke state ‘as possmble, malntalnlng the structural
1ntegr1ty of the varlous cells and tlssues, as well as
the react1v1ty of thelr chemlcal constltuents. Thls is.
an 1deal condltlon and dliflcult to. dupllcate in: reallty,‘
.but could be approx1mated with certaln appropriate
flxatlves._ To obtaln satlsfactory fixation not only is
the ch01ce of a sultable flxatlve 1mportant but prompt
fixation is also 1mperat1ve. ' Thus when deallng w1th
paras1tlc organlsms it is espe01ally 1mportant that
fixation should be as prompt as possible, since, with the
removal of the parasite from its usual environment,
tissue and metabolic deterioration would set in. Great
delay in fixation should thus be avoided. A survey of

the literature shows that this routine is not strictly
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adhered to. Many workers introduce a preliminary treat-
ment of the worms before placing them in the selected
fixatives. Thus it is common practice to relax the

‘fntapeworms 1n 1ce—cold water, tap water (Ryblcka, l964a)

: Jllor in an 1ce baLh (Ryblcka, l966b) before f1x1ng them.

:ffGoodchlld and Harrlson (1961) placed the spe01mens in.

'e;cold normal sallne”to relax them, after whlch they were

fnhtransferred to the varlous flxatlves.. Douglas (1961)

" relaxed spe01mens of Baerletta dlana 1n chloretone -

obefore transferrlng them to ‘the f1x1ng solutions. In the
present 1nvest1gat;on such prellmlnary pre-fixation
procedures wefemsVOidé&,.‘Whenever a delay in fixation
was brought about_by some unavoidable circumstances, the
freshly removed tapeWOrms were kept in Tyrodet's solution
at'37°C until transferred to the fixative, so that a
certaln amount of metabollc act1v1ty could be maintained
by the worms--a procedure recommended by Johri and

Smyth (1956).

Wbrms were relaxed in cold water only for two
purposes. The first was for preparing stained whole
mounts of tapeworms, for which the standard procedure is
to compress adequately the specimens before fixing, so
that the internal structures are rendered visible on

staining. However, tapeworms like Hymenolepis diminuta

are too big for this procedure, so relaxing them in water



39

was resorted to. The specimens were bPlaced in a dish of
distilled water kept in the refrigerator for 18-24 hours,
then transferred to dilute 8% formalin and Preserved in
this solution until required. The relaxation procedure
was occasioned a second time when obtaining gravid
proglottids for infecting beetles. Tapeworms were again
placed in a diéh of distilled water in the refrigerator
for 18—2h hours and then the gravid proglottids fed to
the'previously starved_beetles, which is a procedure
used by Schiller (1959). >Connected with this, it is
interesting to mention an observation of Collings and
Hutchins (1965) made in a study of motility and hatching
of the onchospheres of Hymenolepis microstoma. They

observed that eggs placed in water kept in a refrigerator
overnight, and then transferred to certain test solutions
like saline, beetle extract and sera, showed a greater
degree of onchosphere motility and hatching than those
eggs which were placed in similar media directly after
removal from the host. They believed that a temperature
sensitive mechanism operated in the onchosphere which
appeared to initiate onchosphere motility, which is a

prerequisite for hatching,

The details bPertaining to the histological and
histochemical techniques used in this investigation are

provided in an appendix at the end of the dissertation,



40

The histochemical techniques used in this study are of

importance and they are discussed in the appendix, so
that the details and other relevant information con~

cerning these techniques will not interfere with the

main narrative.



THE PROGLOTTID



CHAPTER III
THE DEVELOPMENTAL PATTERN OF H. DIMINUTA
AR IN THE WHITE RAT ,
The pattern of development was studled by -

ﬁﬂflnfectlng rats w1th known standard doses of cystlcer-

:.ﬁifc01ds, and remov1ng the worms at dally 1ntervals from l ;

":;5day up to 18 days after 1nfectlon.v The degree of

::}development and dlfferentlatlon attalned on each day was
'noted by studylng approprlately ‘stained sectlons of the
‘,last few proglottlds of the stroblla (i.e., the pro-
:glottlds at the posterlor termlnal region of the worm).
"Thls reglon of the worm would represent the "oldest™
part of the stroblla, and thus would, for any given day,
~show the max1mum level of development attalned by the
worm on that partlcular day.“ There are, in fact, 2
regions of the worm that could be studled in this manner:
- the posterlor termingl reglon of the strobila consisting
of the "oldest" proglottids, and the anterior-most
region which is the scolex. The study of the develop~-

ment of the scolex will be discussed in a later chapter.

42
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1. The Sequence of Development of Hymenolepis
diminuta in the White Rat as Observed under
the Author?s Experimental Conditions

Dax l.--Great dlfflculty was encountered in

»recoverlng the young worms on this day. (Goodchild and

, JHarrlson (l96l),dev1sed a.method-for recovering the

young worms, which commenced w1th scraping the intestinal

‘mucosa and further dlssectlng the scraplngs in sallne.

" 'The dishes of . sallne contalnlng the scraplngs were kept

exposed to a 45-watt bulb in a reflector, and after

2-3 hr, young worms crawling on the botﬁom of the dish
were easily recoverable. Thie method was considered to
be unsatisfactory by the author, and so was not tried
out.) Presumably, on the first day, the cysticercoids
would have excysted and the young worms secured lodge-

ment among the intestinal v1111.

Day 2.~-Transverse sections of the posterior
terminal region of the strobila show a dense group of
cells, constituting an anlage of cells, in the central
region of the body parenchyma (see Fig. 2). These cells
are somewhat spindle-shaped. The excretory vessels are
also visible and their course lies within this anlage.
Beneath the tegument is a layer of conspicuous cells,

each with a prominent nucleus.
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Note: The male and female reproductive tracts lie with
their longitudinal axes parallel to the long axis of the
proglottid.’ Thus a transverse section of the proglottid
would be a longitudinal section of the cirrus sac ang
seminal receptacle, foxr €+8.; and a longitudinal section
of the proglottid would cut both cirrus sac and seminal
receptacle (for e.g,) transversely.

Fig, 2,~-Transverse section of the posterior
terminal region of g two=day old worm. Note central
anlage of cells,

(Bouin's, paraldehyde fuchsin with Halmi's, x 615)

L

Fige 3.=~Transverse section showing primary
anlage of cells. Note the muscles separating the
cortical parenchyma (c) and the medullary parenchyma (m),
(Bouin's, paraldehyde fuchsin with Halmits, x 330¥m
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Day 3.~~The Primary anlage is much clearer now
and appears somewhat oval~shaped in transverse section,
The excretory vessels are visible as two distinct groups,
and the two groups, each consisting of a dorsal and
ventral vessel, lie close to each other, Immediately
_beneath the tegument is a distinct and well-defined zone

'of tlssue, which was not apparent on the prev1ous “day.

"°'Hn;;;Daz;& ~=The primary anlage is still VlSlble’ and

'f;con51sts of a: central knot of cells and a thin peripheral

“.'band of cells. The two groups of excretory vessels lie

'i_more laterally now, and are thus at an appre01able

distance from each other. A prominent band of longi-

1'}tud1nal muscles is visible in the parenchyma now and it

sharply separates the parenchyma into an outer cortical

‘zZone and an ‘dinner medullary zone (see Fig. 3)

Day 5.--0n the fifth day the state of development
shown by the posterior end of the strobila is a distinct
advance on that of the first 4 days. Then only an
anlage of cells was visible; now all the structures of
the reproductive apparatus, in different stages of
differentiation, are present. The formation of pro-
glottids has commenced, and the transverse excretory
duct, which lies at the pPosterior limit of each pro-~

glottid, is visible. The ovary, vitelline gland and
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Mehlis' gland are easily recognisable. The seminagl
receptacle is formed and resembles a thin slender tube,
The terminal region of the male reproductive tract is
still in the process of differentiation; the external
-seminal vesicle may be formed, while the cirrus sac and .
its ejaculatory duct and internal semlnal vesicle are

still being deflned (see Flgs. 4, 5, and 6). The ‘testes

.show 51gns of act1v1ty as ev1denced by the presence of

the early stages of spermatogene31s within then.
’However, no mature Spermatazoa were observed within the

testes,

Day 6.--The reproductive apparatus in the
terminal proglbttids appears to be completely formed
now, with the constituent glands and ducts being com-
pPletely differentiated. A1l stages of spermatogenesis
were observed in the testes, including mature spermatozoa.
No spermatozoa were observed in the terminal parts of
the male reproductive tract (i.e., in the seminal
vesicles and ejaculatory duct) (see Fig. 7). In some
instances the vitelline gland‘showed signs ef incipient
productivity with a few vitelline cells exhibiting

distinct vitelline granules in the cell cytoplasm.,

Day 7.--The oocytes in the large ovary are
clearly recognised, each with a prominent nucleus and

nucleolus, and distinct granules in the cytoplasm.
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Fig. 4.-=Transverse section showing the immature
ovary (o), Mehlis' gland (M) and vitellin

e gland (v).
Bouin's, paraldehyde fuchsin with Halmi's, x 510)

Fig. 5¢.-=Transverse scction
receptacle (s), differentiatin
external seminal vesicle (e)
(Bouin's,

showing seminal
g cirrus sac (c) and
L

paraldehyde fuchsin with Halmi's, x 400)
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Fig., 6.-~Transverse section showing further
differentiation of the cirrus sac (c¢) and external
seminal vesicle (e).

(Bouin's, paraldehyde fuchsin with Halmifs, x 385)

i "'315“‘7'..”:5’

'é’i?gs,«\é

M

Fig. Te.--Transverse section showing completely
formed cirrus sac (¢) and external seminal vesicle (e),

Note the absence of spermatozoa in these two structures.
(Susa, Azan, x 315)
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Similarly the vitelline gland is a compact mass of
vitelline cells, each with its large nucleus and cyto-
Plasm studded with secretion granules, Mehlis® gland is
visible as a compact intensely staining structﬁre.' In
most of the proglottids examined, spermatozoa Wére
observed in both external and internal semlnal vesicles,
while no spermatozoa were v131b1e in the seminal
receptacle. In a few 1nstances, spermatozoa were
observed in the séminal receptacle as well, indicating
that the transfer of Spermatozoa from the male tract to
the female tract had commenced. In still some other
cases, a further advance in physiological state was
observed: in addition to spermatozoa being present in
both male and female reproductive tracts, a few M"eggsn
were also observed in the slender uterus. Thus,‘threé
phases of the reproductive process were noted to occur
on this day. They are:
1. The appearance of spermatozoa in the male genital
tract.
2. The transfer of Spermatozoa from the male to the
female genital tract.
3. The release of Spermatozoa from the seminal receptacle
into the ootype, with the concurrent release of
oocytes from the ovary, vitelline cells from vitteline

gland and the secretory granules from Mehlis' gland,




50

into the ootype. The cocyte, vitelline cell,
spermatozoan and secretory granules of Mehlis? gland
are the component parts of the egg, and, within the
ootype, they are assembled together to form the
"immaturen egg, which is then ejected into the

uterus to complete itg development there.

Day 8.--A greater number of eggs were observed in
the uterus, which is still a rather slender tube confined
to the dorsal region of the proglottid. In some of the
proglottids examined, the eggs in the uterus were under-
going cleavage. The seminal receptacle is larger and
has a swollen, distended appearance, which could be
correlated with the need to accommodate the increasing

number of spermatozoa entering into its lumen,

Day 9.--The uterus is somewhat more extensive now
and occupies a wider area within the proglottid. The
eggs within the uterus are undergoing cleavage. The
testes, ovary,.vitelline gland and Mehlis? gland are all
visible, as well defined structures, in a functional and
active state. The seminal receptacle is increasing in

size and volume (see Figs. 8 and 9).

Day 10.--Most of the eggs within the extensively
branched uterus are still undergoing cleavage. The

testes are visible and they contain spermatozoa. The
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“Fig. 8.-~Transverse section showing. the mature
female reproductive system. o, ovary; M, Mehlis' gland.
Note the vitelline duct (at arrow) leading from the
vitelline gland, and containing vitelline cells; also
note the uterus (u; containing developing eggs.,

(Susa, Azan, x 550

Fige 9.==Transverse section showing spermatozoa
in both external seminal vesicle (e) and seminal
receptacle (s). Note the prominent swollen condition of

he seminal receptacle,
(Bouin's, paraldehyde fuchsin with Halmi's, x 140)
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ovary is very much reduced in sige and resembles a small
sphere, consisting of a few oocytes.' The vitelline
gland, too, is greatly reduced in size and contains a
few vitelline cells. The seminal receptacle is very
prominent, resembling a swollen tube which is, in some
instances, thrown into small dorso~ventrally directed

loops (see Figs. 10 and 11).

Day 11l.-~The uterus, with its numerous tubular
branches, occupies a very large area of the proglottid,
and it is the most prominent structufe to be seen. The
testes, ovary, vitelline gland and Mehlis® gland are not
visible and are presumably spent and atrobhied. The
only remnant of the male reproductive tract is the
muscular cirrus sac enclosing the ejaculatory duct and
internal seminal vesicle. The large and voluminous
seminal receptacle, containing abundant spermatozoa, is
still present. The embryos within the uterus, formed
from the cleaving eggs, show a more advanced state of
differentiation: a distinect shell is being formed at

the outer margin of the differentiating embryo.

Days 12-15 inclusive (see Fig. 12).~~The uterus

gradually enlarges, and its numerous tubular branches
ramify and extend throughout the proglottid. Very

little parenchymatous tissue is present, and this is
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' Fig, 10.--Transverse section of a proglottid
showing the shrunken vitelline gland (v) and Mehlis!
gland zm).,,Note the testis with spermatozoa ang
branches of the uterus containin embryos,

(Bouin's, aldehyde fuchsin, x 190

Fig, 11.-~Diagrammatic transverse section of a
proglottid., Note seminal receptacle (s) and the
expanding uterus (u), The epithelium of the uterus is

indicated at two points., (x 100)
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confined to a thin zone beneath the tegument, and to
pPatches between the branches of the uterus. A part of
the cirfus sac is still bresent, and similarly, a
shrunken remnant of the once capacious semingl receptacle
is present, and it still contains spermatozoa. All
traces of the other reproductive structures have com-
 Pletely disappeared. The embryos continue with their
Progressive development, and by the 13th day are readily
recognisable as developing onchosphere larvae with hooks
and penetration glands. The formation of the embryonic
envelopes surrounding the larva is also well under way.

The uterine epithelium is thick and has prominent nuclei,

Day 16.--The embryos in the uterus have completed
their development and are identified as typical six-
hooked larvae surrcunded by 3 distinct membranes, or
embryonic envelopes, A fragment of the muscular cirrus
and part of the seminal receptacle may still be observed.
The uterine epithelium is very thin and is not easily

recognised now. The entire proglottid is filled with
eggs.

Days 17-18.-~The condition of the proglottids on

these days is similar to that of the 16th day. The
epithelium of the uterus is very thin and has collapsed

at many points so that One can no longer recognise the
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Fig. 12,--Transverse section showing the uterus;
containing eggs, filling the entire proglottid. Note
uterine epithelium at arrow,

(Bouin's, paraldehyde fuchsin with Halmits, x 105)

Fig. 13.--Transverse section of a gravid
roglottid.

Bouin's, paraldehyde fuchsin, x 80)
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uterus as a branched tubular Structure (see Fig. 13).
Eggs are more abundant in the faeces of the rat hosﬁ,

indicating that more proglottids are being shed now.

The pattern of the development of H. diminuta in
the rat, as described in the last few pages, can be

broadly summarised as follows:

Days 1-5.--The excystation of the cysticercoids
and subsequent attachment of the young worm to the
intestinal wall occurs. Strobilisation (proglottid
formation) commencesndn the 5th day, and‘the histogenesis
of the constituent parts of the reproductive apparatus

begins.

Days 6~7.-~The formation of the reproductive
apparatus is completed. The activities pertaining to

sexual reproduction commence.

Days 8-9.--The first phase in egg-formation is at
its height, leading to the appearance of the "immature,®

assembled eggs in the uterus.

Days 10-~11,~-The decline in the functional

importance of the ovary, vitelline gland and Mehlig?®
gland sets in., The emphasis now shifts over to the
expanding uterus, which rapidly gains prominence as the

single important Structure in the proglottid.
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Days 12-15.--The accent is now on the uterus and

the progressive development of the eggs within its

numerous ramifying branches.

Days 16-18.--The uterus is no longer easily
recognisable as a tubular branched structure. The
entire proglottid is occupied by completely developed
"eggs" (i.e., 6-hooked larvae surrounded by the 3
embrydnic envelopes). The shedding of these gravid

proglottids (apolysis) begins.

2. The Practical Application of the
Timetable of the Developmental
Events

Information pertaining to the sequence of events
in the developmental pPhysiology of the parasite,
especially with regard to the precise timing of these
events, was an essential prerequisite for the subsequent

study of the reproductive physiology of the animal.

A tapeworm of sufficient ontogenic maturity (for
example, an 18-day-old worm obtained under the authorts
experimental conditions) would show all the developmeﬁtal
stages, from the histogenesis of the reproductive
structures to proglottids with completely developed
eggs. Thus, using just one such worm, one could study

the different phases in sexual reproduction. The
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difficulty in adopting this method becomes apparent when
it is realised that a worm of this age would consist of
several hundreds of proglottids, and would be as long as
10-14 inches, It isg almost impossible to point out to

a particular region of‘the fixed strobila ang accurately
state what the developmental level of the proglottids in
that particular region would be like. Exceptions to this
would be the posterior terminal proglottids which would
contain the mature €ggs, and the young proglottids,

lying immediately bPosterior to the neck region, which
would be at g developmental level of early histogenesis.
It is a very tedious task, then, to pick out, in the
fixed strobila of an 18-day-old worm, the proglottids
where, for example, the transfer of Spermatozoa from
male to female genital tracts had commenced, or those

in which early embryogenesis was occurring. Only by the
trial and error Sectioning and staining of the different
regions of the strobiluarpould one arrive at the required

proglottids.

But when a broad timetable of the events in
development, as the author hags obtained, is available,
then the difficulty in the investigation emphasised
above is greatly reduced, Thus, to obtain some informg-
tion regarding the physiology of the ovary, vitelline

gland or Mehlig? gland, one would recover worms 8-9 days
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after infection of the rat host and study the posterior
terminal proglottids of these worms. As the timetable
indicates, it is at this age when the first phase of
egg-formation is at its height and the ovary, vitelline
gland and Mehlig?® gland are very Prominent in the
penultimate progiottids of the worm. There is the
possibility that some worms in a population would not be
of the exact developmental state as indicated in the
timetable of events., If such a worm is in a more
advanced state of development than anticipated, it would
then be necessary to examine a number of proglottids,
anterior to the penultimate few, in order to obtain the
proglottids in the appropriate developmental state.

The histological examination of strobilas of different
ages showed that there was no difference (except in size)
between, for example, the posterior termihal proglottids
of an 8-day-old worm and the proglottids, with the
corresponding state of development, from the strobila of

an 18-day-old worm.

The author would like to emphasise one point here,
It should always be borne in mind that the timetable of
developmental events constructed by the author refers to
the observations of results obtained from rigidly
controlled experimental conditions as outlined in

Table 1. These conditions were always adhered to, so
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TABLE l.~~The experimental conditions pertaining to the
recovery of tapeworms on each day of growth

Number of .
Day(s) after - : The relevant details
infection cysgzgezgglds pertaining to the rat host

1 Female Wistar strain white

2 150~-200 rats, weighing about ‘

3 150 gm. Individually
caged. Given food and
water ad lib,

4-18 inclusive 2025 As above

that, with a reasonable degree of confidence, one could
infect a rat with a specific number of cysticercoids and

obtain worms showing the anticipated state of development.



TABLE 2.~-=The development of
: H. microstoma
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meenolepis nana and

(see notes at foot of table)

The-visible features indicating developmental

it
Infection H. nana H. microstoma
-1 No segmentation, no
' grossly visible
anlagen
2 Same as Day 1
3 Primordia visible Some internal
segmentation,
appearance of anlagen
L Appearance of testes, External segmentation,
ovary, vitelline male and female
gland, seminal anlagen visible
vesicle and seminal
receptacle.
5 Uterus, preonchosphere Same as Day 4
visible
6 Meta-onchosphere Testes in few
proglottids
7 Onchospheres and Testes defined
onchosphere coat
8 Vitelline membrane Early mature to
bresent in eggs mature segments
9 Mature segments
10 Egg-shell visible Same as Day 9
11 Gravid proglottid Disappearance of
with completely female glands. Few
developed eggs. pre-onchospheres
visible
12 Pre-onchospheres
no hooks
13 Semi-gravid pro-
glottids with
onchospheres
14 Near gravid
proglottids
15 Gravid proglottids
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Notes
1. The development of H. nana is from the report of

Berntzen (1962). The tapeworms were raised in mice.

The material for study was fixed in formalin and

prepared as whole mounts stained in picrocarmine.

Pre-onchosphere = pPrimary ball of cleaving embryonic

cells; meta~onchosphere = differentiated embryo
lacking hooks; onchosphere = embryo with hooks.

The development of H. microstoma is from the report .
of de Rycke (1966). The tapeworms were raised in
Swiss albino mice (Mus musculus). The worms were
fixed inigarnoy and stained in Feulgen; and also
fixed in 10% formalin and Bouin and stained in Best'®s
carmine and Mayer's haematoxylin, A1l specimens were
prepared as whole mounts.

The development of Echinoccoccus granulosus is based
on the report of Hutchison and Bryan (1960). The
Wworms were raised in dogs. Fixatives used were 10%
heutral formalin, Gilson's fluid, Alcohol-formalin-
acetic acid and hot 70% alcohol. The specimens were
prepared as whole mounts stained in carmine and
haematoxylin.

The development of H. diminuta was studied by the
author under the conditions shown in Table 1. The
worms were prepared for general histological study
according to the methods outlined in the first part
of the Appendix, found at the end of this disserta-
tion,




63

3. A Comparison of the Develo mental
Pattern of some Different Tapeworms

It is of some interest to compare the develop-
mental patterns of different cyclophyllidean tapeworms.
Table 2 is a brief comparative summary of the develop-
mental pattern of two other!h&menolepidid species. The

hydatid organism, Echinococcus ranulosus, is exceptional

in two respects when compared with the other tapeworms
considered above. Firstly, it is very much smaller than
the other tapeworms, with a mere 3 or I proglottids
comprising the strobila; and secondly, its development
in the definitive host is a very much slower process. A
brief description of the development of this tapewornm,
based on a report by Hutchison and Bryan (1960), is

given below.,

Growth pattern of Echinococcus granulosus
in the dog (see notes on page 62)

Week 1.--No sign of proglottid formation. The

young worm resembles the protoscolex, but it is longer.

End of week 2.-~Further elongation of the worm is

observed. One proglottid has formed, but there is no

sign of organogeny in this proglottid.

Week 4.--Two proglottids are now visible. The
terminal-most proglottid shows a well-developed reproductive

apparatus with testes, ovary, vitelline gland, cirrus
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complex and genital atrium. The sub-terminal proglottid
shows the first traces of organogeny with the appearance

of anlagen.

Wéek 5.——Three proglottids nOW’comprise thev
strobila. The terminal proglottid has a . slender uterus
conﬁaining developing embryos. All the other rep&o;
ductive structures in this proglottid are beginning to
disappear.

The reproductive apparatus in the sub-terminal proglottid
is still differentiating. A few testes are visible in it.
The 3rd proglottid is very much smaller than the other

two and shows no signs of organogeny.

Week 8.--The terminal proglottid: the uterus is
now much larger and coﬁtains the developing embryos. The
cirrus sac and a part of the seminal receptacle are still
visible.
2nd proglottid: the differentiation of the reproductive
apparatus continues, and more testes are visible. The
cirrus sac, vagina and seminal receptacle are clearer
and more defined. The vitelline gland and ovary are
also visible.
3rd proglottid: it is still very small and shows no

signs of organogeny.

Week 9.~~The terminal proglottid: the uterus is



65

somewhat 1arger. Remnants of the cirrus sac and semlnalpgf»
receptacle are stlll v1s1ble. |
2nd proglottld the reproductlve apparatus has been |
completely formed 1n thls proglottld

3rd proglottld.” a trace of organ formatlon is ev1dent

_'w1th the appearance of ‘the early anlagen.

| Week lz.—-The terminal proglottid: the uterus
has enlarged and it shows lateral sacculations. The
remnants of the cirrus sac and the seminal receptacle
are no longer visible.
2nd proglottid: a fully-developed reproductive apparatus
is present.
3rd proglottid: the state of development is the same as

that in the 9th week.

The prepatent period in Echinococcus granulosus

appears to be quite long when compared with the pre-
patent period in the Hymenolepidid species considered.
According to Smyth (1964b) it takes about 7 weeks for
the eggs to be detected iﬁ the faeces of the host.
Sweatman and Williams (1963) observed the prepatent
period to be of about 8 weeks duration in the dog.
Similarly, Yamashita et al (cited by Smyth, 1964b) state
that eggs were observed in the faeces of dogs 7 to 9

weeks after infection. In E. granulosus it takes as




sfrmuch as. h weeks for the reproductlve structures of the pﬁ;:fflf'f

t‘ffefore:the mature eggs 1n thls proglottld are

Thls 1s very slow compared w1th

-the'Hymen lepldld spec1es con51dered earller,

| .v‘Another feature of 1nterest in E. granulosus 1s
”thékthe great dlscrepancy in size, state of development as o
kiﬁfwell as rate of development shown by the constituent |
h:‘proglottlds of a s1ngle strobila. For example, at a
"*kfperlod of 9 weeks after infection, the terminal Pro-
fglottld is large and is entirely occupied by the uterus
‘lwhlch contalns eggs; the second proglottid is smaller o
:t.°and shows a completely formed reproductive apparatus, but
“leacks a uterus and eggs; the third proglottid is very
o smuch smaller than the other two and within 1t only a
JVkstrace of the genital primordia is visible. The rate of -
. development too, is markedly different in the 3 pro-
rfglottlds. In the terminal proglottid, by the end of thev
'lgfourth week, the reproductive apparatus was fully
--developed and at the end of 9 weeks (i. .€., about 5 weeks
1.1ater) eggs were clearly visible in the expanding
'uterus. In the second proglottid the genital anlagen |
4appeared in the fourth week and by the nlnth week |

.(1.e., 5 weeks later) the reproductlve apparatus was



'roxlottld was stlll the same.cnar

A close examlnatlon of the developmental pattern

jof the 4 specles of tapeworms con31dered shows that

' esplte dlfferences 1n the tlmlng of events and rates offiffi‘" |
jdevelopment the sequence of developmental events 1s the;‘;" S

1same 1n all Flrst there 1s segmentatlon or proglottld

i“ormatlon, followed by organogeny leadlng tO the forma‘:lyﬂu
*f{}tlon of the functlonal reproductlve apparatus.x Then PR
. 3,,:;ensues sperm transfer from the male tract to the semlnal “
'”fj;receptacle of the female tract fertlllsatlon and
'_;?appearance of eggs in the uterus.n Flnally the uterus Sy Ee
f?;jexpands w1th the gradual dlsappearance Of all the other
J?freproductlve structures 1n the prOglottld and the_7h _
‘w}development of the embryos w1th1n thls uterus progresses,-.
lculmlnatlng in the formatlon of hooked onchosphere

larvae surrounded by the embryonlc envelopes.



_CHAPTER IV

{f;bodybcon51sts of“_ev\ral monoec1ous3 unlts," arrangedlfﬂ

”hfjfone behlnd the other, and show1ng progre381ve dlfferentl-’rifrjtft

't,5fat10n from the anterlor end of the stroblla to the

' "’@]prosterlor end

Two consplcuous layers of longltudlnal musclesif,""

"=13f;id1v1de the parenchyma of the proglottldmlnto an outer

ni(fcortlcal zone and an 1nner medullary zone} The entlre

’ f{ureproductlve system lles in the 1nner medullary par-:,

: enchyma (see Flg. 14) The two groups of excretory
A‘ducts,'81tuated at the two lateral ends of the pro—; H'f‘
fglottld mark the 11m1t of the lateral extens1on of the

‘dreproductlve system,vexcept on the poral s1de (1 e., the e

- ‘lateral border of the proglottld where the genltal

'(fatrlum is located) where the vaglna and a part of the o

' 01rrus ‘sac extend beyond the excretory ducts (see Flg.
lh) The posterior. exten51on of the reproductlve' '
apparatus is llmlted by the transverse excretory duct

which unites the two ventral excretory ducts (see Flg. 15)
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- ventral - im - longltudlnal muscle

p = poral = . . c cortical parenchyma

‘ap - aporal medullary parenchyma
) ' genitélvatrium

< A
Tt
i

o
I

o Fig. 14“-D1agrammatlc transverse sectlon.of a
\veproglottld RS

p - posterior .‘ '-.y e'f—’poster1or exoretory duct
a - anterior ' im - longltudlnal muscle

Pig. 15.- Dlagrammatlc 1ong1tud1na1 sectlon of a
part of the stroblla. v :



ductlve system, and 1ts constltuent structures

‘:ffthe anterlor part of the proglottld.,ﬂ

Each proglottld usually contalns three testes,
Ideach of whlch 1s enclosed by a th1n capsular membrane.
‘Supernumerary testes may be encountered w1th1n 1nd1v1dual
,proglottlds of a s1ngle worm. The testes are oval 1n

'cross sectlon, and more. 01rcular when Vlewed in longl-_

~vttud1nal sectlons. Two. testes are s1tuated aporally

fbetween the ovary and the two aporal lateral excretory
r'ducts (see Flg. 17). ‘The third testis lles porally,

.between the ovary and the poral lateral excretory ductso

A very slender, thin-walled duct called the vas

all of thls enclosed_area, w1th parenchymatous ‘f:dszfﬁf'f



n

 £1'—»festié “'
 sd - sperm duct

a - genital atrium-

A vFig. 16.—Diagrammatic're
system composed of 3 testes and

presentation of the male
a sperm duct.



Fig. 17.-=Transverse scetion showing 2 testes.,
Also note the excretory ductsg (arrow) and the longi-~
tudinal muscles (m).
(Boninty,

paraldehyde fuchsin, with Halmi's, x 15%)
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efferens leads out from the inner dorso-lateral aspect
of each testis. The three vasa efferentia run inwards
and anteriorly to meet in the mid-dorsal region of the
proglottid, and form a common, larger channel called the
vas deferens, Thls 1s the flrst region of . the sperm
duct (see Fig, 18) The lumen of the vas deferens is
w1der than that of the vas efferens, and it ‘is lined by
a thln cellular eplthellum. The vas deferens lles

.1anterlorly 1n the proglottld and dorsally, Just beneath

‘the longltudlnal muscled‘of thetproglottld It 1s o

'-w\fea511y observed 1n mature proglottlds because of the C

‘-".ffnumerous spermatozoa w1th1n its lumeni(see Flg.jl9) _Jﬁ.n.b'

The vas deferens s a long:stralght tube and at

.'iﬂlflts poral end 1t opens‘1ntoxthefnex_;reg10n of the sperm;f"u

' f”77duct Wthh 1s called the external semlnal Ves1cle. Thlsﬁ'fv

”.7sac-llke structure may be con81dered to be a dllated

'»extens1on ‘of the Vas deferens, and 1ts eplthellum 1s'bﬂ
'1dentlcal w1th that of the Vas deferens and contlnuous
“w1th 1t The external semlnal ves1cle (see Fig. 20)
possesses two characterlstlc features, the flrst is that-
it increases in size to form a capac1ous sac, and
secondly, its outer surface ;s studded with numerous
unicellular gland cells, which are often erroneously
referred to as "prostate glands."™ The lumen of the

external seminal vesicle becomes considerably reduced in
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Pig, 18.-~Diagrammatic representation of testes (%),
vasa efferentia (ve§ and the vas deferens (vd)
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Fige 19.~=Transverse section showing the wvas
deferens %aﬁ arrow) with spermatozoa in its lumen.,
(Bouin's, paraldehyde fuchsin, with Halmi's, x 190)
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vd - vas deferens
esv - external seminal vesicle

g8C =~ gland cell of the external seminal vesicle
i - isthmus '

Fig. 20,-~Diagrammatic 1ongitudina1 section of the
external seminal vesicle,
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diameter as it leads into the cirrus sac. This narrow
part of the seminal vesicle is here termed the isthmus

of the external seminal vesicle,

The cirrus sac extends to the genital atrium,
and it does not lie dorsally throughout its course, but
slopes gradually downwards (i.e., ventrally) and at the
same time curves posteriorl& to open into the genital
atrium (see Figs. 21 and 22). The cirrus sac is a
muscular structure traversed by a duct. The sac is
elongate, cylindrical and of almost uniform diameter,

and tapers sharply at its two ends (see Fig. 23).

The wall of the cirrus sac (see Figs. 24 and 25)
is composed of 2 layers of muscles. On the outside is a
layer of powerful longitudinal muscles, inner to which
is a layer of circular muscles. These two layers of
muscle extend along the entire length of the cirrus sac.
Internal to the circular muscle layer, and closely
attached to it, is a thin cellular layer with conspicuous
‘nuclei. This layer is a mere one cell thick. There are,
then, three main components of the wall of the'cirrus
sac: an outer longitudinal muscle layer, an inner
circular muscle layer which rests on a thin cellular

membrane.

The duct traversing the cirrus sac is divisible



Fig. 21.--Longitudinal section of a part of the
strobila. Note dorsal and anterior position of the
cirrus sac (at arrow).

Bouin's, paraldehyde fuchsin with Halmi's, x 190)

Pig. 22,--Longitudinal section of a part of the
strobila. DNote the ventral and more posterior position
of the cirrus sac (at arrow),

(Bouin's, paraldehyde fuchsin with Halmi's, x 155)
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CS - cirrus sac

€ -~ external semingl Vesicle
d « duct

1 -~ isthmus

Fig, 23.--Diagrammati

¢ longitudinal section of
the cirrus sac (es) enclosi :

ng a duct (4).

Fig, 24 ,~-Diagrammatic longitudinal Section of
the wall of the cirrus sac,

1 - outer longitudinal muscles.
2 = inner circular musecles
3 = cellular membrane

Fig, 25.~-Diagrammatic transverse section of the
wall of the cirrus sac. :
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into two parts--a proximal part and a distal part (see
Fig. 26). The distal part, as we shall see shortly, is
further d1v131ble into 2 smaller regions. The duct in
the cirrus sac 1s ‘then d1v131ble into 3 distinct regions
'whlch as we shall see later, are.phys1ologlcally

Afspec1al;zed zones., .

The proximal duct is“greatly:disﬁended to form a
cepacious sac called the internel seminel vesicle (see
Fig. 27). The internal seminal vesicle is joined to the
external seminal vesicle by the slightly coiled isthmus
of the external seminal vesicle; and it has a thin
cellular epithelium which lies very close to the 1nner

cellular membrane of the wall of the cirrus sac.

The sperm duct in the distal,halfvhas a verv mﬁch”
narrower lumen than that of the internal seminal vesicle
(see Figs. 26 and 27) The cellular eplthellum lining
the internal seminal vesicle gradually becomes taller in
the zone marking the transition from internal seminal
vesicle to the distal duct (see Fig. 27; also Fig. L4 in
Chapter V). The epithelium is distinctly taller in the
distal duct proper, and it continues to line this duct
for about half its length. On the external surface of
this part of the distal duct (i.e., the part with the
tall epithelium) are found well-developed prominent

longitudinal muscles. These muscles will be called the
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. Pi€. 26.-Diagrammatic lomgitudinal scotion or

foirrus'sac‘ShOWing_the proximal_zone.(p),and‘thewdistal,;
zone (d) of the duct within it, . 0o T S

(isv)
& D —
P -~ proximal half of the duct m -~ muscular duct
d - distal half of the duet im - inne? ]
isv ~ internal seminal vesicle Longitudinal

muscles

® - ejaculatory duct t -~ transition zone

w - wall of cirrus sac

Fig. 27.;~Diagrammatic longitudinal section of +%he
duct (D) traversing the cirrus sac. ~
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inner longitudinal muscles to distinguish them from the

outer longitudinal muscles of the cirrus sac. These

'“ w1nner longltudlnal muscles are closely attached to the

TZ;¥wall of the duct,'extend throughout its length and

'.;ntermlnate prox1mally 1n the region marking the transition

u from 1nternal semlnal ve31cle to the distal duct (see
Flg. 27) Summarlslng then, the flrst half of the
distal duct lylng adJacent to the internal seminal
vesicle, is characterlsed by a tall epithelium and
longitudinal muscles on its external surface. This is

the muscular duct (see Fig., 27).

The second half of the distal duct is the third
spe01allzed part of the sperm duct lylng within the
cirrus sac. Here, the lumen of the duct is wider than
that of the muscular duct, and 1ts eplthelluﬁ is thin,
unlike that of the muscular duct, It is important to
realise that the epithelium lining this duct is identical
with that lining the 1umen of the internal seminal
vesicle, external seminal vesicle and vas deferens. A
characteristic feature of the duct hére is that inner to
the thin nucleated epithelium and resting on it, is g
prominent intensely Staining intima, which is found only
in this region of the sperm duct. The part of the
distal duct with this intensely staining intima is the

ejaculatory duct (see Fig. 27). This ejaculatory duct
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communicates directly with the genital atrium. The wall
of the cirrus sac terminates at the tip of the ejacu-

latory duct.

The lumen of the internal seminal vesicle is
capacious, and its wall lies very close to the wall of
thé cirrus sac. On the other hand the lumens of the
muscular duct and ejaculatory duct are very much
narrower, with the result that there is an appreciable
space between the walls of these two ducts and the wall
of the surrounding cirrus sac. This space is occupied
by a solid mass of bParenchymatous tissue in which are

found many densely staining cells (see Fig. 28).

Finally, associated with the.wall of the cirrus
sac are two groups of very prominent cells, one of which
lies in the parenchyma immediately dorsal to the wall,
and the other lies immediately ventral to the wall (see
Fig. 28). Each group consists of 5 to 6 cells which
extend in a line over part of the cirrus sac (see Fig.
28). Each cell is approximately triangular, in cross
sections of the proglottid, with a tall central region
tapering to two narrow ends. There is a prominent
nucleus in the wide central region of the cell. The
base of the cell lies very close to the outer longitudinal

muscle layer of the cirrus Ssac, and one end of it is
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e Flg. 28.--D1agrammatlc 1ong1tud1nal sect ,n'of'
‘~01rrus ‘sac, . e _ B '

7_”E2§§-: (1) the close app5s1t‘:q of the wall and the

‘ eplthellum ‘of th
(2) +the dlstrlbut

(3) the wide 1umenbo”f i ‘”“FT‘" emlnalﬂlu
vesicle (i)' and. the: narrow: lumens 'of. the
‘muscular duet (mﬁvand,égaculatory*duct (e)

 Also see Elgure 31.,¢""' -
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--,'drawn out 1nto a thln long process. In cross sectlons

" of the cirrus sac, the process from each cell can be

discerned to make contact w1th 1ts outer longltudlnal

muscles (see Flgs. 29 and 30)

Recapltulatlng then, the sperm duct conslsts of
several distinct reglons. They are the vas deferens, |
external seminal vesicle and ‘the duct travers1ng the"f w”5
cirrus sac. The cirrus sac (see Flg. 31) has a complexu
structure with a muscular wall, with which are associated
a few ™nerve" cells. The sac encloses a duct which is
continuous with the external seminal vesicle and vas
deferens on its inner aspect, and which opensvinto"the
genital atrium on the poral side. This duct is divisible
into three distinct regions: a large expanded internal
seminal vesicle, a narrower muscular duct with a tall
epithelium and muscles attached to its walls, and,
finally, the ejaculatory duct which has a characteristic

deeply staining intima.

Thls chapter shows that the spermatozoa, in their
Jjourney to the vagina of the female system, traverse a
single long sperm duct organlsed into several physio-~
logically distinct regions. It is now necessary to

examine the functional significance of these regions.



Fig. 29.--Transverse section passing through the
cirrus sac (c¢). Note nerve cell (arrow).
(Carnoy's, Pyronin G, x 975)

Fig. 30.-=Longitudinal section passing through
the cirrus sac. Note nerve cell process making contact
with the outer longitudinal muscles of the cirrus sac

at arrow).

Osmium—-ethyl gallate, phase contrast, x 1000)
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Fig. 31l.~=Transverse scelion nassing throush the
cirrus sac; i, intornal scminal esicle;  m, muccles of
the musculor duct; ¢, cjaculalor duct; a, genital
atrium;  w, wall of cirrug B30.C s nerve ccll., Sce also
Fig., 28,

(Bouints

B

y poraldehyde fuchsin with Halmils. « 575)

I T



CHAPTER V
THE MALE REPRODUCTIVE SYSTEM-~PART IT

The functional significance of the different
parts of the male system will be examined in this
chapter. The testes are the first to mature and release
their products into the male tract. The spermatozoa
leave the testes, travel through the vasa efferentia and

vas deferens, and enter the external seminal vesicle.

l. The External Seminal Vesicle

It is, at first, very small and almost oval-
shaped in cross sections of the Proglottid (see Fig. 32).
With the arrival of Spermatozoa in its lumen, this
vesicle gradually increases in size to become a large
capaclous sac packed with spermatozoa.(see Fig, 33).
The spermatozog S00n move into the internal seminal
vesicle. The prominent large size of the external
seminal vesicle with its large volume of sSpermatozoa
implies that it functions as a pPlace where the sperma-
tozoa are temporarily stored. Presumably large quantities
of spermatozoa are pProduced by the testes, which then

have to be removeq from the testes regularly, and as
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. Fig, 32,-=The external seminal vesicle (e) in
... . -diagrammatic sectional view.when devoid of spermatozoa,

- Pig. 33444Theféxféfhal'ééminal vesicle (e) in
'diagrammatic sectional view when packed with spermatozoa,
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often as possible, so that there would be space within
the testes for~succeeding generations of spermatozoa,
Until such time as the Spermatozoa are transferred to
the female reproductive tract, they would have to remain
within some Storage point along the male tract: the

seminal vesicles appear to have this function.

We saw earlier that the second characteristic
feature of the external seminal vesicle was its Possession
of numerous gland cells. These cells, which are found
throughout the length of the external seminagl vesicle,
are almost oval in section and are closely applied to
seminal vesicle. The cells undergo a cycle of develop-
ment which is correlated with the entry of spermatozoa
into the seminal vesicle. Before the spermatozoa arrive,
the gytoplasm of the gland cell ig diffuse; but as
Spermatozoa appear, proteinaceous granules are elaborated.
These increase in number and staining intensity as the

vesicle fills with spermatozoa (see Figs 34, 35 and 36).

What is the nature and function of this secretion?
A survey of the literature shows that there are cells |
~associated with the cirrus sac or seminal vesicle of
many cestodes and trematodes, which are somewhat loosely
referred to as prostate gland cells or prostate glands

(see Hyman, 1951; Joyeaux and Baer, 1961). Davies and
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Fig, 34.--Transverse section passing through the
external seminal vesgicle (e). Note the absence of
spermatozoa; the gland cells (at arrow), each with a

rominent nucleus, but diffuse cytoplasm,
I()Bouin's, mercury bromphenol blue, X 400)

Mg, 35,--Transverse section passing through the
- external seminal vesicle. Note the gland cells (at
arrow) are larger and have granules in the cytoplasm;
also note the swollen condition of the receptacle packed
with spermatozoa,
(Bouin's, mercury bromphenol blue, x 400)
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Rees (1947), in their study of the bird tapeworm

Andreplgynotaenla haematopodls, suggested the poss1b111ty

that these cells produced a secretion which aided in the
penetrating action of the male copulatory organ. Kouri
and Nauss (1938) noted the strong morphological simi-
larity between Mehlig® gland and the prostate gland in
Fasciola hepatica. Aécording to these workers, the
similarity in appearance and structure of these two
glands, as well as their respective locations in
proximity to converging ducts of the reproductive
apparatus, suggests that they have similar functions,

This function, they believed, was in supplying ®g
lubricant to facilitate the ready bassage of genital
products such as vitellogenous cells, spermatozoa and

ova through narrow ducts." (Kouri and Nauss, 1938).

Such ideas are only speculative and have yet to be
substantiated., 1In order to make any plausible suggestions
regarding the possible functions of the secretion of these
gland cells, some knowledge regarding its chemical nature
is essential. Simple histochemical tests were carried

out with a view to obtaining this information.,

The histochemistry of the secretion
broduced by these gland cells

The results of the histochemical tests are shown

in Table 3 (see also the Appendix for details of the



92

TABLE 3.~~Histochemical observations on the secretion of
the gland cells of the external seminal vesicle

Histochemical tests ' Results
PAS +

PAS after diastase ' +

PAS after lipid extraction with

hot methanol:chloroform +
Best's carmine -
Alcian blue, pH 2.5 -
Toluidine blue Blue colour,

ggtachromasia

“Mercury bromphenol blue +
Millon's reagent faint +
Ninhydrin-Schiff i,

DDD -
Performic acid-Alecian blue +

(PFAB)
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histochemical procedures, and the rationale of the
tests). The granules are PAS positive and fast to
digestion with diastase. The PAS reaction is unchanged
by extraction with methanol:chloroform; thereby ex—
cluding lipids. There isg clearly a carbohydrate moiety,
other than glycogen, in the granules (see Fig., 37),
Protein is also present in the granules: they stain
intensely with mercury bromphenol blue and faintly with
Millon's reagent., The granules stained intensely with
PFAB, but gave no reaction with DDD, This indicates the
presence of abundant cystine in the protein., Thus the
granules are probably a carbohydrate-protein complex,
The granules failed %o stain with Alcian blue at pH 2,5,
and further do not exhibit metachromasia with Toluidine
blue, which reactions exclude acid mucopolysaccharides,
The granules then fall into the category of glyco- or
mucoproteins of Pearsels classification (Pearse, 1960),
The granules also stained intensely with paraldehyde
fuchsin after oxidation (see Fig. 36), and failed to
stain in sections not exposed to the oxidant., Thig
indicates the presence of amino acids rich in sulphur

(see Appendix under the use of paraldehyde fuchsin).



Fig, 36.--Transverse section showing the gland
cells of the external seminal vesicle, Note the dense
staining of the cells,

(Bouin's, paraldehyde fuchsin after permanganate
oxidation, x 400)

Pig, 37.--Transverse section showing the

nature of the secretory granules of the
land cells of the external seminal vesicle,
Lison's, PAS, x 420)
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| 'The fate and functlon of N
... the secretion _ L

The secretory granules are not observed w1th1n'.57\ffTN:

;the lumen of the external semlnal ve51cle,'although agf”

T few granules may be observed in the eplthellum llnlngff?:'

the lumen of the vesicle. The failure to observe the ?

secretory granules within the lumen of the ve51cle could:f o J

be due to either the very small size of the granules,
and thus the likelihood of their being obscured by the
mass of spermatozoa within the ve31cle, or the granules_‘
may contain short-lived and exceptionally lablle .

material which is rapidly metabollsed by ’the spermatozoa'

and are thus not observed within the ve51cle.. A com= - \}51__‘

bination of both of these pos31b111t1es cannot be'

excluded.

We cannot say anything further about the nature
and possible function of this secretlon. That it 1s of
some importance is evident from the obserVatlon ‘that the
Secretion is not present in the cells of ‘the seminal
vesicle prior to the arrival of spermatozoa, and that
its appearance is correlated with the presence of sperms
within the vesicle. The cells become swollen and packed
with the secretion. The secretion granules may perhaps
be some essential metabolite required by the spermatozoa,

which substance they obtain here on their way to the
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female tract. Or the Secretion may contain some factors
essential for the maturation of the spermatozoa. It is
of some interest to note that in the rabbit, the Sperma~
tozoa mature while Passing through the epididymis. The
ability to fertilise isg suddenly acquired when the
Spermatozoa pass through the distal region of the corpus
epididymis (see Orgebin-Crist, 1967). On the basis of
2herlexperiments on sperm maturation; Orgebin-Crist stated
that "it seemg. . . the spermatozoa need the specigl
envirbnment created by the epithelium of the corpus
epididymis, " (Orgebin—Crist, 1967). Is it possible that

a similar situation obtains here?

One can only speculate with the information
available. The relative inaccessibility of this
secretion, the paucity of its quantity and the inevitable
difficulty to be encountered in experimenting with
Spermatozoa outside the proglottid, do not enable us at
the present time to experiment further to learn more
about this secretion. We then still await any definite
Statements regarding the function of the gland cells of
the external seminal vesicle. In view of this, the
continued use of the term prostate gland, which has

functional overtones, is to be discouraged.
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The cirrus sac

The spermatozoa leave the external geminal
vesicle, travel through the isthmus and enter the

internal_seminal_vesicle within the cirrus sac.

°'2;:ThelInterhal‘Semihal Vesicle_‘;

The spermatozoa are stored Lemporarlly in the
1nternal semlnal ves1cle before belng eJaculated 1nto
the genltal atrlum., The spermatozoa are presumably
forced out of the 1nternal semlnal ve51cle by the
‘pumplng actlon of the 01rrus sac brought about by ;vlsf

'contractlons of 1ts muscular wall The close appos1t10n-j

.of muscular wall and eplthellum (see Flgs 28 and 31 1n f,fv

lChapter IV), Probably contrlbutes towards a more “"_
effective translatlon of the force of muscular con—H
traction on the wall of the 1nternal seminal ve51cle.‘uf
The palred cells, lylng adJacent to the 01rrus sac 1n
the region of the 1nternal semlnal vesicle (see Flgs. 30 :
and 31 in Chapter IV) whlch are tentatlvely called
"nervet cells, may 1n1t1ate and control thls muscular

activity.
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3. _The Muscular Duct

Contractions of the muscular cirrus sac wall
force spermatozoa from the capacious internal seminal
vesicle into the remaining part of the/sperm duct which
has a much narrower lumen. This part of the sperm duct
is made up of the muscular duct and the eJaculatory duct,
which are separated from.the wall of the cmrrus sac. by
the solid mass of parenchymatous tlssue (see Figs. 28
and 31 in Chapter IV)¢ The narrow1ng of the sperm duct
at this point w1ll 1ncrease the pressure on the sperma~0
tozoa, thus propelllng the ‘semen out of the male tract o
with cons1derable force. The Solld parenchymatous mass
would also prevent any dllatlon of these ducts and a
consequent d1m1nut10n 1n the force of eJaculatlon (see
Figs. 38, 39, 40 and 41) ' The pumplng actlon of the -
c1rrus sac is probably further enhanced by the long1~
tudlnal muscles of the muscular duct 'contractlons of |
these muscles w1ll shorten the duct thereby forc1ng the
spermatozoa towards the atrlum (see Figs. 40 42 and 43)
If the circular muscles 1n the wall of the cirrus sac
contract s1multaneously, the egaculation of spermatozog
could be expected to be forceful and rapid. Spermatozoa
are never observed in the muscular duct, which suggests
that not only is the brocess of ejaculation very rapid,

but also that the muscular duct acts as an effective




L
Pig. 3

. the regions
Also see PFig

8.~-Diagram of the cirrus sac indicating -

depictedvin.Fi
ure 28"~

gures 39, 40 and 41,
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Fig, 39.-=Longitudinal section passing through
the internal seminal vesicle,

Note the wide lumen of
the vesicle, and the close proximity of itg epithelium
to the muscular wall of the ci

rrus sac,
(Osmium~ethyl gallate, phase contrast x 1,170)

Fig. 40.--Longitudinal secti
the muscular duct, Note the narrow
the duct (at arrow); Py parenchyma,

(Osmium—ethyl gallate, phase contrast, x 750)

on passing through
lumen and museles of

AT DL, w0 NS derien
?QFE? 7;'27?&)u43?%5:?
6 4 R
e

Fig, 41.—-Longitudinal;section passing through the
ejaculatory duct. Note the epithelium and the intima of
the duct (at arrow) .

Osmium-~ethyl gallate, phase contrast, x 750)
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Pig., 42

Figs, 42 ang 43.-—Diagrammatic longitudinal

sections of the cirrus Sac showing "resting" state

(Pig. 42) ang contracting state (Fig. 43) of the
muscular duct (m). ’ .

1 - internal seminal vesicle
€ - ejaculatory duct
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valve to prevent leakagevof spermatozoa. This is
probably’a consequence of the small lumen of the duct,

s' which is 1n turn partly due to the tall eplthellum whlch
'fallnes 1t (see Flgs. 40 and h&).,nua e o

'4.4The Ejaeulatorvaucﬁrw

| ThlS duct is ea51ly recognlzed by its deeply S
"fstalnlng intima, which is proteinaceous as indicated by L
;fits stalnlng with mercury bromphenol. b%ue. The 1nt1ma 4555'
@'falso stains with the PFAB procedure, which shows that
‘gflt is rich in protein dlsulphlde groups and thus G
ffeposs1bly represents a “keratlnlsed" ‘material with_sbmexif; 

lé;structural stability (see Fig, 45).. Such a rigid

L,stfucture may serve two functions: it may furnish aJﬁff
ff{more effective lining for the ejaculatory duct than aﬁ ‘
_.&epzthellum of less rigid materlal and it may also act 'ff“' ”
:f4as a rlgld support agalnst which the muscular duct couldit?";:y
lﬂi”contract N ’ ‘ '

The testes commence the production of spermatozoasffseg!'

|  at an early stage in development, and the spermatozoa

”-f'soon appear in the male reproductive tract, which is -

' §fessentially a single long sperm duct showing physiological

specialization along its length. This duct is responsible

for conducting the spermatozoa to the female tract. The



Fige 44.-~Transverse section

bassing through the
cirrus sac. Note epithelium of the

muscular duct (at
arrow) ; Wy, wall of cirrus sac; 1, internal seminal
vesicle, '
Bouin!?

f
S, paraldehyde fuchsin with Halmis, x 900)

Fige 45.--The ejaculatory duect in section. Iote
the positive staining of the intima (arrow),
Performic acid-Alcian blue, x 425)
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,“3,'spermatozoa _come, 1nto contact wzth a secretion in the--

.;ilnternal seminal’ vesicle, and are stored in the Semlnal

g{%'VeSlCleS until such time as they are forcefully expelled -

.%.into the genltal atrlum and vaging during copulation.

" 1The process of sperm transfer or copulation w111 be ‘575'*'
dealt w1th in Chapter VII.i; o




' CHAPTER VI
THE FEMALE SYSTEM |

System, to produce €ggs, to ensure that the eggs
and spermatozoa meet and to deposit the eg8S.

Davey in Reproduction in Insects (l965a)f]gﬁﬁfQK 

The female system in the proglottids of this tépeworﬁ e
consists of two main barts or regions: the first, con; f5:fE ﬁ
sisting of the vagina and the seminal receptacle, is b
responsible for receiving and storing the Spermatozoa; -
the second part is responsible for the elaboration bf

the egg, and to it belongs the ovary, vitelline gland;;L;? i,” i

Mehlis?® gland, ootype and uterus,

1. The First Part of the Female System

2. The Vaging

The vagina leads inwards from the genital atrium

(see Fig. 46). The vestibulum of the vagina is wide and

. direction
drawn out in the antero~posterior(f;;fp The vaging

proper is narrow and flattened at first, and its
epithelium, like that of the vestibulum and the genital
atrium, is "cuticularised.® The flattened vagina makes

a ventral dip (see Fig. 46) and is now a cylindrical

. 104>‘u
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- Fig, 46.-=Transverse sectio
poral end of both

n passing through the
ay genital atrium;

male and female reproductive tracts,
ey, ejaculatory duct;

Vv, vestibulum
of the vaginaj Vgs Vagina; ¢, circular muscles of the
vagina,

(Bouin!

Sy paraldehyde fuchsin with Halmi's, x 485)

Figs 47.=-Tongitudinal section passing through
the vagina. Note the ciliated epithelium, A part of
the cirrus sac is Visible in the right hand corner,
(Osmium-ethyl gallate, phage contrast, x 1,560)
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tube, circular in cross section, with a ciliated
epithelium (see Fig. 47). Circular muscles invest the
vagina throughout its léngth. The vagina is situated
ventrally in the proglottid, between the dorsally
situated cirrus sac and the more ventrally located

excretory ducts (see Fig. 48).

b. The seminal receptacle

The vagina is continuous with the seminal
receptacle which could be distinguished from the former
by its wider lumen, and epithelium which lacks cilia
(see Fig. L8). 1In the younger proglottids it is a thin
slender tube, but in the more mature proglottids, with
the gradual accumulation of épermatozoa in its lumen, it
becomes a large, voluminous, sac~like structure, thrown
into one or two dorso-ventrally directed loops. It is
now packed with spermatozoa. The wall of the receptacle
has circular muscles, and it becomes thicker at its
inner end, at which point is found a muscular sphincter,
The sphincter guards the passage leading to the sperm
duct, which connects the seminal receptacle with the

egg-elaborating region of the female system.



Fig. 48.--Transverse section
poral end of male and female re
C, cirrus sac; Vy

the arrow indicates the +two excretory ducts.
(Bouin's, Azan, x 550)

productive tracts,
vagina; sr, semina

Pig. 49,~=Lon
strobila showing the female reproductive
0y, ovary; m, Mehlig! gland;
u, uterus;

(Bouin's,

system;
Vy vitelline gland;
€, posterior transverse excretory duct.
paraldehyde fuchsin with Halmits, x 130)

1 receptacle;

gitudinal section of a part of the

107

passing through the
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2+ The Egg-elaborating Region of the

Female System

a. The ovary

The major part of the ovary iies in the anterior
half of the proglottid, and at its widest part it is of
an appreciable height (see Fig. 49). The ovary has two
lobes, each of which has several small blunt projections;
thus the outllne of the ovary is 1rregular. The lobes
describe a very gentle curve as they extend pPosteriorly
and the posterior border of the ovary is slightly con-
cave, with the vitelline gland lodged within thisg
cavity. The two lobes of the ovary are connected by a
short narrow isthmus from the dorsal surface of which
arises the oviduct. A very delicate membrane forms the
outer wall of the ovary; eléctron microscopic studies
show that the ovary of F. hepatica is enclosed within g
thick (80-130 mp) basement membrane and an outer capsule
containing muscular tissue (Bjorkman and Thorsell, 1964)
The primary cocytes have a characteristic appearance,
each containing a large nucleus with g prominent

nucleolus, and many dense granules in the cytoplasm,

b. The vitelline gland

The vitelline gland is situated in the posterior

part of the proglottid, ventral to the ovary and Mehlig?
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gland (see Fig. 49)., The immature vitelline gland is
dorso~ventrally flat, but later develops three lobes and
is more rounded. It is a compact gland in H., diminuia
as opposed to its diffused condition in trematodes and
pseudophyllidean cestodes.,’ The immature vitelline cells
are 'spindle~shaped with prominent nuclei and very little
cytoplasm; but the mature cell is spherical and its
cytoplasm is packed with granules, The cell boundaries
of these cells become obscure 8o that the mature gland
resembles a mass of spherical granules among which are
scattered the larger nuclei, The short vitelline duct
leads out from the anterior-most, central lobe of the
gland,

Co The arrangement of the different
ducts and glands of the .

egg=~producing region

The ducts belonging to this region‘ére the 'ﬁf |
oviduet, spermduct, Sperm-oviduct, vitelline duct, ovom
vitelline duct and uterine duct, Associated with thege
ducts are two chamberg——the small ootypé and fhe larger
uterus (for a diagrammatic representation of the
relationships of the ducts and glands, and their'dis~

position in the proglottid, see Figs. 50, 51 and 52),

The oviduet, arising from the dorsal surface of

the isthmus, has two recognizable regions: g proximal
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D - dorsal
v - ventral
P ~ poral

AP - aporal

Sr - seminal receptacle
S ~ sphincter

spd - sperm duct
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vg
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AP

sperm~oviduct
isthmus of ovary
oocapt

oviduct

-vitelline gland

vitelline duct
Mehlis' gland

ootype

Fig, 50,~~Diagrammatic sectional View of the egg

elaborating region of the fen

versely from the anterior).

ale system (viewed trans-—
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sphincter vd
sperm duct Ve
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Fig, 51.--Diagrammatic sect
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sperm-oviduct

Mehlis' gland

posterior transverse
excretory duct

ovo-vitelline duct
vitelline duct
vitelline gland

oocapt(s

ional view of the egg

§ion of the female system (viewed
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f - flap—like valve offm7‘. - spod ~ sperm~oviduct
ud - uterine duct -~ vd - vitelline duct
u -~ uterus mn - Mehlis' gland
cm - gland cell of Mehlis!? "~ ot - ootype

gland

Fig, 52,--Diagrammatic sectional view of the
_ ootype, Mehlis' gland, uterus and associated ducts,
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oocapt, with prominent circular muscles, lying adjacent
to the isthmus, and a distal cylindrical tube with a
ciliated epithelium and an outer coat of circular
muscles. The oviduct runs dorsally towards Mehlis?
gland, turns porally and continues along the margiﬁ of
Mehlis! gland and joins the unciliated muscular sperm'
duct to form the sperm~oviduct (the sperm~receiving
region and the egg-producing region are now connected),
The sperm-oviduct has a muscular coat investing a
ciliated epithelium. It runs a short distance aporally
along the dorsal margin of Mehlis? gland, turns
posteriorly and continues along the posterior margin of
Mehlis'! gland, and, at about the level of the posterior
excretory duct, it turns inwards, within the gland, to
meet the vitelline duct. The vitelline duct, a part of
which lies among a few cells of Mehlis? gland, is
muscular and lacks a ciliated epithelium. It ascends to
Jjoin the sperm~oviduct to form the short, unciliated ovo-

vitelline duct which opens into the ootype.

d. The ootype and uterus

The ootype or egg chamber is a cylindrical tube
with a slightly expanded central region and tapering
ends. It lies obliquely in the proglottid, and thus is

not readily seen in cross sections of the proglottid.
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A jacket of circular muscles invests the thin unciliated

~ epithelium of the ootype, which is one cell thick and

encloses the ootype lumen. Densely staining material

lines the ootype lumen. The'ootype communicates with

the uterus through a short uterine duct which has a

thicker epithelium, and two flap-like "valves" at its
entrance (see Fig. 53). The uterus, situated‘dorsally,

has a thin epithelium’of flatteﬁed elongate cells. 1In
immature proglottids it resembles a thin, long, cylindrical
tube, but as development progresses, it makes a spectacular

increase in size,

€. Mehlis? gland

This is made up of several unicellular glands
arranged around the ootype. Each gland cell has a
swollen basal region, which contains a nucleus and
several small cytoplasmic granules, and a thin tapering
proximal region which is the duct. The ducts are visible
in thin sections (1-2 p thick), and they are observed to
pierce the epithelium of the 6otype to open into its
lumen (see Fig. 53). All of the gland cells do not
occur at the same 1evel, but they are distributed in 2
or 3 compact rows éround the ootype, giving the gland
its characteristic dense, compact appearance in

H. diminuta (see Fig. 54).
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Pig, 53,~~Section passing through the ootype.
m, gland cell of Mehlis? gland, the arrow shows the
duct of the gland cell entering the ootype; o, the
ootype; d, uterine duct; wu, uterus., Note the
epithelium of the uterine duct. '
(Osmium~ethyl gallate, phase contrast, x 1,530)

Fig. 54.-=Transverse section DPassing through the
female reproductive system; sr, seminal receptacle;
spod, sperm~oviduct; m, Mehlis! gland; v, vitelline
gland; od, oviduct; o, ovary. Note spermatozoa in
seminal receptacle; the oocytes lack the prominent cyto-
%lasmio granules,

Bouin's, paraldehyde fuchsin with Halmi's, x 480)
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Only the structure of the female reproductive
system was described in this chapter. It is more con-
venient to consider the details pertaining to the
physiology of the female system in subsequent chapters.
In the next chapter we will consider the communion
between the male and female reproductive tracts in terms

of the transfer of spermatozoa.



CHAPTER VII
THE TRANSFER OF SPERMATOZOA

In tapeworms, fertilisation is internal and copu~
lation is therefore necessary. There does not appear to
be much precise knowledge regarding copulatory processes
in tapeworms. It is of interest to remind ourselves
that the tapeworm body or strobila is made up of several
proglottids serially arranged, each of which possesses

both male and female reproductive systems.

1. Copulation and Sperm Transfer in
Tapeworms in General

Wardle and McLeod (1952), in their monumental
work on tapeworms, state that

In spite of the general belief that an extruded
cirrus can be inserted readily into the vagina
of a proglottid in another part of the strobila,
few observations exist to support it. Some
authors have thrown doubt upon the supposition.
There is a strong suspicion that in the ma jority
of tapeworms there is a simple emission of semen
into the fluid environment and an active migra-
tion of sperm cells from the environment into
the vagina.

Hyman (1951), on the contrary, writes that
Self feftilisation by eversion of the cirrus into
the vagina of the same proglottid is probably the

most common method of impregnation in cestodes.
Copulation between different proglottids of the

117
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same strobila, or when opportunity affords, of
different strobila, is probably frequent. The
insemination in such cases may be mutual or the
younger anterior male segments may inseminate
the more posterior segments that have reached
the female phase.

Joyeaux and Baer (1961) believe that autocopulation ig
the general rule prévailing amongst most cestode species.
They thus write

I1 semblerait que chez la majorité des cestodes,

l'auto-copulation entre éléments mile et famelle

du méme anneau soit la régle, surtout quand celui-

cl est beaucoup plus large que long., Il est en

effet trés frequent dtobserver le cirre introduit
dans le vagin du méme .anneau,

Sandars (1957) provides a description of the
anatomical arrangemeht of the terminal regions (i.e., the
structures at the atrial end) of the male and female

Systems in the tapeworm Anoplotaenia dasyuri., The

organisation of the ducts in this region, as interpreted
by her, show that this tapeworm possesses an efficient
means of ensuring autocopulation in each proglottid

(see Sandars, 1957, page 321). The literature on tape-
worms contains many descriptions of evaginated or
everted copulatory organs of the male system (see Hyman,
1951, for example). These reports are many and not
documented here; the report of Rees and Williams (1965)
is just one such example, where a prominent evaginated
cirrus, armed with backwardly directed spines, is

described. Do these everted cirri, which presumably are
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copulatory organs, imply the occurrence of Cross copula-

tion between different proglottids of the same or
different strobila? An everted cirrus has been observed
by the author in the terminal proglottid of several

specimens of Echinococcus granulosus (unpublished

observations). The pPresence of an everted cirrus in
this tapeworm is an interesting feature when one con-
siders the great disparity in the developmental states
shown by the different proglottids of the same strobila.
It appears to be very unlikely that there is sperm
transfer between the sub-terminal and terminal proglottids
of the same strobila because the reproductive system is
still in the process of being formed in the sub-terminal
proglottid, when the terminal proglottid is alreédy
observed to have abundant spermatozoa in the seminagl
receptacle and a uterus containing developing embryos.
Does this imply the occurrence of copulation between

adjacent worms?

Some interesting observations on sperm transfer
in the pseudophyllidean tapeworm, Schistocephalus‘

solidus, were made by Smyth (1946, 1950, 195La) in his

in vitro experiments using the progenetic larva of this
tapeworm. The eversion of the cirrus was observed in
larvae cultured in peptone broth at 40°C. The cirrus in

each proglottid was observed to evert and invaginate
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periodically; at its fully extended state, this con~
siderably long cirrus was observed to wave about for a
moment and then eject a mass of spermatozoa. The
temperature of the culture medium was critical and had
to be near 4000 or else cirrus activity would cease
immediately. Although the worms in the culture medium
were in close apposition, the cirri were observed to
evert directly outwards, and copulation between worms
did not occur. Histological examination of these worms
reveaied that the lumens of the receptacula were all
devoid of spermatozoa, which contrasted with the con-
dition in worms matured in birds, where masses of
spermatozoa were always observed in the receptacula.‘
Subsequent experiments, where worms were cultured in a
special thin cellulose tubing, resulted in the success—
ful insemination of the receptacula. Worms cultured at
the bottom of the tube (outside the thin cellulose
tubing) showed empty receptacula. These results suggested
that some form of compression, such as would be present
in the gut of the bird, and simulated by a thin cellulose
tubing in in vitro culture methods, was essential for
successful insemination. According to Smyth, the com-
pression, brought about by the close apposition of the
strobila and the wall of the gut, could either force the

everted cirrus to be bent back and be inserted into the
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vagina, or it could create a confined space between the
worm and gut within which a concentration of ejaculated
spermatozoa would accumulate. The spermatozoa would
then either be forced into the vagina, probably aided by
chemotaxis, or else sucked in by the vagina. Writing
about copulation (insemination) in tapeworms, Smyth
(1962) says that "whether self fertilisation within the
same proglottid or cross fertilisation between different
proglottids occur, copulatory processes are only made
possible in cestodes, by the compression of the strobila
against the intestinal wall. Thus fertilised eggs are
only produced in vitro if the strobila is compressed
during maturation: +this is normally achieved by an
artificial gut of cellulose tubing." This statement may

certainly be valid for Schistocephalus, but whether such

a broad generalisation, to include tapeworms in general,

is justified, is questionable.

The assumption that spermatozoa are ejected into
the enviromment (i.e., the gut of the host) before they
enter the vagina (see Wardle and McLeod; Smyth, above)
must also assume that the viability of the spermatozoa
is not affected by the contents of the gut. This has

never been tested,

There are two families of cyclophyllidean

tapeworms whose members show interesting morphological
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features regarding the reproductive system (see Hymang
1951). Tapeworms of the family Acoleidae, which are
parasitic in birds, are hermaphroditic, but the female
system either lacks a vagina or the vagina does not open
%o the exterior. According to Hyman (1951) the sperma-
tozoa are transferred through hypodermic impregnation,
and the cirrus is accordingly heavily armed with large
hooks, A similar process is suggested to occur in the

protogynous bird tapeworm Andrepigynotaenia haematopodis

which is believed 4o lack a vagina (Davies and Rees;
1947), The members of the family Dioecocestidae are
said to be dioecious with separate sexual forms,” In

Dioeocestus, the male, which is reported to be more

slender than the female, possesses a stout, gspinose
cirrus; the female has g vagina lacking an external
opening. The male of Infula has s large muscular cirrus
while the female possesses a slender vagina., In such
forms then, cross copulation between different strobilas

presumably takes place.

The tapeworm Shipleya inermis has caused much

controversy as to whether it is hermaphroditic or truly

dioecious. It was first described by Fuhrmann in 1908

froﬁa%*mpadriférm biquallinago gigantea from Bragzil.
(reference in Schell, 1959), Fuhrmann thought it was

protandrous. Baer (1940) described several specimens of
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this parasite from Wilson's snipe, Capella delicata, and

he too considered it to bé hermaphroditic and pro-
tandrous. On the contrary, Voge and Rausch (1956)
studied specimens obtained from dowitchers--Limnodromus
species--and came to the opposite conclusien that the
tapeworms were definitely dioecious with distinct male
and female specimens. More recently Schell (1959),
after a careful study of several specimens of this tape-~

worm obtained from the bird Limnodromus griseus, con~

cluded that this cestode was hermaphroditic and
protandrous. According to Schell, the male reproductive
system develops first, followed by a rapid transition to
the female system. This transition was so rapid that
very few strobilas could be foqu,«in a transitional
state, showing both male and female reproductive organs;
thus, most of the strobilas showed either male or female
reproductive structures. If the worms are protandrously
hermaphroditic how does. copulation take place? If they
are truly dioecious, then cross copulation beﬁween male

and female strobilas must occur.

There are, then, three possible ways in which
insemination may be effected: sperm transfer may occur
between proglottids of different strobilas, or between
proglottids of the same strobila, or thirdly, between

the male and female tracts of the same proglottid. It
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is unlikely that spermatozoa are ejaculated into the
intestinal environment and then sucked in, probably
along with some contents of the gut, into the vagina.
The transfer of spermatozoa between proglottids of the
same strobila is no different, genetically speaking,

from that of insemination within the same proglottid.

2. Copulation and Sperm Transfer in
H. diminuta
= e ——— 2}

Jones et al (1963) have this to say about copula-

tion in relation to the genetics of H. diminuta. "The
strobila may be compared only loosely to a Mendelian
population, for mating is not in any sense random,

being restricted to the insemination of mature pro-
glottids by the male systems of protandrously precocious
younger individuals of the same chain." This seems to
imply that the copulatory organ of the anteriorly
located proglottid is inserted into the vagina of a more
posteriorly situated proglottid; or else the worm folds
on itself so that such proglottids could be in apposition

for insemination.

According to Wilson (1965)vinterst?obilar§copula-
tion (meaning copulation between proglottids of different

strobilas) has been observed. She thus writes,
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Observations of Hymenolepis diminuta (Douglas
and Schiller, unpublished data) indicated that

intrastrobilafﬂ%opulation ocecurs in vitro. When

two mature worms are placed together, there is
considerable activity with regard to voluntary
strobilar alignment of the sexually mature pro-
glottids, in each of the two worms, until these
portions of the strobila have moved into juxta-
position for copulation. .. During copulation, the
cirrus is protruded from the cirrus pouch of one
individual and inserted into the genital atrium.
of a corresponding proglottid in the other worm.

There are,}ﬁhen,;£WD ﬁééhéﬁical Possibilities:
either the ihtromittentvofééhicaﬁibe thrust out through
the atriopore, or the products of the male system are
poured out of the copulatéry‘organ into the atrium of
the same proglottid. If insemination between strobilas
occurs, or indeed, if oné protandrous proglottid is to
fertilise another‘proglottid further down the same
strobila, then the first possibility must obtain, The
burden of the evidence presented in this section of

the chapter renders the second possibility more likely.

2. Anatomical considerations

We have already examined the arrangement of the
ducts which are important in copulation (see Chapters IV,
VI, and Fig. 46). The products of the male system
arrive in the ducts of the cirrus sac which we can
equate with the copulatory organ. The cirrus sac opéns

into the genital atrium as does the vagina of the female
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system (see Fig. 46). A brief description of the

genital atrium follows.

The genital atrium is a small muscular chamber
which communicates with the extérior through a small
atriopore situated ventro-laterally in the posterior
part of the proglottid. Several longitudinal muscle
fibres radiate outwards ffomAthe atrium, in the region
of the atriopore, and run parallel to the proglottid
margin, but do not extend very far inwards (see Figs.

55 and 56). The activity of these muscles presumably
determines the opening and closing of the atriopore.
Circular muscles, forming a muscular Jacket, invest the
whole atrium which has an inner cuticularised epithelium,
There is a cluster of cells, associated with the atrium,
which extends inwards as far as the muscular duct. Each
of these cells, here termed the atrial gland cells, has
a swollen basal region containing a nucleus and a distal
duct-like process which extends towards the atrium (see
Figs. 56 and 57). It was not determined whether these
cells elaborated a specific secretion. The genital
atrium becomes narrow at its inner end, into which end
open the vagina and ejaculatory duct. One could also
consider, for descriptive purposes, the atrium to be a
chamber which constricts at its inner end to form two

separate ducts-~the dorsal ejaculatory duct and the
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Fig. 55.--Longitudinal section of a proglottid
passing through the atriopore; m, longitudinal muscle;
a, atriopore. - :

(Bouin's, paraldehyde fuchsin x 330)

P B TRH
29 ]}{ ‘Zf:i‘;‘ ;-‘o,_?f, Fu

Figo 56 .—=Transverse
section passing through the
atrium. Note muscles (m)

and atrial gland cells (g). Fig. 57.~-Same as
(Bouin's, paraldehyde Fig. 56, seen under higher
fuchsin, x 300) magnification x 1000.
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ventral vagina (see sequence of Figs. 58, 59 and 60).

It is important to realise that the genital atrium,

while it also communicates with the exterior of the worm,
forms a chamber into which open the copulatory organ of

the male and the vagina of the female.

The examination of the histological arrangements,
described above and in previous chapters, indicates that
an eversible intromittent organ, responsible for sperm
transfer, is unlikely to be formed in the proglottids of
this tapeworm. It could be argued that the ejaculatory
duct may be evaginated to form an intromittent organ, A
situation of this nature obtains in the tapeworm

Acanthobothrium coronatum, where a large evaginated cirrus

is observed., The invaginated cirrus, lying within the
cirrus sac, consists of g wide terminal region and an
elaborately coiled, thin, long inner region which is
continuous with the coiled vas deferens, also lying
within the cirrus sac (see Rees ang Williams, 1965, page
640, Fig. 28). The invaginated cirrus encloses a cavity
lined with spines. The long tubular cirrus evaginates
to form the proboscis-like copulatory organ on whose
outer surface now lie the Spines, and the vas deferens
within the cirrus sac is almost a straight tube now (see
Rees and Williams, 1965, page 640, Fig. 27). It is clear

that the formation of this everted copulatory organ is
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Fig., 58.--Longitudinal section passing through
the atrium, Note glandular zone around atriunm, ,
Fig. 59.~-Longtidunal section passing through
inner end of atrium. Note the constriction forming two
regions, ‘
Fig. 60.-~Longitudinal section passin% further
e

inwards showing the dorsal ejaculatory duct and
ventral vagina (v),

(A1l 3 figures: Osmium—e thyl gallate, phase contrast,
x 1000)
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made possible by the presence, within the cirrus sac,

of the long coiled vas deferens as well as the very long
and specialized Terminal part of the male reproductive
tract. Such a situation does not obtain in H. diminuta

(see Fig. 146).

Copulation between different strobilas'may be
effected in the following manner. If the lateral margin
of the proglottid was pulled in and the genital atrium
simultaneously flattened, the tip of the ejaculatory
duct may come to lie near the atriopore. The atriopore
of this bProglottid would then have to be closely apposed
to that of the recipient proglottid so that spermatozoa
could be ejaculated from the male tract of the "donor
proglottid™ into the atrium of the other. Such a method
does not seem to be very effective, and it does not fit
into a scheme which envisages the formation of an
eversible intromittent organ. Fertilisation between
proglottids appears to be a difficult process requiring
considerable morphological specialization,

b. Observations on singlvmestablished worms
{i.e., worms individually raised in ratgs)

If crossing is essential, then it clearly follows
that strobilas individually raised in rats will be
Sterile. This could be tested by raising a single worm

in a "clean" rat (i.e., a rat not infected with any
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other worms). Six female rats, each weighing about

150 g, were caged individually and kept under observa-
tion for a period of 3 weeks, during which daily examing-
tions of their faeces were made to detect the presence

of any helminth eggs. The faecal examinations indicated
that all 6 rats were uninfected. At the end of the 3
weeks, each rat was infected with a single cysticercoid
of H. diminuta. All 6 rats were sacrificed 3 weeks after
inféction, and on autopsy, 4 of the 6 rats were found to
be infected, each with a single large specimen of

H. diminuta.

Microscopic examination of the eggs obtained from
the gravid proglottids of these worms, showed that they
were no different from the eggs obtained from worms of g
larger population; motile hexacanth larva; enclosed by
the characteristic embryonic membranes, were visible.
Sections of mature proglottids of all 4 worms showed
Spermatozoa in testes, seminal vesicles, and the seminal
receptacle of the female tract. Histological examina-
tions further showed that there was no difference in the
structure and anatomical arrangement of the reproductive
System in the proglottids of worms raised either alone
or as members of a larger infective population; the only
difference is one of size, the tapeworm raised alone

being much larger than one from a larger population.
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The gravid region of each of the singly-
established worms was fed to one of 4 separate batches
of flour beetles, and each batch of beetles was maintained
in a separate Petri-dish. After 2 weeks the infected
beetles were dissected for cysticercoids and 4 groups of
cysticercoids were thus obtained. These cysticercoids
were then fed to 8 rats, 2 rats for each batch of
cysticercoids. All 8 rats were sacrificed 3 weeks after
infection, and autopsy revealed that all 8 rats were
infected with tapeworms; gravid proglottids of these
tapeworms were in turn used to infect further populations

of flour beetles.

Thus, insemination and subsequent egg development
occurred although intrastrobilar copulation and fertili-
sation were eliminated. Intrastrobilar copulation may
occur, but it is not essential. There remain, therefore,
only two possibilities: either insemination occurs
within the same proglottid or spermatozoa from an
anterior proglottid are transferred to a more posterior
proglottid on the same strobila. The suggestions of
various authors (Jones et al, Douglas and Schillep--
see above) that there is an eversible intromittent organ
in H. diminuta, which is thrust through the atriopore of
one proglottid into the atrium of another proglottid, is

rendered unlikely by an examination of the histological
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arrangéments described previously. Consider again the
suggestion that sperm transfer takes place between
different proglottids of the same strobila: it is
difficult to envisage what selection forces acted in
evolution to bring about such a mode of fertilisation.
There is, after all, no genetic difference between the
case where one proglottid fertilises another on the same
Strobila, and the case where insemination occurs on the

same proglottid: both are instances of self-fertilisation.

It appears then, that the most likely mode of
insemination in H. diminuta is by autocopulation, i.e.,
the transfer of spermatozoa from the male tract to the

female tract of the same proglottid.

C. Other histological observations

Further support for the contention that insemina-
tion within the same proglottid is probably the rule,
comes from an examination of the seminal receptacle
during the reproductive process. At first the receptacle
is a slender long tube with a lumen devoid of spermatozoa.
It gradually enlarges with the arrival of spermatozoa,
until it becomes a voluminous sac-like organ folded bn
itself (see Figs. 61, 62 and 63). This pattern of
development is the same in tapeworms raised singly or

as members of a larger population. Thus, the transfer
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Fig, 61
Z200 ,
-
N = =
Mig, 62

Pig., 63

Figs, 61, 62 and 63.-~Diagrammatic view of +the
seminal receptacle in different stages of development,
Note the lumen in Figs. 62 ang 63 containing spermatozoa.
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of spermatozoa into the female tract ig clearly a

gradual process rather than an abrupt one., It therefore
follows that if insemination from one proglottid to
another is the rule, then penetration of the atriopore
of one proglottid by the intromittent organ of another
must be a prolonged or regularly occurring process. Such
a phenomenon has not been observed during the course of
this investigation, and it is further incompatible with
the histological observations of the anatomy of the
reproductive system reported in earlier Pages of this

dissertation.

In worms, raised either singly or as members of a
larger population, the mature proglottids are arranged
one behind the other, each proglottid showing a swollen
seminal receptacle packed with spermatozoa. This is a
very characteristic feature of the strobilas of H.
diminuta, and this Serial, unbroken Sequence of sperm-
packed semingl receptacles is most likely to be the
result of autocopulation, rather than that of an
inefficient or haphazard mode of sperm transfer, such
as the strobilgs folding on itself for the apposition of
the atriopores of two proglottids to effect sperm

transfer,
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d. A hypothetical scheme for sperm
transfer in H. diminuta

This process is envisaged to be as follows:

Spermatozoa are forcefully expelled from the internal
seminal vesicle into the atrium of the same proglottid
by co-ordinated muscular contréctions of the cirrus sac
and muscular duct. The force exerted by the musculér
contractions of the atrium and vagina, combined with the
ciliary activity of the vaginal epithelium, would expel
the spermatozoa from the atrium, through the Vagina into
the seminal receptacle. Although spermatozoa are readily
observed in the internasl seminal vesicle and seminal
receptacle, they are rarely, if ever, seen in the |
intervening ejacﬁlatory duct, genital atrium and vagina,
which indicates that the process of Sperm transfer may
be very rapid. One can ohly speculate about the role of
the atrial gland cells. It is possible that they
elaborate a secretion which initiates contractions of
the atrium and proximal vagina, or else the cells may
produce enzymes or some metabolites essential for the
Spermatozoa. The presence of the atriopore is difficult
to account for in this scheme of events, If it were
always to remain open, then there may be some loss of
Spermatozoa during copulation. On the other hand, it
may remain closed during the passage of the spermatozoa

from the male to the female tract through the atrium,
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and could be opened by contraction of the longitudinal
muscles, to release excess amounts of spermatozoa which
may interfere with the pumping action of the atrium,
This function of the atriopore is admittedly a purely
speculative idea with no evidence at present to support

it.

3._Some Consequences of Copulation in

Tapeworms

If tapeworms were all capable of self-fertilisation,
as has been shown in H. diminuta, they would then be at
an advantage, in that the need, for 2 strobilas to be
bPresent in the same host to ensure copulation and
- eventual egg-production, can be eliminated. One tapeworm
larva could infect the definitive host, mature and pro-
duce numerous offspring. The reproductive potential ig
further enhanced by strobilisation, so that there are
many reproductive units, each capable of producing a

large number of egegs.

The reproductive units or proglottids in a strobila
must be genetically uniform or identical, since they are
produced by a process akin to fission or vegetative
budding. Thus Sperm transfer between two proglottids on
the same strobila would still be a form of selfing. Even

if cross~fertilisation between two different strobilas
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occurs, there is the Possibility that the "mating®
strobilas would be genetically very similaf, if not
identical. Such a condition is almost certain to ex1st
in a population of adult hydatid tapeworms (E. granu-
losus). Consider a population of these worms within the
intestine of the dog: it is very likely that these

worms developed from the protoscolices of the same
hydatid cyst, which in turn developed from a single egg.
Thus, most, if not all, the individuals of the population
would be genetically alike, excluding of course, the rare
possibility of mutants within this population. It
appears, then, that whether copulation between different
strbbilas or auto-copulation occurs, genetically speaking,
we would be witnessing a form of selfing in this popula-

tion of tapeworms.

Tapeworms like E. granulosus and H. diminuta could

then be considered to be self-fertilising hermaphfodites,
and if mutations were to occur, they would occur in both
eggs and sperms, and homozygous offspring would eventually
be produced carrying the recessive mﬁtant genes, Factors
like the physical impossibility for gene flow between
strobilas in different hosts, polyembryony as shown by

the larval hydatid organism, and the habit of selfing in
the adult worms will enable the mutations to become

homozygous and thus be expressed. Such a form of sexual
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reproduction would then promote the rapid formation of
new well-adap?ed races or strains (see Smyth and Smyth,

1964).

Selfing then would confer on tapeworms the
ability to produce numerous offspring even when a single
adult individual is present in the host animal; and it
further enables the organism, already endowed with a
high reproductive potential, to exploit favourable
niches by promoting the formation of new, stable, highly-

adapted races or strains.



CHAPTER VIIT
THE FORMATION OF THE EGG--PART I

The previous chapter showed how the spermatozoa
arrive in the seminal receptacle of the female tract.
They remain here until they move into the ootype where
fertilisation occurs, and where the constituent parts of
the egg, that is, the oocyte, vitelline cell, and
secretion of Mehlis? gland, are assembled. The formation
of the egg in H. diﬁinuta proceeds in two stages: the
first Stage, occurring in the ootype, is comparatively
brief and constitutes the assembly of the component
parts of the egg; the second Stage, occurring in the
uterus, is of longer duration, during which the develop-

ment of the egg is completed,

The structure of that part of the female system
which is responsible for the elaboration of the egg, was
described in Chapter VI, A histochemical study of the
ovary, vitelline gland and Mehlis? gland was informative
in studying the physiology of egg.formation. These
observations are tabulated and discussed in the first

part of the chapter.

140
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l. Histochemical Observations

a. The ovary

The immature oocytes have a large nucleus and a
homogeneous cytoplasm. The mature oocyte (i.e., the
oocyte when ready to be ejected into the oViduct) is
oval in shape with a nucleﬁs, containing a promihent
nucleolus, and conspicuous cytoplasmic granules (see
Fig. 68). The histochemical observations on the-oocyte

are summarised in Table 4,

These observations show that the oocytes, while
lacking both lipid and carbohydrate, contain appreciable
amounts of protein and ribonucleic acids. Some of the
protein contains sulphur as sulphydryl groups which is
indicated by the positive result with the DDD reagent
(see Fig. 64, and Appendix under tests for proteins).
This is significant when considering the subsequent‘
development of the fertilised ovum. Ribonucleic acid
(RNA) is present in the nucleolus and in numerous small
cytoplasmic granules. This is a characteristic feature
of the oocytes of many species (Davenport and Davenport,
1965a, 1965b; Davenport, 1967). Some of the protein may
be associated with RNA in the form of ribonucleoprotein
complexes, which is reported to occur in the oocytes of

many species (see same authors above). The nucleolus is
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TABLE 4.,-=The histochemical observations on the oocytes

Test

Observation

PAS
Best!s carmine
Alcian blue, pH 2.5

Toluidine blue

Osmium—-ethylgallate
Mercury bromphenol blue
Ninhydrin-Schiff

Millon's reagent

DDD

DDD after N-Ethyl maleimide
Performic acid-Alcian blue
Pyronin-Methyl green

Pyronin-Methyl green after
Ribonuclease

Blue colour; no meta—
chromasia

No osmiophilia
Granules coloured red
+
+
+

Granules and nucleolus
stained red '

Staining of granules and
nucleolus abolished
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Fig. 64,--Section of a part of the ovary. Note
intense positive staining of the oocytes.
Formol-calcium, DDD, x 385)

Fig. 65,==Transverse section Passing through the
ovary and vitelline gland, Note positively staining
granules of the vitelline cells (arrow), and the failure
of the oocytes (o) to be stained.

(Bouin®s, Performic acid-Alcian blue x 370)
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known to contain RNA and protein in the form of ribo-
nucleoprotein complexes, and the pr1n01pal function of
the nucleolus is to synthesise ribosomal RNA (Blrnstlel
1967). Most of the RNA in the cytoplasm is contained in
rlbonucleoproteln particles called ribosomes (Harrls,
1965). Electron microscope studies of the ovary of

F, hepatlca (Bjorkman and Thorsell; 1964) show that the
oocytes are characterlsed by their high content of free
ribosomes in the cytoplasm; and some of these ribosomes
are aggregated in clusters, Tt is likely that a similar

situation obtains in the oocyte of H. diminuta,

b. The vitelline gland

The mature vitelline cells contain small spherical
granules in the cytoplasm, The histochemical observa-
tions on the gland (see Table 5) show that, in addition
to these prominent vitelline granules, there are small
deposits of glycogen present in the cytoplasm. The
vitelline granules contain lipids, proteins and acid
mucopolysaccharides, but lack glycogen and other PAS
pPositive materials. The granules stain intensely with
the PFAB procedure (see Fig. 65) which indicates the
presence of high concentrations of cystine and protein-
bound disulphide groups (see Appendix under tests for

proteins). The acid mucopolysaccharides pPresent are not
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TABLE 5.~-Histochemical observations on the vitelline

gland
Test Observation

PAS -

Bestts carmine -
Alcian blue, pH 2.5 +
Alcian blue, pH 1.0 -
Toluidine blue ¥ metachromasig
Millonts reagent +
Mercurj bromphenol blue : +
Ninhydrin-Schiff ' -

DDD -
Performic acid-Alcian blue (PFAB) +

PFAB without oxidation _ -
Osmium-ethyl gallate granules strongly

osmiophilic

* The tabulated results refer only to the vitelline
granules., Withithe PAS procedure small granules of
glycogen were detected in the cytoplasm. These granules
contain only this substance, and are distinet from the
vitelline granules, which are PAS negative. '
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Sulphated, as indicated by the failure of the granules
to be stained with Alcian blue at PH 1.0. The granules
are strongly osmiophilic indicating their lipid content
(see Pig. 66), and some of this lipid may be associated
with protein to form gz lipoprotein, which is suggested
by the positive results obtained on staining with
acidified protoporphyrin (see Appendix, wnder tests for
lipids), These granules;‘containing these substances;
would be excellent material for the formation of pro-

tective envelopes and similarp structures,

It is of some interest to compare the higto-
chemical observations on the vitelline cells of
He diminuta, which ig g cyclophyllidean tapeworm, with
the histbchemical characteristics of the vitelline cells
of a pseudophyllidean cestode and a trematode. Such g
comparison is furnished in Table 6. In Fasciola and

Schistocephalus5 the egg which is passed to the exterior

has a characteristic egg shell which is made of a
resistant protein, The bulk of the material forming
this shell comes from the vitelline cells which contain
the shell-precursors in the form of basic proteins,
phenols ang phenol oxidases, The phenol is oxidised to
form a quinone, which then combines with the protein to
form a Cross=~linked, stable protein called sclerotin,

The selerotin forms the resistant egg shell enclosing
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Fig., 66. Transverse section prassing through the

vitelline gland, Note the strongly osmiophilic vitelline
anules,

Osmium~ethyl gallate, phase contrast, x 760)

k)
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Fig, 67.—-Transverse section passing through
Mehlis® gland. Note the deeply staining gland cells
garrow); Sy Sperm-oviduct; o, ootype,
Formol-calcium, AB~PAS, x 800)



TABLE 6.--Comparative histochemical observations on the vitelline gland of 3 selected
platyhelminth species

Components of

Class Name of organism vitelline cell Reference
Trematoda Fasciola basic proteins Smyth, 195Lb
(Digenea) hepatica phenols

polyphenol oxidase
Cestoda Schistocephalus basic proteins Smyth, 1956
(Pseudophyllidea) solidus phenols :
polyphenol oxidase
Cestoda Hymenolepis a. acid mucopolysaccharide observations
(Cyclophyllidea) diminuta lipid made in the
basic protein; present
some protein with investigation
protein~bound disulphide
- groups, and some protein
' as lipoprotein
b. Phenols and polyphenol Llewellyn,
oxidase absent 1965

8T
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the ovum (Smyth and Clegg, 1959). The egg shell is

resistant to pancreatic digestion (Llewellyn, 1965),

The chemistry of the vitelline cells of H. diminuta
indicates that an entirely different situation 6btains
in the cyclophyllidean vitelline gland. The larvs is
not enclosed by a single sclerotised shell, but by
several embryonic envelopes which are derived from the
cleaving ovum itself. The vitelline cells contribute
very little, if any material towards the formation of
these envelopes. Another contrasting feature is that
these envelopes are not resistant to pancreatic digestion
(Llewellyn, 1965). The loss of the tanning agents in
thé vitelline cells, and the inability of the embryonic
envelopes to resist Pancreatic digestion, is believed to
be correlated with the Phase in the life cycle where
the larva is released in the gut of the intermediate
host; the digestive enzymes of the host are partly
responsible for the hatching of the egg by disrupting
the enclosing envelopes (Llewellyn, 1965),.

c. Mehlis?® gland

The histochemical observations on the cells of
this gland are shown in Table 7 (also refer the Appendix
under histochemical techniques for explanations of the

tests). The results indicate that the granules elaborated



TABLE 7.~~Histochemical observations
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on Mehlis? gland

Test Observation
PAS +
PAS after diastase +
PAS after hot methanol:chloroform +
Best's carmine -
Alcian blue, pH 2.5 +
Alcian blue, pH 1.0 -
Toluidine blue purple B
metachromasig

Millon's reagent
Mercur& bromphenol blue
Ninhydrin-Schiff

DDD

Performic acid-Alcian blue

Osmium-ethyl gallate

faint positive
+

-+

granules strongly
osmiophilic
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by tﬁis gland contain carbohydrate, protein, lipid and
some acidic substance, probably acid mucopolysaccharide,
The positive PAS reaction, which is unaltered by
diastase digestion and lipid extraction, coupled with
the positive reactions for proteins, indicates that
there is a carbohydrate~protein complex in the secretory
granules. A strong osmiophilic reaction as well as a
positive reaction with acidified protoporphyrin,
indicate that a lipoprotein is also Present. The

secretion is then a carbohydrate-lipid-protein complex.

These results are in agreement with the observa-
tions reported by Clegg (1965) who shﬁwed that Mehlig®
gland in F, hepatica elaborated secretory granules Which
contained carbohydrate, lipid, protein and some acidic
group. Extraction of this secretion and further
analysis showed that it was a lipoprotein w1th a high.
(60%), /protein content) some’ phosphollpld and a
small amount of carbohydrate (Clegg, 1965). According
to Clegg the acidic group, reéponsible for the positive
reaction with Alcian blue, is probably the phosphate
radical. The secretion in H. diminuta stalns with Alcian
blue only at pH 2, >, showing that the reaction is not
due to the acidic sulphate group. The combined PAS-
Alcian blue procedure of Mowry (1963) stained the
granules pink-purple (see Fig. 67).
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2. The Assembly of the E

The spermatozoa are prevented from leaving the
seminal receptaclevby a muscular sphincter located at
its inner end. There appears to be some mechanism which
determines the timing of sphincter;felaxation, permitting
the exit of spermatozoa. It was observed on many
occasions that while the seminal receptacle was large
and distended with abundant spermatozoa in its lumen,
both the ovary and vitelline gland, of the same proglottid,
were immature: most of the oocytes lacked the prominent
cytoplasmic granules, and only a few vitelline cells
contained vitelline granules (see Fig. 54 in Chapter 6),
The sphincter prevents the exit of spermatozoa at this
stagef But whenever the sphincter was observed to have
relaxed, allowing the exit of spermatozoa into the
sperm duct (see Fig, 68), both ovary and vitelline gland
were in a fﬁnctionally mature state, Spermatozoa, then,
appear to be released only when the ovary and vitelline
gland are ready to discharge their products into the

ootype.

Spermatozoa are easily observed in the sperm duct
but never in the sperm-~oviduct or ootype; oocytes are
occasionally observed in the oocapt, never in the

oviduct and Sperm-oviduct, and only rarely in the ootype;
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Fig. 68.=~Transverse section passing through a
part of the female system. Note (1) the swollen seminal
receptacle (sr) containing spermatozoa; (2) the muscular
sphineter (sp); (3) spermatozoa in the sperm duct (s);
(4) the ovary (o) with the oocytes showing the character—
istically prominent nuecleus ang cytoplasmic granules,
Bouin's, paraldehyde fuchsin with Halmi®s, x 400)
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on the other hand, as many as 3 or L vitelline cells can
be observed within the vitelline duct. These observa-
tions indicate that the oocytes and spermatozoa are
moved rapidly within the ducts whereas the vitelline
cells are transported more slowly. The contractions of
the muscular walls of the oviduct and sperm-oviduct,
together with the sweeping motions of their ciliated
epithelia, would move the ova and spermatozoa rapidly to
the ootype. The vitelline duct is not ciliated and
depends only on contractions of its muscular walls to
transport the vitelline cells. To compensate for this,
however, is the comparatively short iength of the
vitelline duct, so that the vitelline cells do not have

to be moved very far to enter the ootype.

The events leading to the assembly of the egg in
the ootype are envisaged to be as follows (see Figs,
50, 51 and 52). The sphincter of the seminal receptacle
relaxes, releasing a stream of spermatozoa into the
sperm duct; an oocyte, ejected from the ovary, is moved
u§ the oviduct, and is then Joined by the spermatozoa
and together they are rapidly transported along the
sperm-oviduct towards the ootype. At the entrance to
the ovo-vitelline duct, the spermatozoa and oocyte are
joined by a vitelline cell, and they all then enter the

ootype. The flap-like "vglves" of the uterine duct are
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presumably apposed to prevent the Premature exit of the
egg-precursors into the uterus. It is possible that the
ovo-vitelline duct closes temporafily so that the ootype
is effectively isolated for a brief space of time,
Meanwhile, the cells of Mehlis' gland discharge their
secretion into the lumen of thé ocotype. The oocyte,
which has by now been fertilised, and vitelline cell
are surrounded by the secretion granules of Mehlig?
gland. The valves of the uterine duct open, and tﬁe
oocyte and vitelline cell, enclosed by the secretion of
Mehlis® gland, are ejected, through the uterine duct,
into tﬁe uterus, by muscular contractions of the wall of
the ootype. The valves close again and the entrance to
the ootype is opened to allow the next group of egg-

precursors to enter,

The ootype is thus visualised as an efficient
mould or assembly point where the component parts of the
egg are assembled before the egg is exported to the
uterus, where subsequent development takes place. It.is
probable that only one egg is assembléd at a time, and
the mechanism can be visualised as a continuous process,
where the component parts of the egg are delivered, one
batch at a time, to the ootype, wherein they are
assembled and passed on to the uterus. This process of

assembly must be very rapid since oocytes are rarely
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observed in the ootype, Bjorkman and Thorsell (1963)
have estimated that the rate of egg formation in vitro

in P, hepatica is about 2 eggs per minute,

The serial replication of +these assembly points,
brought about by strobiliéation5 confers on the tapeworm
-a high egg-producing capacity, within a limited space of
time. If only one such assembly unit (ootype) were
present, then a much legser number of eggs would be
assembled within a given Space of time, Increasing the
quantity of oocytes and vitelline cells, by increasing
the size or numbers of the ovary and vitelline gland;
Will not result in an increased egg production, within a
given period of +time (e.g.y the time spent by the
Parasite in the definitive host). However; if there
were an increase in the number of ootypes as well, then
an increase in the number of egg-assembling units would
result, and there would be a greater number of eggs
elaborated within this period of time, Thig point has
been emphasised by Llewellyn (1965) in his discussion of
the survival value of strobilisation in the evolution of

cestodes,

The formation of +the €g8g 1is a complex process in
which the functions of the different parts of the

reproductive apparatus, participating in this process,
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must be well synchroniseds and this may well be mediated

by nerve cells, as suggested to occur in P,

Gonnert (1962),

hepatica by



CHAPTER IX
THE FORMATION OF THE EGG-wPART IT

In this chapter we shall examine some features of

interest in the development of the egg in the uterus.

1. The Oocyte and the Egg

The fertilised oocyte in the uterus stains
intensely and does not show the characteristic nucleus
and cytoplasmic granules observed earlier. It undergoes
cleavage, forming an embryo composed of many cells, some
of which separate to form a granular syncitial envelope
enclosing the rest of the cells. These cells multiply
and differentiate to form the larva with hooks and
glands. The granular envelope gives rise to the 3
embryonic envelopes enclosing the larva, and these are
the outer shell, a middle envelope and an inner embryo-
phore adjacent to the larva. The embryonic envelopes
and the larva together constitute the mature egg (see

Fig. 69).

Histochemical tests for proteins (Mercury-

bromphenol blue, Ninhydrin-Schiff) showed that protein

158
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Pig. 69.-=Section of a mature onchosphere (the
egg). a, outer shell; b, middle envelope;
Cy embryophore; d, hexacanth larva,
(Bouin's, paraldehyde fuchsin with Halmi's, x 1000)

Fig, 70.~-Transverse section showing a branch of
the uterus containing developing embryos., Note the
vitelline capsules (arrow) ehclosing the embryos,!
(Bouin®s, paraldehyde fuchsin, with Halmi's, x 480)



160

was present in envelopes and larva, Of greater interestA
were the tests for proteins cpntaining sulphydryl and
disulphide groups (DDD and PFAB--sce Appendix). The
envelopes and larvé did not stain with the DDD reagent,
indicating the absence of sulphydryl groups. On the
other hand, the embryophore and hooks stained intensely
with the Performic acid-Alcian blue test, which indicates
the presence of cystine and protein disulphide groups.
The oocyte, on the contrary, lacks protein-bound
disulphide groups, although it has appreciable émounts

of protein sulphydryl groups (see Chapter VIII), It is
evident then, that during embryogenesis, éome of the
protein of the oocyte, containing sulphydryl groups, is
involved in the formation of the embryophore and hooks,
during which the sulphydryl groups are oxidised to form
stable disulphide bonds. The embryophore and hooks are
rigid structures and the pbresence of protein-bound

disulphide groups in these structures is not unusual.

2. The Vitelline Cells

The vitelline granules are freed from the
vitelline cells and coalesce to form a capsule which
encloses the developing oocyte. The formation of this
capsule probably begins in the ootype and it is com-

pleted in the uterus. Both capsules and vitelline
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Fig. Tl.——Transverse section of g proglottid.

Note slender uterus,
containing eggs.,

(B buin's, paraldehyde fuchsin with Halmi's, x 120)

located dorsally (arrow),
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granules show identical staining reactions with PFAB,
Millon’s reagent, Alcian blue and Mercury bromphenol

blue. They are also both strongly osmiophilic.

The capsule is easily observed during. the cleavage
of the ovum and the early stages of embryogenésis (see
Fig. 70). It remains intact after the differentiating
embryo has formed the outer syncitial granular envelope,
but it is no longer detectable after the true outer
shell of the egg has been formed. Itsvfunction during
early embryogenesis is clearly protective; the presence
of protein-disulphide groups in its chemical constitution

indicates its structural stability,

The fate of the capsule in the later stages of
embryogenesis is uncertain. The capsule may disintegrate;
but fragments, which would be produced by dlslntegratlng
capsules, were never observed., It is possible that the
capsule does remain in the mature egg, as a very thin
membrane, closely adhering to the outer shell. Such a
membrane would not be easily visible in the kind of
histological pPreparations used in thisg study. Another
possibility is that the capsule is incorporated into the

composition of the outer shell.
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3. Mehlis? Gland and Egg Formation

The secretozy granules elaborated by this gland
are seléctively étained with the AB-PAS procedure of
Mowry (1963) (see Appendix), and the granules are
observed in the lumen of the ootype. Using the AB-PAS
procedure, Clegg (1965) showed that the granules from
Mehlis? gland formed 2 membranes, one of which acted as
a template on which the egg shell, derived from the
vitelline cells, was formed. The membranes showed up
very clearly against the egg shell, with the AB-PAS
procedure. In H. diminuta, however, the AB-PAS sequence
failed to demonstrate such a membrane, which, if it
exists, would bresumably form g template against which
the vitelline capsule would form. With the AB-PAS
Sequence the vitelline capsule stained green because of

its affinity for Alecian blue.

Thin sections of material, prepared according to
the Osmium-ethyl gallate procedure, failed to demonstrate
such membranes. The failure to observe membranes using
this procedure may be explained by the fact that both
the vitelline granules, forming the capsule, and the
secretory granules of Mehlig? gland, presumed to form
membranes, are strongly osmidphilic, and it was not
possible, therefore, to differentiate separate membrane

and capsule.
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It is likely that the membrane, formed from these
granules, is very thin and only more sensitive methods
like electron microscopy, would detect i%, One should
also consider the Possibility that the membrane;’ if it
is formed, becomes incorporated into the vitelline

capsule, thereby making its detection very difficult,

Several other theories have been advanced to
explain the significance of +the secretion of Mehlig?®
gland (see Smyth and Clegg, 1959; Ibser, 1965b;
Ebrahimzadeh, 1966, for details amd references)., Thus
it is suggested that the secretion aéts as a lubricant,
as a gamone which activates the spermatozoa; as a sub~-
stance which liberates the vitelline material from the
vitelline cells, and as a secretion in which eggs are
Suspended. Thege suggestions are not proven as yet,
The present investigation shows that the secretion of
Mehlis® gland in H. diminuta is g complex of several
substances, and is histochemically similar %o the
secretion of Mehlig? gland in F, hepatica; the secretion
is discharged into the ootype where it associates with
the oocyte and vitelline cell. TFurther investigations

are necessary to clarify the role of this secretion.
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L., The Uterus

The development of the uterus has been described
in Chapter III, where it was seen that it expands
rapidly, during egg formation from a slender tube, lying
in the dorsal part of the proglottid, to a large
branched, tubular structure which fills the entire
proglottid. The uterine epithelium which forms the wall
of the uterus is inconspicuous at first, but later
becomes prominent; the nuclei of the epithelial cells
are larger and the cytoplasm has many proteinaceous
granules in it, as demonstrated with fiercury bromphenol
blue. By the time the uterus reaches its maximum extent
in the gravid proglottid, the epithelium is thinner and
less conspicuous, and in some areas it appears to have
disintegrated. At this stage it fills the proglottid
(see Fig. 71; also Figs. 10, 11, 12, 13 in Chapter III).
The uterine epithelium may contribute some materials
for the formation of the eggs; such a process has been
suggested to take place in some trematodes (see

Ebrahimzadeh, 1966).

The process of egg formation is a neat, two-stage
process which allows the participating structures to
function at their maximum capacities. During the first

Stage, called egg assembly (see Chapter VIII) which is
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confined mainly to days 8, 9 and 10 (see Chapter III),
the ovary, Mehlis® gland, vitelline gland and seminal
receptacle "exporﬁ" their products to the ootype, where
the eggs are assembled and then ejected into the uterus,
within which they undergo cleavage. By the end of this
period the ovary, vitelline gland and‘Mehlis' gland are
spent. In the second stage, occurring in da&s 11-16
(see Chapter III) the uterus expands to £ill the pro-
glottid and the émbryos within it complete their

development to form the characteristic eges.
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CHAPTER X
THE STRUCTURE OF THE SCOLEX

The remainder of this dissertation will be devoted
to the study of the scolex and its significance in the
biology of the parasite, In this chapter we ghall examine
the structure of the scolex, of both the cysticercoid and

the worm in the definitive host.

lo, The Cysticercoid

The cysticercoid has a scolex lying within a
cavity enclosed by several membranes (see Fig. 72), The
scoléx has 4 suckers and a rostellum within which are
many cells with prominent nuclei but hardly any cytoplasm.
Scattered nuclei are observed outside the rostellum, and
no other structures were observed in the present investi-
gation. The worm in the definitive host, on the other
hand, has a scolex with a more complex organisation., The
cysticercoid excysts within the gut of the definitive
host during which process the scolex emerges from the
central cavity, and soon fastens itself to the wall of
the intestine (see Fig. 73). The scolex inereases in

size and its internal organisation is much clearer now.

168
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Pig. 72.,-~-Horizontal section of a cysticercoid.
Note the envelopes enclosing the central cavity (c);
the arrow indicates the rosfellum of the larval scolex.
(Bouin's, paraldehyde fuchsin with Halmi's, x 560)

Fig. 73.--Ilorizontal section of the scolex of the
adult worm in situ in the intestine of tho rat, Iote
the sucker gripping the epithelial lining of the villus.
(Bouin's, Azan, x 200)
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2. The Worm in the Definitive Host

The scolex has 4 prominent suckers, and a well-
developed rostellum, in'addition'to which are observed
muscle fibreé, excretory ducts, nerve tracts and s
brain. We shall now examine all of these elements in
greater detail,

2. The suckers and the attachment
to the hostls intes ine

The scolex, lying at the anterior end of the
strobila, is almost recfangular in cross section and can
be visualised as being made up of a right and a left
half, with each half having a dorsal and ventral sucker
(see Fig, 74). Each muscular sucker encloses a deep
cavity, and at their widest point, the immer margins of
the suckers, in each half of the scolex, lie very close
to each other’with very little parenchymatous tissues

in between (see Fig. 74),

The worms are located in the small intestine, and
sections of worms, fixed in situ, show that the scolices
of the worms are lodged among the villi, Most of the
scolices are located deep within the space between two
villi, and are attached to the lining of +the villi, with
the suckers enclosing "plugs" of the mucosal tissue

containing goblet cells (see Pig. 73)s While inflammatory
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Fige T4.--Transverse section of the scolex of the
adult worm. s, sucker; ry rostellum; 4, excretory
tubule within the rostellum; n, nerves 4 and 5 of the
2nd pair,

(Susa, Trioxyhaematin, x 450)
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tissue reactions are not obvious, the destruction of
goblet cells probably occurs, Thus a few goblet cells
adjacent to the anterior end of the scolex appear to be
ruptured so that their contents become spread over the
surface of the scolex; the mucus ig clearly v131ble as a

very thin but distinect layer on the tegument,

b._The rostellum |

| The rostellum lies between the suckers in the
anterior part of the scolex, and eitends beyond the
anteribr margin of the suckers. It ig ovoid, with a
flattened anterior end, and circular in cross section
(see Figs. 74 and 75). The rostellum is enclosed by a
brominent rostellar capsule on all sides except at the
anterior end, where the capsule is lacking, and the
rostellar area is in direct contact with the tegument of
the scolex (see Fig. 75). There is 2 pocket~like
invagination of the tegument into thig region of the
rostellum. Within the rostellum are found large
conspicuous cells, excretory ducts, nerve tracts and

smaller cells angd vacuoles,

c., Musculature

While the detailed musculature of the scolex was
not investigated, the disposition of the more prominent

muscles was noted, Thick strands of longitudinal muscle
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Pig, 75 .~=Diagrammatic sectional view (horizontal)
of scolex. 4 S
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fibres run posteriorly towards the neck region from the
base of each sucker. Close to the anterior end of the
scolex, and anterior to the suckers, are 4 diagonally
arranged bands of muscle fibres, which extend from the
two lateral faces of the rostellar capsule towards the
corners of the scolex. Four bands of diagonal muscle
fibres are attached to the base of the rostellum, of
which 2 are attached to the dorso—lateral sides of the
rostellum and the other 2 %o the ventro-lateral sides,
These fibres run anteriorly towards the suckers, and are
here called the anterior diagonal muscles of the rostellunm
(see Fig, 75), Similarly a second set of 4 bands of
diagonal muscles extends posteriorly towards the neck
region, and here they are called the posterior diagonal
muscles of the rostellum., The activity of these muscles
bresumably gives mobility to the scolex, suckers and

roétellumo

d. The excretory ducts

‘Iwo groups.of longitudinal excretory ducts,'or
vessels, extend the length of the strobila from the
posterior-most proglottid to the scolex. Each group is
situated laterally in the medullary barenchyma, and
‘consists of a small dorsal vessel and a larger ventral

vessel, These vessels are convoluted in the neck region
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before entering the scolex., The two groups of excretory
ducts run towards the base of the rostellum and the
vessels of each group then unite to form two large
vesicles, one on each side of the rostellum, with their
inner walls touching the posterio~lateral surfaces of the
rostellar capsule (see Fig, 75). Two slender tubules
leave each vesicle and enter the rostellum through openings
in the rostellar capsule. Four such tubules thus enter
the rostellum, and appear as small circular structures in
cross section; two of these tubules are situated in the
dorsal part of the rostellum and the other two in the
ventral part (see Fig. 7T4). They run anteriorly and then
all four unite to form a circular or ring canal which

lies horizontally in the rostellum (See Fig. 75),

e, The nervous system

The description of the nervous gystem is based on
the examination of serial sections; the nerve tracts and
herve cells were most readily observed in material fixed
in Susa and stained with Hansen's trioxyhaematin, Only
the major nerve tracts are congidered here: +the fine

details of the nervous system are inconspicuous.

The nervous system in the scolex consists of a
brain composeduof two lateral ganglia joined by a trans-

verse commissure, several nerves given off by the brain,
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and conspicuous nerve tracts within the rostellum, The
lateral ganglia of the brain lie posterior to the suckers
with each ganglion lying between the dorsal ang ventral
sucker of its half of the proglottid. A few nerve cell
bodies are observed in the ganglia. ' The ganglia are
joined by a thick transverse commissure which lies
immediately posterior to the rostellum (see Fig. 76)., The
commissure contains prominent nerve cell bodies (see Fig.
77). TPour nerves are glven off from the commissure; two
arise from the dorsal aspect of the commissure and extend
dorsally between the 2 suckers, and the other 2 nerves
arise on the ventral surface and extend ventrad between
the 2 ventral suckers., After a short distance, these
nerves turn anteriorly and continue forwards between the

suckers,

The 2 lateral ganglia each give off 5 nerves; one
unpaired nerve ang 2 paired nerves. The unpaired nerve
arises laterally from the ganglion, runs towards the
lateral margin of the scolex, turns posteriorly and con-
tinues in the neck and the remainder of the strobila as
the main, laterally situated, longitudinal nerve cord
(see Pig. 76)., The 2 nerves of the first pair (nerves 2
and 3) arise on the dorsal and ventral aspects of the
lateral ganglion respectively, Each nerve runs towards

the dorsal and ventral sucker respectively, turns inwards,
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Fig. 77.--Horizontal section of the scolex of the
adult worm. RC, rostellar capsule; EV, excretory
vesicle; T, excretory tubule within the rostellum;

Ny nerve tract within the rostellum; the arrow above
the excretory vesicle indicates the nerve tract entering
the rostellum; M, anterior diagonal muscles; COM, the
transverse commissure of the brain; note the nerve cell
body.

(Osmium~ethyl gallate, phase contrast, x 1,240)
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and continues along the inside bage of the sucker for a
short distance, and then turning sharply, pursues an
anterior course (see Fig. 76, nerve 2), fThe nerves
eventually break up into smaller branches at the anterior
end. The nerves of the Second pair (nerves 4 and 5)
arise from the inner dorsal aspect of the lateral
gangiion, and pass inwards and anteriorly towards the
rostellum (see Fig, 76, nerve 4; also Fig. 74), The 2
nerves lie lateral to the large excretory reservoir and
run anteriorly to come close to the rostellar capsule, A
short lateral branch arises from each nerve and passes
into the rostellum at g point just anterior to the
entrance of the slender excretory tubules into the
rostellum (see Figs, 76 ang 77). Having given off these
branches, the nerves continue their anterior course
between the suckers and rostellum, with one nerve lying
adjacent to the dorsal sucker and the other adjacent to
the ventral sucker, The nerves eventually divide into
many fine branches at the anterior end. (This pattern of
the distribution of the nerves was described for one half
of the scolex, and is identical to that which obtaing in

the other halrf,)

Nerve fibres are observed within the rostellum, .

There are many strands of nerve fibres extending

posteriorly towards g bprominent transverse nerve tract,
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which is median and lies posterior to the circular
excretory canal observed within the rostellum. TFrom each
end of the transverse nerve tract a thick nerve runs
posteriorly and makes its exit from the rostellum by
Joining with the two short nerve branches which enter the

capsule laterally (see Figs. 76 and 77).

£, The large cells in the rostellum

Large conspicuoﬁs nerve cells were always observed
in the anterior part of the rostellum in sections of the
scolex. It was not possible to make an accurate count of
the. total number of these cells, but an approximate
estimate is that there are at least 12 to 14 cells. The
cells are typically bipolar, each with a distal filamente—
like process terminating at the tegument, and a proximal
process which extends towards, and makes eventual contact
with, the median transverse nervéjtract in the rostellum
(see Fig., 76). The middle swollen part of the cell con~
tains a prominent nucleus., All of the cells do not occur
at the same level, but are evenly distributed throughout
the anterior of the rostellum, and packed close to each
other. In horizontal sections of the scolex, they give

the appearance of being arranged in 2 clusters.

The morphology of the cells, and their disposition

in the rostellum in relation to the tegument and nerves,
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therefore suggests that they are sensory or neurosensory

cells.

» The te ent at the rostellar
surface ang the sensory cells

The tegument at the rostellar surface has 2 regions

of which one, the apical tegument, is invaginated and lies
within the rostellum, while the other, the lateral tegu=
ment, covers the rostellum anteriorly. The neurosensory
cells come into contact with the latter part (see PFig, 76),
The lateral tegument is thick and has a characteristic
striated appearance which is best observed in longitudinal
sections of the scolex; the striations are due to alternate
light and dark staining regions. In thin sections of
osmium-fixed material vesicular patches are observed in
this otherwise homogeneous, densely osmiophilic tegument.
This feature was not observed in the tegument of adjacent
regions (see Fig. 78). It is likely that this lateral
tegument is a specialized zone containing sensory endings
which are associated with the neurosensory cells. Sensory
structures associated with nerves are known to occur in
the tegument of trematodes and cestodes (Dixon and Mercer,
1965; Morseth, 1967; Morris and Threadgold, 1967; Erasmus,
1967)., The electron microscopic observations of these
workers show that the sensory structures are bulbous or

vesicular in appearance with an outwardly projecting
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Fig, T78.--Horizontal section of the scolex of the
advlt worm. R, rostellum; note the vesicular patches
arrow) in the tegument.

Osmium~ethyl gallate, phase ¢ontrast, x 1,240)
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cilium., It is also of interest to note that Smyth,
Howkins and Barton (1966) reported the occurrence of
numerous, dellcate halrs at the tip of the rostellum in

E. granulosus 8 whlch they belleve to be sensory receptors,

!

h. The neurosgnsory-cells

The neurosénsbry‘éélls; described in a previous
section of thisg chapter, contain material which stalns
heavily with paraldehyde fuchsin. Various modlflcatlons
of Gomorils paraldehyde fuchsin stain have been used to
demonstrate neurosecretory cells in 1nvertebrates, of
which one is ‘the Simplified procedure of Cameron and
Steele (1959), Using this technique the neurosensory
cells in the rostellum were shown to be fuchsinophilic,
This characteristic staining property of these cells,
combined with their morphological appearance and
anatomical disposition in the rostellum, suggest that
they are neurosecretory cells: they will be described

in greater detail in the next chapter.



CHAPTER XI
THE SCOLEX AND NEUROSECRETION

It was suggested in the previous chapter that the
cells in the rostellum of H, diminuta were neurosecretory.
A histochemical study of these cells was made and it is

reported in the first section of this chapter,

1. The Histochemistrx of the Cells in
the Rostellum

The histochemical observations on these cells are
shown in Table 8., The secretion failed to stain with the
PAS procedure and Best's carmine; glycogen, other carbo-
hydrate and carbohydrate~protein complexes are absent,

The secretion did not stain with Alcian blue and also
failed to show any metachromasia with Toluidine blue,
indicating that acid mucopolysaccharides are also absent,
The secretion was osmiophilic, indicating the presenc; of
lipids. The secretion is obviously proteinaceous since it
stained with mercury bromphenol blue., With performic acide
Alcian blue, granules of secretion, stained blue, were
observed in cell body and axon. These granules failed to
stain when the oxidan%xwas omitted in the staining Pro-

cedure., The positive results with PFAB indicate the
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TABLE 8.~~Histochemical observations on the nerve cells
' in the rostellum

Test Observation

PAS ' -

Bestts carmine R

Alcian blue, pH 2,5 -

Toluidine blue blue, no metachromasia
Mercury bromphencl blue +
Performic acid-Alcian blue +

PFAB without oxidation -
Osmium~ethyl gallate secretion osmiophilic

presence of appreciable amounts of cystine., According to
Pearse, the sensitivity of this test is low but it has a
high specifieity, and therefore, positive results with

this procedure are indicative of appreciable quantities

of cystine. He further writes that despite its Low
sensitivity, this procedure is of importance in applied
histochemistry in the demonstration of the neurosecretory
substance in various Speciesy; and "it must be‘considered
the histochemical reaction of choise." (Pearse, 1960),

The heurosecretory material of vertebrates and invertebrates

shows a high concentration of cystine (Sloper, 1957;
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Schreiner, 1966; and other references in Sumner, 1965),

Two widely used procedures in the demonstration of
neurosecretory material are Bargmann's chrome haematoxylin-
phloxine method and various modifications of Gomoritsg
paraldehyde fuchsin procedure. The method used in this
study was the modified paraldehyde fuchsin procedure of
Cameron and Steele (1959). With this methog the secretion
in the cells of the rostellum stained an intense purple
colour, and failed to stain when the oxidation step, using
acidified permanganate, was omitted in the procedure.,
According to Sumner (1965; also see Appendix under
Aldehyde fuchsin) the staining produced after oxidation
is due to strong acids, produced by the oxidation of
cystine, whi;h then combine with aldehyde fuchsin by
ionic links. The histochemical evidence then favours the
view that the cells in the rostellum of H. diminuta are

neurosecretory.

Smyth‘(1964a) described spindle-shaped glandular
cells in the rostellum of E. granulosus, which were
believed to secrete globules of material anteriorly., The
secretory material, which was difficult to fix, showed
sudanophilia and also gave a weak prerformic acid-Schiff
reaction; these observations led Smyth to conclude that
the secretion was probably a lipoprotein or lipid-protein

coacervate,
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2. _The Cycle of Secretion Shown by the
Cells in the Rosgtellum

The neurosecretory cells undergo a cycle of
activity. In the cysticercoid, the cells are recogniéable,
buﬁ fail to stain with paraldehyde fuchsin; the cells are
relatively small with a nucleus and very little cytoplasm
(see Pig. T72).

By 2 days after infection of the definitive host,
before strobilisation has begun, the cells have inereased
in size and the cytoplasm is faintly fuchsinophilic, = By
4 or 5 days after infection the cells have increased
further in size, their bipolar nature is more obvious,
and, most important, the cytoplasm is intensely fuchsino-
philic. Some of the cells at this time exhibit little
fuchsinophilia, but by 6 or 7 days all the cells are
intensely fuchsinophilic and have a swollen appearance
(see Fig. 79). At 16 to 18 days after infection, the
cells begin to lose their turgid appearance and there is
a decreage in the intensity of fuchsinophilia. Granules
of secretion can now be observed in the axons of the
cells leading towards the nerves of the rostellum (see
Fig. 80). The amount of detectable fuchsinophilic
material in the cells decreages until, at 20 days after
infection, many of the cells lack the fuchsinophilic
material (see Fig. 81). At later stages none of the

cells contain the secretion.
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Fig. 79.~-~Horizontal section of the scolex of the
adult worm 7 days after infection, Note the neuro-
secretory cells, in the rostellum, containing abundant
fuchsinophilic material, (Compare with Fig. 72, where
only the nuclei of the cells are visible, and they are
stained heavily by the counterstain, ) . '
(Bouin?'s, paraldehyde fuchsin with Halmi's, x 1,300)
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Fig. 80.—~Horizontal section of the scolex of the
adult worm 18 days after infection., Note the granules
of secretion (arrow) in the axon; 1, nerve tract;

2, transverse median nerve within the rostellum (see

Pig. 76).
(Bouin's, paraldehyde fuchsin with Halmi's, x 1,000)

Fig. 8l.--Horizontal section of the scolex of the
adult worm 20 days after infection. Note the absence of
fuchsinophilia in most of the neurosecretory cells.
(Bouin's, paraldehyde fuchsin with Halmi's, x 475)



190

The cyclic nature of the secretion contributes
another piece of evidence for the notion that these cells
in the rostellum are neurosecretory. Thus there existg
in the rostellum a group of nerve cells which elaborate
in a eyclic fashion a material which staing intensely with
paraldehyde fuchsing one of the classical neurosecretory
staing, Furthermore, at a parficular stage in the Life
c¢ycle the secretion is observed to be released into the
axons., These characteristics contribute sufficient
evidence for the first description of neurosecretory
cells in a cestode (Davey and Breckenridge, 1967), Neuro-
secretory cells have been described for other platyhelminths

using various techniques (see Table 9).

It is difficult to assign a precise fumction o
these cells on the basis of this investigation, Strobili-
sation, or the formation of proglottids, begins on the 5th
day; and apolysis, or the shedding of gravid proglottids,
commences 16 to 17 days after infection. The granules of
secretion are released into the axon 16 to 18 days after
infection; thus the release of the neurosecretory material

is correlated with the shedding of the first proglottid,




TABLE 9.~-Reports of neurosecretion in the vhylum Flatyhelminthes

Class Name of organism

Mode of observation

Author(s)

Turbellaria Leptoplana acticola

Polycelis nigra

Dugesia gonocephala

Dugesia dorotocephala

Procotyla fluviatilis

Trematoda Dicrocoelium lanceatum

Fasciola hepatica
(cercaria)

Cestoda ngenolegis diminuta

light microscopy
light microscopy
electron microscopy
electron microscopy

electron microscopy

light microscopy

electron microscopy

light microscopy

Turner (1946)
Lender and Klein (1961)
Oosaki and Ishii (1965)
Morita and Best (1955)
Lentz (1967)

Ude (1962)

Dixon and Mercer (1965)

Davey and Breckenridge
(1967)

T6T
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3. The Significance of Neurosecretion in the
Rostellum

Neurosecretory cells were described and defined on
a cytological basis. Whether these cells have an endo~
crine function has to be demonstrated physiologically, and
such a study was not attempted in this investigation. The
identification and descrip%ion of cells as neurosecretory,
on a cytological or histochemical basis carries +the
implication that an endocrine function might eventually be
assigned to these cells. The importance of neurosecretory
cells lies in their role ag mediators in the integration

of many activities of the animal body.

The significance of neurosecretory phenomena has
been appreciated by biologiéts for some decades now,
Neurosecretion and neuroendocrine functions are well
documented amongst the vertebrates and invertebrates; and
1t is among the invertebrates, especially in the phylum
Arthropoda, thatthis phenomenon has been investigatéd in
greatest detail, However, the significance of neuro-
secretion, and its importance in developmental events, has
been appreciated in the field of barasitology only in very
recent years; thus the possibility of "internal secretions"
exercising an influence on the developmental events in the
Llife of a parasite has been suggested as well ag investigated

(Rogers, 1961; Rogers and Sommerville, 1963; Meerovitch,
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1965; Davey, 1966; Davey and Kan, 1967),

One of the.main difficulties in studying tapeworm
development with this approach is due to the parasitic
nature of these animals, which makes regular observations
of them during development a tedious task, involving the
periodic sacrifice of the host animals with its attendant
difficulties. There have been reports within recent years,
of in vitro experiments where tapeworms have been grown
from the larval stage to the adult egg-producing stage
(Berntzen, 1961, 1962; Schiller, 1965; Sinha and Hopkins,
1967; Hopkins, 1967). This achievement in experimental
techniques provides a method, with greater experimental
flexibility, for studying development in tapeworms., Such
studies have already been attempted (Smyth, Howkins and
Barton, 1966; Smyth, 1967).

A combination of in vitro experiments and sound
histological, histochemical and cytological observations
would be very useful in future studies of tapeworm

development,



SUMMARY

l. The physiology of development of a ‘tapeworm wags
investigated by étudying two regions of the tapeworm body

--the strobila and the scolex,

2. By studying the terminal proglottids of worms
taken from rats at Successive intervals after infection, a

timetable of developmental events was constructed.

3. The important events in the development of the
adult worm ares

a. the formation of proglottids which commences
on the 5th day after infection;

0. the differentiation of the reproductive
system in the proglottids;

¢. the transfer of spermatozoas

d. the elaboration of +the €ggy which process
proceeds in two stages and is of the longest
duration in reproduction;

€. apolysis, or the shedding of the proglottids
when they are gravid; this commences 16 o 17

days after infection,

4. The male and female reproductive systems have

been described in detail, The male System consists of

194
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3 testes and a long sperm duct, composed of physio-
logically specialised regions, which is responsible for
conducting the spermatozoa to the female tract. ‘These
regions are the vas deferens, external seminal vesicle,
internal seminal vesicle,muscular duct and ejaculatory
duct, of which the last three are enclosed within the
muscular cirrus sac. The physiological significance of
these regions is examined, The gland cells of the
external seminal vesicle elaborate a secretion which is a

carbohydrate~protein complex,

5. The female system consists of 2 parts: one
which receives spermatozoa during copulation and stores
them, and the other which is responsible for the elabora—

tion of the egg.

6. Cross—fertilisation between different worms is
not essential for the production of fertile eggs. This
fact, coupled with a detailed examination of the anatomical
relationships of the male and female systems, has led to
the conclusion that the transfer of spermatozoa from the

male to the female tract occurs within the same proglottid.

7. Histochemical studies were carried out on the
ovary, vitelline gland and Mehlis® gland., The oocytes
contain protein and RNA, and some of this protein contains

appreciable amounts of sulphydryl (SH) groups. The



196

prominent vitelline granules, in the vitelline cells,
contain lipid, protein and acid mucopolysaccharide. The
protein moiety contains protein-bound disvlphide groups.
The cells of Mehlis!" gland secrete granules which contain

carbohydrate, lipid, protein and some acidic substance.

?
8. An oocyte, [spermatozoon, vitelline cell and the

secretilon of Mehlis® gland are assembled in the ootype to
form the "immature" egg., This assembly process, which is
the first stage in egg formation, is examined in some
detail. An important point is that this process is a
rapid one: all the eggs of the proglottid are assembled

in less than 3 days,'

' 9. The assembled egg is ejected into the uterus
where it completes its development, to form the hexacanth
larva surrounded by embryonic envelopes, The uterus
becomes very large during this period and it £ills the
entire proglottid., The entire process of egg formation
requires about 8 to 9 days for completion in each

proglottid.

10. The cysticercoid larva, in the haemocoel of the
arthropod host, has a scolex with 4 suckers and a rostellum,
within which are many small undifferentisted cells, The
excysted larva attaches itself to the intestine of the rat

and enters into a period of development, The structure of
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the scolex, as well as its mode of attachment to the rat

intestine, have been described.,

1l. Particular attention hag been fbcussed on the
rostellum, which containg a group of prominent neuro-
secretory cells which send their axons into g nerve tract
leading to the brain, The relationships of these cells

suggest that they are also sensory structures,

12. The neurosecretory cells undergo a cycle.of
elaboration and release of secretion which is correlated

with the onset of apolysis,
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1. General Histological Techniques

a. Fixatives

l., Bouwin's fluid

A modified form of this fixative was used. The
formula is given in Pantin (1960) page 9; instead of
acetic acid, 1% trichloracetic acid was used in making up

the fixative (see Halmi, 1952; Ewen, 1962),

2. Heidenhain's Susa

This proved to be an excellent fixative for studies
of the scolex., It was made up and used as recommended by

Pantin (1960), pages 8-9,

3. Osmium tetroxide

See under tests for lipids.

b. Sections

The fixed tissues were dehydrated, cleared in
benzene, infiltrated with wax (melting point, 58-60°C) in
a vacuum oven. Sections were cut at a thickness of 5 on

a Cambridge rocking microtome. The sections were mounted

199



200

on clean glass slides smeared with albumen adhesive,
After staining, the sections were déhydrated in an
ascending series of alcohols, cleared in two changes of

Xylene and mounted in permount.

Sections of cysticercoids were cut at g thickness
of 2~3% P on the rocking microtome. The cysticercoids were
infiltrated with, and embedded in "Ester Wax 1960"
(British Drug Houses Ltd.),

Cc. General Histological Stains

1, Heidenhain's Azan

A simplified modification of this stain (Hubschman;,

1962) was used,

2, Hansen's iron trioxyhaematin

Sections of scolices, fixed in Susa, were stained
according to the procedure given by Pantin (1960)5 pages
4’0"'4‘1 o

g. Paraldehyde fuchsin with Halmi’s
ounterstain

Paraldehyde fuchsin was introduced by Gomori

(reference cited by Sumner) as a suitable stain for
elastic tissue. A number of modifications have been

proposed for this staining procedure for its use in
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staining neurosecretory cells (Clark, 1955; Gameron and
Steele, 1959; Ewen, 1962). In the present investigation
the procedure of Cameron and Steele was used, along with
Halmi's counter stain--the formula of which was obtained
from Humason (1962, page 289). Although this staining
procedure is used almost specifically for studying neuro-
secretory systems, it is also very good for micro-
anatomical studies (see Clark, 1955; Ewen, 1962), and was
excellent for studying the histology and cytology of the
proglottids of H. diminuta.

The chemistry of paraldehyde fuchsin staining was
studied recently by Sumner (1965; also refer this report
for references to earlier studies): A critical step in
staining with paraldehyde fuchsin involves oxidation with
acidified permanganate, after which the sections are
exposed to the staining solution. Sumner suggests that
the staining produced by paraldehyde fuchsin (a dark
purple colour) after oxidation, in all the tissues studied

by her, including the preoptic and neurohypophysial neuro-

secretory material of the Bullhead (Cottus gobio), is due

to the strong acids (sulphinic or sulphonic) produced by
the oxidation of cystine. The aldehyde fuchsin attaches
itself to the acids by ionic links, Spicer et al (1967)
similarly state that proteins rich in sulphur amino acids

stain darkly in sections which have been previously
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oxidised with an oxidant like acidified rermanganate,
According to these workers, glycogen stains in sections
which have been oxidised for 30 minutes at 37°C in a 1%
solution of periodic acid, Strongly acidic mueins (eoge,
the sulphated mucins in the intestinal goblet cells of the

rat) stain in unoxidised sections,

2., Histochemical Techniques

The fixatives used are indicated along with the
particulars of the different histochemical procedures°
The sections were prepared as before unless otherwise

indicated,

2. Cérbohydrates

1. The periodic acid-Schiff reaction (PAS)

The reaction is based on two reactions:
i, theloxidation of vie~glycol and glycol like groups
into dialdehydes by periodic acid,

ii, the combination of the dialdehyde with Schiff®s
reagent to form a substituted dye which is red-
purple or magenta in colour.

It is important to show that the positive PAS reaction is

due to the specific oxidation of glycol and glycol~like
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- groupings, for which 3 control tests are essential. They
are: i, subjecting the sections to Schiff's reagent withe
out periodic acid oxidation; the sections fail to staing
ii, Blocking the reactive groups by acetylétion with acetic
anhydride in dry pyridine; sections treated thus, and then
subjected to the PAS procedure should fail to stain;

1ii. Deacetylation; where the sections, acetylated as
above, are treated with potassium hydroxide which restores
the reactive groups, thus making é positive PAS reaction
possible, In the present study all PAS-positive substancesg

were identified on the above basgis.

According to Pearse (1960) the substances which are
PAS~positive are polysaccharides (glycogen), neutral muco-
Polysaccharides, maco- and glycoproteins, glycolipids,
unsaturated lipids and phospholipids, All these substances
are unaffected by treatment with diastase, except glycogen
which is removed by incubation with this enzyme. Although,
from a theoretical point of view, glycolipids and other
lipid substances could give a PAS-positive reaction, it is
believed that, in paraffin sections, fhey are either no
longer present, or else present in such small quantities
that they do not react. Thus, once glycogen has been
eliminated, only one class of materials gives a PAS-

positive reaction, and they are the carbohydrate~protein
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complexes. Acid mucbpolyséccharides do not give a
positive PAS reaction. To ensure that a PAS—positive
reaction is due to carbohydrate and not lipid, sections of
material are first treated with pyridine or hot methanol:
chloroform, in order to extract any lipid present, and

then subjected to the PAS routine.

The fixative used was Lisonts "Gendre fluid" at

-73°%, as given by Pearse (1960), page 788, The Schiff

reagent used was that of Barger and De Lamater, prepared
according to the method given by Pearse (1.960), page 822,

The procedure followed was that of McManus outlined by

Pearse (1960), page 832, without counter staining.
Digestion with malt diastase together with the PAS

technique was used as a test for glycogen. The sections

were incubated in a 1% solution of malt diastase (FPisher
Scientific Co., Pairlawn, N.J.) in distilled water at

37°¢ for:half an hour. ILipid extractions were carried out
using pyridine (Pearse, 1960, page 846) or methanol:

chloroform,

2. Best's carmine stain for glycogen

This is}an_empirical method, but remarkably

selective., The fixative used was Lison's "gendre fluid,"
The procedure followed was that outlined by Casselman
(1959), pages 100-101. Control sections were treated with

malt diastase as in the PAS procedure,
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3. Acid mucopolysaccharides

a. Alcian blue .

Alcian blue appears to combine as a cation
preferentially with acidic groups like carboxyls and
Sulphates in mucosubstances, Alcian blue, unlike all
other basic dyes, shows no affinity for RNA and does not
cause non-specific cytoplasmic staining when used at an

appropriate pH,.

The material used for staining with this procedure
was fixed in Bowin's fluid, and Bakerﬁs formol-calcium

(Pearse, 1960, page 787).

The procedure followed is that outlined by Mowry
(1963), pages 410-411.

In order to distinguish carboxyl from sulphate
groups, sections were stained in a solution of Alcian blue
at pH 1.0, as recommended by Lev and Spicer (1964). At
this low pH only, Sulphated mucosubstances are stained by
the dye,

The dye used was Alcian blue 8 GX (Allied Chemical), -

b, Metachromasia with Toluidine blue
This dye is used to reveal acidic groups, Meta-
chromasia here refers to the change of colour from blue

through violet to red when the tissie is stained with a
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solution of the dye., The monomeric alpha form of the dye
is blue; on combination with suitable substrates, 2 main
varieties of metachromasia result: ¥ metachromasia (red)
due to the predominance of the ¥ form of the dye, and

p metachromasia (violet) due to the simul taneous presence
of X and ) forms of the dye. It is believed that
cationic dye molecules are attracted t0, and bound by the
negatively charged acidic groups in the tissues, to give

metachromasia,

The fixatives used were Bouin?s fluid and Baker's

formol~caleium,

Procedure.~~The sections were brought to water and
stained for 30 seconds to 1 minute in a 0.,1% solution of
Toluidine blue 0 (Pisher Secientific Cooy Pairlawn, N.J.)
in 30% alcohol. The slides were rinsed in distilled
water and observed immediately when still wet. No

permanent preparations were made.

4. The combined Alcian blue—
PAS procedure (AB-—PAS

This elegant method of Mowry (1963) enables the
detection of both acidic and vie-glycol groups in the same
tissue sections. With this brocedure, complex carbohydrates
rich in acidic groups, especially carboxyls, are coloured

turquoise blue; neutral carbohydrates containing vic-glycol



207

groups (e.ge, glycogén) are coloured magenta., Garbohydrates
having both acidic'and oxidisable glycol groups are coloured

by both AB and PAS giving deepef blue to purple shades.

The procedure followed is that given by Mowry (1963),

page 415, The Schiff&s reagent used was the same as that

used in the standard PAS reaction, outlined earlier.

Material was fixed in‘Bouiﬂfs fluid and Bakeﬂ?s

formol—calcium,

bo Proteins

Most of  the tests for proteins in histochemistry
are quite specific for particular amino acids, which
constitute only a part of the protein molecule. However,
positive resglts with such tests can be interpreted as
indicative of tﬁe presence of protein, gince free amino

acids are very unlikely to be present in tissue sections,

1. The ninhydrin-Schiff test.:

This is used to detect amino groups in alpha amino
acidsy, and is based on 2 reactions:

i, Ninhydrin reacts with the alpha amino acid to yield
an aldehyde which is appreciably stable and does not
diffuse,

ii, This aldehyde is then demonstrated with Schiffts

reagent,
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The fixative used was Bouin's fluid.

The procedure followed is that given by Casselman

(1959), page 130.

2, Millon test

Among the amino acids it is specific for tyrosine.
Millon's reagent produces a complex which is coloured an

intense red.

The fixative used was Bakeﬁfs formol—~calcium,

The sections were brought to water; the slides
carrying the sections were rested on match-sticks in a
Petri dish, and the sections were gently flooded with
Millon's reagent (Fisher Scientific Co,,.Fairlawn, N.d.),
The sections were stained for half an hour at room

temperature, mounted in glycerine and examined immediately.

3. The dihydroxy-dinaphthyl-
disulphide fes% (DDD)

This is used to detect protein sulphydryl (SH)

groups.’ The reaction proceeds in two steps:

i, The disulphide group in the DDD reagent specifically

oxidises the protein sulphydryl to form a protein

naphthyl disulphide and another free naphthyl

complex. _
ii. The protein naphthyl disulphide is coupled with a

diazonium salt to form an azo dye. A blue staining
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indicates a high concentration of SH groups and a
red stain indicates lower}eoncentrations{
The material was fixed in Bakerits formol~calcium,

The procedure followed is that given by Casselman

(1959), pages 142-143. The DDD reagent was obtained from

Nutritional Biochemicals Corporation, Cleveland, Ohio.
The diazo compound used was Past Blue B salt (Bdward Gurr

Ltd., London).

Control sections were incubated in a 0,1 molar
solution of N~ethyl maleimide (Nutritional Biochemicals
Corporation, Cleveland, Ohio) in phosphate buffer, pH 7.4,
in order to block the SH groups and render them unreactive

towards the DDD reagent.

. The performic acid-Alcian blue
test (PR

It is a very sensitive test for the sulphur amino
acid cystine containing protein disulphide groups. The
essence of the test is the oxidation of cystine by a strong
oxidant, performic acid, to form cysteic acig (alanine B
sulphonic acid) followed by the demonstration of this
sulphonic acid by combination with Alcian blue at é low
pH. Material with a high content (4% or more) of cystine
appears dark blue, while lower amounts of cystine appear a

paler blue (Pearse, 1960),
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Material was fixed in Bouin's fluid and Baker!'s

formol-calcium,

The procedure followed is that given by Pearse

(1960), page 806.

Controls for the PFAB procedure consisted of

sections which were treated in the same mannexr as the

test sections; except that they were not exposed to the

oxidising agent.

5. _Mercury bromphenol blue

This is not primarily histochemical, although
widely used. It was introduced by Durrum forvthe
demonstration of protein in filter paper spots and later
adopted as a general stain for protein by Mazia, Alfert
and Brewer, This latter procedure was further modified

by Bonhag (references in Pearse, 1960).

Fixatives used were Bouin's fluidy and Baker's

formol—calcium,

The procedure followed is that given by Pearse

(1960), page 792, in which 1% mercuric chloride and
0.05% bromphenol blue in 2% aqueous acetic acid were

used,
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c. Lipids

The osmiﬁm;ethyl gallate procedure of Wigglesworth
(1957) was used to detect lipid in tissue sections,
Differing opinions are held regarding the validity of
using osmium as a histochemical reagent for lipids., The
most recent discussion of this subjeet is that of Adams et
al (1967), where new and old evidence concerning the
pPossible reactions of osmium with proteins, lipids, and
polysaccharides in tissue sectionsy is evaluated., These
workers conclude "that osmium tetroxide reacts with and is
reduced by cis-unsaturated lipids," while on the other hand,
no evidence was obtained to suggest that osmium tetroxide
is reduced or bound by proteins and polysaccharides in

tissue sections,

The procedure followed is +that outlined by Davey

(1965b)9 pages 998-999. Sections were cut at a thickness
of 12 B on a Cambridge rocking microtome, and mounted
sections were examined under both ordinary and phase

contrast light microscopes,

Sections of material prepared in this manner were
also very useful in the histological and cytological study
of both proglottid and scolex.,

Lipids and proteins may be associated to form

lipoprotein complexes which may be detected with acidified
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solutions of protoporphyrin., Sulya and Smith (cited by
Searcy and Bergquist, 1960) observed that protoporphyrin
was very sensitive in detecting small quantities of
phospholipids, triglycerides, cholesterol, etc,; the
lipids applied to filter paper, treated with acidified
protoporphyrin, and viéWed under ultraviolet light were
observed to show a Bright red fluorescence. Searcy and
Bergquist (1960), appreciating this observation, used
acidified solutions of protoporphyrin to detect serum
lipoproteins; they suggest that protoporphyrin is capable

of binding with the lipid moieties of serum Llipoproteins.

A "histochemical test" was devised baséd on these
observations: sections of material fixed in Baker's
formol-calcium were brought to water, through a graded
series of alcohols, stained in an acidified solution of
protoporphyrin for half ah hour, rinsed in distilled
water, and examined, when still wet, under dark field
illumination with exciter filters BG 12 and BG 3 on a
Zelss photomicroscope. The presence of red fluorescence
was taken to indicate the ?resence of lipids; and the
presence of proteins in the same location thus suggested
the presence of some lipoportein, This could be further
clarified with separate tests for lipids and proteins

(see above),
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Protoporphyrin-IX Dimethyl Ester (Sigma Chemical
Co., St. Louis, Mo.) was hydrolised according to the

procedure of Grinstein (1947).

d. Ribonucleic Acig (RNA)

Pyronin ¢ is used to detect RNA because of the
affinity shown by RNA for basic dyes,' The material was
fixed in Carnoy!'s fluld—-formula in Pantin (1960), page 11.

The procedure used was the Pyronin-Methyl green technique

as given by Casselman (1959), pages 119~120. RNA is not
the onlggsqphl%%gnstltuent of tlssues, and to obtain valig
results, control tests using the enzyme ribonuclease are
essential. Control sections were incubated for 1 hour at
37°C in a solution of ribonuclease (Nutritional Bio-~
chemicals Corporation, Cleveland, Ohio) in distilled water
at a eonoentratlon of 0.5 mg RNAse per ml of water, The
test solutions were incubated in distilleq water at 37°C
for the same length of time., The enzyme affects the
Pyronin staining of RNA only, and any other stalnlng due
to aeid mucopolysaccharides and other basophilic substances
is not affected, Methyl green stains the nucleus green or

blue green,
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3, Miscellaneous

Tyrodel!s physiological solution. The formula for
this solution was obtained from the Microtomists Vade-

Mecum (ed., Gatenby and Painter), page 732.
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